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RESIDENt,AL ENERGY CONb__ION._: ,
_! A_,MAL¥SI$,OF--VAI/d_CE: S_DY

by,

D.A. _0yer

ABST_CT'

In, flais repo_ tests of smfisfica|i signi_izance of, five sets of variable.s
with_ t_ousel_oldl energy consumption, Cat file point of end,t_se)! are, describedi
FiVe, modelS, in sequence; were empirically est_imat_ed!andl te.sted: for statistic all

significance _by using _e, Residentfiali Energy Consurnptfi0n, Survey' of _e,
Ut.S, Department of Energy,, Ener_r, informat:fi0n; AdminiS_rat_op,. Eacl_ model
incorporattad: addi_ionali infovma_ion_, embodied; in a. se_ of va_bles not
pvev,iously specified! in__e energy, de,mand syste.rn'_ _e vamable sets were
generally' labeledl as economic v,ar'iab les,,weafl_er vm'iables, housel,_oM.,_ctalre
variables,,end:use variables,and: housing-type variabii_s, _e tests of statistical!
significance showed each of file va_ble sets t:o, be highly, sigvdficant in
explaining the overall variance ha energy, ¢onsurnpt_on. The ¢mdingsimply _at
the contemporaneous interaction of dif,fer,ent types of variables,_ and not just
one exclusive set of variables, determines cd,_elevel _of_ household; energy
consumption:

SUMMARY

This report presents the results of three projects that were co_molidated' into one because
of mefl_odologdca.l' issues and resource¢onst_aintS. The purpose of these projects was toquant_
the relationships be_,een energy consmnp_ion and; a number of socio-economic and climatic
variables-- heating and; cooling loads,, household income,, and househoM st_cture, lh, _e
process of developing, t]_'te,analytical' _amework, other explanatory variables, sud_ as housing
type, home age;, and energy: and non-energy prices, were also incorporated into the energy
constmap_ien rnodel_

Five models, in sequence, were estimated and tested: for stai_stficali significance. Each
model incorporated additional exp 'lanatory information, embodied' in a set of variables not
previously specit_ed h_ fl._e,energy demand system._ The variable sets were generically, labeled
as follows:

,. EconomK" va_bles

• Weather variables

• lqousehold;..str_._c_re variables

II



- Fmd_use variabl_s_

° Housing-type variables:

_e variables composing each, of fl_ese.,variab'lt_ sets: are listed in Table, S,ll. TestS: sl_owed! ead_

of He' v_iable sees t_o,be highly' significant in_exp laii,_g fl,_e,overall! variance, in_He, energy,
demand: :modeli

Re impacts of, individual_ variablt_s on, energy' consumpVion_ were measured! a_ fl._e
nafi0nali levell by, using t_he,mean, values_ Nora fl,_e1;987Residengiall Et_er,_y ConsumptCion, Su_ey
((_ECS)) in_ _e, cal_ula_i.0n, of, numericall derivat;_ves and consump_on, elas_i.cifies, 'Ftkis_st_¢t_._
uncovered, ',_e, foll0wing impo_ant empiriea.l_ relationsl_ips bet_een fl_e independent_ variables,
lind ener_y,cons_pt_0n"

° Each variabl_ set; d'e_mg Se five es_atec/ models - the economic,
weafl_er,: housel_oi_t_s_m¢_e, end_use, and housingTtype moelels - was
stat_s_¢.aU_, sig_tifican_ in exp_ining addi_onali variance in, _e overall!
Ce-ne_gy'elemand_)_modelL

° Each, indi,0icluall vanabl_, wifl_ _e exc._p_on, of _e heat=.purnp and number _
of-chflttren, variables, was, statistically' si_cane at. tJ,_e: 0i05, level ol_
si_ficance. (This means fl_at in replicated! samples,, fl_e 95%_ confid_mce
intemlal _w,ouJd; not contain tl_e value of zero0:

• NUmerically.; housing type has fl_e biggest impact on energy, zonsump_ion
(With a[ll o_J,_ervariables held consmnt)_ On _e average, living in a single-
family (detad,_ed _or at:tached); or small_ mulfifamily _('.fewer fl'_an,five unitS)
home,increases,energy cons ,ump_yion by 58 to 63_ x 106B_/yr per household:,
compa_edi wi:_ ofl_er home t_ypes. {primarily mobile homes and ;large
rnultffamfly homes)'

• Heating and; cooling loads, as expeFteG affect energy consmnption.,

sigrtificanfly. Re typical household, gi',zen, fl_e average number of l_eating,
degree days (65°F base)_ increases, its annual level of. energy cons_pt,_o_ by
about, 37 >¢ 1'0,6 Btu;: cooling 10ad', given, _e over,age number of cooling
degree days, (65°F base)',, increases the annual level! of energy consumption
for the average household_ by 1!2 × 1,'0_'Btu.

° _e age of _e , home _has a large, effect on energy consumption. On the.
average; house, hol_ energy consumption in homes butt before 1'950_is.
27 x 1!06B_/yv higher than, t_at in homes built after 197_; for homes built
be_veen_ 1950 and 1974, cons_,m_ption is22 × l!06 B_u/yr higher fl_an, that for
more recently butt homes.

• This s_dy; clearly establishes the importance, of household' s_ruch_re in
influencing fl,_e leveli of household energy consumpliion_ On fl_e,average;
ead_ adeli_on, to fl_e ro,am.ber of household members increases energy
cons_pt_on by 107 Btu/yr for the typical; t_ouseholfl'.



, TABLE, S&' V/ariabl'e _Sets and! Elements_

v,a_iablb' Set_ Elements,

Ec.ont,_mi¢ Hbut_l_olt,:l.!expe.ndi|aires,, dec_:il..y,,' price; nonelLK.'ti,iiz energ,_ _
' price;, consumer price indi:x (excliiding enet_b_)i

W.eather Heating degree' days. (_qDE)),,65PF:base'
Cooling, de_ee' days; (CDD)_. 65,°F base
H,DD' crossed! wi_ homes, built, before' 1;9501 j
HDID_cms,%ml,i with, l_omea built, bet_(_n 1.950Jand! l_',74_

HDO: cmstmdi with electric space, l_eafing,
IqDD_eross_ w,ith laeat,.pump, system
CDD crossed w,ith, el_._e central} air-conditioning

Hbusd,_oldi Str,ue_re Niamber of lh,mt4eltold', members,

Niftuber t.)f hotmeJ._old members cr,t)ased with bmr_der of
lmusel_oli_ head

Numbe_ of hout_eholt,'l_memt_ers crossed; wifl_ spouse's,

presence,
N_maber of houudlold members, cmusedi witli, atws:,slat-us, of
N,)usehold_ laead!
Number, of ht,)useholdl members who_ are, d_ildi, en_

End..USe Eli_ctvic water heating
Electric cooldng

Housing Type Area of home,
A_a, (,)fth,_me crossed with, number of rooms

Area of home. crossed with single-hmily; detadaed
Area of t_ome crossed with single-family;, attad_edi
Area of home crossed with ,nulfifamily; fewer than, five
units

• Ttae sex and age of flae household, head and, fl_e, presence of _e spouse are

also influential ira deterrnining household, energy:, consumption: A verag e
annuali household: energy consumpt_ion increa_s, by. approximately, _22'x 1_06

and 12 x 1106'Btu, in households wit, h female, and: elderly household heads,,

respectively.

- The presence of I!he household., _pouse has a positive, effe¢_ on; energy

consumption,, An,nual'energy cora.sumptdon increases by 12x 10,6 Bb,a_,on t:t_e

average, for the typical' household when fl_e spouse =is present.

'1%e numerical derivatives give an, absolute measure of tl_e responsiveness of energy

consumption, to a smalll ctaange in file independent variable, tn many circm'nstances, however,

a measure of flae relative responsiveness of energy consumption to a change in, the independent



va,riable' isapp_f,_wiate- _eenerg.y ¢onsuml?tJion_ elaslfi¢it_ypro.vid_s fJhia.measuRe.. The, fellbwmg,
are. some, impo_ntJ fii_elmgs concerning va._ble, elasticity.: _

• . The, es_'at_eell energy ¢onsumpttiOn_ elastfi¢it_y, for ea¢_t_,variable' is, inelastic'

_'iie., fl,_e,per_m,lt_ change ii_.energy, cons ,ump_ion _,w,i_', r,espe¢_ I_o,a_pereen_
tihange, in t_e' ii_et_penden_ va_iabli_ is, li_ss;fl,_an',one) _.

,,, The sing.le-Nm,fl),,, detach e_lia_ d_l_eat_g, deg_ee-da ys_uaria bi_s:are es Nn ated'
t_o_ l_a_e, t.he. larges_ energT;, ¢onsumpN0n, elasticities:. 0t39_ andl 0_.37,_
respectively ....

• For each, percen_ increase, m _e _umber of house.hold', members;, energy'
consumpt_ion, is. esl_irnated_ _o,increase by, 0_275%, (0,1q%, for _emale-headed;
hous_.holds)_,

•' _e estuary.d; price: elas_iizit*ies,for energy ,__,temandl are afli negatfive aneli very,
smalli The, es_ateel; _on,-e_e_y, price: elastfiei_y is; tt_e. la,gest_::-0!086, The
tOtali household; e_erg.y,-expe_di_we: elaslS¢it_y estate is. 0i1'7:.

The _d:iings, of _is; study consgi0ate an; initial! step _towardl an, u_d'.erst!anc_ing o_ _,_e
relagionships among vaNables affec_g, energy consumption, w.ifl_in a properly, speeifiedi
_eo_etficNi context.

Tl_e v.alhe o_ being, able to, separate out_ fl._epartial ef,fecl_s¢,)_di_fere_ factors o_, energy,
consm_npt:ion, Ls:clear:. _e. fon'nulafion ancl' evaluation ot__.nergy, poP'icy is g_eat:ly' enhancecl, by
_e ability to, show_ how d'._'erent factors influence energy ¢onsumpfio_ andl expe_,ndimres,
Conceptually, fl_e abflig: _o,measure fine separate influences of variables on, energy consump_io_n,
ai'lows. _e policymaker to, be_ter asce_ain, specific poliizy effects:



1_ _RODUCTION_

Ri ,_ea)reh_in, _e, area o_ t_esidenfialt energy' demandt has>been) ex,_ensive: A, number of

_oecil r,es_ _et,_, endleavo_s: l_awe been_ ¢omgl_tedl over t_e, las_ li0tyears, ((see EPRII li982;

B/a0.'enberi_er etJ at!. 1t983';>DOE': Ii983_;Cow,mt' an¢il MCFadi_en, l_98,;, D.ubm, and! Mc t_a(,l'clen,1_98,;
DO;F::li984_{:Morrisey, 1_984';Dubin, li985;: I_amb_, e_ air. 1_986;,I(&azzoom, l{986;a_d, Baxter 1_987)_
H'ow.eve_ {-- w4fl_ _t_e.exceptiion, of, analysis, done by, DOE. (ilJ9&3)!-- none of, _t_is,research, w.as
¢onceme¢l!( w,it_, ,,_e' ¢let_em_h_a_ior_of Wt_e,systematic _po_anee of spe¢i_fi¢ se_s, o,_variables: on_

energy de!mand!,, r_of was any.' o_ i'_ @bne wi,fl_in, fl,_e,centex_ of a_ wellli-s_a.¢_red* fl_eore_icat!
, I.... _a ,, i

firarnework,, usmg _ha_ is. pert._aps _t_e ri:ches_ so_¢e: of _es_dt.nfiat. energy,, ¢otasum_ion_ cintra:
a_aflable in_ fl_e,u,_ited S_ates:--_t_e U*.S, Departa_nen¢. of Ene_gy_: Residential! E_evgy,

C onsump_ion_ Survey,.

This st_d,y, analyzes, fl_e,_el.afiensl_ips_ Between, residentfia:ll enerIqy, ¢or_sumpN.om_a_ndla,
mumbe_ o'_variables, 'Fl_e.variables are: grouped: into, fi_e, cagegot,ies:

i
i

- E_:enom,ic v ariaNk_.s:---ine:ome andi prices;:

• W'eatl_er - heating and! ¢ooting degree, days;

,,, Household, sttmcCu_e,- housethoMi members and househoMi head! _pe;

• Eiadcuse ---electric cooking andl wa_er heart;; and_

• Housing type-- home. a_.ea,and _,pe of home.

'H_e effecl!s of, fl_ese, variables, on energy consumptiion are stafi,,._ticaUy analyzed t_sing ct_e sums.

of sq_mre_! residual, statistics (,see Amemiya 1198&pp,. 26;b262):

The infli_e_ces, of ft,le variables: named above on energy consumption are interrelated:.

For' _l,_mreason;; t,J,_e'analysis is. performed! wifl_in, fl,_e'context of. a welF-stmc_redi _eoret_cal
f,ramework; ,mcl,_,a:_ramework mus_ permit fl,_edear ¢letermhaa_i0n, of _e influence, of parVicular
variables, on energy consumption,.

'Poe theoret;ical_ sSru¢_ure used ',is. standard _neo¢li_ssicaticonsumer behavior t',heovy, wi_h

a, ¢omptete demand: system_ ot! equat.:ions, deri_vedl from a cons[_ainedi uVility--ma,_imizat;ion,
problem. Tl_e ut_ili_y flm_#ion is a modred: version of tt_e Stone-Gea_], u_i,Iity ,flm¢.t.iOn. I_ is
assumed; fl_at fl_e demand for energy and! non,-energy goods, is separable; fl_is, allows for fine
ctmstmction, of a mull_istage budgeting model_, as. shown in_Fi_,re 1',,

Demandl at each stage represents, a solution, to an, ilncome-cons_ained_ (expendit,_,_re-

¢,:ms_rained) u_iht_y (_subu_ihty):, ma,ximizat_ion, problem (see Dear{m, and! M_ellbauer ' 1!980;
pp. 1,22-I_2f_;Geary [950_5;1_;:Klein, and; Ru_i_ 104748; Sam_,_elSon, 1!947-4'8;Stone 1954)_ The
demat,_d; equations are sta._ic and _may, be characterized as ¢ond#;ional,long.-t_un,demand; equatfions,
Tlnis interpretation, can, _e made be_:ause, instantaneous adjustment,, t:o,a, dew equilibrium whe_
prices a_,_¢l;income, clnm_ge is. assumed.,
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FIGUI_,IE,"i. Multistage' BUdgeting
ModeIi

The second_-sgage u_it!y' eq,taafion, (after income, has, been, allocate@ betr_,een, co_asmanplfion,

and" savmg_)i is' as. foUows:

where:

u_ = consumption, subut_fli_y flanctSOn;

%, = energy' ¢onsumpeion, ('tO6Btaa,/y,r);,

• ,e = energy, demand: scale, factor;

7e = , nondiscret_onary energy demand: (1:06 Bh_/y,r);,

_ = margj'_al! energy, expendi_e share;,

ck:.: = non,_.nergy ¢onsump_ion;:and

7¢ = nondiscretfionary non,-energy demandl

[_ addi_onal! expenditures on_ energy and', non,_energy , are to, add: up, t_, tot:all addi_ionall

expenditures, _e sum of _e marginal expendimre share:_ must equal _one. Therefore; one minus
tl_e margirtal: energy expendita_e sha_e, 1 - _5i_,is equal eo,tt_e marginal! _on_nergy expend.itaare
sNire.



7,

1xll THeE ENfERGY D,E_N_D MODEL

Eq_a'Oien, 1,is_ma_,imizedt ,subia_ t:o,_ot_at!extPei,ldi_res; F_o_ _e _s!_-o,_d_r ¢o_dii,_,io_s,,
t_e, restd,e_:_at e_ergy d'_m,a_dt eq,ua_io_0 is, di_ii_edi:

w,t_ere::

PL,. = prk:e, of. e._eegy,($/li0#)_:

Pl- = price h_d_ of _e_,l,+me_gy,goeds; andl

m_ = #u,_use.t,_ol¢l:expend:ia_._es($/'yr)'_

'gibee_nergy dt_mar_d; s_ale factor (as, wetillas. the electork:i_:- demand' _al'e, factor;, hat:rodueedl belb,w}

p_,y,,s_,a_, imperf:al_t t_ole,ha,_e. a_ta,lysis:: _l_eeffects_of a,n_ber ot_di:Eeren.t!variable categemes:

'1?he energy dema_di scale Nctor,, _ge,,is spe¢iNedl as azo.,ex.petnen,tS.al!_¢._0_, of i'_s
a_e_t.;s:

%, := (3):

Wrt_e_e ai, is tt_e,_:oef_¢ient_ asso¢iatedi w4_h_the i,f_ha_ent a_d i xi, is _he .i_. argumen¢.

_ ef..fe_:%changes: i_ t.m argument, sthi_ _he energy, d'em_md c_',,e eifller up. or down,
deper_dmg on whether _he ¢t;_.ange.has, a pesieive or negative mB'_,_ence on flhe scale _a¢_or.
,_port.amt goals: in__his: analysis a_e the det,arm_afiotn, of the magtnimde of these changes on,
energy, conm, rapt_io_ andl _t_ei.v.,statistical sig_nificance:

As imdii¢.ated!_, Fi_e t:, otnce energy e×pendit,_es are' deeermi_ed',, they ar,e a,liloeated;
be_.ee_ elta¢_icity and no_aele¢_ric energy. Al: g_is, level.' h_ tl_e budge_g process, electrri¢ity
d'ema_di is determinedl (and so is nonelet,:tri¢ demand,,, taae difference begwee_, energy' and;

" e{eea'icity demand)_ 'I_e energy subutiliSy _ction again, tal{:es the form of _l_emodred S_me-
Geary uf_,ty _:_ion:



where::

ue = energy subutility ffmction;

, , . '\

q_l! = elec_ltytonsumption_(_OO'Btu'/y.r);

ql61._ =, el_ctric, ity' demand scale, factor;:

Y6 = nondis_retionary e_nergy, demtmd! (,_OO_Bm/y.o;.

1'61 = nondiscretiona_ electridty' demand!. (,106 Bm/yO;:

[_ol = marghlalielectricity expenditure, share; =and

qnel = nonel_tric energy consmnption: (_106_B[u/,yr).
II ,'

'i

Note:thati nondiscretionarydemmld: for nonelectric energy is defined las the differerh;),:¢_::!:_etween,
the nondiscretionary demands for residential! energy (alSo included in Eq, 2.)_and __eC!::d'city,

1.2 THE ELE_RIC_ DEMAND MODEL

_e _electricity demandl equation, is the solution, of the maxhnization, of the energy
subutility ftmction, Eq, 4, subject to total; energy expenditures: Its functional_ form, as is
expected, is very. similar to the.energy demand_ equation:

where:

Pe.l = prieeof electricity ($/106);

PneJ = price of nonelectric energy ($/106); and

m o = household, energy expenditures ($/yr):

Justl as the sttm_ of themarginal expenditure shares on _en ergy and non-energy had: to equal one,
so the sum: of: the marginal'energyexpenditure stmre on electricity and nonelectric energy must

alSo'equal one. Consequently, one minus the marginal electricity expenditure share, 1_- _i:l*is

I' equaii t° the ma:rgq'nai nuneiectric _"er_Y e'xPenditiire s'_i_u-e'



i'

'! ElectaScity demand! al_o, has_associatedi with_ iti a, scale, factor, Wt,lr thati its,functi0nally the _
same,as_the,energy scai_ _factor, The _set_of arguments :associated; w,ith__61,,howev, er,,iS; differenti
Mathernatically; this et_ctT_C,ity, scal_, factor is, Wen by the following;

' _/,61!,:= exp('2blzj )i (6),

where bi, is the eoeffic,ient associated! with, the_jth, argurnent;, and zji is. thejth_ argument:.

The relationship _be_.een, the, electi4city' scale factor and !electricity dernandi is the_sarne
as that, between, the energy scale factor andi energy _demand!_ the, ele_city demand, eu_e will;

shift! up _or down,, depending, on, whether the' factor's,argumenti increases or, decreasesthe value.
of the scale factor.

1,.3_TH_ _AE_ICAL MODEL
J

The energy and electricity; demand models, Eqs. 2 and 5, form the backbone of_ the
analytical framework within which the relationstiip among warhlbles mldi energy consulnption
is invest-igated. However, these tw,o equations do not complete our system of relationst_ips,

: Clearly,, if.the,price of energy, p_, and total resi dentialienergy expenditures, m o, are considered,
both of these var iables_must be endogenously determined:

The relationship between the consumpfion_ of electricity and: nonelectric energy is
determined: by the level iof energy expenditures, mo, and theprices: of electricity and', nonelectric
energy, hl turn, energy expenditaares are determined by energy constunpfion_ and tile price _of;

energy;,pe, which,is the weighted average'of the prkzes::of!electricity and nonelectric energy. The
weights:used ha the calculation_ of the,price of energy are the,constunpfion_ fractions of, electricity
and, nmltelectric energy. Therefore, energyexpenditures andi the price of ener K" are tmknowns
and rnul_t be _determined: within the equation system.

Currently, there are only two,equations specified; ha the analyticallmodel: Eqs. 2 and 5
for energy and elec_icity consttmption_ respectively. There are; howe_rer, four maknowns:
energy consumption, electricity _consumption, energy price, and; energy'expenditures. In order
to make,the systern complete or determinant, two addifionaFequations must, be specifiedl _l_ey
are the foll0wing identities:

(P_:lq_:l+ Pn_Nne.l)_ (7),
qe
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where::

p_ = p_ice af residentiall energy ($/10 ,6rBtu,)_:

p_l_ =+ price of_electricity, ($/I0_: Btu);

Pnull = price of, nonelectric energy ($/10 6 Btu);:

%1_ = el_trii:i_,, consumption (_0,6' Btu,/ytg_:

qi_el) = n°nelL_ctriC energy:.' consumption+ (,1106`Btu¢,y_)):and

= residential! energy, cormumption+ (fro6' BtU,'/yt0_,

and

m° (8)

where m_ = residential lenergy, expenditures _$/yr);

Equations 2, 5, 7, and 8:constitute the complete+analytical framework within whidl the
effects of economic, weather, householdastructure, enc_,,,,_: an d housing,_pe variab les :on energy

consumptionare _assessed. Theseequati0ns form a system oi: nonlinear equations that are most
easily solved by using nonlinear estimation techniques (see. Amemiya 1985, pp, 245-265),



2 1VLE_OD OF _A,L¥SIS

A_, analysis, of; residentiali energy end"use patterns; and _expenditures requires tl_e
simultaneous deteeminafion_ of a, number of, differenti phenomena,. _e. l_v,el!and: cost, of energy

consmnpfion are, detemainedl both_by the,energy' mix_ 0ie:,, flle-elect_¢ity' fraction, of, totali energy.
use)_ andl by _many other,, exogenous factors 0ie;,, economicsi, weather., house,age;, housing t,ype,
and,' l_ouset_old! situ.¢tUre)i Undi_r these, circumstancesj, where there are a_number of dependent:
variables and! numerous independent_ ones,,multivaeiate analysis can be valuable.

For the. saRe of, cl_ar exposition_ of the, analysis,, it; must, be. framed witl_in_ a, theoretical:
context" Forthis,reason, fl_,estandardiconsumerbehaviorparadigm_--consumers,max,imize,their
utility, subject, tO,an expenditure, constraint.- is; embraced,, One: justification, for tt_e use, of'.this,
model! is. that' it: avoids, anomalous, expenditure, betmviOr_ in_the face, of ¢hanges. in_ income' and',
prices, _ie model, also allows, for the: consistent, integration of..other exogenous: variables (in_
addition to, expenditure andl prices): that! affecti energy,: ¢onsmnpfion..

2.1 INCORPORATION OF: V:AI_ABLES: I_NqTOMODEL

_ae' theoretit:all model is described* in Section I',.. As was noted, earlier,, the model is a,

variant, of Stone's linear expenditure systems.modell in,which,a scale, factor hasbeen in_oduced:
through the scale factor, variables other than price and, income are_hxcovporated into the model'.

Variables associated, with, the five variable, sets. described, earlier are,added sequentially:

The statistical sig_nificance of the, additional! variables is determined through the change in, tl_e
stuns of: tim squared residuals,

_etest statistic'used! todetermine significance,is the difference between the,constrained
anc'l ttle unconstrained sums of squared residuals (denoted SSRD):

rF
SSRD-- [ST(a),- ST(a:)] (,9)

S (a)

where:

ST = sum of squared residuals;

T = sample size;

_z = (:k . q)_ x _, vector of parameter estimates connected with the
unconstrained model; and.

= k × l vector of parameter est_imates cornected wifl_ the constrained
modeti



where:

r = 4T × I vectOr'of residimls for four'equations overt observations;:

- ¢onsistent_ estimate of the, unknown, disturbance terrors variance-
covar_ance ma_ix;

@ = Kroneckerproduct:; and',

W' = n × p_rnat.Tix of variable instlmunents,,

The, number of instmments_ p_ is equal', t0_or greater than, fl_e number of explanato ._ variables;,
k . q,_specified in the unconstTained model:

In- testing the_statist/icali significance of eadl xtariable, clat_sificafion, sets_of variables are
sequentially added, t_ the modek Tile newly specified: model is defined; aB the .tmcons_ained
model_ and the prevliously cal_lated model as the ¢ons_ained, model. The SSRD is. then

calculated' by using ttie sums. of squared residuals: for, the two. models,

qlae SSRD statistic is asymptotically distributed aB chi-square w,ifla, q, (the number of
variables.added to the unconstrained model_),deg'rees_ of fi'eedom. Therefore, the, overall, test: for
statistical, significanct_ of the, newly specified model: can be performed by using the tiWi-square
table.

2.2 DATAUSED _)_AL¥SIS

The. data. used, for thiS_analysis, are.provided by. the EneI:gy Information, Administ:rati0n
(_E'_), U_S, Department, of Energy (DOE);. The E_. has:,collected residential ienergy, consttmpfion.
data since 197_; Currently, thereare, seven EIA residential energy consumption data flles_ Tlae,

( "_st two,surveys were precxtrsors, to file Residential Energy Consumption Surveys (RECS)_used
in this analysis: the first: survey, called, the NationM Interim Energy. Consmnpfion Survey
(NIECS);.covered the i_e_iod; _om Aprfl_ 1978',to Marda _1.979 (,DOE 1980), and the second survey;
called the Residentiait_ Energy Consumption Survey: HOusehold Screener Survey (Screener);
covered the period from April_ 1979 to March_ 1980: t_DOE.1981).

There are now five_RECS data. files,,whie.la, coverthe April 198(_to. December 1987 period
('DOE 1982; 1983a, I985; 1:987a, and. 1989)i These five data flies were pooled to produce a, data

"_ae value, calculated: irt Eq. 10iis not, '_,hnieally., the.sum,of, squar_,_ residuals, The,actual_ value would
be, the simple cross product of the residuals .(fie); _md lhe term in bracketn would not be included in its
calculation, Howeve!_; because, a hfll_informatitm procedure is. being, used to develop, the model
estimates,, a modified 'version: of the, standard! SSRt)' test, is,being used.

I
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' setl containing nea_.ly 27;000i obse_a_ionsi. Only one-fi_ird! of fi_ese-oNmr, vai_ions, were. t_sed! t'o,
o5,tain_ttt_emodeli estimates:described; earlier,. Because, tJt_e¢ompute.r bSme._equired'_ by,'fl_e'mefi_|._d',
used'_ t:0,so.lVe fi;_e'system_ o¢ nonlinear equa_ons. (eonsisVing. of; Eq_,. 2; 5; 7,, and; 8);.madi_.._l_euse
ot? all! _l_e,available, obser,cat_ons protiibit_,v,e.

Technical, clues_ons..on,_ sampling, design_ are answered in_file, appendixes, of uavious. EIVk
repoets (see DOE 1;983b_,1;983c,,1;984a, 1;98_o,_and! 19.90,)i

, I



3 R'ES_TS

The analyOicalJ model! represented By Eqs,. 2;. 5_,.7;, and', 8:was approximately, sol,_edl by,
using_ _e, S_S; institute'S, .,_ree,stage nonlinear proced'ure (SAS Ins_it_te 1_984,.ptfe.,505-550)_ Tile.
procedure was usedl [o obtain, est'ima[edl vati,_es for five models,: where var_ab{es, falling, in_the.
five,var_able-se_ ¢atego_es _--e¢onomi¢,wea_her;,househotd,st_c_re; end_use;,andl housing4ype
vaITiables-- were add'e.d: sequentrially. Tile. variables in¢ludedi in, each category, are listed: in,
'Fabli__li.

Table 2'ilists, tl_e estrimated¢ parameters andl .g:ives: flteir definit_0ns. _ Table 3, gives, fl_e,
es_nated' parameter vali_es far each, of- the _five v.aVmble setS;

3,1 S]_GN_FIC_CE: OF'P' _,AR__,.M._RS

W_h, '_e exception, of,_.e number-of, ctifldi_en, (a_),andl fl_e.heat-pump (b2)_variabli._s, each_
parameter esthnate is. staVist_cally, si_-nificant at, the. 0i0Fi level! As shown_ inJ Table G fl,_evalue.
of the.unexplained! variance for fl,_eent_ire system decfines.dr, amatically wiB_ theadCft_on, of cacti,
successive set'; otavariables,

In, "Fable 3, the goodness,of.-fiti measure declines for both _e energy and; elec_t,:it;y
demand equations, in: fl_e housingrtype model; but, [,he sum of, [,he system's squared: residuals
declines, Only Eqs. 2and 5 t_ave parameters, t.hat are,es_mateG while Eqs: 7,and 8 are idenVities
that contain no parameters. _e implicat.hm of fl_is is that. file addition ot_fl_e housing-t;ype
variables to the.model improves,its :_alue for explaining vaviafitms in,energy price,and,/or energy
expenditures.

Each: set of v.a_ables adtledi to. the analyticall modeli is s[,at_.st_cally significant, at, fl_e (,),'f')_i_
level '_erefore; for fl_e data sample used; to. conduct this analysis, each set of variables ....
economic, weafl_er, household-stvuctl_re, end,use, and housing type - con_butes si_ifican_ly.
to. explaining va_iat-ions, in the model's dependent vaviabli_s,

3.2 NUMERICAL AI_A,LYSI8

In this section, the est,imates,obtained _,om, fl._e.housing=type.cr.mdel' are used to ,calculate
a number of nmne_icall deNvatives, and energy-consumpti.on, elast,k:i_ies (file percent chancre in,
energy consurnpfion_ as a restzit of a percent change in a predete_rnined variabte)_ 'Fl_e
deriva_.ves: and elasticity esthnates_ are calculated using tl_e.1:987 mean values of fl_e exo_genous_
variables (_DOE r989)',

The elast, icit_es are. used to. esthn.ate the co_,_t_but;ion of various factors to, changes in
energy constm_pt_on_ between, the 1984:85 and 1;987 RECS survey periods, In Table _5,. energy
consumption, and; some important explanatory variables are..shown, for 1984_85 and 1987.

The va_ables listed iri Table. 5 are assumed to condition energy consumption, in, a
fashion somewhat, similar to, the way chanl_es: in_ income do: by causing shifts in. the energy
demanct_ curve..Along with, fl_e effects of these condit_oninl_ factors, eneri_y consumption is also,

D
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T_B_E :i_ Elements of _]ariabl_ •Set_:

v,afiablh, 5el_ gli_ment_,

Etumt,_mie Himaeltol_i expenditures;, elt_t_eity, prie.e; nonelectric energy,:
: p_iee; _(,msumer price, index _(exdhding, ener,b_))

Weather Heatirlg, d(,.gree days +(_HDD)i,65_'F:Baue'
Cooling, degree dhy8,, (CDD)I, ¢_9F iJaue:
H,DD:.erossedi w.ith_lmmes_builti befor.e.1980}
HDD (a,ossedlwith, tiomes, built: between, 1.98{,}Jand 197¢

HDD.'cras_sedlwith+et_ti_i¢ spaue tieating
HDD, crossed',with_ lieat;.pump, system
CDD _emtt,,sed!with, el_.'h_C eentrali air, conditioning,

HOusehold! S_uctm'e, Number oti tiouuetmli£ members

Number of; tiouueliolff members cm_sedl _,itl_+gp.ndi.*.rof
t_ouueliolel+,lieadl

NmnlJer of; housetiold+ members crossed; w,itl_s.pouse%.
present:e
Ni,xmberof, lmuselml& members ero_sc_;liwitl_ age, statn_, of.
hou_elmldl l_ead
lXlUmberof I_ouuelmMimembers who are clailetren_

gnd"l_se EIC_,:tvicwater i_eafing;
Electric ecmi_mg

H{.)using Type, Area oflI_o,ne
Area of tmme cro_med'with, number of_rtmms

Area; of home. cro,,_sed:with single-family>, detaclied,
Area. of:lmme cro.,ssediwith single-family., attad_ed
Area of, tmme, crossedi with multifamily; fewer than, five
units,

=

: affected: by changes: in, economic v.aria_ii_s -- tpvices.and' incotne, h_ Table 6, changes, in,economic
variables l,_etween+periods arc, sl_ow_,_+

Between fl_ese two, periods (1984-85. and: L: 87)_ totali residential energy ccmsumpt;ion
declined by al,_out 11.64%, C]iar,_ges atso occt_.red in key vat6ables t:l_ataffect: energy consumt,_i,m_
W15at, is of: hnterest' it_ the relat_ive impm_tance of fl_ese variable changes: with respect:: to. energy
et,msumpt_ion, gst,-imate.s ¢_f.these _.elatdve effects c;m_ be determined; by using fl_e numerical
d_rival:,ives for tl_e equai!iOT_system, compriuing Eqs, 2; 5, 7, and 8:

In Table 7, ft,ac est,J.matedi r_umerical, derivaVives --- tt_e pm@at_ change in e_e._gy
consunai_t, iot_,wi_h, respect" t:oa small; chimge in, s<_meexplanatory variable- of a,number of scale
vmriables are shewn, The vmqables in, t_l_etable are of tSofl_,tl_e. c'{,mt_mous, and: tl_e nominal;

ty,pe,;. W'i_h fl,_eexception of home area; _t_eeffect:s exerted by these variables on, fatal energy
-: conm;unpfion, are. _onsistenl_ wii!t_ _dt;ial expectat_ions,.

"I

1

_I
{

,.._pl.n..r.... _P','.rl]I,.' '_1_.... _,llnlll"'" 'll'_....,r.r..,..,_...., _.... 1.1_1...



T_B_E; 2'Parameters_and!Tlieir. Definitions

Mbdi_l_ Parameter IDefinifit,)n

Fmergy' Demand!
I_, Marginai.i residenfiab energy, ,'d_are'of totali ex,penditure_
%_ N0ndiscrefiimary' residentiall energ,y demand:
a_ . Healing,:di_gree,dhy!_,(65PI;:base)i
a2, I_leath-lg;det_c.,e,day!_crossed _wiflt, liomt.,s buili; before 1,95(,)1
a,3: H_:afing di_grc_,days, cro_medl'witta,taomes, built; bet_c_.n_ 10S0i

and_ 1,97,4',

a4 Cooling, degree, day,!t(65_'F_ba,_e)_
as, Number of I_ousel_oliJimembers,
a_, NUmber of i_c)uset,_oidlmembers, crt,)_e_,:llwittY,femah:q_eadi__l'.

lit_t)._Jd_oldl

a_z NambeJ_ of t.tou,ael_oldimembers. (:ro:_s_tl with, a' ]_ou_eholdi in,
wl_icl_tl_e.spouse, is.presmat:

as., Number of l_ousel_lold}members crossed; with, a', tlousel_t,)ltt
where ti_e l_eadiis_(_5years oi_: (,)_olt;ier

aq, NUmber of Ilouseht_lt_members, wl_o,are I_as_;tl_an_18'years.(.)lid!
alo, Total; t_ome area, (_quare feet)_
a,t;l_ Total home area cro,}sed wifla number of rot,_ms.
al.,., Total! tiome area crossed witl_,singlt:-family, detached l_o|ne
a18, T_tal home area, crossed wilt_,singli_-family;, attaclled I_(.nne
a14 Total'. l_ome area crossed; witl_, multifamily t_ousing witi_ t:ewe_

than four units

Eh_trici .ty Demand _
[_i_l Mm_ginat;eh._:trici_ share of total: energy expendioares.
Y_I_ h,londiscreth.)na_y eti_:trit:ii_ demand!
bl; Heating det_ee days crossed wifl_:electric space i_eafing
b2. Heating degree day'_ cros._ed w.ith,t_eat.-pump, system,
b3_ Cooling degree days eros,led with, electric central: air-

Conditioning
b_. Elc_:t_icwater l_ealinV
b_ Elt._:u,iccooking

On, closer i_spect,]on,, fl_e,net_afive relafionst_ip between energy ctmsumt_t_on and taome
area. is not ctm'qvlt_tely suqgrising,_ Home area inclhdt*.s bofl,_,heated: and. unt,_e.ated, areas w_tt_hn.
file home. It is flaerefore likely that fine negative relat_onslaip, between home art_.a_and; energy
consumpt_ion reflects fl_e increase in unheated: spa_e, ,mch_ as garages and al_t:ics, Given fl_at fl_e
iaeate,$ area remains constant,, an, increase in, l_ome area is likely to redut_.eene.rg:, consumption,
because of fl_e hnsulat,Jng propertSes= of tt,_eadd]t,Jonal; unt,_eated space.

At flae mean level; of energy consumption,-- about 102 × 1:00`Bla:a.... fl_e retat,ive
differences i.t_,energy consurnpVion are drama_c when one compares older homes w ifl_ newer
ones, and; sin_le-famity and, small: multdfamily, units (,fewer t,ha'n, five units), with ot_her housia._g
types (suds as mobile, homes antf mulfifamfly, homes v:itt_, five traits or more)_ The numerical
di_rJ.va_ives indicate flaat ene_gy coast,.ampt,_on hat:reases in fl._erange ofabouf 2(,)_t:o_30%. l_,)rt_ome.s

,_ ' ' ,, _1_ I_1 II ' IIg_lH ',111, 1_ I , I_ .,



T_B_E', 3; Parameter E_tima_es for Enemy, and El_t_ici'_, ModelS

I_tlgu_mltt}ltti lqb}u,tn_
Mt_,t_:ll Pammeml_ Eu_nomie Wenttier Strruuture _ad'.U_. Tyl!}e

I_ne_y' I]}emandl

[t_ I.11(}1)._1_, 01{1,10_'8; 0:[)1q92' Oi{llqd3_ {h{111}t25,
((}li}l}{}fl_)_ ((}ifllH}B4),_ (02flI)1194)_ ({}J{}IH}_5)> (Oilll}l}*t)_

76, 8{,1!51}} 42'.{15, 3_3_9_ 37156, 42:75
(01726;1i11)i (_1_.33)} (4,,ltS)j ((Ii.2_1)i ((I_.4P.)_

ab 6,54Eq}I9' 5,3Lz114}5; 319ti4}5. 4_,34E4}5,
(6,2.E_(lf_)_ (6Ei.{16)} {6,1i.I_-{}fi)) (5i9E4}8)}

% 813E,4152 7:6E415, 82811415, 8L55E_{l_3;
(5,FEqI6)) ('..4:9t50ti),, (5E4}8); (_4:SE_}li);

a_t.,' 6}3}IE4}5 5i67;_4}B' 6,22.E4152 _£_39E_}5,
- (5_3EA16), (_29E_{}B)_ (_5_11E4}6)! (_SE4}fi)!

a_ {}1{}1}1}%7 {}1{}1}1}1{3_ (}l{}{}l}lq_ {}l{}{}{}l{}tt.
({?.liE4)5)_ (_T.11E4}5)_ (/1;.211E,4)5)_ ((P:11E4)}_)_

a!_. - - {)I{},_H.O(}} Ol{},qS62' (}1()11t187.,
- ((}!(}I_4_1,11), ({}1{}14i}ii)) ((}1{}1{368),

aii' - (}l(}}}6(}fi. {}1{}}18(17' (}l{}flSZ2'
- ((}}(}lzlilS)i (.0]{)1144q!)_ (()1I)1i1{}6)}

a7, .. {}i(1fi684 {}1{1fi677 (}libiilBB'.
.... ((11(}1845)> ((}_f)133t}); ((11(}12213))

af_ - {}i(}}!256. {11{1[1{1_18; (}l{14.tlZS,
- ({}/(}l}fiI_7)_ ({}11)11fi69)) ({}11}1}7))

%; .... (}1(}1}i!24 (}1{}1}228. 0',{}1}131t_
- (I}IiII}IB), ((}}{}1}I50)) ((}1{}1}162))

%o} - - -5,14E414'
- - (3',8E415),

P'_,'.,t_ - 2:3blE.-.(}5,
-. - (_1i.IlE,-{IfQ_

al_2, •...... {}i(}lllltl
- - ((}_(}lllll)4))

al,_ - - {}l{}{}llB7

a.l+l.+ .. - {}I{llll}_]B.
- - {'4::1@.0_)_

R:-Square {11{}52;1_ {}i2(FtU {}i273__ i1_27.74 012635,
El_;tricity Demand

I}ol_ {1LZ5862 {1;5"1332 (}15(113¢1di {1,51,7(1, {hSiI2,gZ
([);{}[}9_6)i([}J[}l}D, (OJ{}l}fi|]4)l(0_(}[1648)}((}1(1[}6114)..

Y_:,t_ 3V"{}}l_ '1'1!.92' 10134 4,89' 6,7T
({}_4}i,',1t3)} {{}_4562)i ((}}41873)} ((}]448t}0), ({}]4fil;51_)

bl_ - OI{l(}{12_]: {}1(}(10P.9 {1101}016. (}1[}1}1}16

b2 .. 7,_lE,(lfi, I_.{):fiF1415, '71)gE_{)8, 5_97_.4}fi.
•. (5,5_{}fi)} (5,6E4}8), {4:9E4}8), (4.,'_..41_,)_

b,_. .. {}i{111{14,I_ (}i(l{lI}&3[J. /h{1|11}25. {}1(}1}1}24_
- (_1_.2E.,.{15) {.T.2E4}5), (8;4E4}fi)i (729E,aIB),
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TA,BEE_,3: (_onCd)_

t+tOuwaliol_i Him.trig,
Modidt Phrami._ttalr Euonomit_ W_.atlte_ $ti_uutu_ Enut_,W_, _y,pe

b41 .... li,ldtN_7,, ()19t12'1_i
- ., (o_0_49£)) (Ot(}_t4_L,8)_

b!j, .. -. 0164_}IL (}I!_1},I,7,cI_
- (01064@ (0}{)#_qfl_)

R;!iquare (li27,0!_,_ (116747_ ()16H()!)_ (};7,alllg; (117.397
SyBtem_ Sflltittfit:S

5ampl_. Size, flH_,, fllt_.' 8H_, 811T7 81t_'
Ol_:tiVe' ll.l(}!)tl!_' ()lbl,t),llI[3; 0181.18¢.13', (1i7_0P.8: ()lt3Ha!0f

aNt_mtion, uuedt li_t_tirevity in, d_aling, w,tt|t_very smalll valhus;: 6d_4Eq)g,= 6,54!x. L/}_._:

TABLE 4' AnalysiS_ of' Variance,

Difference

V.ariabit_., . Sum of in, Sums, of

Se_ Addc_i_ Squinted Squared Degrees.of, SSRID,

to, MOdel! Residilali_.. Residtmls! t' Freedom, Statistic

Ectmomie 9853 - -
Wen03er 79'H' 1942 7' 2'.b79'
I.q_mse.laold!St_ueta_re 718:t_ 731,), 5 91'12'

.-_d*.USe 6305, 876 2; l_2:]3

[.qtn_sing Type 5li93' lil t2 5, 1_91}lI

atmmediately prt._:eding v,'flUe of squared, residuall minut} present value:

built before l'974',_¢t_mpared with homes built in 1074. and'_ after; ene_gy consmnp!_ien increases.

by ab{mt 55 to 65%, For single-family (ctetad:_ed_andia_tacl_ed,)iand small', multifamil_ st_m¢t_res

(_tb.wer. fl_an, five unit_:.0_,compared: wifl_ other housing, types,

At fl_e mean, leveli of energy, ¢c,nm,m'tption_ ,,.!,pace conditfi,_ning requ_ements alSo,account!

for substanO'.ali amounts of energy consumed in, fl,_e residential' ,motor.. Space lneal_g ammnes

for about 35 to, 449% of fl:ae energy consumed by households, and_ cooling, for about 1:(,)to, rs!._i,

HOusehold!-struetaare variables, also, |m.ve a_ considerabte influence on energy

consumption, Emp(vically,. t&e analysis, indicates _mt_, at: tJae mean consump_iOn ILwet; enert_y

consumption, increases by about 110%,wifl_, each: additfionali ho'_aseholdl member:

In cases where _lie' houset,_old l_ead! is female or elderly, or wthere i_taespouse, iu present,

tt_e ._pact on, energy consumption, is positfi_e_. Energy, consuml,_tSon int,:reases f_r _emale-i,_eaded'

houael_olds by approximately 20.' to, .25%. comlpar{,._d w.ifl,_ male-t,_eaded_ l,_ousehoMs, FOr
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'FAB't_E,151Chanses in_EBer_y/ConsumF_ton, and_ Ret'a_ed:
_ari:aBle:J_ bet_een, 1,98_8_ and! "1.987

Valhe__,

V,ariabtL_ 1084'.-85, 1087 Clhmge (_"A,)}

Ene.r}_, C0naumption,
pe_ IIHt,mt_el_oM!
(¢#'Bm/'yr)_

_Fotal,emergy I_' R,)}]_Si 101!.8: ..1L.fi41
Elect_it:i_, 28188: 29:3; I;.45:

W'eather (65PF:base)/

Iqea,fin_g d_gree days, 462l,)i 4_0i ,-3_90)
Cooling,, di.%ree'dhys I06(')_ li2601 1_8_87

IHma_el,_t,)lidi5t_n_ct.ure,

Iqi0,vael,_dtB!memberu 2;7 2.6B, -ll.8f51

5pt0tla_e,pre.,tent_ (,%)> 59!9' 58_0_ -.31.l,7
Hendl of lbousel_old; (%)_

SingJe' femali_. 26,85, 27,8!5, 3;72'
Eli_eNy person, 25,6 29:5, 1_,5_23:

Home Age. (_%)_
HOme, buil_ bet:ore I,95(_; 37:0i 35,0' .-5i41_

H_,._me.built_ during 195(')_1074: 46,6 44_.2! -53_5;
Home buill; after 1074 16,4 2{)i8 26,83:

Hotming,'I?ype (_%),,

Singl0..-family, deR_chtd! 63.1 62:0_ -L74
SingD.-thmily,. attad_ed 4'.65 5,3' 13i9.8:

Mullifamily, <5: units, lq.8 lqi.35 -3_8:1_
Ott_m' 2G4 2't_.9_ 7,35,

a'Nae value._ ,fl*_own_in tl_it_,tabli_, are moving average.s bee_'een
survey period,% wittY,tl_e 1984_.85 value C_:lualto tl_e average of.
tl_e values, gjvcm, in REC53 (1DOE 1085)and: REGS¢ (_D©E
1.987a,),and tt_e 1987 value _ual: to file average, of file, RECS4'
and RECS5, (;DOE 1989)>values..

b'Fotai_ener}_ consumption it_eq.uallto, tl_e sum of ele_:triei_;
naturali gas,, flm.I_oill/'kemuene; andi liquefied; pemfleum gat_
ctmuu,mption,

S_.mrce.,_: DOE l,987a andl l.989!
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V/allm

Variabli_, 10_4_fil 1087 Cl_ange: (,%)!

Homml_old! Iiacome. 23;291,1) 26_925 15i6;1!

Hout_holktl 1_7_42i01 li9i8t_}_ li3;66,

Ext_endimres,

.Elecl:ri¢ifw Price 20i90i 22'.14_ ,r5,9_].:

Nenelt_t_ic Ener,_,, 6,42' &[06 -&6;li
Pi_it:a($,/I0_' 13tU)J_'

Conaumer' lh,ice, 1;°380t li.497' 8',48',

h,'ldex; 10Y9'ba_e _z

N_,m,F.nerg-y,,17ri_: li.35;1_ 1!.494' 10158',
Index, 1979>bat_e_'

a_ourcas: DOE 1987 and: li989,

t_Heu_.holdi expendicurea_ are ded,v,(._t_f_om, l._ou_el_oldI income
information in_ DOE' sur,'veys ((DOE 1_987a,andi 1989)_ Heut_el_olid!

expendi_r.teu are, aasum_._l to, be. a_famizfion, of laouaeholdl inct_me,
conaumet_ pvit:us,, andl age., of houael_oldl head _. An, _tuafion,
reflL_ting, tl_ese relationshipa ia ua_M:t0, eah,:ulate hou,,_l_eldi

expenditures.

'_50urces:_ [_lS, Departmen¢ of Labo# (;DOI,'.):198/5,and_ 1088,
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TABLE' 7 Ei+_i.mat_ed!Chan_es_ in, Energy, Conaumption, as, a, Fun_at_on, o_ 'Chang_n i_ Sel'e_tedi

l_nd'epertd_.n_ Variables:

C1;_ange,in,, Cl,_ange iv_

[' lUmel_ii,'aIl Nhmevtctfl!

V11riable Delli.val,'iV_ (11:(')0'Bt_a!)_ V,aviai,_le Delfiv a_i_,_.'((li00'Bt_,))

W'eatl_ev;61Y'FBa_e N_amber ot_Rooms 3,79,
Heating,, d_eg'reeday.'_!_' 37::3: Home, A,rea',((t?_)}' .-1!.32'
Cooling. d_a.g;_ee:dhys! _' 1i2.2 Iffouael,_oli_llMembers, 10_4'2'

$r_ouSePre.,_e_l_ 1i[!.{,)9_
Home, Ag_

BUiI_ before 1i95(0, 27,27' [qeadl {,:,tjIr{10ut_el_old!

IB_ailfldhring, tl{}56W,.li 22;4_' SingD. femalL_, 22:{_}_t_
HI,tL_rI_ per..._on, 1_2:.36,

lqOu_fing,Type.
5ii,_gle-family,,. dieta¢l,_{_f 63,39_
Si_g!te-thmily,, atta{:l_ta.vt{ 58',75;
M!ulldfamil_; <5, units 57,8:1!

aMem}u_e.,_,{:t._ange in, e_neel_' ¢l_ntmm_pth,_n,given, an increa_ of 44(01!}:in I_.D!

blVteai_ueeB.{:lhange in, {a.nm_l,_,,¢l,}nt}umption¢given, an, increase, ot_1_26(}!in, CDD'.

"_Memiuve:t.d_a_nge h,'l;enel._j_ v.'l,)nttlaI.llpf_Ol.l,given a Li,)% int:re_se _'I;7(,}if_))in, l_ome'!} a_ea:

llousehol'ds, whet, e, _he spouse is pee,_en_ oe where fl_e househelWs, I,_ea{,5is an, eldevl,y,, person,
_65 yea_s o r o IL_e_)s,e_,_eegy'¢otnsumpfio_, mceteases,by at_eut; l@__0,l'5_' ¢omparedi w_fl_, househohd,_
where, tlhe. spouse is, _ot_ preserafl {,_efl,_e head; is u_dee 65; yea,s old;.

3,3 RELATIVE: SENSi'FIVITIES', TO VARIABLES

'Fl_.e deriva_ive,_, presented' i_, '17ablt_. 7 hndit:ate, how e_ergy ¢o_sump_i.on' c ha_ges, m,
absolute teem,s, H'owever,. t.t,_ese derivat;ive,_, do, nee reflect lane eclat, ire sensitivity o_ energy

ct_ns_,np_ion w4fa,_,ees_eetl h,_,the variouts mdlapendL_I_t_ variabl_as, For a t_etleer understand_g of

fl,_e eeli:_tfi:verelat, io_st,Tip_ esfi.mafes: of ,$_e.etasl_ici_es at fl_e mean8 were. callmlatedf

1_ Tat_le_ 8; energy demand elastfi¢i._ies, are p_e,._ent.ed_ for a, m_mber o_ i:enpor!zmt_

extplar_a_ory w_riaMes, Along., wflJh fl_e etat_i,::i_ie,_,., fl_e, percentage {:l,_ang_es for eact._.,variat,.',le;

t'4jven_ i_, 'gat_.ies 5, aru5 6, are again, sl_ow,n. '_h{.., product; of the varial_te ela_i¢itiy, - fl_e per{:en_

ci_ange i_, e_ergy ct0nsumption given= a percent, ct_ange, i_. fl_e vatiabli_ value .... and; tl_e per.een_
change h,_: Bhe expILmatory variable _,ves an estimate of the percent, change m, energy

{:m_sump_ie_ a_il_utablt__ _o, Bhe tihange in tl_e explanat_ry variabli__.

F,e_::l_nu:ally,theelastic_des.should, be calculi_ted by u,+hnga,weighted _average_of t_henumerical! derivatives
cMi:ula.,ted',af fl,_e'lacmtielwA_ ilm,eli since the assumptions, for im_exact nonlinear at_')_ega.,_on c[,)ndifion are
not..,_atisfied'.
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TA_BLE8: _anges:in_ Energy Demand Elas_i.L-_ieSr__and!Effects on,
,' Energy Consumption

Change; 1.984-85 Effect!(m_Energy
Variable ., ElastitJity to_1987 (P/o)_ C0nsumption _(%)_

Weather, 65_F Base
Haathlg, de_ee .days 0:373 -3_90_ -t_.45,
Cooling.degree days 0:.1211 18_87 2.28

HOmeAge
Built before, 1950 0.095 -5:41_ 41:51

BUilt during 1950-74 0.097 -5,15 -0.50_'

HousinglT,ype
Single--family, detached 0.387 -1_74 -0;67
Singl_family, attached 0.031 13,98. (I.43
Multifamily; <5 units (!:066 -3:81_ :0.25

Household Meraber_ 0,275 -t ;85 -(I.5l

Sp ouse Presen t. (I.064 -3,17 -0.20

Head!of Household

Single _female 0A:10 3;72 0A1
Elderly person 0.027 15,23 0.41

Electricity Price -0_042 5_93 -0.25

Nonelectric BarergyPrice -(I.038 -5,61 0.21

Non-Energy Price Index -0.086 10:.58 4.1,91

Household Exp_mditures 0.166 13;66 2,27

Here, the demand system can be _characterized as a conditional long-mn model.
_[herefore,:the changes in energy consumption due to changes ha the scale factor, _gc;,represent
shifts in the long-rim energy demand curve. _le expenditure and priceelasticities represent
conditional!long-frm elasticities: elasticities conditional on the household's weather, structure,

age, and housing-type profile.

'Fne sum of, the estimated changes in energy consumption due to variations in ali the
variables is 0_54% (energy constunption is estimated to increase by 0.54%), compared with the
1..64%decline in energy consmnption shown in Table 5. After the price _md income values are
excluded, the stun falls to -0:57%. _e difference in the estimated effect, obtained by using
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population_averages, is not _su_,riSing, It: is likely ttiat, the,use,off _populatiOn, averages results irl
biasing of_:the calculated! effects,

._,lthough_ tile derivatives estimated at the means dt_, not_give , unbiased' estimates of_
aggregate,effectst they are stilli illustrative. _le variables w ith_ the largest: estimated_ elasticities
are "single-family, detadiedl"and! "heating, d/agree _day,s;',' witti_ "number ofihousehold! xnembers"'
a_close thirdi

Because of their relative volhfiltty,; heating, and coolhlg degree days andl househoidi
expenditures are e)<pected to _mare the largest', periodic conh,'ibufions to, energy: consmnption,
changes. Over the long run_ housing-stock,related: variables, such as housing-stOck age and '_

housing, type, can alSo,contribute substmltially to,energy consumption _ctianges. For example;
a change in_ the relative ntmaber of sing!e-family, detaeahed liolnes would affect energy
consmnption, dramatically.

L

*As indicated earlier, the estimates obtained with the modeli described in this report are calculated by
using household data, Because oi this, the calculation of the effect: of chmlging variables on e.nergy
consumption _should be done at the household: level. The effects should then beaggregated over ali
i_onseholfls todetermine the average OOlJulafion_effects(using houseilold ieneri,,y consumption, toweight
the results),

'_I"...... _P_'P_II'II'v......' ..... ,_"IIM_Jl...... ,Ir,_.... "" 'lI_.......I, II_,H_I' II'l_'p.... lip !iIl_Ill_le_'ppllIlljIIIIl'lIl_li"IItlq,'q'l,,I,



4 CONC£USIONS

In,order to,understand! the ramifications o.f_energy,policy.,,knowl_dge,ofi the relationship,
be_een_energyc_nsumpti_n_and _t_ervar_ab_es affeetingenerg_y_nsumpti_n'i.s_required_ Re
pm_pose ,_ofithe researct_ _described in_this repo_! is, to_quantify. the _eonnection_. between; a, nmn ber
of, these, variables andl energy, constanption, _The research_ findings provide a, basis for,
understanding.; the' relative influence of various factors on energy' consumption, Consequently,
the, potential effect of, policy on_energy:, consumption, andi expenditures can, be more clea_ly
understood:, The variables llave been_ groupedl into five categories: economic; weather,,,
householdast_ture; end_use,., and; housing-type, variables, 'IThe,variable., parmneters in ea{dl_
catego_' are, listed, in, Table _2 (see Section, 3)_

Statistically,,each_ ofthe, variable categories has,proved: to.be'signifi_zant. _le,individuali
parameterestimates,, with the exception, of the coefficients for tieat,pmnp variable and nmnber-
of_dfildten, variables, were. ali _statistically significant.

In calculating,the, numerical der, ivatives ,'md; elasticities,, mean. values o f the exp lanatory
variables were used. The ;estimated partial; effects using this. prouedure are cevtahlly biased. In
order to obtain unbiased population, estimates, these _calculations, in_the fliture, should ibe. done
at, the. household: level, .The household estimates w.ouid then_ be aggregated to, obtain the
population estimates,.

4.1 ECONOMIC VARIABLES

"_e parameters captm'ing the influence of housetiold_expenditures and prices on,energy
consumptitm are all statistically sig,nificant. The estimated elasticities indicate the demand
(conditional) for energy _is very price-inelastic. The expendit-are_elasticity - which is also very
inelastic -is four times as large as tlie absolute values of the electricity prk:e and nonelectric
energy price elasticities, and it is twiceas large as the non-energy price elasticity.

The implication, of this result: is that total energy consmnption: is relatively more
sensitive to income dlanges than it is to price c.hanges. The inelastic expenditure elasticity
implies that the energy-expenditure share declines as total expendihtres increase. _lis result, is
clearly borne out by both time-series _md, cross-sectional: data analysis.

'_ese findings are highly relevant to the formulation and evaluation of policy. _171ey
imply that market-based policy, whidl has the objective of reducing energy consmnpticm
through the upgradhlg of existing housing stock and appliances, will be only moderately
successful.

4.2 WEATHER VARIABLES

l:-teating and cooling degree days are important wwiables in explaining variations in
household energy consumption. The heating-degree-day (I:qDD)variable has the largest
elasticity of all the continuous variables specified in the energy demand model. Changes in

residential energy consumption (at the poh-lt of end,use) over the past two decades probably

,
,, ,,f..... ,r .
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have,been;, in_large, pa_t,,, the, result o£ pupulation, migration from: tile No_theast'_ and! MidW,est;,•to:
the, Soutti, andl vYest Census, regions,

The modeli v,alims also, indicate _tliat: declinhlg; energy consumption, due to, di_ereasiitg
t_eating loads Ims been partially: offset_ by.' hlcreasing cooling loadt_, In particular, population,
increases, in,tile Soutti, have, pro babl y led! tc),increased! energy consump tit)n, associa tedi w lth _sp ace-
cooling: r'equirementS,

4_3: HOUSEIffOLD-S,'FRU_R'E, V'._IAB'LEfi

The: householiJ_structure variables are,statistieail_ significant in, their relationsl_ip wiflr.
energy consu,mption_ The retationstiip, between., tiouseholhl; str_cture, and, energy consmnpt_ion,
is based on tile reason ablta ' hy,potliesis, that housetiold s tmctalre, tlirouglv its association, with
home, utilization, will affecti energy con,aumption_

Tile, supposition is adwmeed that tiome occupancy (utilizati0n), and the number of
housetiold members are directly related,. Because of; this, the level, of residential: energy
consmnption: is expected to increase with an increase in tile number of household' members:

In fact, the household-member variable turns out, to be extremely important. Next: to
the heating-degree--day variable;_the number of household members ties tile largest elasticity of,
all_ tile continuous variables specified iil, the model: In the slmrt, mn, however, the, effect; of

changes in the number of household:members on:energy eonstunption is anticipated to,be raffler
small, since the qumber of household members changes only slig!lfly' from, year to year. hl the
long ram, the net effect of the nmnber of,household members on,energy:consumption Ims been,
negative _because of the decline in, the average number of household members,

A number of otller interesting relationships with energy'consumption emerge after other
variables have been over, laid, mn top of the household-member variable. These relationships are
also potentially relevant to,policy formulation:,'md assessment, The model demonstrates that a
single-female-heeded household will ronstune more energy than a male-headed household: lt:
is spe(:ulated': that, ,because of the higher rate of unemployment for a typical single female head;
the single-female-headed; home will have a higher occupancy rate. As a result of this higher
occupancy rate, energy consumption will; also.be higher.

Rate of tmme occupancy may also, be,irnpor, mnt ha the cases of households with:elderly
heads andiwhere tile spouse is present, h_ both, these circmnstances, it is speculated that the rate

of home occupm.acy will; be tiig,her, and consequently, so will the amount of energy consumed.
'l_mse hypotheses are borne out by the model:

4,4 HOUSING-,:I_'PE AND HOME-AGE VARIABLES

For a. number of categorical variables, the.effect on energy consurnption is substantial.
Living in a single-fmnily home (attached! or detached) or in a small multffamily dwelling (fewer
than five units)adds substantially to the amount of energy consmned. Also, as would be
expected, living in an older home adds to the amount of energy consumed.
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lJhe increase in, housetiol[tl energy, consumption: fan'smg!e4alnily' andZsmall_ mul_ fnmily
dwellings, iu esthnatradi to,,be about; 60x 1'00 Btu,/y_ eamparedl wit:h the ave.rage, level, ofenergy,
¢onamnpfion for otlier ty,pes. of_homes (,la_ge_multifamily dWeUings and'_ mobile liomes)i. For

homes',buflt_ beff_re 19g_, tmusetlolelleneNy'consumpt, ion, is;est:_mated tt,_,t_eab_mt_25_x.106:BluCy, r,
more. comparedl w.itll, average energy consumpt;ion, for,.tmmes built: after 1974:.

On, the average, tlie energy-consmnption; elast,_cit_ associatedl witl_ single-fatnil),.
detadied" hermes, is _.tie,lflr,gesg of atli file vaNables specified in, tile demand', modell How,even,
because of file rather slow' rate of, tumove_ iii. housing:, stock, tile effect, of dmnges in, tiiese,
variables on_energy consumption, wilF only be felt, in' the, l_mg term.
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