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MJTE TO USE RS

The Volume vln documen tation report covers the RED model as developed

pr ior to it s use In produc ing the f i nJl forecasts for t he Rall belt Elec tric

Power Alte rnathes St udy. During t he course of malti ng the forecasts incl uded

In VolUllll! I of t his se r ies of repor t s. tt appeared to the Batte lle·Northwest

reseercners that i ncluding both an ass"",ed i ncrease i n the sat ur ations of

residen tia l electr ical appliances and a resident hl pr ice sens i t ivtty

coefficient . as repor ted 1n Chapte r 5, double-counted t he effect of

electricity pr ices en 3Ppl iance choice . Consequently . appliance satura tions

were held const ant at 1980 levels to do t he in i t ia l res idential fo recast pr ior

to pr ice adJusUlents: this was then Ilr)d t fied by the Chapter 5 pr ice adjust~t

to i ncorpor at e the effect of pr ice on appliance owne rsh1p and to produce the

res idential forecast inc luded in '!nlume I.

Battelle-Nort hwe st advises researchers using t he REO model t o use t he

i ncreas ing saturations reported in Chapter 5 or the residential price

el ast icities , but not tlot h.

'"



The State of Ala ska conniss i oned Batte lle to i nves ti gate potentt al

st rategi es for fut ur e e lectr ic power developrDeflt in Ala ska ' s Ratlbe lt reg ion.

The results of the study will be used by the Off ice of the Governor to

fOMllula t e re cOlllllendat ions for electric power devel opment In t he Ratlbe lt .

The pri..ary objective of the study 15 to develop and analyze severa l

altemative loog-range plans f or electr ic energy devel opment in the Ral1bel t

reg ion (see Volume I). Each plan 15 based on a general energy development

st r at egy l"'C p ~esen t1 ng one or III)re policies that Alaska may wish to pursue.

The analysf!s of the plans will produce forecasts of electr ic energy demand,

schedules for developing generat ion and conservation altema tives, estimates

of the cost of power, and discussions of the envirorvnenta l and socioeconomic
characteristics for each plan .

This report (Vo lume VIII of a ser ies of seventeen reports, l is ted below),

presents the structure of the Railbelt Electricity Demand (RED) mode l . thi s

model, t oget her with the ARE£P llIOde l (Vol lJllle XI) and an extensive data base,

was used to produce electric ity de-and forecasts ( reported in Vol ume I) for

the Ral1belt . These delland fore cast s prov ided the el ectr ic plans. also

presen ted In Volt.llle I.

RAllBElT ELECTRIC POWER .It.T£RMTlYES STUDY

Volume

Volume II

Ratlbelt Eleetr 'c Power Alternatives Study: Evaluation of
Ratlbelt Eleetric Energy plans

Selection of Electric Ener!1 Generat ion Alternat ives for
Consideration in Ra1ibel t ectr ic Energy plans

VO lume I II Executive SUll1l1 ar - Candidate Electric Ener
uture cat on n the a be t on 0

Technolo tes for
as •

Vo lume IV

Volume V

Candidate Electric Energy Technologies for Future Application
in the Railbelt Region of Alaska

Preliminary Ral1belt Elec tric Energy Plans

,



VOlume VI

VO lume VII

Vo lUllJe VII I

Volwne VII I

VolulllE! IX

Vo lume X

VollMflE! XI

Vo ltne XII

Volume XIII

Vo lume XIV

VollA'lle XV

Volume XVI

Vo lUllll! XVII

~ lst i n9 Gener at ing Fac tli t ies and Planned Add ft i f o- 'he
Ka l lbelt Reg ion of Alaska ens •

Foss il Fuel Availability and Pri ce f orecas ts fo- 'h
Region of Alaska • e RatTbelt

Rallbe lt Electr icit y Demand (REO) Hodel Specificat ions

Appendix - ~ ed Hodel User' s Manual

Alas ka Econom i c rroJectlor.s f or E t t I
Requi rement s for the Ra l1be it s mat n9 Electr ic i ty

Ccmn unlt y Meeting Publi c Input for the Rafl be l t EI-'- l e , __
Alternat ives St wdy 0=. , v ...... '

Overmllder (AR EEP Vers ion ) Hod e l Use r ' s Manua 1

Coal -Fi red St e.w· Elec tr tc P PI
Ra l1belt Reg ion Of AlaSka ollll! r ant Al ternat ives for t he

Natu ra l Gas .F 1red Comb tned-Cvc le Po"" , "
the Ra11bei t Reg10n of AlaSka ant Alte rnat ive f or

Chakachamna Hydroel ectr ic Al ternat ive f o'
of Alaska ' the Ral1be lt Regton

Browne Hydroe lec t r i c Al t emat ive f-Alaska '" the Ral lbel t Reg ion of

~lnd Energy Altema t i ve for the Ra llbe lt Reg ion of Alas ka

Coal -.6as ifl cat i on Cal'Iblned..cvcl e POlEr P
the Ral1 be l t Reg ion of Alaska lant Alte rn4t i ve f or

, I

The Alaska RatTbe l t Electri c POllll!r Alte rnatives St udy is an electric

power plarn ing st udy for the Stat e of Alaska , Of f i ce of the Governor and th e

Gove rnor 's Poli cy Review COllIIl i ttee . Beg~ i n OC to ber 19E1J. and extendi ng i nt o

Aprn 1982. the study ' s Obj ectives a~ to fore cast the demand f IT el ectr ic

polilll!r t hl"Ol4l the year 2010 fo r the Ratlbe l t reg ' on of Alaska ard to est imate

th e llDnetary . socioeconomic. and env i ronmental costs of all opt ions ( Inc l udi n9

conservat ion) that could be used to supply t h is pOlilll!r.

This dQCument, Volume VlIl in t he seri es . eescr t bes th e Ratl be lt

El ec tricity OMand /IOde l (RED), ..... ich i s a partia l end- use /econCllletr lc

forecasti ng eoeet, REO has several unique capabtl i ti es : a Mont e Carlo

simu l a tor for analys is of uncerta inty i n key parameter values. a fue l pr i ce

adj ust ment mechanism th at incorpor ates the impac t s of f ue l prices on denand,

and an expllc 1t considerat ion of subs1dtzed i nvestment s i n conse r vat ion

measures.

Volume VIl I Append 1x, Red Model User ' s Manua l. descr ibes how t he flOdel

can be used and pr ovides a descr i l=tiOl'l of the computer ecce deri ved f rom th is

repcr t , The forecast s produced by RED for the st udy are documen ted In
Volume V. Ratlbelt Elec tric POlilll! r Alternatives St Udy: Eval uat ion of Ratl belt

Elec tr'c Energy Plan s .

, II



COHTE~TS

tIlTE TO USUS "'
PREFACE ,
S<WIAA' ,"
LO IHTRODlCTlOH l.l

2.0 OVERVIEw 2.1

UNCER TAINTY MOWLE 2.3

THE }()tJSING /O)lJLE 2.4

RESIOENTJ N. CCftSLWTI(Jt MOWLE 2.4

BUSIHE SS COIlSLMPTJON MJ)ULE 2.5

CCft SER VATlCJt MOWLE. 2.6

MISCELLAHEWS COftSlJotPTJON KOOLE 2. 7

PEAK DEMAND MOWLE 2.7

3.0 ~CERTA I HTY KX>ULE 3.1

MECHAHISM • 3. 1

INPUTS AltO OJ TPUTS 3.1

MOll:LE STRLCTLRE 3.2

PARAMETERS 3.4

4.0 THE HWS IHG MOWLE 4.1

p.£CHAIt I SM • 4.1

INPUTS AND OUTPUTS 4.1

JO)ULE STRUCTl,RE 4.1

PARAMETERS 4.8

5.0 THE RESIDEHTIAL. CONSlJtIPTJ OH J«lULE 5.1

MECHANISM • 5.1

INPUTS AltO OJ TPUTS 5.2

tx



MOWLE STRLCTtRE
I€CHANI SM • 8.15.2

PARAMET ERS
INPUTS AND OOTPUTS 8. 1S.lI

Appliance Satura tions
MOWLE STRLCTtRE 8.15.11

Fuel Mode Spl1ts
PARAMETERS 8. 3S.2 5

Cons umption of Electr fc ity per Unit
9.0 THE PEAK DEMAND MOllJlE 9.15 .2S

Electr i cal Capac1 ty G..:'Il'th
MECHArtISM • 9.15.28

Appli ance Survival
INPUTS AND WTPUTS 9.15.:1>

Pr- Ice El astl cft fes
JIIXlU l£ STRUCTtRE 9.15.306.0 THE BUSINESS CaiSlMPTlai MOWLE
PARAMETERS 9.56.1

MEOiANISM •
10.0 RAT E JU)R 10. 16.1

INPUTS AND CUTPUTS
MECHAN I SM • 10.16.1

IQ)ULE STRUCTLRE
INPUts AND OO TPuts 10.16.1

PARAMETERS
MOOE!. STRLCTLRE 10.16. 5

Floor Space Stoclt Equa t ions
PARAMETER S 10.56.5

Bus iness Electr ic Ity Usage Parameters
REFERENCES , .16. 6

Bus1 nes s Pr-tce Elast t ct t t es
BIBLIOGRAPHY B.16.67.0 T'H( CaiSERVATIai HOWLE

7.1MECHAHISH •

7.1
INPUTS AND CUTPuTS

7.4
I(I)(L STRlJCT~E

7.6
Scenario Preparat ion (CaiSER Pr-ogram)

7.7
Resfden t1a 1 Conservat Ion

7. 10
Bu siness Conservation

7. 13
Peak Correcti on Factors

7.16PARAMETERS

7. 178.0 THE HrSCEllAAEOJS "OOUl E

s.t
",



8.1

9.1

' .1

10.1

TAB LES

2.2 3.1 Inputs and Outputs of t he RED lhCertai nt y Modu le 3.2

3.3 3.2 Parameters Generated by the Uncer tai nt y JIIooole 3.'

' .3 '.1 Input s and Outputs of the REO Housing Module ' .2

5. ' ' .2 Average Household Size i n Ral1belt Load Cente r s, 1980-2010 4.9

6.3 ' . 3 Humber of Mili t a ry Househo lds Ass umed to Reside
on Base In Ral1 be l t Load Centers '. 97.2

••• Probab il i t y of Silt. of Hou seho ld tn Ratl belt Load Cente rs 4.10
8. 2

' .5 Regional Freq uency of Age of Househo ld Head
9.3 Divided by the Stat e -Wi de Frequency 4. 11

10.] ' .6 Housi ng Denla nd Equat ions : ParMelers ' Expeeted
Va lue . Range. and Variance 4.1 2

' .7 Assumed Normal and JIIax mlll Vacancy Rate s by
Type of House • 4. 1]

'.8 Assumed Five-Year Housing Removal Rates i n
Raflbelt Reg ion, 1980-2010 4.13

'. 9 Railbe l t Hou s ing Stock by l oad Cente r and Housing Type.
1980 4.14

5.1 (nput s and Out PUts of the REO Res ident ial JIIoclll e • 5.2

5.2 Percent of Households Sened by Electr ic Util i t i es i n
Ra ilbel t load Cente rs . 198>-2010 5. 12

5. 3 Market Sat ur at ions of Lar ge Appliances wi th Fuel
Slbst itut ion Poss ib il ities i n S~le-Fallll1y
Hanes. Ra l1be lt Load Centers, 1 -2010 • 5. 1]

5. ' Market Sat ur at ions of l ar ge App liances with Fuel
Subst i t ution Poss ib il ities i n Mobile Hanes.
Ral1belt Load Center s . 1980-2010 S.14

5.5 Market Sat ur at ions of Lar ge Appliances with Fuel
Slh st itut 10n Poss ibilities i n Duplexes .
Rall be l t load Cent ers . 1980- 2010 5.15

5.6 JIIarket Sat urat ions of Large Appli ances with Fuel
Subst itu tion Possi bl1 i t i es i n JIIult i f atll1y Hanes .
Railbelt Load Cent ers. 1980-2010 5.16

xi11
,"

2.1 Infor'1la t fon Flows i n the RED Mode l .

3. 1 RED Uncer tai nty Mooole

RED Housing Modul e •

5.1 RED Res idential Consump t ion Module

6.1 RED Bus iness ConsulI¥) ti on Hodu le

7.1 RED Conse rvatf on Mooole

RED JII i sce ll aneous Modu Ie

RED Peak De!land How Ie

Structure of t !'l e Rate HodeJ



5.7

5.8

5.'

5 .10

5 .11

5. 12

5.13

5. 14

6.1

6.2

6 .3

6.'
, .1

7.2

8.1

8.2

' .1
'.2
10.1

10.2

10.3

Market Saturations of large Electric Appltances i n
S t n~l e·F.ni1y Hcmes. Ilaflbelt load Centers . 1980.2010

Market Saturations of Large Electric Appliance s in
Mob ile HaDes . Railbelt lo ad Centers. 1980-2010 •

Market Saturations of l ar ge Electr ic Appli ances i n
Duplexes , Ratl belt l oad Centers , 1980- 2010 •

Market Sat ur ati ons of Large Electr ic Applh .nces
in Mu l t ifami ly H<mes . Rall be lt l oad Cent ers , 1980- 2010

Percenta ge of ApPllances Usi ng Electr ic ity and
Average Annual Electr i city Cons~t1on
Ratlbe lt load Cente rs. 1980 . • •

Growth Rates i n Electric Appliance Capaetty and Ini t ia l
Annual Average Cons~ttCll for Hew App li ances

Pertent of Applh.nces Renain ing tn Serv ice Years
After Purchase. ~a t1belt Region • •

Price Ehst tc il les for Res identia l Electr ic ity Use

Input s and OutPUts of the &.I sf ness Consumption Modul e

Floor Space Equat ion Pal"ameters

Bus iness Consump t ion Equdti on Results

Pr ice Elast ic it ies for Bus i ness Electr ic it y ConSumption

Input s and Outputs of t he Conserva t ion Module

:~~~t~:~ I~~s:~a~~~t:t~o:;:et Sat ur ati on Rat es for

Inputs and Outputs of the Miscellaneous I10dule

Par llllete rs fo r th e Mi sce lla neous Hoelll e

Input s and Out puts of t he Peak Demand Modu le

Assumed Load Fat tors for Ra llbe 1t load Centers

Inputs and Out puts of t he Rate Model

1900 l oad Center El ectr iCity Rates

Mis ce l lane ous Rate Model Parlllleters

,"

5.1'

5. 21

5.22

5.2 3

5 . 26

5.29

5. 31

5.31

6.2

6.5

6. 7

6.7

7. 5

7.17

8.1

8.'
'.2
' .5

10. 2

10. 5

10. 5

1. 0 INTRODUCTION

The Railbelt Elp.ct rte fty Denland (RED) forecasting model documented In

t hi s re port i s a part ia l end-use / econometric mode l. Ini t ia l es t imates of

to tal r es ld",nt ia l demand are der ived by f or eca st 4ng t he number of energy-usi ng

devices and aggr egat i ng the i r potent ial elect ri cit y dem and int o pre ll mina ry

end-use for eca s ts . The model then modif ies these pre liminary f orecas t s . us ing

ecenonen- t c fue l e- tee e lastic i t ies , to deve lop f i nal forecasts of total

r es idential energy conSlJq)t i on. The model t hus uses both t echnica l know ledge

of end uses and ecoeceetr-t cs to prtlduce the residen t ia l forecast. The

tndlJ s t r 1a1 (bas i c) and comerchl (goverment and sUPPor t ) sec t or s are treated
s imilarly, Nit s i nce litt l e inf onnati on is availab l e on end uses in t hese

sectors i n Alask a. pre limi nar y demand is est imated on an aggre gated bas is
rather th an by det ail ed end use . Miscellaneous demand is based on the demand

of t lte ot her t hr ee sec t or s .

Other importa nt features of the model are a mec hani sm for handl1n g

uncerta in t y in some of the model parameters , a method f or explicitl y i ncl udi ng

gover nment orograms des i gned to subs id i ze conservat ion and consumer- installed

dis pers ed ener gy oot io ns ( t .e. microhydro and small wind energy sys tems). and

the abili tv to for ecas t peak e lectr i c demand by load center . The model
recognizes th r ee 10a(1 cent ers: Anchorage and vici ni t y ( Incl udi ng t lte

Jll atanu ska-Su~ i tna Borough and the Kenai Penntnsula l, Fai rbanks and vic in ity,
and SlennallP.fl-Valde z. It produces annual ener g.y and peak delnand forecasts

every f i f t h veal" f rom 1980 to 2010.

To produce a forecas t , the lIIOdel user IllUSt supply the lIlOdel with

-ee tee -spec t r fc est imates of to ta l nonmil it ary employment and to tal popula t ion

fo r each forecas t per iod. A few s tatew ide variables are also requ ired :

foreca sts of t he eee/sex distri bution of the s t at e ' s populat ion, t he stat ewide

average annual wage rate , and the Anchorage Consumer Pric e Index. All of

th ese vari ables WfOre pr oouced by tlte Univer s i t y of Ala ska Insti t ute of Socia l
and Economi c Resea rch MAP economet r ic lIklde l ; hOwever , t hey can be derived f rom

ot her sources . The user must al so suoply es t imates of pri ces for gas, 011,



This r'''"Oort consists or 10 sectt oes, In Sect ion 2.0 an o...erv i ew of th e

QED lIll')o1o!l Is eeeseet ee , In S"C tton 3.0 t~ Unc~r ta f 'ltv Module . wh tch gr ovi des
t he 1N)l1 '!1 with ~nte Carlo sfl'luht fon Cagabl lit y. Is descri bed. In

Sow; t i",n a.o t~ Hou sinq "'orfu le , wh ich f l}recasts t he s tock of re s fdent ia l

lw)us i : Q IJn' t s . Is descr ibl!d. These forec as ts ar e used in t he e lec tric i t y

"'-o1 l'l<i ' Ilr- eu ts of t he llest d@f'l t fa l ConSlllllP t i on Module. dtscuss ecl in

'i-e t l
•..,. S.O. For~uts of d@lllatld In the bustr'l!sS sec t or are oroduced by th e

8'Js IlW'ss '=onSt.l'l'O t ion Nl)dule, wta i ch Is O'tescr fbecl i n Section 6.0. The eff~ts

I)' qov~r~t lIIarket fnt er ...ent ion to develo o conser vati on and dispersed

q·n,.....t ion oot lnn.. are coverPO' bv t he Conser vatt on MOdu le . Secti on 7.0 . In

lI) "C t 1nn 8.0 misce ll aneous e lp.c t r ic i tv demand (s t r eet lI ght fng, second homes,

['t e.) Is d ls cuss['(j . Th[' Peak Demand Module, Sect ion 9.0 , concerns the

re lat ionshio between "nnual e lec t r fcity consuft1) t i on and annval peak demand.
In Sect ion I/)./) t he Rat e liIIodel is discussed.

"tid ~ t~ t,-l c ' ty . Fi tl" ll y, tl-.e lIIO~l VS '!" l'liJy se lect e lUter ra nges or

..." III~" ' fJr' th,! mtyj~l' s ee-eee ee- s ~nd may r'un the model in elt ller a

c:>r'ta f ,.tY-eQu' va1ent or uncer t afn (flil onte '=arlo ) mode . Tile 1Tlode1 t llen
th~ 'I)r~cuts .

de'ault
2 .0 ~

The Ral1be lt El ectri city Demand (llEO) Mol1el Is a simu la t ion model

dest qned t o forecast annual electr ic i ty cons u~t 1 on for the re s ide nt ial .

cOlllllerc ta l- indlJst rial-goverment. and lIi scell aneous end-use sec t ors of

Alaslta' s A:a tlbe lt regi on. The lllOde l also takes tnt o account qove..nment

i nt er ...ent ton in t he enerov mark! ts in Alaska and or oouces f orecast.. of sys tem

annua l oeak demand. The for ecasts of cons u~ t i on by secto r and system peak

df'lll a;'ld are produced in f ive-year stees f or t hree Railb e l t Ieee cent ers:

• Anchorage and vicltl'\ty (inc luding Anchor age . Matanuska-Susttna

Borough and Kenai Penlnsulal

• Fair banks and ... i c inity (i ncl udi ng t he Fairbanks-Nor t h St ar Borough)

• 111enna llen/ Valclez ( i rchoding settl ements along the Rt chardson
Hf¢'wavl.

When run tn /lIIonte Car lo mode. t he model produces a samp le pro babili ty

distri but i on of f orecasts of elec tric i ty consump t1 on by end-use sec t or and

peak demand ' or each load cent er for each forecas t year: 1985, 1990. 1995.

2OClO . 2005. 2010. th is d istr ibution of forecasts can be used for plann ing

e tectrt c POIer generat fng capac i t .v. The REO llIOde l is accord 1ngly des Igned to

be run t n tandem wit h a Separ ate et ectrt c capacity plan ning and dispatching

model entit ' ec1 Alaska Rail bel t Electr ic Ener qy Plann ing (AREEP) model.

Separ at e documenta tf on of th is model will be available i n a report to be

is sued in Septe mber 1~82 .

Ft lJJre 2. 1 s"-ows tbe bas i c ~lat i ons h i o s among t he seven modu le s t hat
ccrer tse the RED model. The model begins a silllUlatl on wtth t he Uncerta inty

Modul e. selec ting a t r ia l set of rnode l paramete r s . wh ich ar e sent to t he ot her

modu les. These parameters lrc l ude pri ce et estt c ttt es, appltance sa t urat10ns .

an(f r fO qional t oed fac to rs . ElC ogenous f orecast s of popula ti on. eccncet c

activity , and reta i l or-tees for fuel oil . gas. and e lec t r icity are used with

the t ria l oar ameter s t o produce for ecast s of el ect r sc t t v cons~tton in the

Resi dent ta l Consumptton and Business C ons~tfon Modul es . These f or ecas ts.

alonq ",ith addit icnal tria l par amet er s . are used in th e Conse rvat ion Modul e to

model t~ effec ts on el ectr fc ttv sa le s of subsid iz ed conser vati on and

1.1
1. 1
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2.2

The REO model pr oduces ~" out put f Oe of tri al values for conSlJmpt lon by

sector and system peak demand bv year and load center . This informat ion can

be used bv the AREEP model to plan and dispatch electr ic genera t ing capaci ty

fer "ach load center and year . The AREEP mode l produces an est imate of t he

cost of electr i c it y. which is converted to el pctricity pri ces used to r un t he

REO model . If the demand le vel changes by more than 5: . the REO model can be

rerun in tandem with AREEP. us ing new pr ices until consist ency i s achie ved.

Conver gence (cons istency or near-equal ity of t wo successi ve demand forecasts)

i s usuall y ach ie ved in t wo to t hree passes .

The remainder of t his section pre sent s brief descrip tions of each

modulI!. Deta iled riocumentat1 0n of each of t he modul es is contai ned In

Sect i ons 3.0 t,rough 9.0 of this rep ort.

UNCERTAINTY MODULE

The purp ose of the Uncel' t ai nty Module is to randoml y se lect values for

indi vi dual model parameters tha t are cons id er ed subj ect to f orecasting

uncerta int v. These par ameters inc lude the market sat urat ions for major

appliances \n the re s ident ia l Sector; the price elasticity and cross-pr ice

el astic it i es of demand for electri city in the residential and business sector;

the mllrket penetrati on of conserv at i on and dispersed genera t ing technol ogies;

t he intensity of electric it y use per squar e foot of fl oor space In the
busi ness sector; and the elec tr ic sys tem loa d fa ctors f or each lo ad cent er .

These careneters are eenere t ee by a Monte Car lo routine, wh ich uses
inf ormat i on on the distr ibut ion of each parameter (such as i t s expected value

and ranqe ) and the computer's random number generator to pruduce sets of

parameter values . Each set of generated ce ..eeeters represents a "t r ia l. " Bv

running each successive t r i al set of generated par ameter s through the re st of

the modules. t he model builds d fstr i butlons of annual el ectr ic ity consumpti on

and peak demand. The end points of the di s t r ibut i ons reflec t the probable

ranqe of annual el ectri c consullltlt fon and peak demand, giv en ttle le vel of

uncer t a inty.
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The Unce..tet et v ~odo 'e need not be "tin ever-y t ime RED is rvn . The

oa"allleter f P e cont a ins "defaule ve tces of the carameters that may be lIsed to
conser ve COlllDlIh ti on t tee ,

TllE I(JU S I~G "'COULE

Tl1e HOlis i na !"odu le ca tcuretes the nwllber of households and the s t ock of

l'lous ino bv dwe 111 '19 t voe ; 'I each load center f or eece r c- ece st year i n wh ich
t l1e mode l ts run Us; no e ..... t t ,• soeencus s a e- w de forecasts of the nllmber of
1t000 Sp"tll rls. Itt>u SpI,Q llj headsh ip ..ares "y age, tl'le aqe d is t r ib llt ion of Alaska ' s

OOOlJl -lt ; on, ~n(l "eg tona l f')r ecas t s of tc te t cccut et toe , t he nollsing stock

rrll)dllle J" i ..st d",'-; v@s a f o"ec ast of the I'ltJmbP.\" of l1otlseho lds in each lo ad

cenee- . ~ex t , it es t te et es t he dis t r i but ion of househo lds by age of head and

s ize of l1ou sellold fo.. e"lch load ceet e-, Fi nall y, It f orecasts the demand fo..

" 01,1r- h oes of "tIlis i no st ocle: s i nol e famil ,v. I'I'lOb fl e homes , cuc lexes , and
",u lt i fo!~ il y unit s.

'l'he sunolv of nollsing is ca lCllla t ed i n two steos . First , t he suoo ly of

e-lc
h

h oe of "olls f n~ f ..om t he OreviOllS oed ed is adjll s t ed fo r demolit i on and
comPared to the demand If de " ..

. • man... excee...s slloply , cons t rl.lc t i on of additi ona l
hOlls 'ng beqi ns ' rrml!dia te ly. If excess sUDO ly of a given t vpe of hOll s ing

~x ists , t"'e mode l '!xamlnes the vacancy rate i n all tyPes of houses. Each type
' S aSSlimed to "ave a maxitl'llJm vacancy "ate . If thi s t
I fi - e e i s exceeded , demand
s r st rea llocated from the c loses t subst itute housing type , t hen f rom ot "'er

t wes , The end -esutt i s a fn..ecast of occupied hous ing stock for each load
cent er f OI" each hOllSi "g t i f

yoe n each orecast year . This forecast is pasSed
to t he Res lrle" t i al Conswnot lon '"'odole .

RESIO€lHIAl N)'4SIJolPTIOIf ~ULE

The Res ident ia l Consuq) t i on Mod 1 f
1 t I 1.1 e orecests the annlJal conSlimoti on of

e ec r- c it y In t he res irlentia l s t f
l ee or 1)1" each load center in eecn forecas t

vee- . t does not i n gene 1 t
' rer , alre Int o account expli c it government

l 'lter vent lon to Pl"Qlll()te I"es ident ial e lec t r ic @nergy conservati on 0
se l f ~ s ll ff ic i enc v Such i nt er r
The Res i clpnti 1 c ventl on is cover ed i n t he Conserv at ion Modllle.

. a OnSlJl'IIDti on Modllle em 10
o 'IS an end-lise appr oac'" that r ecogni zes

2.4

nine ma jor end uses of et ectr-tc tty, and a "sneu appliances" cat egory that

encceeesses a te..ge group of other end uses , For a given forecast of ccccc tec

hou~ lng. the Residential Consumotion Module first adjusts the hous ing stock to

net out housinq untt s not served by an electr ic utility for each type . It

then forecasts the res ident ial appliance stocle and the portion us ing

elect..t cttv , st..atif ied by the type of dtfelling and vintage of the appliance.

Appliance effl c iency standards and average electr ic conSll~t1on rates are

aDPl1ed to that port ion of the stock of each appliance using e lectri city. The

stock of each electr ic appl iance is t hen mult iplied by its cor r espondi ng

consulT'4)t10n rate to der ive a pre liminary consumotl on forecast for the

residential sector . F1nally, the Residential tcnsueot tcn Module re ce ives

exogenous forecasts of res i denti al f ue l oil, nane-a t gas, and electricity

prices, along with "tr ial - values of price elasticities and cross-price

etestf c t t t es of demand from the Uncertainty ~ndlile. It adjusts the

pl"E! 1iminary consumotion fo ..ecast f or both shor-t- and long-run pr ice effects on

appliance use and rue t switch ing . The adjusted forecast is passed to the
ccnse-vet ton and Peak Demand Modules .

BUSINESS CONS1J'lPTIO~ fl()OULE

The austeess Consumption Module forecasts the conSlJmpt ion of ~lectricity

by load center 1'1 ccme-cte t, small industrial, and government uses for each

forecast year (IqaO, lQS5, 1990, 1995, 2000, 2005, 2010l. Oirect promotion of

conservet tcn i n th is sector is cover ed in the t ense- vet ten Module. Because

tlte pnd uses of etectr- tc tty in the ccreerc t el , Sll'1011 tndll"t r ia l and governmen t
sectors are mol"'@ dtve-se and less known than in the residential sec t or , the

su stress I':onsumption "'OOu le forecasts e lectri cal use on an aggregate bas i s

rather than by end use.

REO uses a prox.v (the stock of coeee-c te t and indllstrfal floor space) for

the stock of capita l equipment to forecast the der ived demand fo r-

electricity. Usinq exoqenous forecasts of regional i ncome , regional

population, the rate of infl at ion, and tnterest ..ates , the module fo ..ecests

the regional stock of floor space. Next, econometri c equat ions are used to

p..edict the intensit y of etectrtc tt v lise for a qivPll level of floor space in
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~~ UI"l!II(;'! of ~ny '"'! h t ive a- tee c." noes, Ff .,a ll y, ~ a- tee adju stment

..i ""' ~r -e ':"fat ' n ~ "fe ~e'S t 11!'It l ~ 1 ':or.suflt:t fon ~u ll! ts eecuee to :jeri V! a

·"r '!o::Ht of ":lus l tl4! ..s ~I '!'= trlc l tv con"WI'IOt fon (exc hldi ng lar ge 'nd\l<;trh l

~afI~ . ","fC"f must :I'! !1!)q@"ou'S l v 1et e""lli rted). The 3usf"e ss Conswrcti on

"'O~ ll! ~""'!CHts e-e 04'>SI!C to ';~ Conservat i on ~l'ld 0eak Demand 'ltod\lles.

~ '!'= ~u '>l! .,f tne oote nt i , 1 ' l!llJ"" t ! nce 'If gove"mTlent i nt erv entf on in t he

'!I ~ rll:'! t etece to ,!~cur ~gl! cons '!rv ati .,., 'If ene"oy ~nd "uost ftu ti"n of ee-e-
..':'_ s .,1' ~e",;y .",. '! lec t r 'c1t y, the ~ EO -eee t t -e tcces a 'l'(J(ju le tMt oe""'ll i t s

'!10"' c 't o.: " .~ "Jllfln t of eec'veteetes ~M t"·"Jgr~1IIS ';ilat e-e des i gned to red uce

t n,! rl@llland f or ut f l itY· 'lenen t e1 '!lec tr ic 1t y. The module st ru c tu re is

ee..fgnf!'j to l "CcrO t]r~ te H SufllDt ions on tN! t echni cal ee-ecre eece, cos ts , ~nd

",,,r lroot. O'!fl'! t "o1 t lon of e lectr fc ft Y_H ving fnnovatt on'S In each end use , load

o:: ,,!,nt '!'", '1no1 for -e a..t y'!ar . TN! module ec-eces t s t he ~ggrega tl:' e l ectr tc fty

H v lnos by '!'I tt use. the cos t s ess cc tetee wi ttl of the'Se savtnqs , ~"d adj ust ed
consu!l'lO t ion in t~ r '!s t1ent ta l and bus t re ss sector s ,

......e ':on....rvah on -OOu le -eee t-es a set of off _li ne ca lculat ions by a

I'lf' '!i t '!l:l comou t~ O l"fJgr~ call '!d COH$ER. r -ese ce tcut eet cns ar-e more cOlllD l ex in
til,! ..'!..l <1ent 1al t han the c()lllll~c t a l sector , s tree /IIOre dat a ar e ava ilable on

"'!.. i "_ ti a l secte- conservat i on oot 1on... In t tle res l 1e~t f a l sec to r , t he "'ode l

u'>er O;lJOplies inf ()nllat ton to CONSER on t he techntca l eff ic iency (e lec t r fc i t y

'S avi ngo; l, e lectr tc it y e- tce, '1M costs of fnst all a t fon. GoveP'fllnent lIIarltet
; n ter~nt lon 1'1 the form of caoftal sllbs i di '!'> 01" toe- tet e-es t loans is

rece-ee..lJt@rl In lowered i no; t all ed cost to the consumer . CONSER then

l" t erna l l v calcu la t es the tnt ernal ra te of ~turn on the ootion to the

con'Sumf!r . r'l at -e te of r eturn must exceed t t.e pu sbook savf ngs i nt erest r ate

i f t he oot i on is to qat n ass l.llfted mar ket eccectence , The Conser vatl on Module

t ...1!f'I ce rcut e tes t he oot iOft'S oaYb ack o~ l od for tec l1no logfes cons id ered

"ace @1) ta b1e" by the user . and a payback deci s ion !"1Jl e lt nks t he payback peri od

to a r-an9f' (If market saturat fons f ar t he teeh ro loo fes . The s avin9s oer

; l'IS ta ll at i on and lIIark et '>iII. t urat ion of each oot fon ar e used to cal cul at e

re s f l'l~t fa l sec t or e lectr ic ity savfngs and cos ts . tn t he bus i ness sector , t he

2. 6
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eoee l user llIU 3t soec if:;, t he teehn i cal poten t ia l for new and re t ro fi t

ener gy- salli nq t~chnol og ies , The user must also spec if y the r ange of

cons,.rvat ion sa t ur ati on as a oercent of t ota l potenti al conser vat ion. The

Conser vati on Modu l e the n calcul at es tota l e lectr ic i ty savings due to mark et

i nt er vent i on in new and retrof it appl icat ions and adj ust!. res i dentia l and

hus i n-ess consu~ti on for eac,", l oad center and forecast year .

MtSCELLAN EOOS CCWSIJ'IPTION MOlllLE

The Misce ll aneous ConsuI1'O t 10n Modu le fore ca st s t otal miscell aneous

CClnsumption f O'f" second frecr eat ion\ hOmes , vacant tw'loses , and other

miscellaneous uses such as street li ghti ng. The modul e uses the for ecast of

res idential consumptl ('ln ( adJus t ed 1'01'" con..ervetf cn tmpacts) to pred let

erect rtc tt v rlNa nd in second hOmes and vacant hous ing units . The sum of

res hlentia l and busi ness COflsUlfll)t i on is used to f orecas t street li ghting

rec utreeeets , Finall y, all three are SUllllled to get her t o es t imat e

mtsee 11 eeeces rtemand.

PEAK DEMAND MJOUl£

The Peak Demand Modu te for-ecasts the annua1 peak hour demand f or

elec t ric ity . A t;wn . ..t age aOP roach us ing load fac tors is used. The unadj us t ed

res i dent ial And hus t rtf'ss conSuq) t io n, misce llaneous cons~t l on , and load

center load factors generated by the Uncer t a i nty Module are first used t o

forecast ore l imlnar y oeak demand. Next , dfsplaced consumoti on (el ec t r ic i ty

sav ing s) cal culated by t he Conser vat lon Module 1s I!IUl ti pll ed by a peak

cc-eectt cn f act or suppli ed by the Uncer ta int y Modu le tv alloca t e a oort ton of

electr ic ity sav in Qs f r(lll conservat i on to peak (lem and ce- t cds , The allocated

conSlJll1)ti nn savina s ar e t hen mul ti pli ed by the load fac tor to fOl"ecas t peak

t1emand saving s. and t te savings are subtracted from peak demand to t ore cast

revised oeak demand.

The follfJo1 ing sec t ion... descri be each modu le of the mode l i n greater

det ail .
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3.0 THE UNCERTAINTY HOOUlE

REO's Uncertainty Module allows the forecaster to i ncorpor ate uncerta inty

in key parameters of the REO Mode l forecast. In other wor ds , the impact of

uncer tain par ameter va lue s is re flec ted in the forec ast val ues.

REO allow s generat ion of key subset s of th e f ul l set of parameters . It

is not prac ti cal to allow all parameters to vary on a ll runs of the model, as

the total I'IJrmer of SIKh par amet er va lues re quired for a s ingl e pass through

t he model is greater than 1000. For eJamp le, if t he user wanted to genera te

SO val ues for every uncerta in par ameter, over 50,000 val ues 'IIIOuld have t o be

produced. Wh ile this is with in REO's capabil ities, the cost of such an

exercise 'IllIQu Id be ver y h igh. Therefore , dis cre t ion Is encouraged when using
trll s opt ion.

MECHANISM

A Monte Carl o rout ine uses the host computer 's pseudo ra ndom nuntler

generator to t ran s late user -su ppli ed infonlatlon on a oereeeter , sum as It s

expected value. Its range. and it s subjective probab il i t y distribut ion , into

random trial parameter values . 8y doing repeated simulations of the model,

us ing several SIKh r andomly generated va lues of the par ameter, the lMdel will

yield electr icity cons~t1 on f orecasts that Incor porate each parallleter ' s

uncer t ainty .

INPUTS AND QJTPUTS

The Unc er ta inty Module requ ir es three basic Inputs :

• the rurtl er of values to be generated

• a se tee t ten of par amete rs to var y

• the parameter fi le.
The parameter f ile cont ai ns the defau lt va lues, ranges , and (i f requ ired ) th e

expected value and variance of each par ameter. Table 3.1 pr ovides a sunmary

of the Inputs and outpu ts of th e modu le .

3. 1



TABLE 3.1. InDllts and OutPUts of t he REO Uncer tai nty "lodule

fa l ~

,
( see Table 3. 2)

f b l ~

S't"bo1

{See Tabl e 3. 21

Var iab le

'4umber of Values
to be ceneretee

Par ame t er ' s Range,
Variance, and
£xpected Va l ues

Variabl e

~Ilndom Parameter
Val ues

Nuntler of Times
"'odel is to be Run

Input From

User Interface

Parameter File

Output To

Ot her Modutes

Model Cont rol Program

SELECT PAR",METERS
TO BE

CENER"' TED
R"'NOO~L.Y

SEL.ECT NU~BER

OF V"' LUES TO
BE CENER",TEO

'"I

FIGURE 3.1. RED uncertetnty Module

to construct cumu lative pr-obabfl i t y f unct ions fo r each parameter. The random

values for Poach parameter are then gener ated by aopl yf ng the random numb ers to
t hese f uncti ons.

The Uncertainty Module then eesses the gener ated val ues for each

O The mean and vartence for each generatedparametpr to t he rena inder of RE •

para met er are also rece-ted.

~!1lJlE 'iTRL(TUR E

An overvi E!lil of i nformat i on flows wit hin the Uncert ainty Module i s given

i n Figtlre 3. 1. First , the pr-ogram asks whether the user would like to

generate a parameter , If t he answer i s no, t hen the defa u lt va l ue ( f r om t he

oaramet er fil e ) f or each paramet er 1!> assignP.d. If a ra ndom par ameter val ue

is to be qenerated , then the user is quer ied as to which parameters will be
a llowed to var y.

The next st ep is to choose the number of val ues to be generated for eecn
oaramet er• This is t he number of t imes t he remai nder of the model wi 11 be

run, each t ime with a different genera ted value for each parameter . Next, an
<lr hit rarv seed for t he r anrlom nomber qenera t Ol'" is entered.

Next, t he computer generat es a ra ndom number for each value to be

or nducect. This is accomolis her! by ca lli ng the comput er 's "pseudo" random

number Qenerator , wh ich qenerates a random number between 0 and 1. From t he

parameter f ile, the fnf l:lnnat i on on the ranf,je of parameter, or {for parameters

wi th a nol"lllal o1 is tr lbut ionl the ra nqe, exeectec va lue , and veet ence are used

ASSUMED RANCE
EXPECTED VA LUE

CO~PUTER

CI;NER",TES N
R"' NDOM
NUMBERS

TR ",NSFORM
R"' NOOM NUMBERS

rc
PARA"'ETER

VA LUES

OUTPUT
P",RAMETER

VALUES

ASSICN DEFAULT
VALUE OF

U.. SEL.ECTED
PARA"'ET ERS

3.2
3.3



•

PARAMETERS
4. 0 TH E I(IUS ING "'1DULE

Table 3. 2 erovt oes a li s t of the parameters t hat can be generated by t he
uece..ta int _v Mo(lu 1,!!.

TABLE 3. 2. Par amet er s Gener at ed by the Ul'ICer ta f nty Modu le

SVl'tlo 1

bas : CH ; 1~s

'"

~ BETA

CQN$AT

LF

',me
Hous i ng Oem~nd Coe ff ici ent s

Sat ur a t i l)n of Res i dent i a l Appli ances

Res ff'l "!nt ia l , I ndus t ri a l. and Combined
SUPDor t and Gover nment Own- . Oil -Cross
and Ga s -Cross Pri ce Elast ic it i es

Fl oor Space Cons u~ t f on Parameter

Sat ur at ion of Conser va t i on Technologies

l oad Factor

3.4

St1J t is t ica l
Distribut ion

Norma1

Unifor m

Un i f orm

Norma1

Unif orm

Uniform

The consuming uni t in t he re s id ent ial sec tor ts the househo ld , each of

which 15 essueee t o cccuey on", housi ng unit. Ttle Housin g Module provides a

f orecast of t he number of househ ol ds and the s toc k of hous ing by the t ype of

ct.Ie 11i nQ in each of the Railbel t's load cente r s . The type of dwe ll i nq is a

major determinant of energy use i n resteent fe t spa ce heati ng. Furthermore,

the t ype Of nwell inq ts correlated with t he stock of res trlent t a l appliances .

This modul e , t here fo re, pr cvt oes essential i nouts for the Res i dent ial

t::onSUIrpt i on "'odule .

MECHANI SM

The Hous ina Stock Modu l e uses assumed aver age household s i zes to

t ra ns l ate an exogenous fo recas t of reg ional popula t;i on i nto a f orecast of

-ea tcne t househol ds . This forecast i s t hen strati fied on the age of the head

of house hold and t he numb er of household memb er s . The housi ng demand

eClu~t i nns t hen use t his distribution of households by size and eqe of head to

pred ict the in it i al demand for hous ing by t ,'otle of dwe lli ng. The initi a l

tfemand for each hous fna t ype Is compar ed with the remai ni ng stock , and

ad.1u stmen t s i n hous ing demand and cons t rlJCt ion occur until housing marke t

c learance Is ecbteved .

INPUTS AND I)JTPUTS

Table 4. 1 pre sent s t he data used and gener at ed wi th in t his module . An

exoqpnous f oreca st of re qiona l cccu tet t on and ttl! s tate-wide dis tribution of

househol ds by age of head i s needed as i nput , while t he mod ul e pas se s

i flf ol"'lllat l on on the occupi ed and vacant housing st ock to the renat ncer of RED.

"OOUl E STRUCTlRE

The Hous ing Module's struc ture i s shown i n Fi gure 4. 1. The module beg ins

each simul ati on wi t h a llser - s lJDP l1ed for ecast of pOPulat i on f or the l oad

ce nte r . Assumed househol d sizes for each load cent er ar e div id ed i nto the

populat ion to obt ai n a fo re cast of total house~ld s , wh i ch i s t hen adju s ted

4.1



TARLE 4. 1. Inputs and Out PU ts of t he REO Hous ing Module

I , I Input s

5. vnt!o1

pop

HHo\h
~ . c. d

'" Ou t puts

C: \"l'tl,l!

'!{In

'"

Var iab le

Populat ion roeecas t

5h t t' Hou st>hOlds by o\gf' Group

Hou<. l nq ('I t"1ll ancl r oer etct ents

OCCl, .. I ,'d "'('uSi"Q StC'cl.: toy t vee
YJr.tnt HC'us; nQ

Variab le Input Fr om

Populat ion Scenari o File

Forecast Fil e

Uncer t a i nt y Module

Variab l e Out put From

Resi dentia l Modul e

i"li SC I' 11e neous 1'Iodu1e

REGIO"'A L
POPULATI ON

FORECAST

CALCULATE "' UIrolBER
OF liOUSEHOLOS IN

LOAO CENTER

ST RATIF Y
liOUSEHOLOS 8'1'

AGE Of ItEAO
SUE OF 1t0USE HOLD

ASSUMED
liOUSE HOLO

S IZE

_A GE 01S TR18U TlO ",
Of HOUSEliOLO
HEADS

_ Sl ZE Ol STRI8 UTION
OF "'OUSEliOLOS

.... t' Ii .. st s t ec 'n e-e loOC'Y s i "9 ~odu l e is to f" i ~ t ee 'lul'tle" of ,",ou sei'lo ld s

i" J Q' U '" ~ J q l:'t' ! t l C' .K'! ee- t e- . d iv idi l'l9 t "e et 09f'''OUS ec-ecasr of "eq 1onal
;'(I(OU 1J t i o" , ~ t o,,,, "'t"Q i :on '\ e-ea tctec !ve...tge ",,=,useh(llc s i re :

""CONST RUCTI ON
OF TYPE TV

FILL VAC ANCIES
TV"ITM

COMPU MENTARY
DEMAND

FORECASTS OF
OCCUPIED .

u",OC CUPIED
1t0 USING BY

TYP E

L _

REINITl ALllE
HOUSI NG
STOC KS

DEMAND
PARAMETERS

[UNCERTA INT V
\lOOUUI

INITI AL HOUS ING
STOCK TV

(l . ll

t "'en

:lernaI'd

; ".. ""li t ,rv \it'!"l"n(\. ~, t <;. tr J t if i t'(j toy age and s i re of househo ld . and

u<;. ....1 to q...ne- " h.. In t"'It'''' att> of ,""" al'lCl f or ~JCh t voe of ,",ous ing (TY ).

;<;. co-c a.....d ro t~ t' ' n; t ' al stC'clt. "'t"s ult in9 'I' new cons t ruc ti on or

"PJ" l'(Jt ; ('WI I" ~ \¥m !lnd !IS l C'O""l'O.. i Jt l". The e"Cl -e su t t 1s a se t of est ima t es

rtf x r uo i t>d l nd ueoccuc t ed ~usi "9 uni t s by t vee. Fi na ll y. t he ,",o tlsi ng stocl!;

's ..,..i /lit i " H: ",i ' C'r t ~ ..... \ t fo"eocnt oe,. i od.

~ to t ! l "". ,~~r ~f 'cc seeot cs

" ' p :)~~' , t; ':'f" ' '!' H'<;: ~ '''''''' 'I: \

~" S » v- rce -oe seecte s -ee ( ':' -! " l ,"", ! ~")

~ "'li ll P ' ! , r .. ~OUH"'I.·!~'I: -e s- ct - c :or :OHt' revcee-cc s t
~<:; ;~ ssesc.. ; ~ t

"c-ecase ce- tco ucsc.. ; ~ t .
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F[GURE 4.1. RED Housi ng Modul e

nn- bese mil it ar y househol ds ar e subt r ac ted out because t hey do not

s iqni f'i cant 1v aff ect off -ba se Ilousi nq and. s i nce the mil i tary s uppl i es

e lec tric ity to t hem , on- base househo lds have no impac t on th e resi dent ial

demand fo r ut ili t y-supplied e lectr ic it y.

Once th e tota l nuntler of households i n the regl oa has been obtai ned, the y

are st r at i f i ed to y t he size of the household and the age of the househol d

head. To obtai n t he distr ibu t i on of nousenc tds by she of house hol d, the

.



The r:Iernand for a par t i cula r t ype of housi ng is given by the fo ll crw i ng

equa t ions:

Ins ti t ute of Soci a l and Economic Research (ISER) f rom Anch~rage data col lec t ed

by th e Univ ers ity of Ala ska's Ur ban Observa to ry (Gol dsmith and Huskey 198Ob ).

The remain ing cat egory (duplell) ts fi ll ed with the le ftover households .

(4 .4)

(4.3)

OOSFit THH it x bO + bal x $1 i t + ba2 x S2it + ba4 x S41t +

ba2s ll A2i t + b3s .I: A3i t + b4s x A4i t

-:'" he .io; nt di s t r ibuti on by si ze of 'eu senct o and age of head ts obt ai ned

~y mul t io l vi ng t he t wo dt s t .. i buti ons:

t ot a l I'lUmbe" of ecc serot cs is 'lIl.I It ip lied by t he proba bi li t ies of four s ize

categori es ~er ; ved f" .. ont i nfonnati on e-ovteeo i n a ..!!si dent i a l sll..vey conducted

; n t he aat tbel t 1'lV lJat te lle-lto..t h...e st i n "4a"ch and Apr i l , 1t;8 1. To est imate

t ile :jis t ri buti on of tcu senoi es by the age of head , the 1970 Cens us ra t i o

!:I etween t ne "eq iona l and state re lat ive f reque ncies of age of head is ass umed

to "emat., cons t ant. The user supp li es t'o..ecasts of the statewide age

d i s t r i but ion of »eees of -ccse-ct as, In t he ~a ilbe 't Alte..nat i ves st udy, t h is

eo-ec est "as e-ooucec hy the ~AP 1IOde l . Us i ng the st ate ..etet t ve f reQtlency

,H s t ..i but i ,.,." t he l'"!! f o..e, and '\ool yi ng t he cons t ant "at los of -eq 'iona l t o

st Hewi r!e r ..eocene tes , t he :Mde 1 onta i ns fo recas t s of the ..eq tone 1

1 i <; ~ ..i but ion I)f 1l0tlSeno1ds !:Iy ' ge of -eee.

Pi t s .I: ~ fa (4. 2 )
HOMHit " THH ft x do'" dal x $1it ... da2 x S2i t + da4 x S4it +

d2s x A2i t ... d3s Il A3i t ... das x A4it

(UI

HH number of rnJusehol ds in an age / s i ze c l ass !'f)OPit • T~ it - HOSFit - HOMFi t - If)MHit (4.61

A subsc r ipt denot i ng aggregate s t ate var iab le

..eqinna I househo ld s i ze prObabilit y (oar amete r )

r at io of t~ ..eq lona l to sta te re te tt ve frequency of age of
hOusene ld head (paramet e r 1

a " age of head s ubscr ipt

s " household s iz e subscr ipt .

The demand for a par t i cula r type of hous i ng ~ s ingle fa mil y

mul ti _famil y, 'I'IO tlil e !'>orne, or duplex - i s I'oypotlles ized to be a f~nct i on of

si ze of t he household and t !'le age of t he head {Whi ch serves as a croxy for

tlouseho ld wealth \. Equat ions oroJec ti ng demand for th ree of t he t ypes of

Ilousing l s tnc te f amil y, mul t i -fami ly , mobil e hOnes ) were es t imat ed by t he

th e

HJ hoUSI ng demand

SF i ndex for s ingle famil y

4

Ssf t • ~ ~itas; s '" 1, ? ,4

4
Aai t t; H1i i t as : a • 2, 3,4

Mf • inde ~ f or IlllJ l tif am ll v

MH Index for mobil e home

OP i ndex for dtlpl ell

4.4 4.5
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l, . i ndex denot i ng t he age of l1ousehold head

e J < 25
• 2 ~5 -Z<l

e J 30- 54
a , 55"", . •nde x denoti ng the si ze of household
s ~2

s J
s ' -5
s ,+

b. c, '"' d are ceeeee te- s from t he Uncer tai nty ~odl.l l e .

The model t hen ad,j us ts t he housi ng st ock lind l1oU5i " 9 demand so t bet t he

!lous i ng marleet i s ct eeree . r'l i t i a lly , t he hous ing stock is calcu l at ed as the

e- evt ccs oeri od ' s stock net of demo li t i on:

(4.9 1

where

NC new construc t ion

V normal vacancy rate (par amet er).

The equ ll i br i um vacant housing stock is the "normal " vacancy rate times the
s to ck of housing .

If the net demand fo r a parti cular type of housing is negat ive , however ,

then the vacancy rate for t hat type of housing has to be calcu lat ed:

(4 . ?)

HO TY i t-1-..­
..,yi t

(4 . 101

wnere

wher e

NO TY i t " HOTYft - HSTY i t

t ypes of hous ing is pos it ive . t hen new cons t r uc t to n

suffic ient Quanti ty to meet the net demand plu s an

vacanc i p.s required to ensure normal funct io ni ng of the

type is calc ulated by

minus t he maxi mtJll vacancy

1. The number of excess vacancies wi t hin a

subtracting the housing demand from one

rate , t imes the sto ck .

2. The number of ~ ubst i t ute units ava ilable to f ill the excess suppl y
is gi ven by SUb tract ing one minus the normal vacancy ra te , times th e

c lose substi tute s tock f ram t he cl ose subst itu te demand .

AV '" ectua 1 vacancy ra te .

I f the ectue I vacancy rate i s grea ter than its assteec maximtJll, then the

excess s upply of that part icular t ype of hous ing is assumed to dr ive down the

pr i ce of that type of dwelling . Indi vid uals res iding i n ot her dwellings coul d

De induced to mo ve to reduce mortgage or rent payments . An adjustment to the

distr ibution of housing demands , therefore, i s ecprcprtete .

Subs ti t uti on occur s, if poss ible , with in groups of hous ing tha t are cl ose

subst itutes (s i ngle- f ami ly and mobile homes ; duplexes and multifamil y). If

not enough exces s demand exists from the c lose subs t i t ut es to f ill the

depre ssed market, then subst i t ut ion occurs f rom all type s . The procedure i s
as foll ows:

(4. 8 )

HS ,.. hOusi na stock

TV ,.. i ndex denoti nQ th e type of housi ng ( SF, MF, MH. and OP)

r '" cert oe s p~ ff i c: removal rate (paramet er).

~et Ilemand f f)r eecn t ype of dwe TT ing i s def i ned as t he demand minus t he
hous i ng s to ck:

NO '" net demand.

I f net demand f or a l l

illlllediate ly occurs i n

eQl,d librfum amount of

housi ng mar ket:

4. 7
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l . The minimUo1l of 1 or 2 Is subtrac ted f rom the compl ement ary nousl ng

demand and added to the depressed demand.

4 . If excess supply persis ts ( t he actual vacancy ra te Is above its

assl.llled Jllax inuJIIll, t hen the above pl"'OCel1.lre Is re peated. only the

number of hOusing units ava ilable Is IlOw ca lc ula t ed us in g maxillll.lll

vacancy rates and 11 11 types of housi ng where the actual vaca ncy rate

i s les s t han t hei r assl.llled maxi mum. The availabl e un i t s are th en

all oca ted based on nomlalizHion ...e Ights of the m.mber availab l e by

t}pe .

output s of t his module an! occupi ed housing by typ e (HDTY i t )

hous ing:

TABLE 4.2. Average Househo ld Size i n Railbelt Load tente-s , 1980- 2010

TABLE 4.3 . NU/Ii)er of Mil itary House llol ds Ass lJ1led to Reside on Bas e
i n Rail belt Load Cente rs

Based on aSSllllPtion t hat average househo ld s iz e
li nea rl y fall s to the pred ic ted s tat ewide househo l d
s iz e i n 2010.

~ AnChorage Fa irbanks Glenna1len-Valdez

1980( I) 2. 834 2.812 2.843
198.(1) 2. 769 2. 751 2. 776
1990l a) 2.704 2.689 2. 710
1995(01 ) 2.6 38 2. 628 2.643
ZOOO( aJ 2.513 2.566 2.576
200s( 1) 2.S08 2.505 2.510

20W l a j 2.443 2.44 3 2.443

(I)

l U I )rHS - 00 )
\ TYi t H it

VH
i t

The fina l

and unoccupi eo

VH · tcta l vacant <:1we ll ing un i ts . Anchor age

3, 212

Glenna 11 en- Va Idez

o
PAAAMET!RS

Table 4. 2 nrese-r s t he average l1ousehold si ze parameters for the forecast

pe ri ods by l oad ce nter . The values fo r 1980 were derived fran 1900 Census of

Populati on (Sureau of Cens us 198Oc 1. Average househOld size has declined

slgnlflcant ly i n tl'le past t en years . Conti nuity i n this trend is ant icipated .

D.J t the rate of red uct ion is be li eved to be more mode rate th an i n the pas t .

The futu re va l ues of household si ze in the three Ra tlbel t l oad centers,

t he re fore, were re duced from t he 1980 levels to conve r ge on t he pred ic ted

st at ewi de housel'lOl d s ize i n th e yea r 2010 (which is 2.443 ) .

The numbe r of on-bas e milita ry ncuse nctds , pre sented i n Tabl e 4.3 , is

,)ss umed to ren ai n constant ove r th e tcrecest per iods. The le vel of military

ac t iv ity i n Alaska has st abilized, and li t t l e Indi ca t es that a major sh i ft
01111 occur i n the fu ture.

Sourc e: Suppli ed by th e Ins t i tut e of Social
and ECOf)OlIl ic Research , univ ersity
of Alaska .

Tabl es 4.4 and 4.5 prese nt t he par amet er s used to derive t ile jol r.t

distr;bU tlon of househo lds by size and age of head. The base li ne f igures fo r

th e probab i lity of s iz e par ameter s were derived f r om the Bat telle-Nor thwes t

end-use sur vey . Those parameters were adjusted to li nearly appr oach the 1977

Wes t ern Regi ona l average household s iz e of 2.6 (Bureau of Census 1977) by t he

ye ar 1992 . then cont inue to change at t he same r-ate f or t he rema i nder of th e

period . The r at i o of regi onal t o s t at ewide frequenc y of age of head was

deriver'; by ISER. These r atios are ass umed to remain cons t ant.

The !lOusin g demand par ameter s were est imated by ISER using a linear

probabi li t y mooel.(al The expec ted va l ues in Tabl e 4. 6 are t he est imat ed

4.8
4.9



TABLE 4. 4. Probabili t ,'1 of Size of HOlJsehold in Rail be lt Load Cent ers

(a) Source: Batt elle-Northwest End -Use Survey.
\b) The d istr i but fon is assumed to li near ly approach t he 1977 Wes tern

Regi ona l Oist ri buti on by 1992 (Bureau of Census 1977).

Sourc e : Supplied by the Ins ti tu t e 'Jf Social and EconOOl ic
Researc h. Univers ity of Alaska .

TABLE 4.5. Regional Frequency of Age of Household Head
Divided by the State-Wide Frequency

Glennal 1en-Yaldez

0.5 6

0.16

1. 02

1.49

Fai r banks

1.45

1. 12
0. 97

0. 69

Anchorage

1.07

1.0 2
1.02

0.80

Age of Head

'25
25-30

31-54

55·

ccetfr cten rs repor t ed by lSER. The ranges wer e calculated as the width of the

9SS confidence i nt ervals. whereas t he var i ance was backed out of t he repor ted
F statis t ics .

Table 4. 7 presents t he asslJlled nornal and lIlaXillll,lll vacancy ra t es by type
of neuse, ISER (Gol dsmi t h and Huskey 1980b) derived the nonnal vacancy rates

by taki ng the ten -year U.S. aver ages of vecency rates for owner and renter

units. Sing le-fam l1y and IIll)bil e hones have t he owner r ate ; Ilultl family homes

have the rente r rate ; and duple xes ar e the average of owner and renter r at es.

For the lIlax illlUll vacancy ra t es. Anchorage Illul t tfami ly ra te s were avatlab le .

The rel at ionsh ip bet ween th e nonnal ra t es for 1IU1tl f amtl y and all othe r types
was used to der ive the lIlax imum rates .

Housing demolit ion rates (Table 4. 8) are a funct ion of the age of the
housing stock and the demand f or hous ing. ISER f ound that appro ximately one

percent of the hous ing s t ock was removed between 1975 and 1980 In Anchor age

and Fairbanks (Go l dsmit h and Hu skey 1980b) . As the exist ing stock ages , the

reeove I ra te ts assumed t o grow t owards the U.S. average. wh ich has been

est imat ed to be between 2 and 41 per f orecast peri od (5 year s ).

The hous i ng st ock f igures displ ayed in Table 4. 9 are those derived by

ISER for their end-us e mode l . The numbers have been adj us t ed to r eflect the

total stock . not on ly sto ck served by an electr ic ut il ity.

Glennal len -Valdez

0. 426

0 .190

0.341

0 .043

0. 463

0.185

0.309

0.042

O.SOI

O.ISO
0.277

0 .042

0. 538

0 .176

0.2 45

0.041

0. 575

0 .171

0. 213

0.040

0.612

0. 166

0.182

0.040
0.650

0 .161

0.150

0.039

Fai rbanks

0.455

0.2 10

0.2B7

0.048

0.5 15

0 . 152
0.262

0.041

0.5 53

0.174

0.233

0.040

0.591

0. 165

0.20 5

0.039

0. 629

0. 157

0. 176

0.039

0. 667

0. 149

0.1 47

0.0 38
0.70 5

0. 140

0. 118

0 .037

Anchorage

0.476

0 .190

0.2 91

0. 042

0.515

0 .182

0.262

0.041

0.553

0.174

0.2 33

0.040
0. 591

0.1 65
0. 205

0 .039

0.629

0.157
0.176

0.039

0. 667

0. 149

0. 147

0.038
0.705

0.140
0. 118

0.037

Sfze

<2

3
4_;
6+

<2

3

4· 5

6+

<2

3

a.s
6+

<2

3

4·5

6+

<2

3
4·5

6+

<2

3
4·5

6+

<2

3

4· 5

6+

Year
1980(4J

2010( '1
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TABLE 4.7. Assumed Nonna1 and Maximum Vac ancy Rates by Type of House
(Pe rcent )

TABLE 4. 8. Assumed Five - Year Hous ing Removal Rates i n Railbelt Region,
1980-2010 (Percent of Hou s ing Stock at Begi nni ng of Period
Removed During Pe ri od)

( a) Impu t ed by ISER from Bureau of
the Census (19BOa ) .

(b ) Imputed by ISE R from AnChorage
Real Es t at e Research Corrm1tt ee
(1979) .

Years

1980-1985

1985- 1990

1990-1995

1995- 2000

2000-2005

2005-2010

Sau-c e : Author Ass umpt i on.

""i.u.Rate1b)

3.3
3.3

10.0

16.0

Remova 1
Rate ( pe rcent )

1. 25

1.50

1. 75

' .00
2.25

' .50

""'IIRat e a )

1.1
1.1
3. 3

5.'

Sing l e Fami ly

Mot-H e HOOle

Duplex

Mul tifaml1y

Type

TA BLE 4.6 . Hou s ing Demand Equat i ons : Parameters' Expected Va lue ,
Range , and Var iance

Parameter Expected Va lue Range Variance

" 0. 461

" I -0.303 0 .1 42 0.001

'" -0 .1 75 0. 152 0.001

'" 0 .080 0 .230 0.003

'" 0. 182 0 .2 05 0.003

' 3' 0.317 0 . 182 0 .00 2

'" 0. 380 0 .226 0 .003

c 0 .383

"I 0.22 5 0. 124 0 .001

'" 0 .086 0 . l3 3 0 .0 01

-, - 0 .090 0 .202 0 .003

'" -0 .203 0 . 180 0 .002

' 3' -0 .280 0 . 159 0.002

'" - 0 .352 0 .1 98 0.003

d 0 .0 97

' at 0 .068 0. 101 0.001

'" 0. 039 0. 109 0 .0 01
-, 0. 014 0 . 159 0 .0 02

'" 0 .008 0.1 52 0 .001

'3' -0 .020 0 . 130 0 . 001

'" ~0 . 0 16 0 . 162 0 .002

Source : Go ldsmit h and HUSk ey 1980b, Tilble 8 .6 .

4. 12 4 . 13



TA~LE 4.9 . RaiTbe l t Hou sfng Stock by l oad Cent el'" and Hous ing Type, 1980
(numbel'" of unft s )(a)

Tvpe Ancttol"'age Fafl"' banks Glenna tt en-ve Idez

Singl e r:'amiTy 37,422 9,900 565
~bf1e lOrtes 9,239 2, £15 904
Oupleles 5,871 1,397 270
~u Tt l f.l rnll ... 19.061 5.265 266

Tota l 71, S93 19 ,037 2, 105

( ~ l '" unit is occullf '!'d by one "ousehol d. Thus. ! 4-ll le l is
cons idered four housing units.

Source: GoTdSll ft h and Huskey 1080b, Table C. 16 , C.17, C.18.
Thesp ' iqures ha...e been adjusted to -eetect t he total
stock , ra ther t han units see...ee by e lectr icity.

4.14

5.0 mE RESIDENTIAL CONSIJIIPTtON MOOUlE

The purpose of the Residentia l Consumpt ion Modu le Is to pro... l de sorecasts
of re s idential consumption of el ect ri ci ty. Cons~tion of e lectr ici ty Is not

t he ins t antaneous ~and f (ll'" elec tri c ity ; r-aUIf~r-, It is the quantity of

etectr rc t t v (kWh ) r-equ fred to meet the customer 's needs o...er a per iod of

t ime . The forecasts of the needs of tt1e res ident ial sector do not i ncl ude the

impacts of conser...at f on produced by market int e r- ...ent fon by government . The
oot ent lal f or and imp act s of such cease- ...at ion activ it ies are handled in the

Conser- ...at i on "IocIu 1e. Furthermore . t he lI'lOduIe's forec as t of res ident 141

requ lretllents fs the amount of e l ectrici t y t hat needs to be oeltverec to t he

r esident ia l sec to r . it does not Include all owances for Hne losses.

What th is module does do, however, is es t imate t he amount of electric i ty
re s i rlenti al consumer s use , with explici t cons ide ration of the impact s of
e l ectr ic ity pr i ce changes aM f ue l switchi ng bet ween e lec tr ic ity, aas, and

011. IllIPacts of fuel sw i t ch ing to and from ot her fuels (SUCh as wood) are
~andl ed in the Conser vati on Module.

MECHANISM

The Res 'dentia l Consumption J1Cldul e ~loys an end-use approach. In an
end-u se analys is, t he f irst s tep is to i dent i fy t he major uses of

e lectric ity. Future market sa t ura ti ons of the uses are foreca sted so tha t the
future stock of electr ic ity-consum ing devic es is def i ned. The next step is to

estimate the amount of e lectri c ity demanded to meet a future demand for the

serv i ces of t he devices . The f orecast of a... er age conslJll1)ti on of the appltance
stock , t herefore , reflec ts both t he t r end in ttte s ize of the de...tee and i t s

ut i 1tzati on rate , Once t he stock of m, j or e l ectr ic ity-consllllling devices and
t heir cor-r es ponding avera ge annual per uni t consump t ion of e lec t r ic ity ar e
f or-ecast, the f uture consumption of e lectri c i ty by device t ype t s obt ai ned by
mult i ply ing the nullber of devt ces by the ir- predicted annual avera ge

consumption of el ectr icity. Using t he same pr ocedure for etsceueeeous
re s Ident ial uses and s lllftll i n9 o...er all end-use s yi e lds an aggregate forecast of

electrici ty requ irements .

5.1



One majo r problem of the end-u se approach is t hat the impacts of changes

in fue l prices ( both e l ectr ic it y and alter nat ives ) and i ncome on electr ic 1t y

usage ar e usually trea ted d1r ec t ly through t he fore cas ter ' s j udgmen t . The REO

Res iden t ia l Cons umpt ion "'odt"e addresses th is prob lem diff er ent ly. By

ad1ust l ng t he ~ggregate res ident i a l cons ump t io n f t qure ."it h pr i ce and

c-css-ort ce etas tt ct ttes of tiemand derived econometr ica ll y f r om actu a l

cons ump t i on 1at a , REO accounts for pr ic e change and f ue l - swi tch1ng impac t s i n

t~ r~s i rl~nt i a l sec t or .

I ~ PlJT) AND OU TPUT)

Table 5. 1 ore sent s the inputs and out puts cf t ne module . The number of

hOlJ s~no lds by dwelli ng t~e is t he numb er of occupied dwelli ng uni t s by t ype

c-e dtctec in t he Hous i ng ~odu l e . The s-or-t - run and long- run or tee and

c-css-ortce elas t ic i t ies , as we ll as t he appli ance sa tu ra t io ns . are gener at ed

In the uncer t ai nt y ~odu l e . The out put of t he mod ule i s pre l imi nary

res ident i a l sa les of e lec t r ici t y.

TM LE 5.1. Inout s and Out puts of t he REO Res identi a l Module

re\~

~ Var iab le Peen
HP

TY Households by Type of Dwe ll i ng Housi ng Sto ck Modu l e

E. CE Pr i ce El ast i c i t i es Uncer ta i nt y Module

IAT see 1i ence Sat uret i OilS Uncer t a i nt y Modul e

Ib\ Out pU t s

~ Var i abl e To
RESCON Res identi a l Elec tri c i t y a tscen anecus , Peak Demand

secu t-eeei t s and Conser va tion Modules

"'OooLE STRlt: TURE

The Res i denti al Cons ump t ion Modul e identi fi es t he foll owing maj or uses of
e lec t r ic i t y In t he ..es ldent ia l sector :

I.'

1. Water Heating

2. COOki ng

3. Refrigerati on

4. Freez inq

5. Cl ot hes Wash ing ( and addit iona l water heat in g)

6. Cl ot hes Ory1ng

7. Ols hwas h1nQ (and adrli t i ona l water heat in g)

IL S"'unas - J acuzz"s
Q Space Heat inq

1n add1t i nn, sever a l addi t i ona l uses of e l ec tr ic i t y by househol ds are ca pt ure d

bv e sma ll appliance ca t egory . Sma ll appliances i ncl ude te l evisi ons, r adios,

li q" tl nQ. heilld - bolt heate r s, ~ it cher. appliances , heating pads , etc . The bas ic

p~i se of t his module is t hat t be household is the pr imar y consumer of

e lectr i c it y, not the i ndi vidua l. However , t he nurrbe.. of i <1," ' vidua ls i n the

house hO ld si ani fi cant l y aff ec ts the consumo t ion of enerqy for cl othe s wash1ng,

cl ot hes dr yi ng, and wate r heat i ng. Ther ef or e , t her e i s an adj ustment in the

mode l for changes i n t he aVP"aqe household s iz e to recc cnt ze the ;mp ac t of

such changes on the usage of t hese app11ances•

For t ile nine maj or uses of e lec t r icit y, the end-u se approa ch i s used (s ee

Figure 5.1), Figure 5. 1 s hows t he ca lcu lat io ns t hat take pl ace 1n th e

Res i del1t1al ConsuTTlD ti on Modul e . Begi nn i ng with a reg ional est imate of

occupied ,",ous i nq stock by t ype , t he module uses appl iance market sat ur at ion

parameters to est imate t he stock of eac h of t he ma j or appl ian ces recognized by

the mode l. T,",e modu le t hen ca lcu l at es the in it i al f ue l mode spl it for

mu l t 1fuel app l iances . cal cula tes pre limi nar y e l ectr ic consump ti on for each

appl iance t ype ( i ncl udi ng sma ll appliances ) . and then ,>urns the se es ti mat es

to qet her f nt o a pre 1;mi nar .v consumot i on es t imate fOl" the res ident ia l sec to r .

sr t ce forecas t s for gas. oil , and e lectr ic i ty and Q trial~ - s pec i f ic own-pr i ce

and cro ss - pr i ce e la sti c it ie s are used to ~ju st t he pre l iminary f orecast.

Res ul t s from t he Bat t e lle-Nor thwes t (BNW) end- use survey Show signif i cant

diff e rences i n t he sa tu r-att ons of t hese ni ne e!'ld uses by the tvpe of dwel li ng

i n wh i r.h the househol d res ides . The modu le , t herefo re , uses the number of

5.3
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where

occupied l'Iousi nq units of each tyPe of dwell1nq (si ngle family, multifamily .

mohile home, and duplex\ as pr edicted by the Hou si ng Module a.. one of the

in puts to est imate t he stock of appliances.

The Hous ing Modu le . hO'llever. mere ly predicts the nul!tler of occupied

pr1mar./ a\ residences by t ype i n a given region. not t he number of units

served by electric utilities. By mu l t i plyi ng t he number of occupied hous i ng

uni ts by type by an assumed percentage served . the Res idential Consumption

Module fc -ecests the number of pr imary occupied housing units served :

C5.l1

{5. 2I

HHS tou senotes served

TV denotes the type of dwell ing

SE proport io n of t .ype served by an electric ut il i t y

I{) stock of occupied dwellings from the Housing Modul e

i region subscri pt

t forecast per i od ( t .. 1. 2, 3• • ••• n ,
Once t he number of e tectr tceuv-se-vec households by type of dwelling is

known. t he applic ance stock can be e st imdt Ofl. The ,>aturat ion rate fo r an

appli ance is the percentage of households residing i n a certain type of

dwell1 nq and hal/in a thf" appli ance in question . 8y multiplyi ng t he

hol's i ng-type-s pec if fc set u-at tcn rat e I)y the nueee- of househo l3s residing in

that typ e of hous ing and then sunmfng ecrcss hOusing t ypes, the mode l

forecast s appliance demand i n each future forecast per iod t :

fOIl~C4~T Of
OC CUP IED HOUS ING

S TOCK BY TY PE
\.IHOU~ING YODUl.[ 1

•C4 LCUL4 TE S TOCK I-( """""Of LA,IlGE S4 TUIl 4 Tl O NS
APPLI4NC ES BY HOUS ING TYP E

BY END USE . I UNCU T4 l NT Y
DWELLI NG TYPE \l OOULEI

•
CALCULA,TE INITl 4 L I-( FUEL \100 ES HAIl E O F E4 CH

4 PP U 4 NCE USI NG SPLIT

ELECTIlI CITY U I O

•
C4 LCloLATE AVU 4GE I-( )ELEC TIl lC4L US E IN EF FIC IENC Y

LA,IlG E ,lPP LI,l NCES ST ,lNO ~ 1l 0 S

BY APPLIANCE

•C ALCULA,TE TOTAL
PIlE LIMI NAIlY LA,IlGE

APPLI,l NCE US E

"4PPL IANCE

•CALCULA,TE
PIl Ell \l lN AIl Y SU'" PIlE ll \II N4 RY

SM,l l l 4PPU ANCE I-' CO NSUMP TIO N FOil
US E OF ,l lL 4 PPLI ,lN CES

ELEC TIlI CITY

• j-( "'"("'" ,o."''''} P Il ICE 4 ND ELA,S T ICITIES .
I EXOCENOu S I CIIOS S -P RICE Il ES IOENTl AL S ~CTOR

4 DJ US T\lE NTS I UNCEIl TAI NTV
",oOULf I

I
IlESIOENTI"L

CONSUlol P T ION
PIiIOIl TO

CO NS EIlV" TI ON
"OJl.iST"'ENT

FI1'U!l:E 5.1. qED Resi dent i a l ConS l.i~ ti on Modu l~

(al Excluding second or recreat ion homes .
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where (5,6)

,EA5 (l-d') t'x iok x t ic + E AC
EA0 it lc ,",,1 tok

init ial stock of electric appliances
fue l mode sp11t

additions to the e lect ric appliance stock
t otal e l ectri c appliance stock.

""'ere
EA5
FMS

EH'
EAD

The Resident ia l Consumpti on Module next calcu la tes t he aver age annual
et ectrtc ttv consumpti on of each maj or appl iance . Diff er ent vi ntages of

eepf t ences use different amounts of elec t ricity , so the avera ge consump tion

must ref teet the vi ntage compos ition of t he sto ck, Furthermore, i ndustry

energy efficiency standards f or ecpttences could change in fu ture years, The

future vi ntage spec if ic consump ti on r ate can be der ived by mult ipl ying the
current (1980 ) ccnsceett cn rate by a growth factor and adjusting f or any

changes in effic iency standards. By we iqht ing t hese f il}Jres by the proporti on
of the stoc k t hey rep re sent, the average consumption of each applt ance type in
a f orecast year is der ived:

(5.3)

AD s app1i ance demand

SAT set u-e t tcn ra te (parameter)

k .. end-use appli ance.

~e l( t, the mode l calcula t es t he number of additi ons to the st ock in the

future . Assuming demand is full y met, the number of new appliances

in oert cc t ts found b.y calculat ing the st ock of appliances surv tvf nq from all

pr evious peri ods and SUbtract ing t his survivi ng stock from epct ten ce demand:

NA nurOOer of new app1i ences

where

ASIOk ini ti al stock of appliances (1980)

~k vi nt age scectt tc scr ap r at e in per iod t ; f or vi nt age m
fpal' amet er) {m " I , 2, 3, . ,. , 71.

Equati on 5,3 can be rearranged so that the stock equals the demand:

•

t
+ L: NA ini:

m-1
(5 .3' ) (1- csmk) (5.7)

The future appl iance st ock. therefore, can be st rati fied by vintage, Next,
the model cal culat es th,e init ia l stock of elec t ricl ty .co nsU1l1 i n9 appliances by

mu lt ipl ying the numb er of aopliances in each vin tage by the per centage us ing
electr icity:

(5.41

where

avera ge consumpt io n of appl ia nce k in period t (par amet er)

average consumption of appl iance k in the beginn ing period

"cereneter I

Z .. length of forecast per iods t and m in years (paramet er) set

equal to 5 for this study .

(5.5)
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wheN!

Q " growt h r ate of aoolt ance k consumot ion (paramet er) RESPR Eit ref l ect s ma inl y the Physi eal char acter is tics of t he sto ck of
el ect r i cal eeeu eeces , Consumer s . however. can re spond dramat ically to

changes in t he prices of e lectr ic i t y and al ternative fue ls. The own. and

c-e ss-er tce e last ic it ies of dema nd eeasu-e the re sponsivenes s of consl.(Tlers to

e- tee chanqes. Spec if icall y, the own-price ela stic ity of demand is the rat io

of the percentage of change in t he quantity t.!ken of a good to t he per centage
of change in t he pr ice of the qood re lat ive to the pr ices of ot her goods. If

thi s ratio is less than -1 (for examp le. -2), t hen the demand for the qood is
sa id to be elast ic. In th is case, consumers are fa irl y re spons ive to price,

as t hey redu ce the amount they purchase by more than t he relat ive increase in
pri ce ( i n perce nta ge terms ). Sim11 arly. the demand is sa id to be ine lastic if

the etest tc ttv is between -1 and zero, in which case the change in quant ity is
less th an the r elat i ve change in price (agai n in percentage terms ). In s imple

terms, the own-price elast icit.v measures the res ponsi veness of consump t ion of
a qood t o changes in the price of t he good.

The demand f or electr icity is also a funct ion of the pr ices of
alternative fue ls. The £!.2.!!-pr tce elasticity of e lec t ric ity measures the

respons iveness of the quantity of elec tr ic ity t aken with respect to change in
the prtce of another fue l . In other words. t he cross -prtce e la sticity

pred icts t he percento!ge change tn t he quant tty of e l ectrfcl t y taken f or a
one-perc ent age change in t he re lat ive pr ice of an al ter native fue l .

(5. 8)

cs " conserva t ion st andards target consu~t10n reducti on

fDa"amet el"l

CONS " prel iminary consumption of e lectricity prior to or -t ee
adju stments.

The Resi dent ia l Module makes no dis t inctio n among the various types of

aop11eeces in t he sma 11 aop1t ence cat l!9ory . The requ i renen ts for these uni t s
are simply the oroduct of the nuntler of households in the N!gion, the Ini t ia l

consull'lO t fon leve l , and a g"owt h factor In conSUllO t lon over t ime:

Finall y. t he pN!l1l1ll nary consumo t ion f or each major ecot te nce can be

cal cula t ed by "",ltlolVi ng t he stock of each eeet t ence by It s ca l cu'ated
average consumo t10n:

ACG " growt h fac t or In seau acnt tence consumpt ion
sa " i ndex denoti ng sma ll appliances.

Tot al ore li minar v re s identia l consull'C) t ion is fOl.l nd by sunming across end
uses :

9
RESPRE lt " ~1 CONSi t k + CONSi t sa

RESPRE " total pre lfm1nary N!sidenttal consulI'C)tl on.

(5. 10 )

If the cro ss-pri ce el astlc i ty is pos it ive, t hen the f uels are sa id to be
subst itutes. As the ortc~ of anot her fue l r ises . the quant ity taken of
electr icity r i ses . For ex~l e, natural gas and e lectrlci ty ere subst itutes.

If the price of gas r ises enough relative to the pr ice of e lectr ic i ty , t hen
some nat ural gas cus t omers will swit ch to electr icity . If t he cross-pri ce

elast icity is negat ive , the fuels are complements , and increases in th e pr ice
of the alternate f uel w111 cause reduct ions in the amount of the electr icity

th at is t aken.

Dist inguis hi ng between short- run and tone- run respon ses to price is

possit le . In the Short r un, or the temcd fate fut ure, consumers cannot alter
t heir usage as much as over longer peri ods of t ime. stnce the ir stock of
aooltances is f b ed. Over a longer pertod of t ime. they can replace element s

5.8 5.9



of t heir s tock with devices that use le ss electricity. 0 1'" per haps use anot her

fue l source. Therefore, mak ing the dist incti on bebe2n t he short-run and the
lonq- run elas ticit ies is i~ortant.

TI'Ie e las t ic iti es gener ated in REO are aged over the forecast period f rom

tt,e l.. shnrt_ run vatues to t heir loeq-run val ues, t hus explf citly mOde ltng con­

sumers ' chdngl ng the pattern of use in the short run and fue l swit chi ng in the

lono run. The Uncer ta int y Module eeneretes both the short - rlln and long- ru n

vetces of the e test ret tt es for speci f ic t r ia ls. Since REO produces a forecast

onl y e¥pr ., f ive years in the current study, t he transi tion fr'Olll the shor-t -run

to ' nno- r un va llie 1S r at her ab1'1JPt. Specificall y, the t rd nsHi on t ime is

assumed to be seven year s. If a pr ice change Occurs in t tle f i rst fo recast

vee-, i r; the next for ecast per iod th e el ast ic ity is 5/7 of the way f rOlll t he
Short - rll' , valu e.

The actual calculati on is as foll ows:

(5 . 11)

where

RI;:SCON consufl'C)t i on of e lectric ity in the re s ident ial sector

QPA own-price adj ustment

CPA · cross-price ad1ustment
P • pr ice

E • own-pd ce elast ic ity

SR • t1enot es short -run val ue

LA • denot es long-r un vatee
CE • Cr oss-pri ce e l as tic ity

o • index denot i ng oil

G i ndex denot irnj gas

e • index denot ing el ect rici ty.

RESCON is t he prf'd icted e lec tr ic ity COnSllq)tion in t he res idf'nttal sect or

eerc- e adj llstnlf'nt s f or subsi dized conservat ion. This f Igure is passed to th e

Df'ak Demand anc! Conser vati on fIlodules .

(

CE
, PI~I -2 JG) Gl R

',G

(5.12)

- CEOSR)

(5.131

PARAMETERS

The percentage of households ser ved by an electri c utility (Tabl e 5.2 ) is

an 1~ortant paramet er . ISEA has est imated that ool .v 911 and 711 of the

occupied housi ng in Fairbanks and Glenall en-Valdez were connecte d to an

elec tri c ut11i t y (Gol dsmith al'ld Huskey 1980b). Due to the high entIhasts the

s ta t e legislat ure and govern o,. have placed on enerar , the ed ens ion of

e lectr ical servi ce to all who would li ke ser vi ce is highl y probable .
Therefore. etec tr tce l services are ass umed to be extended to the enttee stoc k

of housing in th e Fa i r bankS and Glennallen load centers by 1995.

App 11ance Satura t ions

aecause histor ical qrowth and compariso n wit h t he lower 4B provide weak

CJJidance on both curr ent and fu ture market sat ura tions of major appliances,

somewhat arbi tra ry maximum penet r at ion rates neces sarily have been assumed.

for wh ic h wi de bands of unce,.t a inty have been spec ified . Market penetration

fo,. most appliances is already out s ide the bounds of lower 48 exper ience and

shows no s igns Of s l nw ing dOWfl . HowevE"r , many of the major ap;)llances most
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TABLE 5.2 . Perc ent of HousehOl ds Served by Electric Utilit ies in
i:a l1be l t Load Center s . 1980~ 2010
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YlOar Anchorage Fairbanks Glenna t tee- veIdez
IQ80' a) \00 ,\ 1\
1985( b) \00 93 SO
1990(bl \00 96 90
IQQS(bl \00 \00 \00
lQOO fto l \00 \00 \00
z005(bl \00 \00 100
?OIO' !:!} 100 \00 100

Iat Socrce : Go ldS/ll i t h and Huskey 1980b. Table C. l) .
C. 14. C. IS.

Ibl T"'e state is !ssumed to es tend electr ica l serv ice to
aP res idents by 1995.

l1lte 1y .... il l never re ecn 1001 marltet saturat ion for a yarl et v of reasons. such

as t rans110nt poculat ion. convenien ce of subst itutes li ke la undromats . sma ll

ilous ing un its . et c . The ass ull'4) t ions i n th is see ton refl ect a compromise

between r aold h istor i ca l gro- th in appliance stocks in Alaska and aooroach ing
boundar ies on marltet saturat ion.

Hot ~ate r

Hot water was evetteb te in near ly 99' of si ngle. f am1Ty homes In t he

AnChora ge market area, accord ing to t he Battelle-Northwest end-use surv ey . It

Tab110s 5 . 3 t",rOuqh S.I; show the default velue and range for futu re mar ket

sa t urat ions of ma jor apt)lfances th at can use one of se veral fue ls In norma l

!'lome ;ns t a ll ati on. The tab le va lues ar e the expecte d percent age of housi ng

un"its of a given t)'De t hat \II i ll have the appliance in a giv en year and market

"rea. and t he sub.ieethe uncerta in r ange t hat can be used ins t ead of th e

defau lt vetoe if t he ~onte Car lo option is used . The t abl e ti t le i ndicat es

thE' t ype of house . The assumptions fo r each type of aop li ance are given
be1Q\Il.
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IS that no IIIOre t han about 95" of single4falllily ~s. mobile homes, and

eceteses will t'V~r have dri er ~ because of the avatlllb t lity of laundrOlllats and

because I)f the rOOll ta ken uti by washer-dr ier C(ll'N)inations in small hous ing

uni t s . Fo.- IllUltifarwtly unit s , perl~tra tion Is assumed to be IllUch slower

because of the seeee oroblelll. Si nce washers and e- ters are now i nst all ed t n

oairs i n most new housi ng. mark ~t saturat ions for dr iers (wh tch are now about
21 bel ('IW t hose f or wa shers in most area s) wf1l approact! that for washers as

ol d hOusing stoc k is rep laced. In general. the lower t he exist ing saturat ion.
t he aeee te- is the u"C ~rta Jnty concem fng Its future growth rate. The
L1 ncer t ai nty is refl ected in wider ranges used tn Table 5.7 for multifamil y
unit c lot hes dri ers .

Cool( ; n9 Ranges

The 9attelle-'lo rthwest end-use $ur vey indic ated that between 96 and 10M

of a ll househO lds surve yed had a range aV..lilable . The d ffference bebeen 96

and tOOl lIlay be caused ':Iy the substituti on of bot plates and broiler ovens
(f or wtl id't est imated nationa l satllrat fon in 1979 was about 261) and microwave

ovens (for wh iCh the est ima ~ed nat tonal 1979 satura tion was 7.61). Therefore.
1001 of a ll uni ts currently are assumed to have cooking facilities available
bv 1985. Thi s perc~ntage holds throughout the period.

Saunas . Jacuzz is . Etc. (a)

These units are a relat ive ly new phenomenon In pr hate hones. almost all

having been insta ll ed s ince l Q70. The 9atte lle-Horth-est eed-cse Sllrvey found
market sat ur4tions rang ing from zero to 171. dependtng on lIIar~et area and

hous ing type . Four teen eercent of Anchorage s i ngl e· faml1y houseOO lds reported

having one of these units . A,'llOng s lngle-famtly homes buflt since 1975. t he

saturation was 21". The 211 has been used as a target sat urat i on (Ill wh i ch
ot her groups of l1ous1ng wil l converge by 1990 throu9h new construction and
retrofit. The i nfl at ton- adj us t ed cost of saunas and jacuzzls. Wh i rlpools ,

etc. are expected to drop somewhat as It does with any new appliance type .

This could lead to much hiqher market saturatfons than curr ent ly ex tst . A

f a) Inc1ud:ng hot tubs, whir lpool baths. and - tota l envi r onment- units.

•
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Rp!frt gerat ors

Tables 5. 7 t hr ough 5.10 indicate defau lt market saturat ions and ranges of

val ues f or large "ousenold aoctt ences that are almost always e lec tric . These

include refr igerators , t -eeze-s , dishwashers . and cl othes washer s . The table

t it le i ndicates the ,",ousing type, and the tab le values shOot an expected market

sat urati on f or each appliance by market area and year . The ranges shown in

t he tab les ref lect the degree of uncertain ty attached to t he default value .

The wider the range, the grea ter is this subjective uncerta inty. Thr

ass umpt ions support ing t he table values are give n below by appliance .

~

The end-use sur vey found market area-wide sat urati ons of freezers r anging

f l"()ll1 about 80% i n Fairbanks to about 90S in stenne Hen-vetcez , These f igure s

are 10 to 2m: Il1gher t han assumed by ISER for 19S0 for these areas. about 4ot:
above 1 ~ 70 census val ues for the Raflbelt. and 30 to 4m: above the U.S.

eve-ace . In ot her words. area-to-a rea compar isons and historica l exper ience
are not very helpful for pred icting future saturat ions . For sing le.family

homes and mo" ne homes , the maximum sat ur at ion has been assumed to ju st about

have been reached because wi th bet ter Shopping fac ilit ie s and i ncreased

urban ization. fewer fret:zers will be necessary for long-term food st or age
associated with bulk buying .

very w1rle r ange of uncertaint.y is ind icated, whereas the default saturat ion

for saunas and j acuzzi s is projected to be double t he current leve l for new

s ingle- fa mi ly homes by the year 2010.

The Bat tell e-Nor t hwes t end-use survey found t hat virtually lOot: of

househo lds had a refriqerator. The California Enerqy Comn i ss i on found in 1976

t hat enough hous ing units had second refrigerators to ra ise to ta l Califor nia

market saturation to 113 to 1161. ISER. in their report to the Alaska St ate

Legis l atu re (Goldsm i t h end HUSkey 19S0bl assumed that this high percen tage

would l ikely not prevail in Ala ska because of the cooler c l imat e . In the REO

mode l the ISER essueottcn is mod ified to permit a range of va lues from 98 t o
10~.
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TABLE 5.9. Harket S<lI t ur aLto ns (Percent ) of large Electri c App ll J;jnces II. 0up l@kes,
Ral1belt l oad Centers . 1980. l01 0

Refri oerators Fre:ezers Ohhloluhers Clot hes Wuher tLoad Center Year DefllUlt Range DefaUlt Ranse Default Range Default Range
a. Anchorage 1980 100. 0 .. ...s -- 16. 5 -- 9Z. 5

"as 100.0 98·1 02 15.0 10-80 85.0 80-90 93.0 91-95
1990 100. 0 98- IOZ 85.0 "'-90 90.o 85-95 95.0 9Z. 98
"95 100.0 98-102 as .o "'-90 90.o 85-95 95.0 9Z-98
2000 100.0 98-102 85.0 "'-90 90.o 85-95 95.o 92· 98
200S 100.0 98- 102 85.0 "'-90 90•• 85-95 95.0 9Z- 98
20'. 100.0 98-102 85.0 "'-90 90.o 85-95 95. 0 9Z-98

b. fa trbank s "'" 100.0 .. 15. 2 -- 51.4 -- 85.5
108' 100.0 98·102 80.c 15.85 85.0 80-90 91.0 90-92

~ 1990 100. 0 98-102 as.o BO-90 90•• 85·95 92.5 90·95N
'''' 100.0 98·102 85. 0 80-90 90.o 85- 95 93.0 91-96

N

' 000 100. 0 98-102 as•• "'-90 90 85·95 95.0 92·98
2QO' 100.0 98- 102 85.0 "'-90 90.o 85-95 95.0 92-98
201. 100.0 98-102 as.e "'-90 90.o 85-95 95.0 92-98

c. Glennallen- 1980 100.0 _. n .8 -- 55.& -- 90.0( 1) 85-95
Va ldez "as 100. 0 98-102 "'.. 15-85 82.0 71-81 92.0 90-94

1990 100.0 qa·102 85.0 80-90 90.c 85-95 95.0 9Z-98
"95 100. 0 98·1 02 85.0 BO-90 90.o 85-95 95.0 9Z-98
2000 100.0 98·IOZ 85.0 "'-90 90.o 85-95 95.0 92·98
200S 100.0 98·1 02 85.0 "'-90 90.o 85- 95 95.0 92- 98
20'. 100 .0 98- 102 85.0 "'-90 90.e 85-95 95.0 92-98

(a) Clot hes loIas~r 1990 Sl t ura t lon adjusted to 90 per Cf'flt frOlll 100 percent In Gl ennall en-h ldez bec.use of ..... 11
SIllllPle prob 1M .

TA8LE 5. 10 . Har ke t Sat ur a t ions (Per ce nt ) or lar ge El ectri c Appl iance s
t n ~lt lhlllt1y Homes . Ral1belt l oad Cent ers, 1980- 2010

Aefr l9!rato rs Freezers Ohhwashers Clothes Washers
Load Center Year Default !!!!i!... Default Range Default Range; Default Range

a. Anchorage 1980 100.0 -- 6Z.5 -- 13.3 -- 16.5

1985 100.0 90-102 65.0 60-10 85.0 BO-90 85.0 80-90

' 990 100. 0 qa·102 10.0 65·75 90.e 85·95 0:.0 .0 R5 · 95

1995 100.0 98- 102 70.0 65-75 90.e 85-95 92.0 90-"
2000 100. 0 98- 102 10.e 65-75 90.e 85-95 95.o 92-98

'OOS 100.0 98- 102 10•• 65-75 90.e 8S-95 95.0 92-98

201. 100 .0 98· 102 70.0 65_75 90 85-9S 95•• 9Z-98

b. fai rbanks '980 100.0 -- 57.Z -- 23. 3 -- 63.8

108' 100.0 98· 102 65.0 60-70 34 .o 3O-3~ 68.o 63·72

~ 1"" 100.0 98·102 70.0 65· 75 SO.e 45-55 70.0 65· 75
N "gs 100.0 98-10Z 70.0 65-75 74.0 70-79 eo.o 75-85w

2000 100.0 98-102 10.e 65-15 90.o 85-95 85.0 BO-90

'00' 100.0 . 98-102 70.0 65- 75 90.o 85-9 5 90.o 85- 95

201. 100.0 98·102 70.0 65_75 90.n 85- 95 95. 0 9Z_98

c. Glennallen- 1980 100.0 98- 102 14. 3 -- Z8. 6 -- n .0

Va ldez 1985 100.0 98·1 02 20.o 15-Z5 42.0 31-41 18. 0 13-83

''''' 100. 0 98-10Z 30.o 20-40 62.0 57·6 7 eo.o 75-85

" 95 100.0 98· 102 35.0 30-40 90.o 85-95 8Z.0 77. 87

'000 100 .0 98.102 40.0 35-45 90.o 85-95 85. 0 "'-90
200S 100.0 98_102 45.0 40-50 90.o 85-95 90.o 05-95

ZOIO 100.0 98-IOZ SO.o 45-55 90.o 85-95 95.0 9Z·98

(al Clo t hes wISher 1980 u t ur. tlon .djuste d f ro- 100 percen t to 71.0 Mr cent (2 re -eeee lib!),!! rlr ver U1tura tlon)
because of s.. l1 U1l11p le probl,..



For duole ltf> s -li nd IllU lt jfamilv unt ts , t he perc ent of satura tion shou ld

rf>llla i" s ign;f 1ca" t1 y lower . Thf> t enants In such uni t s tend t o be eore

t rans ie nt and are probably less i nyolv ed i n Alaskan hunt ing. f tsh1r.g, and

ga rden i n~ Dur su it s tha n most Ah ik ans . r,onsequent l y, the y would have less

,iemand f or ( r~Zf'rs , S@cond. rental units tend to be smaller . Consequent ly ,

renter-s ~i gh t tend to siJb stt t Lt t e rented cceee-cf a l col d-sto r age locker space

f or a e-eeee- to ccoser ve scarc e liyi ng seece in d~ l e.1te s and mult ifam i l y

uni ts . Tlte ranqe Of uncerta lntv is shOwn to be qui t e broad . s ince '!lark et

penet r H i Ofl «es been "apid i n t he last 10 yea rs . but t he mu illUl appea " to

-eve ~~n -e..:he<! 1n soee ceses ,

Ttle Batte ll e-Nor thwest end-us e surve v found market sat ur ations fol"

di 'itlwdStler" we ll aecve tl\e eJl, ist lng U. S. aver age. In t tte U.S. as dI who le, t he

1919 sat urat io n ",as aooct ~1' of hOmes se rved by e lectr i c i ty (Bure au of Census

1080b1, but t h's oerc ent age r-eeaed from 50S i n Fai rbanks to 15'1 i n Anchor age

'iurve., 'eees , Sat urati ons !'!aye tecreesed by about 50 percenta ge points in all

t hr ee :ta llbe ' t l oad cent e-s si nce 1970. dlga l" outside t l'le range of h istor ical

ew e- teoce. (USin9 t ld s eeee-teece , ISER (GoldSlll l t lt and Huskey 1980b)

c-cject ee V~713 markfit satur at ions of SOl i n Anchora9!' and 36'1 in Fairb anks . l

Si nce the rate of tecreese i n mal"k et sat ul"a tion was ver-y rap id i" t he 1910s .

but tee- eases i n saturat ion i n Anchor age i n part icul dr mlly sl()1j down soon. a

'lIu imum sa turat ion Of m was assumed for a ll homes. The annua l ra tes of

sat ura t ton growt!'! f or ttoe 1970s eere t hen pro j ected f Ol" each reg ion: 9t. pe l"

year for Anchor age. at. eer year for Fdirb anks, !nd 23t. per year for

Glenna nen-Va1ojez. T~ l at t er rate was cons idered tee hi ljl to be crec te te f ol"

forecast i ng, so Fa il"banks ' "a te was used in Glenna llen-Valdez. In each table.

ttese r ates of 9"owtl'l were assumed to pre ya il unt il the 90S maxinun was

-eaeeee . The growth "ate was t hen assumed to fall to zero. A wide ra nge of

ur'lCer ta i nty is ass",me<! for d is hwdSher saturat ions beca use of ee te nuous
nat ure of the requir ed assu~t ions .

r.lo t toes Washe"s

The 3atte l l e-~or thwest end-u se suryey found t hat c10t"tes ...ashel"

Sdt u"a t lons "anged f 1"Oll about 84'1 i n Fa irbankS to 89t. i n Anchor age . These

fl gul"es are well above the 731 reported for t he U.S. i n 1979 i n t he 1980

Stat tstical Abst ract ( Bu re au of Cens us 1980b) . It also represent s about 10 to

15 pel"centage poin t s growth since the 1970 census. The rat e of saturat ion

Inc rease did not slow dOWl apprecia bly 1n the 1970s compal"ed to t he 1960s;

consequentl y, mal"ket saturation may have not yet approa ched 1ts max1mtlll. Fol"

f orecas t i ng . t he n,u llmA'll penetration Is aSSllned to be 95S. Different type s of

housi ng reach this IIlUilllll at different ret es . In plI"t tOllar. s i nce

si ngl e- fallil y hcnes are al ready B5 to 90'S satura ted . t hey rea Ch 951: s lowly .

aChiev ing tnt s l flyel by the year 2000. SOle ..ar hts are c tose r to bei ng

compl et e ly sat urat ed. Even at low rates of 9rowth t hey reach 951: sOlllewhat

ear lier . In no case is cl othes-washer satul"at ion allowed to be bel Ollf t hat for

clothes dri ers . The Battelle-Northwe st Suryey generally found that ...asher

sat ura tion was one to two per cen tage poin ts hi gher t han that for dryers .

Where this was not the case (e.g •• duplexes i n Fai r banks ) the difference

appears to have occueree because of t he SIIlall numbel" of households i n t he

category . The lIal"ket satura ti ons for washers and dr iers 91"aduall y conver ge.

since t hey ere now usuall y i nstall ed in pai rs . Multif.ily saturation of

...sbers and driers grows the slowest . rea ching 951: by 2010 i n Fairbanks arrC:

Glenna l1en ·Yaldez .

Fuel Mode Spltts

The fuel -nnde spl i ts presented i n Table 5.11 were al so der ived from the

Battelle-Northwest end-use survey . These par amete rs are ass""ed to l"E!Ila in

fhed over the f ore cast per iod , as t he crcss-p-t ce elastic ity adju stlll@nt

handles fuel switch ing . Several adj ustnlent s have been IU de to t he

Glennallen - Val dez duplex and lIlulti f _l1 y spH ts because the numbe: 1" of

res pondents In these categori es was linli t ed.

CO'!~urnpt i on of Elec tricity pel" Unit

The ave rage kilowa tt houl" conStlllPtion f1g ul"es are primar il y based on the

Mi dwest Research Ins t itute's f indi ngs on the subject (/IRI 1979) . Below is a

bdef discuss ion of each par ameter .
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Clothes Dr't!!rs

For clothes dryers , average conslftPtioo is the ftgure reported b)' ~ I .

ISER (til l 1979) pi cked a lo-.er est illlate based on household si ze, but the

co lder eu..ate i n Alaska shoul d also ra ise t he es t imated use of dryers. This

is re flected In hi~ saturati on values f or th is app liance .

Cooki ng--Ranges

This cat egory is broadl)' i nt e l'llre t ed as product ion of l'Ieat for COOkin g

purposes . The f igure reported was derived b)' ISER with a s illll1a" defi niti on.

Miscellaneous Applianc:es

For etscellerecus appliances , estilllates of conSll'rlpt iCJl were or i gi nal l y

prepared b)' ISER bY' subt ract i ng est imated large applh.nce elec tric i ty

consumptlCWl for 1978 from tota l 1978 conSll'rlptiCWl/residentia l cust omer

(Goldsmi t h and Huske)' 1980b). Li ghti ng was infe rred from nat i onal stat istic s

and Increased to 1000 kWh/ye ar /customer. The remainder was char ged to small

applia nces . Research f or t he RED Model checked ISER ' s work by assuming:

1) te levis ions ( rated at 400 kWh/year) are inc luded in SIll!!l' '!ppli ances ;

and 2) the ISER estimate of 400 kWh/ year/cus tomer for l'Ieadbolt heate~ i s

replaced with load cent er-speci f i c f l gun!'i der ived f l'tllll load -cen t er seee fr tc

The aver aqe r.onSllllPt1 on for water-hea ters Is ba~ !d on the Cali fornia

Energy COllI'l lss1on's est imate s (CEe 1976) because the CEe se parates out

consumption re lated to clo thes wi s hers and dis hwashers. Unfor tunat ely , the

CEe coul d not sep arate the conslJlllPtlo n use d fo r d1shwashl ng wi t hout

dis hwas hers, so t he f lgu~ was adj usted upwards by 151 to account for th is for

t he cold er-wat er Inlet temperature i n Ala ska .

For space heating. the average annua l con!"lftptl on figures derhed by ISO

are usm (GoldSMith and Huskey 198Ob) . These f igures -ere der ived based on

he~t l ng degrt!! days . f loor space , and average consumption of all electric:

tones Idth ln th e Ral1be l t reg i on and lIfl!n! adj usted do'Olll'l by 101 to allow f o'"

atldit10nal ccnservat tce in tl'le butld tng stock since ISH's st udy>

Waterheaters

Space Heat!
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Dishwasher and Cl othes Washer Wat er

usage data pr-tlduced by t he Batt~l1e-Northwest end-use survey and Nat ional

Oceanic and Atmosphel" fc Adminfs t r at ton ( t«lAA) data on nonnal mtnimum

temperatures (t«lAA 1979); and 3) 1000 l:;"'~ /yea l" 11ghttng. The revtsed

estimates for bl ode: i';;:"t el"S are as follows : Anchorage. 459 kWh/year/customer;
Fairbanks. 1127 kWh/year/customer; Glennallen-Valdez 398 kWh/year/customer .

Because the r-esu lts were broadly consistent wtth ISER's fiCJ.lr-es . IS£R's to ta ls
were used (Goldsmt th and Huskey 1980b).

1iaunas- J acuzz i s

The aut hor s tnfonn ally contac te d severa l suppli er s of saunas . jacuzz1s,

and hot t ills and were to ld t hat t he consu~tt on of t hese cevtees ranged f rom

100 to 3000 kWh annually. A f igur-e of 300 kWh annually was used for the

existing S'ode: (wtl i ch probably contatns several bathtlb wtl t.-lp ooh) and about
1300 kWh (Hunt and Jurewft z 1981) for new addit ions to the st cce,

Refr i gerators

The ISER number was chosen because it is consis t ent ~tth es timates by
Merchandising Week (197)) and because electricity consu~tfon for
refrigeration should be l<*er in Alaska due to the lower antItent air
~eratun!.

~

This figu re showed little variat ion bet~ee ,. Mer chandis tng Week. ~I . and
ISER. The MAl f1~re was chosen.

Dishwashers

This f igure is the eean of the Edison Electr1c Institute reported by MRI
and Mlt l fiQ.ln!s.

These va lues are f ran the CEC (1976) .

El ect r ica l Capacity Growt h

The growth rat es 1n electric capacity (Table 5.1 2 ) were derived by ISER
(Go ld$lll1 t h and Huskey 1980b). The growth ra te for capac1ty of saunas and

jacuzzis is assumed to be th e same as refr igerators. The cons~t10n of new
app1tar:ces was also derived by l ID.
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TA8LE 5. 13. Percent of App liances Rema in ing i n Ser vi ce Years Arter Purchase .
Apa lt/lnce Surv iv al Ra ll be l t RegiOl'l

Tabl e 5 . 13 pre sent s t ee percent age of appli ances' relllai ni ng t forecasts a. Old Applian ces _5_ -!Q... ..ll... ...1Q... !L ~
per i ods af t er the fr ccrc nase. These f i gure s were derived by ISER based 0I'l Space Heat (Al l ) 0.90 0.80 0.6 0.3 0.1 0 .0
Hau9llan's ",or k. (1979) with impli c i t discount rates f or 1"'00IIt air conditioners . Water Heaters 0.6 0. 3 0. 1 0.0 0.0 0. 0
He fou"lt tllat the i tOCk. of a part i cular vi nt age of a ir c oll:t i t t oners was fa ir l y Clot heS Dryers 0.8 0.6 0. 3 0 .1 0.0 0.0
well apprl,..l",at ed by a ile ibul1 distri buti on. 8y sllbst itutinq d lfferi n9 Ranges..cooki "9 0.6 0. 3 0. 1 0.0 0.0 0.0
ll f et1mes ( EO~ 1 1979 ) f O'" a l te rnati ve appli ances. 1SER used nis re sults to Saunas ·Jacuzzis 0. 5 0.3 0 .1 0 .0 0.0 0.0
derfve ttle f f ql.lres i n Table 5.13. For saU:l1S and j acuzzis RED assumes the Re f ri gerat ors 0.8 0. 6 0. 3 0.1 0.0 0.0
aoo H ance l tf e t 'me ",as CDq)arabl e to c lot hes was hers . Freezers 0. ' 0.8 0.6 0 .3 0 .1 0.0

j)ric e Elas t fc it i es DiShWashers 0. 6 0.3 0. 1 0.0 0.0 0.0
Cl ot hes Washers 0.6 0.3 0.1 0 .0 0.0 0.0

Ttle f tna l paramet ers used i n tne Res identia l l'IOdule are the pri ce

~~Ht lclt fes Sl'tlMl i n Tabl e 5.U. Tile ranges of e last ic it i es were pi cked t o b . New Appliances
IPlC ' yde tile -esutt s of seve-a t studi es (Ta., l O'" 1975; Maddala. Chern and Gil l

l q78; gauctr.lal'l. Josk. "", atld Kamat 1979; Hal vers en 1978 ; EPR I 19n a. 19nb) . Space Heat (A11)

The shOrt · .....n dehu 1t vetues -e re Shi fted towards t he teetastt c I"'ange of t he Water lieat ers 0 . 15 0. 35 0. 1 0.0 0.0 0.0

d1std but i on st ece It i s d ff f; cult f Ot' t he populace to switch fuels In t he Cl othes Dr,ers 1. 00 0. 75 0.35 0. 1 0.0 0.0

sllol"' t "'1.1"_ lIlh i l~ t ne 'onq - run de f aul t val ue s were 4$sumed to be appl"'Oll illlat e ly Ranges .cook ing 0 . 75 0 . 35 0.1 0. 0 0.0 0.0

!.~ 'llidoo i nts of "; ne - anqes, Saunas-Jacuzz h 1.00 0 . 75 0. 35 0.1 0 .0 0.0
Refrigerators 1.00 0. 15 0. 35 0.1 0.0 0.0
Free ze rs 1. 00 1.00 0.75 0.35 0.1 0. 0

Dishwashers 0.75 0.35 0.1 0.0 0.0 0.0

Ctothn Washers 0.15 0 .35 0.1 0 .0 0.0 0.0

Source: ISER (Gol dSAli t h and Huskey 1980b) except for saunas ·jacuzz 1S,
'lllh 1cl't is authol'" assumption .

TA8LE 5. L4. Price Elas tic iti es fo r Res i dential Elec t r i c ity Use

Short Run l Ol'lS! Ilun
Difauit Range Oif/l\llt 1Ia"9!

a",,-Prtce Elutlc1ty ·0.15 (·O .CII ) - ( -0 .54 ) · 1.5 (- 1.021 12 .0 )

011 Cross· Pria: Elast ic ity 0.01 0.01 • 0.03 0.1 3 0.0'5 0. 21

Gn Cross.p" lce Ehstie1t )' 0.5 0.05 - 0 . 10 0.5 0.17 0.81
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6.0 THE BUSIHESS CONstJolPTION Iol'OOLE

The Busi ness MOt1ule f or eeas t s t he .-equi rement s for e lec tr ic ity in the

busi ness and government segments of the Ratl tlelt econcey , The f igu res

p"edtct@d here are bef ore t he il'lll llC t s of exp lic it conser vat i on polley are

considered. Conserva t ion poH c)' is handled i n the Conserv ati on Modu le .

MECH ANI9I

The Busi ness Cons lllllPtton Modu le uses a forecast of the st ock of floo r

space (a pro xy f or the s toc k of capital equip:nent ) to pred ict the l evel of

eust eess el ectr icit y consump tion. The pred ic te d consumption of el ec t r ic i ty ts

then adj ust ed f or price impac ts to yi e ld the pri ce-a dj usted f ore cast of

busi ness e lectric ity sa les.

I NPUTS AND OOTPUTS

Table 6. 1 pre sents the i nput s and outPUts of the Busi ness ConSlllllP t ion

Module. toac-c ente - vseec t r tc f or ecas t s of emp lo,)'llent. regiona l populat ion,

t he ee tet t ve pr i ce lev e l , and statewide wage r ates ar e exogenous t o RED. For

t he Ratlbe l t Alternative Ener gy St udy, t hese cane frOll forecasts of the ISER

Man i n the Arct i c Proqralll (MAP1 eceet . The use per square foot of buildi ng

space i s ass fqned in the Urn:er t a i nty Moc1Jl e. The outpu t of the Business

Cons~tion Modul e i s t he pd ce- adju sted foreca s t of e lec t ri c ity req uirements

of t he bus i ness sector bef ore t he llIO ac ts of subst dh ed conservat ion are

cons l ee-ee.

Jll00 El. STRlCTtRE

Fi gur e 6. 1 pre sent s a fl()olchar t of t he modul e. The fi rs t step is t o

cons t r uct oro xtes f or r eg ional teccne ( by mult ipl ying regional emp loyment and

the statewi de wage ra te) and th e Anchorage Cons umer Pr ice Index (CPI) . Next,

eco nometr i c coeffic ie nts are app t ted to est imate the perce ntage change i n the

stock of fl oor space by year ( r at her than by fi ve-y ear for ecast per iod) . By

fi r st converti ng th i s f or ecas t to pred icted stocks and t hen piCkin g out t he

forecas t year s , each for ecas t year' S stock of fl oor space is found.

6.1
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T"'Bl : 6. 1. Inouts and Outputs of the Busine ss ConS l.l~ tt on ModJle

al Input s

C"lCUl"TE
llE CIOlll" L IlIICOME

PROXY

CALCULATE
I USINESS ,

COVU N"' EHT ,
Ul;HT I,,", USTIU"L

'LOOll SP"' CE

Forecas t Fil e (exogenous)

Forecut Ffle (exogenous )

Fore cast File (exogenous )

Forecast File (exogenous)

Uncer tai nt y Module
(par amet er )

''''''
Tota l J1f'9 iona l E~loyment

J1egio nal Populati on

Consumer Pr ice Index, Anchorage

St a tewide Average :.Iage Rat e

Electr ic i ty i;onsu"-, ti on Floor
Soace nasticltv

CP l

:.IR99

~8ETA

fa) Sta loff , S. J. and R. C. Adams. 1981 {Dr aft} . "rhe Development of BPA
Reqlon COlITIlerc ia l Floor Space "lodel. " Ba ttelle , Pac ific Nor t hwest
laborato ries, Richl and, Wash ington .

"'U1t i ply; ng the fl oor scece stock by t he eccrce etr tc e tt y- ce- t vec use per

square foot yie lds a preli minary forecast of bus iness reau t renee t s , which is
t hen adjusted f or prlce inllacts .

To creae-e a forecast of the f loor space s tock , REO uses pre limi nary

-esut ts from StaToff and Adams. {a) They developed a simultaneous demand and

suPO ly model of cOlmle~Ii!1 floor space us i ng pool ed cross- sect tce/ t tee - se-tes

dato! for the 48 cont i<J.IOUs s t ates. In t he ir pre li lll i nar y fOnllu lat ion , th e

oercentage chanlJl! In the s tock of floor space is a function of t"e changes

in: ttle annual change of the nominal i nt eres t rate , t he annua l percentage

c"anges of t he G,.oss National Product deflator , the annua l percentaqe change

in re qlonal Income , and the annua l percentage change in re giona l populat ion,
as welt as some cross -product t erms:

16 .1 )

PttEU.. I..... ll'!'
I USI lIIESS USE
COE', rCIE", n

I UNCERT"' I"' T'!'
IItOOULEI

N,a
ElAS TI CITr ES .

I USINES5 SECTOll
IU lII CEItT...rNT'!'

MDOUL.E 1

PttICE ...100
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16.3 }

Stock. floo r space stock

PA,RAMETUlS

The pri ce-ad j ust ed business requ irements are then pas sed to the
Conser vat ion and Peak [)Mand Modu le s .

61-Bq •

s »

GNPOEf'

PO'
INC

I I, .

parameters
S)'"Ool for the fi r s t differ ence (annua l change)

gross nati onal product or-tee defl ator

DOOu lati on

' ""ome
1ndell for the ~gion

lMeli for t te year
syrrmo l for the annual P!Y"centag e change

ronl1nal int er-e st

wher-e

BOSCON
OPA •

erA .

pdce-adJusted business
own-prtce adj ustment

cross -pd ce adj ust lllent .

requirements (~h l

1'he 3uslnes s Cons~t1 on JIIOdu le uses the Anchorage CPt as a prollY

for t l'le GNP pr ice deflators . It is assuaed (as h is tor ically re veal ed)

t !oat t l'le nom inal int eres t rate is approximately t hree perc ent4g e po ints

above t he e eesure of inf la t i on. A proxy for r-egiona l i ncome is d!Y"1ved

' y ~!t i p lv i nq r~g iona l employmen t by the stat ewide aver age .age rat e .

Once t he f orecast of the percentage chanqe in t he stock of fl oor space is
found. t he leve l of the st ock Is eas ily constr ucted by us in g an ·obser ved­

st ock l eve~ as a reference po int. T~ module t hen pred ic ts t he nonprt ce

adjusted recuteeeent s , based on a regress l on equat ion:

where
PRECON none- te e adJusted busi ness consu~t ion

3ETA parameter equal to regress ion equati on int er cept

'lSETA • percent age change in busi ness consump ti on for a one percent

change In st ock (f l oor space el as ti c i t y) .

t • f ndex h r the for ecast year ( t • 1980. 1985• • •• • 2010) .

Fi na lly . pr ice adj ustment s ar-e made wi t h t he pri ce adju stment mechanism

(See equat ions 5.12 - 5.13 ):

6.4

Floor Space Stoct. Equat i ons

The para llll!ters used to forecast ttle f loor space stock were eltr act ed fr-om
wort. In P n:l9~S1i at Bat tell e-Northwest for the Bonnevi ll e Pow@'"
Acini nistratl on. Staloff and Adams have developed a t heoret i ca l and ~irici l

f Of"lllulat ion fnr the demand and sUDp ly of fl oor space .{a ) Usi ng three- st age

l east squires "",Iti pl e regre ssion , t hey est illlated the ir system of equat i ons
UStn9 pooled cross -sectton/tillle- ser ie s data for the years 1971· 1977 f or the

48 cont i guous sta tes . Tabl e 6.2 pr-esents the est imat ed coef fi ci ent s .

TABLE 6.2. Floor Space Equat ion Par amete rs

Parameter Coeff icient St andard Error T-Stlt ist ic

' 1
-0.1291 0.00345 -3.75

32
1. 2753 0.2566 -4 .9 7

' 3
0.3553 0.0302 11. 76.. -0. 113 0.0037 - 3.04

'5
0.1929 0.0355 5.43

' 6
-0.0947 0.0078 -12. 09

"
· 0.007B 0.0008 -9.92

"
-0.0116 0.0253 -0.46

' 9
-0.0412 0.0061 -6.6B

fa l Sta loff . 5. J . and R. C. Adams . lQ81 (Draf t ).
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Business El ectr ic ity Usage Par ameters

These parameters were estimat ed wi th regress ion analysis . usi ng
historica l dat a on regiona l Income and populat ion , tne GNP pri ce def latol" , and

treasul"y bill rates, a his torical backcast of the stock of f loor space fn each
load center wa s obta ined usi ng t he supply eqJati Oll present ed in Equati on 6.3 .

Then, using historical large and small cOlmlerctal consump t fon, tne following
regress ion e~at lons we re estillated :

......
COH • historical bus iness section conSU1lPt ion (MWh)

8ETA Int ercept

B8ETA • regress ion coeff ic ient

STOCK es t im ated stock of floor space, hundreds of square f eet
e • st ochast i c error tenn • .

Table 6. 3 s reseers t he results of t he regressi on analys is. The
pal"arneters B8ETA can be allowed to vary within a nonnal dis tr ibution.
trunc at'ee1 at t he 951 confidence Int er vals .

Business Price Elast i ci t i es

The elasticities used i n the price adj ust ment mechanism ar e extremel y
important. Table 6.4 presen t s the elastic ities used in t he Bu si ness

Cons~tton Module. The ranges of t he elast icit ies were pi cked to incor por at e ­

the res ults of severe! electric ity demancl studies (Tayl or 1975. Maddala. Chern
and Gill 197B; Baughman et al , 1979; Halyol"sen 1978; EPRJ Ig77a and 1977b).

The default ollfl· pri ce elas t lc ittes (both short.run 1nd long-ru n) were ass~ed

to neve Yal~s towards the lower ha lf of the dis tribu t ion clue to lack of c lose
subs t itut es for el ectric i t y tn many appli cati ons , such as li ght ing- .

ConYe rse ly , the default cross-price e last icit i es were assumed to l i e at t he
approximate midpoi nt of the ir range.

6.6

TABLE 6.3. Busi ness Consufllltion Equat ion Res ul ts

Glennallen-
Anchor age Fi!' i rbanks Valdez

BETA -4. 7963 1.4394 8.2046
standard error 0. 6280 0. 6981 0 .1122
t -s tatlstic - 7.6368 2.0619 73.1098

BSETA 1.4288 0.9536 0.1977
standard er ror 0.0491 0.0620 0.0138
t·shtistic 29. 1159 15.3762 12.8917
range (a ) 1.346 to 1.522 0.833 to 1.074 0. 151 to 0.244

il ' 0.9906 0. 9716 0. 9659

ta ) 951 confidence interval.

TA BLE 6.4. Price Ela st ic it ies f or Bu si ness Elect r ic ity Consu"'Ptlo n

Measure Defaul t Range Default Range

Own-Price Ela st ic it y -0 .3 -0. 2 to -0 .54 - 1.0 ·0.87 to · 1. 36
011-Cros s Elast ic ity 0.03 0.01 to 0.05 0.' 0 .15 to 0 . 31
ass-cress Ela st i c ity 0.05 0.0 1 to 0.1 0.3 0 .18 to 0 .41
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7.0 THE COHSERVATtOH JlQ)ULE

T~ DlI "POS~ of the Cons ~rlla tf on "'odull! Is to account f or tne e l ec t r i c i t y

sav l nqs that can bl! obta i ned with a gi ven set of conser vation technolog,es and

government oouc tes , toget her wft h t he assocl" t Pd cos ts of t hese sa vings . The

Dl!ak d~mand 0 " capac ity s"vi ngs of th~ te cnectoe tes se t ar e cdlculated 1n tile

Pl!ak OemMtd "'orill l ~ .

"lECHM ISM

Thp f~ l Drl CI" adj ustrr.en ts In t~ R~s l dent 1a 1 ConSurrtl t io l'l and 3 uS HltS S

rO;'lSlJI"IO l 1on "'Odu l ~S account f ar l'Il "rk ~t - lndoced t ec l'l l'lO l oqy- rt> h t ed cons t'"'1et.io'1

' eeec t s , as ~ 1 1 as ~duc t i ons In t he use of eeo t te eces and chall9t'S i "l ':. n~

"' ~""er i n wh iCh t "ey e-e used. The Conser vation "!od.o l e i de"t;!;es t¥­

teChnologi ca l port t on of these l"'Oac t s by es t t",at i llg t'lOSE' su ing s an:l costs

assoc iated wfth a a i ven set of conse"vat i on t echnologfes . Fu..t ne--mo"e. ;or tile

gover Tllllefl t attel'llO ts to tnte-vene fn t he m"..eetc rece to i nduce ccese-v ett c- via

l oan prtlg..ams, gr ants , or ot hpl'" pol 1cy ect t ces , t hen t he Cons !?"" '1 at i on ~CC1u l e

accounts for the ef fec t s of t his ooll cy-induced cceseevett on on demand ~ t c­

electr i c ene-cv a'ld genel"'ating caoK i t y.

qEO separ at es cea se- vee ""e"ay Int o two oar t s : t-tle" gy sevee f r Oll' t ne

ect t ons of ~s ldent lal conSUlller 'S and enl!'" CjY saved f rom -eaccee l!"t!'I"qv U'Sf' u"

t ile bos i l'lf'sS and gover tl!"!ef\ t sec tors . F1gu.-e 7.1 D""O'Ii oes a fl Olt CTIa..t 0'" tne

e-ocess l"lIIO lo yed.

" seee- ate Inte"ac ti'le Pl"'Oqr alll fCOHSERl ;s ceu ee ects tee 0'" RED t o

e-ece-e a conservat ion da ta f llf' . This f i l e conta ins i n#O"'IIIa,:i Of' Of' t~

cos ts , energ y s,vf nqs , and th e revet of mark et eccee t ence 0'" ve- t...us

conser vati on opt ions . For t he ..es td ent fa l sec t or , CONSER cue- res tM: USe"" fo r

the te chn ical para"",,ters of each opt ion ( uP to ten opt ion s rnev be inc luaed}.

Based on a user-suDPl fed forecas t of el ectr i c i t y p... ic es and the costs

ess cc t et ee with each option , COHSER ca lculates tile fnt ern a l -e t e-or -re tu -e on

eecn technology. TI'IP user coeeeres th is -ete to a ba'lk Dassboo/<: s av I n~s

r at e . I f the uc.o,: r dec ides , bned on th i s cOll1l ar ison . tn et t he co t l O!' shOuld

be i ncl uded tn t he ana l ys is, CONSER ca lcu lates. t~ p• .oIb acl:. per iod t e- eaCfl

------------_.



FIGLRE 7.1. RED Conser vati on ""odule

opt i on. CO NS ER t hen writes the def aul t val ues and range of val ues for the

opt lon's market saturati on ra te to an out put data file . The user is then

queried for t he market sat ur ation of elec tricity in the use th at th e

conserva tion opt ion of fs e ts (e. g., el ectr ic water heat ing). This market
saturat ion is also wri t t en to the out put data flle .

Gove""" ent res i dential conservation programs pr intari ly reduce th e

eff ect ive purchase price of conservat ion opti ons to the consumer. Therefore,

CO"SER I'lP.xt requests the user ' ';. es tima te of cons~er purchase dnd Insta ll ation

costs for each opt i on wit h and without government subsi dl n t ion . The

sat ur at ion of each te chnoloClV wi th and wi thout subsidization is ca lcula t ed and

Is written to the output data f 'lle .

For t he business sec tor , CON~~R re quests the potent ial propor ti on of

pred icted el ectr ici t y use that might be saved th rough conservat ion, t he

est imat ed prooort ton of these oot ent ia l conservation sav ings that are

reet taee, and t he costs per il:Wh for conservat ion uv lngs in existing and ne'ol

bul1dtnqs. These value o: <!I"e also wri tten to t he output dat a ftle , which now

becomes an input data fil e fcor the Conservat ion Module .

RED uses the residentia l conservation informat ion in t he CO"SEA data ftle

to account for t he i"" act s of the conservation t echnaloqles under

consider ation. First, the amounts Of conser vation OCCU lTi ng 1n t he

re si dential sector with and without government subsidiza tion are ca lc ul ated by

mlllt1ply fng together t he e lect ric use saturat ion r at e, the conser vation

satu rat fon rate , and the nulTlber of househol ds . Next , t he leve l of

pol1cy.induced conservation is calcul ate d by sllbtrac t fng the ncnsubst dtzed

ccnser vat toe sav lnqs f l"'Clll the subsi di zed fi qJre. Final ly, th fs fllJlrP. Is

subtrac te d from t he pr ice-adju st e:! residenti al requi rements to derive the

utilities' to tal residential sales .

The business conser vati on calcul at i on separately addr esses the sales to

ne'ol and exis t i ng uses , and two pot ent ia l pooh of e lectric i ty savings are

calcu lat ed. For silllPlicity , exis t i ng uses are defined as t he previous

fo r ecast per fods ' e lectrlc l ty requirem ents , lII hfOrelJS ne'ol uses are the

di ff erence between t he e-e vtcus period ' s requiremen t s and t he curr-ent per1od's

requ irements. The t wo pote ntial pools of savfngs are the sales to ne'ol uses

and re t r ofit s t imes user-supplied potential savf ngs rates (for new uses and

retrofi ts \ . The pr edfc ted le ve l of sav ings In each case is f ound hy

mul t iplying t he potent ia l pools of savings t imes user -s upplied conservation

sat urations lII ft h and without govemment Interven ti on. Fi nally, t he t ota l

policy-induced sav ings are derived by subtrac ting t he savings without

1 .3
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TASl E 7.1.
government intervent ion f ron sal es with governnent intervention for both new

and exist ing uses . Tota l price adjusted r-equirements. lIli nus poltcy- induCed

bus iness conservat ton. equals ut il it i es ' total sales to business .

The economic costs of the r-es ident fal conser vat ion technol ogy package are
f ound by mu lt iply ing toget her the governnent subs idized eonserva t ion
sat urat io n rate; the electr ic sat urati on ra te; the nuRlber of households ; and

the cnst to conseae-s per 1nst a l1u ion wit hout governnent i nte rvent ion fOl"
each conserv et ron option; and sUflllling over opt tons . For the economic costs of

business eceservar tc n, the t ota l megawa tt hou rs saved by government Subsidized
conser vat io n is rnultiplf ed by t he cost per megawatt hour saved.

Fina ll y. the Conserva t ion Module helps calcu late the effec t of

conservati on on peak demand. Unfor t unate ly , not all conser vat ion te chnologies
can be given cred it for d isp l acing t he demand for peak generat ing capac ity .
Therefore . CGHSER queri es the user for a peak cor r ect ion factor, a variable

that takes on a value between zero and one if the option receives credit for

produc ing some portion of its energy sa'f1ngs dur ing the peak demand per fod;
ot hel'"ol i se t he value is zero . These peak correct ion f actors f or each opt ion
are aggregated fn RED . First , they are weighted by the proportion of tota l
polt cy.lnduced electrici ty savi ngs each option repr-esent s llJr ing a given

for ecast per iod . Next, the we ighted correct ion factors are sumned together .
The r-esillting aggrega ted pe!k correction factor is sent to the peak demand

lII)del to calculate the peak savings of the set of conser vation te<:hnologie s .

INPUTS AHD ClITPUTS

The inputs and outputs of the Conser vation Module are surrmart zed In
Tabl e 7. 1. The potentla l market for t he conservat ion option ls def ined by the
tota l number of households served (THHS) and t he saturat ion of t he electrica l
devices (ESAT) whose use of electric ity can be displaced by i nvestment 1n a

par t lcular conserva tion opt io n. ESAT equal s the total mar ket sa t urat lon of

the eoc t tce nce times the fuel mnrle sp1ft . The tot al nurrber of households
ser-ved is calculated fn t he housi ng module . while ESAT is interact fye ly

entered by t he user . RCSAT. the penetrat ion of the potent ia l market by the

" ' o.t""n
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...

conser vat ion tech nolo gy, ;s det erwi ned " Ithin t hl!- CONSER paramet l!t" rout fne.

The ~echn lca l ~ner9Y savings and t"e cost s of -es tdent t el conservation devices

(bot h ins t a lh ti on !:'ld ma intenance ) are Int er act ive ly speci f i ed wit htn CONSER:

"y t ee user.

The busi ness segmenh of CONSER also 1uer y the user for t he pote ntia l and

actua 1 satur..t tcns of e t ectrtct w conser va t i on In the bus i ness sect or and t he

cost s per mega..att 'lOur saved for busi ness inves tment s in conser vat ion.

Fina l ly, t he co....~t ion f lJC tors a-e dec imal frac t ions ..hi ch are

int er act ive ly sl4l pli ed by the user to CONSER and which reflect the extent to

..tll eh conservat ion oot ions -ece t ve c-een f ar- pealt savi ngs.

The out puts of the Conser vat ion ~ule are the fi nal e lectr ic i t y sal es to

t tle business and "es ident ia l sector s, and t he e lect ri c i ty s avi ngs of t he

conservat ion te Chnology set cons idered in a gh' en ru n of t he REO eeeet .

MOOR STIlt1:TlJl: E

The p..ice ad.iustment mechanisms used in the Busi ness and Res trtent i al

Consump t ion Modules emp loy pri ce e las t ic i t ies derived f !"'Ofl1 stud ies t hat did

not dis t ingu ish among t he i~ac ts of conserva t ion tecnect cqtes and ot her

",ff~ts of pne..!tv pri ce changes. ZII\Ce conser vat ion of e lectricit y is ar gued

to bf' i ndl.lced e ither )y energy pr ice chan~! or by market tet e- ventt on to

e'ICou rage eeese- vettor , the t reatment of conser vat ion in RED ..as cautiously

deve loped to e liminate th e poss ibi lity of double count tng ....ergy savings and
costs .

In REO' s formula t ion, the Conser vat ion Modul e ser ves primaril y as an

accounti ng mf!Chani sm t hat t r aclts t he tee ects of a giv en set of totChnolo gy

cot t ons in the res i dent ia l sec tor and t he aggregate level of conser vat io n in

t he bus iness sector . Howev er , sf nee government polic ies and programs could

have a slg ni f icant , dir ect impac t upon the leve l of conser vation adopt ed, and

stec e t he inc remental imp act s of t hese actions are not i ncor porat ed in the

c..ice adj us tl'llent process of the Res ident ia l and 8usi ness Cons~ti on Modules .

t he Conse"vat ion Module explici tly ca l cul ates the se i~ac ts and accord ingly
adj ust s the forecasted sa les to coeswer s,

7.6

Scenar io Pr!parat ton (CON SER Programl

The calculat ions of the Conser vati on Modul e n!qulre scenar ios of the

'Satu r ati on of con..er ...at lon ot»tions , t he expected e lect r icity s avi ngs , and

t he l ,. assoc iated costs. To reduce the amount of data ent ry In scenari o

prep ara t ion, and to fa c ilitate the use of a breed set of conservation

tecnect oetes and qovernment oollcy optiO'ls . a seoarete prOGram (CONSER )

qUl'ries the user f or Information necessary to ca lculate the saturat ions .

sav ings. and costs . Thes e eeeaeet e- s are then written to a data fil e where

they can be accessed by t he remaindl!t" of the Conser vat i on Module . Two st eps

are requ ired : 11 det enlli nlng if an opt i on ..111 achi eve Ilar ket acceptance; and

2 ) ca lcula t fng lIiIarket satu r at ions for opttons gatntng acceptance .

The fi rst step is to detenni~ whether a seectrt c conserva t ion opt ion

wil l achi eve market acceptance . For the res i dent ial ..ector , the ..ay RED
i deont i fi es acceptab le ooti ons is to compar e t hf!lll with ot her investment s

avaflable to the consumer . Conser vat ion is an i nvestment ..ith a financlal

yie ld th at can be cal culated and compar ed with other inves tment options. By

comp ar ing the Inter nal "ate-of - r eturn (tRR) of a conservation optlon wit h t he

market rate of Interest , one can det ermi ne whether conservat ion options'

return is suffic ie nt to encou r~ge market acceptance.

The market rate of int er est to wh ich RED CQIIIIP, res t he int ernal

r ate-of - r et urn 15 the s t andard comnerctal bank pusbook tnten!st ra te.

Pass book account s ~ave severa l char acte r is ti cs:

1. They an! vi rtua lly r tsk f r ee.

2. They are extremel y liquid .

3. Thev Ilave triv ial .-equ1rements as to the size of tl\e i ni t ial eeees t t ,

4 . They are r eadil y availab le to ever yone.

Investment s in conserva t ion technologies , however, are character lZed by

the fol 101111 i n9:

1. riSky
2. dif f ic ult to lI Quldat e

3. ( SClllet imes) r-e<!Ui re , la rge In It fa 1 payment .
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T~ ..e recto-s ",ould c ause llIOSt l1oIneo- ner~ .l n ll estol"S to requ ire iI hi gher

-a te -ot - re turn on conser llilt ion t han t ecse on Dassbook accounts to inlles t In

cceser vet toe, ree-et e-e, 3; conser lla t i on oPtion can Pass t he t nt erna l

"ate-mdr lr;et i nt eres t test ellen though it .1Ii ght not be ildopte d. Such a

C'Jl1lP ilr ison insures ttldt eller y option t hat coul d ecnteve mark et acceeteece is

;ncl udeiJ in the eo-trene of ccnser vet ton technologie s to be ccos tee-ee,

TI'te IRR is calcula ted . ith t~ fo l1 0111t ng f ormu la :

Recogniz ing t hat Initial cost is a ma jor barTil!r to conser llati on. t he

Congre ss has 01"01I 1ded teceettves for Indhtdua h to install enerqy conser vi ng

eQu i(llllent. Furthenwore. the St a te of ~ ~ask a has also inst itut ed seve..a l

proq"a lWS aillled to Dl"'OIftOte Ins- ta ll atlon of conse r vati on eQuipment . Because t he

lIlal n i""act of these programs Is to - eeuce tl'le In l t ta l cost of conser vatton.

C1lft SER uses the subs idized ins ta ll at ion and Dur chase cos t s of t tte dee tee to
fo re ca st . het her a devi ce will eceteve addi tional market accept ance over an

u"subs1dized cese •

subsc r ip t for the -eer , r eees on vet ues 1 to 30

ES val ue of e lectric i ty sevee

C to t a l cos t of the oot ion in the .vear

subscri pt f or the load center

slb scr lDt for the ooti on.

T
, .

• 0

lif et ime of t he eevt ce (rnaximllm of 30 year s )

i nt er nal "Ue.of.re turn

( 7.1 )
As Drevi ous ly stated. CONSER re'1ue<; t s t he expected electri ci t y Dr icp.

( [I"pcas t for p.ach year , t he ODp.r at1 nq ilnd mainte nance cos t s. t he kWh savi ngs

and th e gover nment subs idi zed purchase and tns ta l l ation cost s of the devi ce

f or eecb r egion. CONSER calculates the int er nal r ate. of . ret ur-n of the opt lon.

pr ints thfs fnf ormatlon. and a<;ks the user if the opti on Is t o be used. If i t

i s . t hen the unsubsld ized costs of purcl'lasing a'ld t ,.st a lli ng the option e- e
ah a requested .

I f the scenar io to be cons fdered does not incl ude 9"ver nmen t

i nterve nti on. t he Insta ll at i on and pur cl'lase cos ts ente-ee f or the Subs id i zed

and ",nsubsld i zed cases shOuld be the Sillfle ( and equa l to t he unsubsi di zed

cos ts).

The va lue of e lectricity sail ings is based on t tte E!fle rgy prices the consumer

e.eee t s. It i s calculated by C111ery i ng us er fOf' e- tee forecasts and t t.e
el o>c t r ic i t y SdVlngS f in itWh) for eecn opt i on and IIMJl ti plyi ng:

(7 .21

do ll ar s pel" I(Wh In load cent er j at ti me i

annua, Ir;Wh savings in re gi on 1 pel" i ns t a ll at i on of devi ce it.

Tt,e cos t (Ci ' lc ) is t ne 1'~80 do ll ar i ns t a ll at ion and purchase cos t i n the
veal" t he devic e is ourChdSed and t he annua l ma in te nance and oper .it i ng 1930
oollar cos t s i n al l rt'llla i~ lng per iods .

1. 8

The nellt s ten of scene-to pre Dar at ion is to eet eret re the /IIark et

sa turat fon rate of each conservat ion opti on. RED~loys a payback dedsio 'l

r ule to det enll1ne t he de faul t value and the ranqe of t he cons-en ati on

saturati on rate . Si nce t he e.qleet ed value of elec tr ic ity sav i ngs p..obilt ly i s
not consta nt acr oss t ifllle . the payback per iod is cal cu lat ed by div id ing tbe

ins ta ll a t ion and purcha se costs by the cumu lative net valu e of e lectr icity
sav ings (va lue of P.Ilergy sav1ngs minu s oper ati ng and mainte"an ce cost s) .

s t ar t i ng wft h the f ir st vear and cont inu ing until tile ret tc ts l ess than one.

The nul!tler of veer-s requ i red to drive the r atio to less than one ts the

payback period .

The payback pp.riod ts calculated for bot h the subs id ized and nonsubs i ­

dlzed cases . Si nce t he subs ldlt ed case usua lly wf1l have l ower i nst all at i on

and eur cbes e cos t s . t he Da/back ee- tods for the subs idized case . i ll usually

be lower and the cons~vat t on sa t ur at ion rates . il1 usually be I'lighf"r" .

'-'



Si nce the pr ice adjustmen t mechan ism does not account for govern ment·

i nduced conservat i on , the model ne:c t adjust~ re s i dent i a l se t es by t he

i ncrement al conserv ation attr i butabl e to government pro qr al'll'i :

(7 . 5 )

(7 . ' )

17.3)

set

rut dentia l e lectr fcity conserved (kWh )

t oh l lkIl1tl er of re s i dent ia l opt lon s ccest oe- ee .

elP'ttrtc'lty Hvea (kWl't )

con S@r"v4t i on sa tu ... , t ttWl r-ete

e tec t erctt v M'Iinq'i O~ ' ns t al1 ati on ' kWh)

e tec t- tc d'!V t ce Hturat t on ra t es

toh l househOl do; 'ierved

Ifl'!notf"o; the f nr ecu t p~iod 0 .2.3 ••. . •7)

eenetes subsid ized ( j - ll or nonsubs i d i zed ( j zo ) .

ACOlI$AY

K

CO'tSAV itkj - RCSAT 1kj ~ TECHlk ~

(ESATt t k 11 THHSlt ESAT l{ t ~t lk ~ THHS1{t_l) l

CO'lSAV

R.CSAT

TECH

ESAT

T1<HS

t

The t otal el ec t ri c lt v di'ip1ac~:j th rouqh t he rf"s i df"ntl a l conserva t ion

cee s t dered is f oond by 'iUfllll l n9 across the Ooti on'i ( subscr iot k) :

By ""'lIt '"u l ct p l " l nq t tle ont,.., t h l !'IlJ1If)('r of use.. by t he 'ia'l l ng'i p@r

tno;talht lon "nlf t he saturat ion of t he con'ie,.v . t lon oot ton. t he lIIIIOl,lftt of

elKtric it y $"JvP.d to; rt~ived :

......

:O!'lS€. :l. a 'so ~Vt:! 'i t ~ e-e ,.~ Of ': o"e c",s eo-vnion ooti on. a f U '~a'it of

~ "' e llar ( ~t S:lt'..i r at ion -s tes " ')r o :ec t C eee tc es " "'OIIl wPtich t !'le ooti on

1 ' 'ipl ac'!'i , 1n'i;,llllQ ti Oft. i 'IG r -e o@u co '!C:t ; on f K t Of'" "or eaCh I;onse.-vat 1"n

oct.toe, · '1e 'ilt '~ra t ion of et ec e-te eevt ces is u..ee wi th in t he Conse"' /i t io n

vodule to 1ef i ~ tee po t ent i a l m ~ ,. l( @ t of t r'le ccnse- vaet ce cct to e, ""e l'"'!J'i tn "

oeae. ccr cec t t cn h c to ,. i nd i cate i the e~ten t t o which th e ooti on rjh o h l:I'! 'i

ei ece- tct w con'iumotion at r-e Il@all. Till<; 1nf 0l"'lll1l t 10n. as well a'i t~ ccst s

mo ~.,I ~ :..!'" atl on OJ" :'1 e ccns e rvetrcn cot ic n ( f OT" ';ne uns ubs i d 'll ed and 'iubSld; z'!'d

: !~ ~ s l . a- e ...!'"i'; t en :0 J da t a fil e f 'Jlf" l at er acce ss t:y t he r'!!l'latM@'I" of t p.e

"!jn 'i ~ r w n i Ofl ""Odu l~ .

~ ;"s ecstees s sec to r i nf ormdt ion i s a l so ..r it ten t o CONSER' s outou t dat a

" 'le . ~ v ru nnl nq CO" SER " i tn 'ie'ler<t l d iff erent tecnnol ogy paCkages a'1d

lOver Mlent po l ic y paci.ages . conse r vat ion sceee-te f il es ca n De eas 'i11

con s :r :"c t~ f or l ate- ani:! ly s is " i th in RED.

=l.Ifld inQ ccnscr stnts i n t-e ih i i Ce lt Al t er nat h es St :.d" pro h tbt t ed t he

-e-et ooeent , f <:e tan~ cos t a'l(l o~flJ"lta nce da t a fr:J(" bus t l'1@SS COfl 'S l!T" Vn t Ol'l

!oo:icat; OflS. :O" SC,R. ,:"e,.efore. l""!Qui J"':! s t !le use" t o e-cvtee ttle h lT()wf no

"or Jo t h nelo and retrof lt 'J se s ; e-e (1)t ent i a l o'"OPor t ion of et ec n-retw t "a t

conse-va t t ce tecrmc Ioqy C,in Dis pl ace anD an est te eee of th e e-eee-e t ee of

e-ese potent ia l s a'l inqs ect ua l Iy r",al ; ~ ec1 h r 'iUbs i oj i zeo aod unsuOSldiz ed

ceses , CO~ ~E~ a lsc reques t s t"e cos t per ll1@g<tWatt hour se vee f or bot h cases

!nd t he Dedi. cor r ec t i on r ec t o- for n""" and r~trof 1t eses ,

Uo; i nq t ne i nf orlRat i on f r Olll tf'le oatd f il l! th at CONSER c- eet e s , : he

c!l cul at i on of e rec ert c t t v Sd'lP.d at the sec of t ec nnol og ies ts

s t r a iqht f of'"W<t r d. 3'1 mu1t iohdno t he e lectr ic devi ce sa t ura t i on and th e

i r.c ....." ':nt a l number of ncvsero tcs SI!!"" '1ed . t"e total number of po t ent ia l

acc t t cart cns of t ile ccoser ve ttcn de vice is f ound . i t'le l ncrelll@f1 ul number of

llooseno1ds se- ver in the f ir'i t f orecas t per iod (lQOOl is zero. s i nce t ne

current con'iwq:l t lo n rates a lr eddy inc i ud@ t he curr en t lev e l ot cces e...ve t ton,

7.10 1. 11



AM ESCON • f 1nal etectrtct t y ~Qu1remen ts of res1dent ial cons umer s

RESCOH • price-adjusted ,.es1dent1al cons~t1 on .

K
RCONCOST1tj • L CONCOST t tkj,., ( 1.7)

The e tec n-tce t device set uret tcn and the incr ement al nuntler of households

define the nullCler of potentia l applicat ions. The cost of purchas1ng and

inst a Tll n9 the opt io n is calcula t ed by 1IKJ1tiplying the potential nullber of new

uses by cosn (the i nst a ll ation and purchase costs per opt 10n) . Next , by

multi pl yi ng COSTO (annual oper-ations and mainte nance costs per option) by the

cumulation of p t"~i ous forecas t per i ods' pot ent ia l uses. t he opera t ing and

ma inte nal'lCe cos ts are found. Fi nall y. by sUllllling all th ese component s . th e

to tal annual cos t s associa ted wit h conserva t ion sav1ngs in a given re recest
per iod can be found. Du ri ng any f'orecas t year. the annual cos ts are equal to

one year 's total install at 10n costs, plus ope,.atl ng costs associated with all
previous add itions to stock :

COtfCO ST 1t kj • [C0511fkj x RCSAT itk j J: (ESAT1t k x THHSit •

ESAT H t _1)k x TltiSl(t. l)/S ... COSTOik x i: RCSAT ikj xr; h:ol

( ESATihkj II TtftSt h - ESAT i hkJ II TttiSt( h_l)] (1.6)

where

CONCOST • t he <)pt ion ' s to ta l annual cos t

COST! • unit cost tn 1980 dollars for pU r chasing and Ins ta lli ng the
conservati on opt i on

COSTO • unit cost In 1980 dollars of operat fng and mai nt a ini ng the
conserv at i on opt 1on

h • forecast pertod subscri pt. Can take on values 1 t o t ,

By sUllllling over the opt tons . t he tota l cos ts of the ~s i dent ia l conser vat i on
set is found.

1.12

RCONCOST pre sent value of the total cos ts of the set of

restdent tet conservation options .

The tota l costs of conse,.vat fon are the unsubsidiz ed total cos ts

(RCO NCO ST it o1, consumers pay the subs idiz ed costs (RCONSA,V itl) ' and

govermlent pays the dtfference (RCONCOST tte " RCONCOST i tl) .

Business Conservat ion

For business conservat ion illlPact S, f unding const r ai nt s prohibited

co l lec tion of detailed cost and perfOnlance ~ata . Fortunate lY, a limited

nullber of studi es have es t imated t he potent ia l ener gy savi ngs and assoc iat ed

cos ts f or aggregate conservat ion i nvestments in new and ex ist ing build ings.

RED separates th e conservati on impacts for t he busi nes s sect or into two

p<lrts : th ose ar is ing from retro fi tt i ng exist ing buildings, and tho se ar is ing

from i nco,.porat i ng conserv ation techno logies i n new construct ion . As i n the

resttlent 1al seqnent of the Conservat ion Module . the poten tial pool of

el ectri c ity that can be dis placed IIKJst be ident i f ied for both new construc tion

and ret ro f i t s . This · pool· Is det ermi ned 1'Iv t he s tate of conservation

technoloqy and ts supplied to thl!!! conser vat ion modul e frOlll t he CONSER output

ftle . The actual amount of conservation that occurs dePends ~on t hl!!! or-tee of

e lectrici ty and cc::Jqleti ng fuels. and upon the cost and per f orlllance

char acter is t ics Of t he opt ion.. avatlabl e . Th is is al so supplied by CONSER.

In RED, t he pot ential pool of disp laced el ectr ic it y for busi ness es is

derived by fir st separat ing bus i ness sales i nto sa les to exi sti ng structu re s
and sa les t o new st ru ctu res . For silllpli ci t y. the change f ,.om t he prev ious

per i ods ' busi ness n!Qui rements as cal culated by the Bu sine ss Consu~tion

Modul e is assumed to be the sa les to new hulldi ngs:

7.13



5Al~ 3 '" sa tes t o r>eoo th,olJd i nQS

3USCON : :lu S il'!~ss conSul"O t i on 01" ; 01" t o consel' yat i on ~dj 1Jstments .

.....e-esc-e, ~ he sei es :0 e.o; is t ' rtq D'J ild i nqs a-e t ~ sat es i " t be c-evtcus
ee-r oc:

$.ll ::X : set es t o ll_is t, nQ buil 1i "9S.

To : !f\d t~ Dotenth l 000 1 Of et ec c-rct t v use d iso la ceo t hMJugn r-et r-oe t t s v ld

' ncorO'Jr "'ti on of cease-vatt en OOt i Ofl S i n new build i nQs . t he ConSe l"yHlon

· · o.:u ~ e n::u1t ' oJ i es :~ j i SC! qqreQ4t ed set es f ; ~ l""@ s et ees e-e oot ent iC! 1

:l~~cen t .l "'" of e ''':'etr ic it l' 'iaved in new "''lei r e t ro f it tluildt nqs :

(7 . al

(7, 9 )

These f llJ,lres , !'loweyer , only pro ylde t he t@l';tIn ically feasib le amount of

ell!Ct r t c ity t ha t cnu l d be d ts et ecee . Market force s determ ine what leve l of

t he potent ia l el ectr icity say i ng'i wi ll be ach i eved.

In t he I""l!s tden t h l 'ieqmen t of th e Conser yati on Hodute, RED used an

l nt pr nal ..atp-of .return te st lind a pa~ ..ck per i od ttec hion r ule to detennine

fi l'" st , whpt hel'" lln ootion would 4ch 'eve lIIark et accept ance , and seco nd. what

I f.' Ye 1 of eceeorence it lIfOU ld ",chi eye . As me"t l 'Jned ebcve , the i nf QnIIati on

oJv 41hh1e for bus i ness conSf.'r Y4t l f)ft does I'I()t pel"l1ll t such an ,ma lys is .

T hpl"'f! fo"~ , t ~ mo rto! l user- Is req u ll'"ed t o essoee a l eve l of potentia l market

sa t ura ti on. The sat ul'"atl on rate s (one fol'" retrosf r s , one for new buil d i ngs )

IIIlllit re flect the' o-t ees of fllels ( I nc l ud i ng electr ic i ty) , the cos ts of t he

oack age of opt i o"" employed, "nd t hf.' et ec tr t ct t v say i ngs expected f or

subs1l1lz P.d and nonsuhs l r1 lz~ cases .

The 'i.lItura t l on -ete s lir e oht al ned fl'" ()111 t he da t a file CONSER creates. The

d l'iolaced et ecb- tc t t v can be found hy mult iol y lnq t he t otal saturat i on rates

by t he tota l potent h l poo l of e l ec t r ici t y say ing 'i :

As in ttll! r-estrtentt al seet e- , the bus tee vs requ i rements IIl.I s t be adj us t e1

f or t hE! incrementa l impac t of governPlent progr ams:

BCONSAV l t~j BC SATi t N x POllIB Itj (J . ll a)

BCONSAV 1t Ej BCSAT i t E POTE Xi t j (7 . 11b1

whpre

BCONSAV plectr lc i t y sav ing s

BCSAT sat ura t i on -e te f or conservat i on opt io ns i n bus i ness .

J

(7 . 10a )

(7 . 1J!:l1

~TM , 0tent Lt l o1IIlOunt oJ+" di'i phced e lectri c ity In ne. Duil d i nqs

:IP~S o~o or t ; on of e t cc t r ic t t v t l'l .Jt t t>C tlni c'! l1y ce n be di sol !ced

'Ii a re tro fit or incor por U lon Of conse- vett on options In new

' u iJd ings

'O TEx '" pot entia l amount of d is ph ced ei ec rr rcttv in ",_is t ing

bu i l d ing!>

s!lbscr io t f or et 1s ti m.:! buildi n9S

s ubscri p t for new :luilo ings .

7.14

whel'"e

ADBUSCON
lt

'" BUSC~ft - ( BCONSAVitNI - BCONSAV i t NO)

- fBr.ONSAVltEl - RCON SAVitEo)

AOBUSCQN '" ad just ed ~sine ss cons umpti on.

1. 15
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TABLE 7.2. Payback. Per iods and Assumed Mark.et Sat ur ation
Rates f or Reslrtent ial CtW1scr vatl on Options

Payback. Assumed Assumed
Ppr lod Sat urati on Range
~ (per cent) Ipercen t )

0 100. 0

1 87.5 80-95, 75.0 67.5 -8 2. 5

J 62. 5 55-70

4 50.0 42 . 5 ·~i .5

31.5 30-45, 25.0 17. 5- 32. 5

7 12.5 5- 20

8 0 0- 5

Source : Aut hor Ass umption

One of t he reau treeen t s of the Alaska st ate program whereby homeowners
-ecuest 'it a te money to tns t eu conservat ion measures is that the pa)tl ack

per- fed for the measure bp. te ss t han seven year s. Therefore. 1f a conse r vat ion

coti on''i payback pP.rlor/ is assumed to be gr eater than seven years . the opti ons

mark.et penetrat ion w111 be ver y lt mite d, effect ive ly zer o. However, i f t he

opt ion pays f or it'ie 1f with in t he first year , then the opti on would penetrate

t he ent i re ontp.n t h l mark.pt im edi ate ly . The ee ret tcnsnt c bet ween payback.

per i od and penetr at ion rate f or pa yb ack. per iods between zero and seven year s

is ass umP.d to he li near . A ranee of 15'1 on these value s Is arbitrarily

as sumed. Tahle 7.2 nreseets th ese market penetrat ion parameters .

PARAMETERS

17.131

busi ness conser vat ion cos t s , fut ure for ecast year

! 980 doll ar cos ts per r.legawat t hour sa ved.

91;ONCOST

COST

19CONSAVitE.l • BCONSAVit£o l x eF
E

... l BCONSAV
i t N1

- BCONSAV
i t No

)

fRCONSAvit l RCON5AVtt ol '" lBCONSAvi tl - BcdNSAvito )

Tlle ~ot ~ 1 cos t of t he conser vat ion set in ol given fu t ure for ecas t year is

qi ven bv 1Ill.ilti:J ly i ng t hl! 1 ~80 dollar cos t per megawatt-hour s aved by t he

conser vat i on sev tncs in eecn use:

where

The tota l cos t s of the conser vat ion in a fut ure ror ecest year to "soc tetv'' i s

t he I'lonsubs id ized costs fSCONCOST i tol , wher eas t he va lue of t he sues td v in

t hat year i s ( 3CONCOSTito - BCONCOST t t l ) . and bus; nesses bear on 1y t he

sllbs id iz ed costs ( SCONCOSTi tl ) .

Peak Cor r ect i on F-lC to r s

The last item to be calcula t ed is the aggre gat e peak correc tion factor

fo r t he i ncr ement al imp act of government conservet to n prog rams on pe ak

deeand, TlliS fa cto r is ca lcula t ed by weight ing each -opt i on ' s peale cor r ection

f'tCtor bv t~ octten's proport ion of t rc reeent e t conser vat ion:

I

where

ACF ~ aggregate peale cor r ec tion fac tor

CF ~ opti on- spec i f ic peale cor r ecti on fac t or. equal to t he

propor t ion of the e lec t r ical demand of d is pl aced eppu ances

t hat cen be ot so tecee at the peak dem and peri od Of th e yp.ar
( '! . 9. , January) .

7 .16
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MECHANISM

8.0 THE MISCEll AN EOOS flQ)lJlE

INPUT'S AND (JJTPUTS

To

From

Peak Demand Modul e

Housinq Module

Conser vat i on Modul e

tcnservet Ion Modu le

N"""

N,me

Misce l l aneous Requi rements

Adjusted Bu s ine ss Requirements

Adjusted Res iden tial Requirements

Vac ant Hous i nq

b) Out puts

~
~ISCON

TABLE 8.1 . Inpu t s and Out put s of the Mi sc ellaneous Modul e

a ) ~

~
ADBUSCON

ADRESCON

VAC HG

Thi s modu le use s t he f or ecasts of et ecw tce t requ i rements of the

~sident lal and bus iness sec tors and t he vac ant housi ng stock. The only

outpu t is et sceneneocs r C'l:lu ir ernents . Table 8 .1 pro vi des a sunmar y of th e

i nput s and out puts of t his lIlocl.tl e .

The Misce llaneous Module uses output s f rom se vera l other modules to

r c-ece st electr icity used but not account ed f or In the ot her modules, namely,

street l ighting , second homes, and vacant hous ing .

I'Q)ULE STRUCTlR£

Fl oure 8 . 1 prov i des .. flowchar t of t his 1IlQI1,,1 ,,!. For st r ee t li ghti ng, th e

requ irements are assume':! t o be a const ant proport i on of conserv ation adj us t ed

bus i ness and res i dent ial reQuiremen t s :

18.1)

'.1



Ftna lly, tbe use a f elect ri city by ...aca nt hous i ng is J. fhed

consumpUan fac t or ti~s t~ numb!!r af vecent houses :

~t !>lOt '" f" " )eus
t1L;!>. " ESS

CO"' fo.....O>f.O..

I
I

' '' \.;;;Vv. a C' I.Cli LAH CALCI,;I.A TE

I
S l;CO"' O t>Okli !O I It U f LICHfl " G V.. C.. .. 'f ..oVSI"lC
CO" S.. ,,p TI<J.. It ~U"'I H E 'A" '~ CO" 5 " " 0>'f IO"

! I

1!O",\I "OtI I
"" ~J;L'--' '' EUl·' •

50"
THIl..

s hkWh

whe'"

seco nd l'Icne requirements

total number of households

proporUon of total househ()l ds IIav i nq a seco nd home

COnsUlllp Uon facto r .

(8.3)

VI"
VAOtG

"" ~ELL"' ''' I: Ul'!>

C'J .. ' .....l' f ' Qto

S;l stre et h 9n t l1l9 ""!'lIJ.I """'@I1 t s

.\~ usOJ" bus i nh S ~~i~ts a t t e .. <lCljust :nent f J" r - re

i nc rementa . ccns er vettcn i n'll!s l:nten t s

vacant OOu s ln9 req.JI.-e-ents

tUIlber of VlJu ...t houses

'III • IJSsurwed consumpt lOl'l per vacant lttote ll ing unit.

Total lIlisc'!l1al\@OlJs ",Quif"'@lltE!f1 ts ~ re found by sUll'llli ng t he m ree
cOtllpooen t s above:

whe",

MISCON • e t scel te eeous e lectr icity ConSlJnPtl OO .

( 3. ')

fa rl!cu t cert oc (1 , 2. 3.• .• 7)

For seccnc-rcae conSl,Io'llpt ion. ~E D cetcut at es t~e nuntOer of seccnc nos es 3S

) f h t!IJ a roc cr tt cn af t ne to tal nulllOl!r of novs erc tcs , ~ f h ed ccnsunct to n
f ,Jct or is tnen J.pp l l~:

PARAMETERS

Table 8. 2 qtves the pardllleter values ..sed for the Mis ce llaneous ~oou ' e .

These paramete ('s are all based on the aut hors' assumption because no source of

Inf onnation is ava ilable .

S~ ! t sn t n iHi t ~ sn... h

8.2

( d. 2 )

s.a
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TABLE S.Z. Parameters f or the MtscellaneollS Modu l e

Name
St r eet llqht i nql al

Pro ee-t to n of hollseholds hav inq a second home(b)

Per linIt second-home COnSllq) tion(b)

ConSllqlt ~ on In vaca nt hollsi nq(C)

~
0.01
0.OZ5

SOO kWh

300 kWh

s.o THE PEAK DEMAND flCOiJLE

Up to th is poi nt . only t he me t hod t o fo recas t t he to t al amount of

el ectriclty ~anded i n a year has been cons idered. Howeye r , f or capacity

plann ing , t he maxillll,A alllOUnt of e lectrici ty dedanded (or peak delIlan<l1 is

prob ab ly more illportant . Peak demand ide ntif i es th e d1IIOun t of capac ity that

lIlust be ays l1abl e to meet e l ec t ric ity re qui rements at the t ime of lIu imllfl

oenaand.

fa ) 1980 rat io of street lighting to bllsiness pl lls residentia l sales.
( b) O. Scott GoldSllt t h, lSER , persona l corrmuni ca t i on.
( c l Aut hor ass llmp t fon . Reflec t s red uced tev et of lise of all app Han<:es .

8 .4

!'£CHAHISM

The Peak OeIlland Hodule uses reqiohal l oad factors .to forecast peak

delII and. The load f act or is t he aver age demand f or ca,acity throughout the

year divided by t he peak demand for capac ity in the ,year . REO first

cal culates t he peak cleland 'Ilit hout the peak s avin gs llf goye"lII ent· i nduced

cons ervati on. Next , t he peak sayings of t he inc rement al gov~rMlent-induced

conservat ion is ca l culat ed , Lakinq i nto account the mix of conservation

technolog ie s being cons id ered . Finally , by nett i ng out t he peak sa vings , RED

calcula tes t he peak demand the sys tem must eeet ,

INPUTS AND ClJ TPUTS

Table 9.1 pro vide S a sUlTlllary of th e inputs and outputs of t he Peak Demand

Modul e. The lo ad fac tor s (LF) are generated by the Uncer t ai nt y Module ,

whereas th e aggre gat e peak correct i on fa ctor (ACF) cee es f rom th e Conserv at i on

Module . The br s fnes s , res i dent ial , and misce ll aneous requi rements (BUS CON,

RESCON, and MI SCON ) come f rom th e Business , Resi dent ia l , and Misce llaneous

MOdules, whereas t he conse rvation adj usted re qui rements (ACRESCON and

AOBUSCONJ come f rom t he Conser vat i on Module . Th~ out puts of this modul e are:

1) the peak demand i n each re gi onal l oad center at t he poin t of sa le to f ina l

users. and Z) the incremental peak saYi ngs of subs i d i zed conserv ation ,

MOOOLE STRUCTtRE

Fi gure !L I provi des a flowc har t of th is modul e . First, the peak derJland

wit hout subs i di zed conservation is ca lc ula ted. Th is is done by divid in g the

9.1
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FIQJRE g.1. RED Peak Oemand Module

• ANNUAL SAV INCS
DUE TO S UBSIOV

• PEAIii CORREC TIO N
FACTOR

( FADM CO NS ER VATIO N
",OOULE I

CALCULATE
PUI(

SAVINCS

CALCULATE
IIEVISED

" EAI( DEMAND

PEA l(
D[ MAND

LARC E
I" DUS TAIAL

OEloIANO

LOAD
F ACTO RS

I FRO'" UNCERTAINTV
MOOULEI

CALCULATE
P RELIMINARV
PEAIii DEMAND

ANNUAL ELECTJl.IC.IT V
REQUIR U IENT S

• RESIDENTIAL
• BUSINESS
· ~"SC E LLAN EOUS

. 1 Inout s

S\'IIi)o l Name From

LF ~eq i ona l l oad factor uncer t e f nt y ModuIe

RESCON Res id entia l e lectr icity sal es before Resident ial
adtus tment f or s ubsi di zed conser vati on Cons umpt i on lIlodule

9USCON aes tnes s requ irements pr ior to adju st ment aust eess
f or s ubs idi zed conser va t i on ccnsunet t cn 'Ilodule

AOO ESCON Subs i d ized censer va t ion- adj ust ed rest een- Conser vat i on Module
t ill 1 requi rements

ADBUSCOH sustness requir ement s adj ust ed f or sub- Conser va t i on "Iodule
s id i zed conser vati on

ACF A9gr eQa te peak cor rec t i on f actor Conser vat ion Modu le

h) Out put s

S\'IIi)o l "me To

,," Peak o1emand Report

OS Increment a 1 peak sevi ngs Repor t

TABLE 9 . 1. Input s and Out put s of the Peak Demand ""oOO l e

where
tota l e l ec tric ity -ecut -enents i n each regi on by th", product of t he l oad

fa c tor t imes t he number of hours i n t he vear . ptext. t he same oper at i on IS

perf ormed on t he i ncrement to conser vation due to subs i d ized ccnse- vatt ca
inves tment s . Thi s yi e lds t he pre H mtnar -y peak savi ngs. RED the:: ddj us t s t he

peak savi ngs by mul t i p l vi ng t he aQgrega te peak cor r ect ion factor t imes t he

peak savi ngs . r l1e cor rec t ed peak savi ngs ere t hen subt r act ed f rom t he pea~.

!1em and ca l cula t ed in t he f i r st s tep to der ive the regi onal peak demand at t ne
pufnt of sa le .

The f i r st step ts to ce tcut et e the to t a l e l ec t r ic i ty requ i rements wt tbcut

s ubs id i zed conserv ation by addi ng the resi dent i a l . bus i ness . and misc ellaneous
requi rement s:

TOTREQB

BUSCON

RESCa.

MISCON

t

t

total electricity requirements bet ere conservat i on

/ldjusbnent ( ~h)

bus iness requ irements before conservat ion adjustment (MWh)

res identia l requirements before conservation adj us tment

{""j

ntscellenecus requirements (MWh)

i ndex for the load cent er

Index fo r forecast period (t R 1.2 •• • •• 7) .

19.11

9.1 9.3



:j ~ A r, me ilea II. ueeenc ~cau 1e ce1cu Iet es the peak. demand \'11 thou t

eccocnrmq f or t ne Inc rement a l conserv ati on due to s ubs i d i zed i nves tme nt s 1:'1

censer va tten 0)' Jpp ly i ng t ne load f ac t or :

TOTREQB i t
IFit x 8760 (9.2 1

where

PS peak. savi ngs ( ~ l

ACF aqgregate peak corr ecti on fa ctor.

Finall y. by subtracting t he peak. !>av ing s fr?lll t he prelim ina r y peak.

demand, the f ina l peak. demand fo r each reg ion is derived:

1' 0 Pea II. Demand ( ~ )

LF t ceo Factor

8100 nvmcer of nour s i n Ii year

P moe... deno t i ng prel imi nar y.

(9.51

where

FPD .. "rdex denoting f inal peak demand.

TOTREQS Increment a l megawat t hours s aved by subsid i zed

ccnser vat t on i nves tment s

Tc ce rev I at e t ne cee« sev ings due to subs i di zed cons er va ti on tnves tnent s ,

rl. ED fI r st llIust f i no t ne i ncrementa l numoer of megawatt hours s aved :

ADtlUSCON cust ness r equirement s af t e r adjus tment f or th e

i nc rement al impac t of sub s id ized conser vat i on

,1(RESCON residentia l r equi r ements af t er adjustment f or t he

i nc rement a l impact of s ubsi di zed conserv ertcn.

,~ e Jl t , peak savings is f ound by mult i p ly ing t he i ncr ement a l e lec t ric i ty

sevec by t he clggr@gate peak. cor r ec t i on f actor and appl yi ng t he l oad factor :

49.2·63.4

41.6-59.1

45.4-61. 3

55.73

48.99
52. 16

Load Cent er

Anchorage

FairbankS

Glenna 11en-Va ldel

TABLE 9.2. Assumed load Factors f or Railbelt Load Cent e rs

load Factor (I )
Default ~

The only parameters , in the Peak Demand Module are th e system "l oad fa ctor s

i'lssumed f or the three load cent ers: Anchorage , Fa lrbank. s, and Glennallen.

Valdez. These load factors are shown in Table 9.2. The default va l ues for

Anchorage and Fa irbanks were der i ved by weighting t he lO-year aver age l oad

factors reported by Woodward Cl yde by the 1978 oeak. demands fo r each ut11 ity

(Sm i t h and Kirkwood Ig80 ) . For Glennallen-valdez, the default va l ue was

assumed to be the average of the Fairbank s and Anchorage values.

For the range of the parameter values, the minimum and maximu:n values

reported for the 1970.78 period by each ma jor ut i tily were used .

Unfortunate ly. no information was ava ilable for the r ange of the load factor

for Glennallen.Valdez , so the range was assumed t o be t he average of Fai rb anks

and Anchorage.

PARAMETERS

(U I

(9 .4 1
TOTREQS;t

l Fi t x 8760
ACFi t )(

9.4
9.5



10.0 RATE MOOR

The Rate "'ode1 is a separate program used to interface RED and the Alaska

Railbelt Elective Energy Planning model (AREEP ) . This model employs

infonr.at ion on de!r.and from a previous run of RED and the cost of power from

AQEEP to eener-ate a forecast of electric ity rates in Ancnorage and
Fairbanks. (a\

ME CHANISM

The Rate "Iodel uses the cost of power, reg ional electricity consumption,

and user-supplied cost allocat ion factors (costs all load centers ) to derive

load center cost of power series . Next, the user can choose to specify the

rates fer a customer class (busi ness or residential) and allow the model to

solve for the other ser ies, or can use a hfstor ical (defa ul t ) or user-supplied

price differential weight to derive the rates for both customer classes.

INPUTS AND OUTPUTS

Table 10.1 presents the inputs and outputs of this model. The inputs are

electricity sales by customer class and the cost of power. The only outputs of

the model are the rates for the b'lsiness and residential customer classes.

MOOEL STROCTLRE

Fi9'Jre 10.1 provides a flow chart of this model. The cost of pceer

obtained from AREEP contains a char ge tor the Anchorage-Fairbanks transmission

tntert te. The Rate Model , however, dif 7erentiates between the rates for the

Anchorage and Fairbanks load centers by netting out the average f ntert te cost ,

then adding back a charge for each load center's proport ion of the cost of the

f nter-t te ,

Using the regionally differentiated cost of power series obtained above,

the next step is to construct rates that will exactly cover that series. The

user is offered two choices: either use or-tee weight ( t he business rate is

10.1
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..lAIC

U ery cost 'Jf ,ow@'\"

"cee t e tee o- tc t t v se tes ( by l/)"d eeeee.. )

3usi~ss Sa les ( ~y l oad cent e- I

~e'S ; d@nt i) l Sa les ( !:Iy t oed ceee e-

3us1"ll!'>s aete s

~es irfto n t ia ' aetes

, , 1 I" ou t o;

~

'C?

rs
3S

"
'" Jut:>ut s

5V1'ilo:

'""

~IC 'l.Vf! r ! Qe int er ti e cos t

Tel tot a l i nt er t i e cos t

~z. .. tot al e lec t r ic i ty sa les in year 1 in load center .

':'ABl: :0 . 1. l "out s ,Ind Out aut s of the aat e ~@ l

( i 1 seceuse elect r icit y I s verv excees t ve i n t he G,1 @1lnal1 I!n4VaTdez area , I t f s
»ece sser -y to ~ ..e- c t se ext~ caut i on i n for ecast1nq -ates f ar th i s Toad
cent er . Therefore . t he aat e ~e l cur....ent ly 1"e"lJires that rates ~a in <it
t tlei r 'O~ l eve ls or be eltoqe"lous ly eete-ed .

To obt a i n t he !Yf!r ! qI! char '}e f O'l" t he ' ,.,t eo-t le embedded In t he AA EEF' cost

" f [)(IIer , the cos t of ~e lnte..t i e is div ided by tota l e lec t r ic ity sa les in
t tl@' t lOO ~inns .

1.10 of !he "es ident ia l "at e . f ar exa"lD le l or spec if y t he r at es f or one c lass .

al'ld let t hl! 'IIOdel se rve f '7 ..aat t tle - aees !aI 'St be in t he ot her . The resul t

ts a -at e for ecast for the biD load cente r s .

10 .2 10. 3



T~ toeo ceet e- cost i)f :lower is foul'ld by a ll ocat i ng th e t ete-t tes cost

to the two load ceote-s , div ;di ng by sates at each load cent er . t hen re p lac ing

t he avere ee Intert ie coer ce "li th t he flew l oad cent er int er t ie charg e :

To get the ..esidentia l r ate seri es , t he r ight hand s ide of equat ion 10.3 Is

subst i tu ted into equat ion 10.4. The busi ness ra tes t hen dr op out of equat ion
10.3 .

•

31
v-

~ ';"'; rS'!. r

- ~llI C 110.1)

If the user specifi es the rates for one customer

solve s equat ion 10.4 f or the miss ing rate series .

PARAMETER S

cl ass , the n the model

;"R SC ~ eve- ace load center syst ee cost

ACP ARfEP cos t of power

The onl y parameters in the aet e Model are the init i al prices for 1980

(Tabl e 10.2) the Anchorage-Fa irban kS i nt er t ie cost and t he default pri ce

weight s (Table 10.3 ). The inte..t ie cost is from Gilbert Conrnonwealth

fGilber t/C ()Imlonwealth 1981). and the default pr ice weigh t s were obt ai ned f r om

the 1080 rates .

1980 Load Cent er Ele<;tric ity Rat es (S/kWh)«se- suppH ed all ocat ion factor (O-:.AF ~ 1; AF ... O - AF ) ~ 11

at load cent er r-

t - Forecas t ee- roo (1, 2. 3• . • •7\ .

If t tle user chooses to use pr ic e we i ght s. t he r-ates are f ourd bV sol ving
t he foll Olff i l'lq equat io ns :

TABLE 10. 2.

Anchorage

Fairbanks

atennerten-vateez

Bu s ine ss

0 . 37

0.82

0 .131

Res identi al

0. 031

0.074

0. 128

110. 3)
TABLE 10. 3. Miscellaneous Rat e Mode l Par ameter s

"lhere

where

9R ~ bus ines s ra t e

il.R residenti al - et e

'it f ~ we i9ht i l'g factor (user suppli ed or default va lve ).

T'Sr .r.*ARSCr t ,. RRr t .RSr t ... BRrt,.aS rt

:tS res idential sal es

9S busi ness sal es .

10.4

110.4)

Intertie Cost

Weighting Factor

10.5

$130,800,000

o.tos



REF ERENC ES

Anchorage Real Estate Researc h COlIIIl l ttee . 1979. Aochoraqe Real Estate
Researc h Reiort , Volume.. II & II I. Anchorage Real Esta te Research
cOrml1t t ee, nchorage , AlaSka.

Baughman, M. L. , p, L. JOSkOf and D. p. Kamat. 1979. Electri c Power 1n the
Unit ed Sta tes : Models and Policy Anal ysis. The "'IT pre ss . Caiiilrl dge,
jliiassaChusett s .

~ureau of Census . 1970. Census of Housl ng. Bureau of Census, U.S. Department
of COImIerce , Washi ngton , b.c .

Bureau of Census. 1977. Annual Housing Survey . Bureau of census, U.S.
Deo artment of Comerc e, wa shi n9t on. b . c .

Bureau of Census. 1980a. Housin Vacanci es: Four th arter 1979. Bureau of
Census , U.S . Depar tment 0 ceee-ce , Wa sh ngton,

Bureau of Census . 19BOb . 1980 U.S Statist ical Abst r act. Bureau of r ees us,
U. S. Department of COrmlerce , washin9ton. b. c.

Bureau of Census . 1980c. Popula t ion and Households by States and COllnt ies.
Bure., of Census, U.S. Departilient of cOlll'lll!l"ce , washing t on, b.c .

Cali fornia Energy COllIIlission (CEe). 1976. Anal ysis of Res foentlal Energ y
Uses . Californ ia Energy COI'IIIIiss10n, Sacrament o, Californi a.

Electr ic POfer Research Inst itu te . 1977a. Elas ti eit r of Demand : Topic 2.
Electric Util ity Rate Design St udy, Volume 12, Elec r -i c Power Researc h
Ins t ftute . Pal o Alto , Cali for ni a. '

Electr ic Pe-e r Research Inst itute . 1977b. Elast ic ity of Demand: Topic 2.
Elec tr ic Utility Rate Design St udy, Vol ume 13, Cfeet r ic Power Resea rch
Ins t i tute, Palo Alt o, Cal1forni a.

Gtt ber tlC onmonwea lth. 1981. Feas ib il ity Study of Electri cal Interconnect ion
Between Anchor age and Fafrb anks . Jadson. ,," ch1g4n.

GoldSlllith, S., and L Huskey. 1980a. Electri c Power Consunvt ion for the
Railbe l t: A Pro eet ion of R ui r-ements . Institut e Of SOCia l ana Ecol'W)lll1c
ese ercn, nc. orage - a r an s · uneau, A1ask••

Go ldsmith. S. , and L. Huskey. 1980b. Electr ic Power Consu~t fon for t he
Ra4l be l t : A Pro ect ion of Re ui rellll!ftts - Technical A en ces . Inst1tu te
o DC a a COn()lll c eseer cn, nc oraqe· a an s· uneau. Alaska.

Halvorsen , R, 1978. EcotlOllll! tr fc Mode ls of U.S. Energy Dewald. Lexi ngt on
Books , Lexingt on, Mas sact'U setts .

0. \



Al aska Cent er f or Po ll ey Studl~s . lqgo . Energ! Alternat ive.. f or The aatteert ,
Alaska Cent e r for PoltCY St ud t es . Anchorage , la" ' a.

Ala ska ~artment of Conmer ce and t ccece tc Oeve lo~ent. OlvlsiOf1 of Economi c
tntere- tse, 1979. NullOers - Basic Economi c Stat i ..t i cs of Aluka Cen..u..
Div is i ons . Aluka Department Of Comerce ana Ecofl()lll l c Oe \l e l o~~nt , Olv is i on
01 Economic Enterpr h e , J uneau, Alasee.

BICL!Or.RAPHY1981. An ECOf'lCJllE! t r lc Analys is of
by End Use . Soutll ern ca ll fo r nl a t d l$on

197~. "aUern .. of Ener l Y Use by El ec t ri ca l
: l ec tr i c ,~ !lO@sea ..cfi ns t ttute . ~.tlo l It o .

,",unt . 0 . T • • J.... <lnd J . L. JU" '!'lI i t z .
~es i dent 1a 1 Electr i c i t r Cons ump t i on
C()IIlpany . Los ~nqe Ies , loa 1if oMih .

""adda la . G. S. , ~ . S. C ll~" and G. S. a t t t , 1978 . EcotlOllll!tr lc St udi es i n
Energy Demand ar:d Suopl y. " .. teqer Pub lls~e"''' . ~~ YO'"k . ~~ YO'"k .

" i !ite s t ~esearcn [nst itu te .
~PO lf .tnces . Epqr EA-682 .
t ail ".". " ' a.

Taylor . L O. 1975. "f), e !ienland f or El ec tr ic it y: A Survey. " TI'Ie Bell
JOllr., a1 Of t eeeeetes. 5 (1 ) :74- 110.

'h t l ona l Oceanfc and ~bospller fc .lodnl1nis t r ljt ion . 1979 . Lc.:al Cll 111a tol01 1cal
Data. "tat f onal Cl ' lIlati c Cent l!"'. ~sl'teY f1 1e. :rrtortll Ca..-oll na.

SIIIitlt. G. q • • V'id G. ~ . '( i ,.fl: 'IlOOd .
'''' ~ l 4Sk.t · S :ta P be l t . "reoa"'!d
3ul 1J 1o. ,~ 'torfl: .

1980. For ecast tnq "ea k El ec tr ica l ~i1d

by WOOl::Nar:a:e IYde I nc. 'or Acres ....er lcan.

Ala ska ~ar~nt o ~ t oeeerce and EcoflO!lll c Oe'le lopllent . Oh ls ion of Ecof\Olll i -::
t nt eee-t se , 1980. Tlte Alask a Stat ist ica l Rev iew lQ80. Ala ..ka Depar tment
of COl!III"-Cli: and Economi c !levP'1op:r.e"t , 0 ' '1 1,.1 01'1 Of Economic Enterpri se .
J uneau . Alas ka .

Ancho,.age Real Estate Res earCh Ccmni ttee . 1980. AncMra 1e Real Estate
~esea"ch II. tOo--t, Vo l l,IIII@s tv & V. AndlQr age Qea l B t a t e itesearch COilIii l tte@.
Anc fiOrage . Aia s a.

Anchor age Real Estate Res ea r ch COIIIIIi ttee . 1981. Anc horage Peal Estate
Resea"ch Reoort, Vol lAe VI & VII. A!'IC~ <j riJge ilea l Esfate lti!searcn COI'!JlI i tte@ .
lncflOrage, Alas a.

ASkin . A. 8 . , and J . Kr aft. 1976. EconPr.letr ic Dilll@l'l s 'lon.. of Ene" 'U Demand
and Supply . Le ,d ngt on Books , Lexi ngton . "Iass achlil se t t s ,

Barne s , R. W. , C. J. Emer son and K.
ORIt. Co-ere ia l Energ\l Use Mooe l .
laborator y. Oak Ridge . Tenness e@.

;:I . Corl,>ll1. 19BO. to lJ..er ·s ~u i dt' to t~e

(JI. Nl ItON -~ . Oalr. Ridge Nati onal

1978 . "orthwest I;:nerg\ PolicY Ene rgy Demand
- Stud Jlii odiJle fA vo ume II F i na T~e orr

en er , as l ngto n tate et ve-s 1 . u man.

Berqstresser. K• • et et .
Mode llnQ and For ecast l n

nv ronmen a esearc
Wash inqton.

Berney. ~ . Eo. et a1. 1977. "Or thwes t Energy Poll c y Projec t: ~ner91

Conservati on Poli cy - Dfor t unl ti es atld Assoc ia ted I~acts - SEudy Modul e IA
volume I. En\llrol"lll'lenta Resea rch t enEe,. . wash ing t on s tate Onhers lt1.
lI'ii'TTiii"ii Wash i ngton .

Blue J . L. et 011. 1979 . Build ings Energy U ~e Da ta Book - E d l ~ i on 2.
OR Ht.-S"~2 : Oak Rid ge Nati onal labo,.ator \l. Oak Ri dge. tenne..see .

Boyd. J . lQ79. Analys is of Househo l d Appli ance Choic e . EPRj EA-UOO .
El ec t ri c PO'IIIer Research I ns tHute , pal o ,,,It o. ca liforn i a .

Bur net t e , R. M. 1977 . Alas ka Blue Book 1977 . Depar t ment of Educat io n.
Divis i on of State libraries and JllLseum. Ju neau . Alaska.

0.2 ' .1



Cher n, W. S•• et ",1. 1980. The ORNl Stat e- l eve l Electricity Demand
Forecast ing Model . NUREG/CR.1295 ; ORNLJNlitEG~63 . Oak Rldge Nadonal
Laboratory, Oak R1 dqe . Tennessee.

Electric Power Resear ch Institute . 1979. How Electric Util it ies Forecast :
EPR I S~OSl um Pr oceedings . (PRI EA-I 035-SR, ~pecial study project
WS-71.~ Electri c powe!" Research Inst itute . Palo Alto. Cali f or ni a.

Electr i c Power Research Inst itut e . 1980. S U~ 1v Models with Feedback
Feature s, Volumes 1. 2, 3. and 4. EPR I-1 35 . Electr ic power ResearcFi
Inst itute . Palo Alto, Ca lifornia.

Fanq. J . Ill . 1979 . Delph i , /Iklnt e Carlo and El ec t ricity Demand Forec ast ing:
Conment s on the PNUCC Exper 1ment . Pre sp" t ed at the Wes t ern ECOnom ic

Har tman. R. S. 1979 . A Generali zed l ogi t Formulat ion of Ind i v idual Chofce.
IIIIIT-EL-79-010WP, Ma ssachUsetts Insbtute of Technology, cantiridge ,
Massachuset ts.

Hartman. R. S. 1979 . Dis crete Consumer Choice Among Alterna t ive Fuel and
r ecnrct oetes f or Res i denti a l Ener9v Osin9 Appli ances . MIT-a 19-049WP ,
Massachusetts tnst 1tute of Technology. tirlibrtdge. Massachusetts .

Harbnan, R. S•• and M. R. Hollyer . 1971. An Examination of the Use of
Probabi li t v Mode ling f or the Anal, sis of tnterfuel substitution In
Resi denti al Fuel Demand. "'IT-El 1-018WP. MassachUsetts Institute of
techno logy, ta riibr l dge, Massachusetts .

Hieronymus , W. H. 1976. LonrRanqe Forecasti ni Proper ti es of Sta te-of-the-Art
Models of Demand f OJ ' Electr c Enerw , volume • EPRI EA- 221. Electr 1c Power
Researc h instit ute, Pal o Alto , tahf'ornta.

Hitchins , Dr . D. R., et el , 19n . A Profll e of fi ve K~nai Peninsula Towns :
An Anal sis of t he Demo ra hic Characterist i cs and Att itudes Toward serVlces
a omnun l eve cceen n ena, 0 0 na ewar, e ov a a cner-,
Divisio n of t Olmlunl ty plann ing. Alaska beparbent Of cOIlII1un1Ey and Reg ional
Affa irs . Anchorage, Alask;a.

Johnston. J , 1972 . Econometric Methods _ 2nd Ed it i on. McGraw -Hill , New
York , Nl!\III York; ,

Macrak;is . M. S" ee. 1973. Ener!llIJ """"I d C
Problems, The ~IT Press. camtl r1dge~·· M;s~ac~: ~:a:~ion. an: Inst ituti onal

,",cHuqt!, W, M. 1c;l17. North..e st Ener P 1f
Forecast ing _ St udy ~Odule ~I _ Final 0 c , Ener Demand Modelfn and
Northwp.st. inc.• Bel evue, ashington. Re ort . athemat ca c eeces

Nl!\III England Power Pool 1977 Re ot-t
Electric Ener9l and Demand ' Yo ume on Model for Lon -Ran e Forecast ln of
to iuiiiius. ohio . , s , a e e-, 0 u us a ora or es ,

Peck. S. C, 1979 Elect r ic Lo d F
Models. EPRI EA-1015 Efedrlc porecasting: Problni t he Issues with
mT1'Ornfa. ' ower Research Inst 1 ute. Palo Alto,

Reardon. W, A. , t , E. Erickson and R l E 1
the U.S. Electri c Power Industry V l' ngi' 1975. R e~ jOnal Analys is of
Nor t t'IWest lab oratory. Rl chl and.14as~i~n,' Z. and 3. NwL-8-4l5 ,f1aclf1c

Seif ert . R. D 1980 A Sol 0 i
Inst itute of Water'Resourc:; O~i;~r~fEual f or Alaska, I~ BUllet in No , Z.

• y Of AlaSka. Fairbanks , Alask; a,
SOtl t hern Enlineertng Comp any f G t

Chugach E ectr ic Assoc latiO ·, I,'c·" ,'. hI980• Power Requirement s Stud,!.• " nc orage . AlaSka. -
T'le Environmental Defense Fu d 1980 A

Yalle Ener S stem' A T~hni ,. d n Alternati ve to the Allen-Warner
e ense un er e;y a ca an Economic Analysis , Ihe Env ir onmenta l, • om a.

U,S. Department of Energy 1979 E i
Standards fo r Nl!\III BUildings US conom c Analysis - Eneraf Perfo rmance
tonservatl on and solar • " uepartJllent Of Energy, fl ce Of
Washington. D.C. Energy and Offi ce of Build in9s and Cornnuni ty Syst ems ,

Juras . G, E" and J . S. Aml in , 1980,
Model for Lon -Ran e Forecast in of
( oa anaqemen mu a on. 0 uses
cO luiii6U s , ohio.

ELFOR (Electric load Forecast in 1: A
Eeer c net' a ene

a e e- 0 u us a ora cr te s ,

B. 3




