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ABSTRACT

There is an increasing interest in energy policy arenas to address the
needs of low-income people. Federal energy assistance funds average to only
$100 per household each year when spread across all qualifying households@ In
a colder climate, this level of assistance does little to alleviate hardships.
(Williams, 1982) This recognition has spurred utility and government response
in Wisconsine The serious question of the commitment of resources required to
address the problem, however, is not easily answerede

This paper reviews a utility weatherization program ordered by the Public
Service Commission of Wisconsin in 1982 and administered by the major natural
gas and electric utilities to reduce energy bills of low-income customers@
The program was evaluated between 1985 and 1986 to determine the level of
energy savings realized from it. Evaluation of the program was approached
cautiously@ There was interest in the evaluation results to address broader
policy questions: (a) what were the potential energy savings, (b) what were
the best weatherization measures to install, and (c) how much could customers
bills be reduced? Not only were these questions being asked by utilities, but
they were being asked by the state legislature to determine state involvement
in weatherization and by advisory groups concerned with weatherization guide­
lines&

The process undertaken to accomp1ish the eva1uati on and the subsequent
results are described@ Information from the evaluation effort provided
opportunities unforeseen at the time the evaluation was undertaken. The
dividends from using the Princeton Scorekeeping Method (PRISM) in retrospect
outweigh the considerable efforts to do the evaluation, particularly as
subsequent eval ons are undertaken&
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INTRODUCTION

There is an increasing interest in energy policy arenas to address the
needs of low-income people. Federal energy assistanc.e funds average to only
$100 per household each year when spread across all .qualifying households. In
a colder climate, this level of assistance does little to alleviate hardships&
(Williams, 1982) This recognition has spurred utility and government response
in Wisconsine The serious question of the commitment of resources required.to
address. the problem, however, is not easily answered8

This paper reviews a utility weatherization program ordered by the Public
Service Commission of Wisconsin in 1982 and administered by the major natural
gas and electric utilities to reduce energy bills _of low-income customers $

The program was evaluated between 1985 and 1986 to determine the level of
energy savings realized from it. Evaluation of the program was approached
cautiously@ There was interest in the evaluation results to address broader
policy questions: (a) what were the potential energy savings, (b) what were
the best weatherization measures to install, and (c) how much could customers
bills be reduced? Not only were these questions being asked by utilities, but
they were being asked by the state legislature to determine state involvement
in weatherization and by advisory groups concerned with weatherization guide­
lines$

The process undertaken to accomplish the evaluation and the subsequent
results are described below. Information from the evaluation effort provided
opportunities unforeseen at the time the evaluation was undertaken. The
dividends from using the Princeton Scorekeeping thad (PRISM) in retrospect
outweigh the considerable efforts to do the evaluation, particularly as

evaluations are

'*At the time this paper was submitted, the author was associated with the
Public Service Commission of Wisconsin.
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BACKGROUND OF THE STUDY

The Public Service Commission of Wisconsin actively began to promote
energy cons2rvation programs in 1977, prompted by the natural gas emergencies
at the time. In 1982, it moved to direct assistance of low-income utility
customers by offering low-interest, deferred payment loans, and direct
weatherization assistanceo The order requiring the program of the major
natural gas and electric utilities was issued after extensive hearings. In an
environment of escalating energy prices, low-income energy burdens were
increasing, although, as shown in Figure 1, these burdens reached their zenith
by the time the order was issued. The goal for the program became the decline
in low-income customer arrearages through absolute reductions in energy
consumptions. By 1985, program spending had increased 97.9% from the initial
$3@9 million in 1983, the first full program year$
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ci been acquired to evaluate the programls
veness@ One of the motivations was that uti 1ities measured energy

fferently , as a result, inter-utility comparisons were diffi-
cult~ Second, the evaluation literature was cautioning that engineering
calcula ons for icted ngs themselves tended to ignore the synersistic



effects of conservation measures. Also, the literature made a strong case for
control in determining net energy savings attributable to programs. (Chapman,
1980; Hirst, et al, 1982). ThiPd, there was concern that some measures were
being inappropriately recommended and others over-installed. Absent reliable
statistical evidence on the interaction of weatherization measures on the
observed level of savings, staff had difficulty disputing utility program
decisions. AZso, the state weatherization program administered by the state
social service agency was being evaluated to determine its success in reducing
energy bills. Preliminary results showed net savings of only ten percent.
Concurrently, a low-income energy task force began addressing integration of
the state and utility weatherization programs and needed information on
program direction.

The commission staff had reviewed the energy conservation literature and
was familiar with a variety of evaluation approaches~ As part of the energy
conservation initiatives adopted in the late 19705, the cormnission required
utility participation in an inter-utility committee, which served as a forum
for new ideas and initiatives@ A decision was made to cooperate through this
committee to establish a procedure for evaluating all utility energy conserva­
tion programs@ The staff believed that if utilities were to approach eval­
uation seriously, they had to be active participants in the development of
evaluation guidelines and procedures e Also, the commission lacked the finan-

al d staff resources to evaluate programs and, hence, needed another
i e for conducting theme

In to a staff memorandum outlining general methodologies for
evaluating conservation programs, the inter-utility comnittee established a
task to velop overall program evaluation guidelinese The evaluation
of the weatherization assistance program was nea ng conclusion and
commission staff consulted with the University of Wisconsin Statistics Labo­
ratory regarding the methodology used in the evaluation. At that time, staff
knew on that the methodology produced infonnation on normalized annual

on, whl was one the approaches identi ed in their literature
review, and many sal utory features, such as lower standard errors for

say; conventional stati cal approaches@ Commission staff
i wi k force on PRI invited the statistics

discuss r with them0

, i 1i ttee to contract with
statistical laboratory to employ PRISM as the evaluation methodolo­

ry 1984, when the original staff memorandum was written,
1985, when nal decision was made, meetings were held to

the concerns pa cipating lities with evaluation as a means
i effective program management~ These concerns were mollified by

on between impact and process evaluations - commission staff was
ly interested in the program impact while the locus of process eval-

ons were 1i es themselvese (Soderstrom, et al, 1981; Poister~



1984) Another uti 1ity concern was the data requi rements of PRISM. Many
viewed the need for thirteen months of data on each side of an installation as
unreasonable and the need for control as unnecessary; this sentiment was the
product of computerized data retrieval systems which stored between twelve to
twenty-five months of consumption only, thus requiring microfiche retrieval of
additional datae

DATA COLLECTION AND PROCESSING

The cOlTmission ordered each utility to file information on installation
costs and measures, in addition to general customer demographic informatione
This information was filed on 5 1/4 inch floppy disks to reduce clerical
costs. Uti 1i ties had an incentive to accurate ly report the i nformati on
because only some measures were reimbursed through cost-sharing by the Solar
Energy and Energy Conservation Bank.

Each utility was required to provide at least twenty-six months of
consumption data for a11 weather; zation customers and a control group@ To
estimate the savings attributable to the program, the total observed savings
in weatherized houses had to be reduced by an amount which would have been
achieved withou~ the program~ This is estimated by the savings in a con~rol

group, which was chosen from customers receiving weatherization after December
1984, the last month of available weatherization measure data. Utilities with
less than 100 installations in their treated group were asked to supply an
equalmber of control customers; others were required to provide control
customer consumption data for every two treated customers. A control customer
was dined as those receiving weatherization servicese Uti 1ities used a
customer identifier, such as an account number, and delineated the
pre-weatherization period from the post-period with a numerical identifier~

rther, meter reading dates were required with the consumption of natural gas
in therms and/or electricity in kWh. An occupancy change code was included so
the effect of occupancy turnover on energy savings could be determined later.

nally, the municipality in which the customer resided was includede

Utilities sent their data to the commission on 5 1/4 inch floppy disks in
a standa pri form ile to avoid transcription errors* The staff spent

weeks elimi n errors standa izing meter reading codes using
a data management software package@ Some utilities had as few as five codes
while others as many as several hundred: some codes differed depending on
whether they were customer reads, uti 1ity reads, computer generated or ac­
counting 0 ice estimates, rereads due to customer high bill complaints, etc&
All were collapsed into three categories - actual, estimated or missing -­
because RISM functions best with at least eight to thirteen actual readings.
The staff a1so co11 apsed muni ci pa1i ty names into county names so
c1 ogical ta could be assessed for degree day adjustments0 Table I
shows how the data were trimmed of undesirable observations d'ue to too few



Table I: Number of customers and meter readings, by utility

Number of Total Reads Percentage of Reads
UTILITY NAME Customers Reported Estimated Missing

Wisconsin Gas (WGC) 1,055 33,889 46e8% .9%
Wisconsin Public Service (WPS) 623 20,667 2~2% 1.3%
Wisconsin Natural Gas (WNG) 252 9,256
Wisconsin Power & Light (WPL) 228 6,348 3.6% <32%
Wisconsin Fuel & Light (WFL) 186 5,568 2.1%
Madison Gas & Electric (NGE) 146 4,375 2$8% .2%
Wisconsin Southern Gas (WSG) 106 3,214- .8%
Wisconsin Electric Power (WEr) S2 1,720 3$1% 404%
Northern States Power (NSP) 16 443 9.1% 4.5%
Superior Water, Power &Light (SWP) 8 238 .4%

TOTAL 2,672 85,118 7*2% 192%

monthly readings or data errors. A concatenated data set was delivered to the
statistics laboratory in May 1985&

Several lessons were learned in this phase of the evaluation. First, the
tacit acceptance and recognition of regulated utilities was critical to the
success of the evaluation. Second, despite the computer revolution in infor­
mation management, many utilities do not archive to computer tape, but,
instead, use microfiche as a storage medium. This makes data retrieval for
PRISM, in particular, time-consuming and costly@ For example, one utility
estimated that it cost approximately two dollars per observation to compile
the required datiL~ Third, the manner in which a utility reads a meter strong­
ly influences overall data qual; $ Referring again to Table I, for example,
Wisconsin Gas required meter readings every other month, but, when failing to
gain access to an internal meter, would estimate consumption for the period
based on the prior year. The company's computer program would also reject any

ing exceed; the prior month's reading by 10 percent and would
re-estimate the 11 sed on prior consumption. Although this practice was
uncharacteristic of other utilities, it caused some consternation because they
had a large proportion of the total jobse FinaZZy, since the conrnission staff
had initially gathered measures installed and demographic data - and had done
so for two years prior to the commencement of the evaluation - it was easy to
detennine data requirements. However, it was unprepared for the number of
treated and control households which might have been affected by other
weatherization programs during the period under analys1s$ It was later
estimated that approximately fifteen to eighteen percent of treated insta 1­
1ati ons had work performed by other weather; zation operators Q Eva1uators
should be prepared for this other synergy when reviewing their low-income
programs 0



When the PRISM results were returned to the commission, it was put to
immediate use b~cause a low-income task force was in the throes of considering
changes in state weatherization pol icy. The PRISM data was merged with the
weatherization measures and cost data through the common account number.
However, 22 percent of the jobs had not been entered on the computer, another
six percent had leading zeros in one data set and not another and didn i t
match, and some measures and costs were in error. For example, early, the
program had only a few categories for detailing costs and measures e For three
percent of the jobs, a utility had lumped caulking and weatherstripping jobs
which was discovered when costs appeared unreasonableG After these and other
records were screened and, where possible, corrected, approximately 1,200
treated households remainede Of this number, only 606 treated records met a
"good house" test of ten actual reads and RZ of $90~

EVALUATION RESULTS

A major question facing the commission staff upon recei of the PRISM
data was the impact of energy savings of the program@ It was bel ieved that
the utility weatherization program would have higher energy savings than the
state weatherization program because it was perfonmance-based@ Indeed,
program results were almost twice the state pr09r~m (Table II) and the energy
savings had a narrow distribution (Figure 2)@ (Airriess, et al, 1985;
Banerjee & Goldberg, 1985) Staff also believed that between 1983 and 1985
major changes had occurred in the administration of util ity programs which
would make major redirections of programs redundant, although there was quite
a fference between utilities in energy savings (Table III)@ However, due to
the quality of the data, it became possible to focus on policy questions
regarding the most cost effective weatherization measures and the degree
energy bi 11 could be reduced$ These questions became more important as the
federal government proposed reductions in low-income energy assistance and
$37*2 million Exxon oil overcharge settlement funds became available~

One unique feature of PRISM is the generation of parameters which allowed
decomposition of the observed level energy savings$ It was hoped that the
resultant components analysis of changes in the parameters between the pre-

post~i allation periods would address the question of measures responsi-
ble for the observed energy savingse This analysis was accomplished by
analyzing the refraction results originally described by Fels and Goldberg 0

The results are presented in Table IV, which disaggregated the 1,200 records
into common installation types~ .

The base energy savings represents reduced consumption from less appli­
ance usage or increased applance efficiency@ Shell changes are associated
with structural retrofits or furnance efficiency improvements & The tempera­
ture component reflects the effect of changed thermostat settings on the
observed level of saving; a negative value for this component indicates that,



Table II: Normalized. a.nnual cOMUlflPtion" absolute and percentage

energy savings between state and utility programs

Pre-HAC Post-HAC Absolute Pe~ent

Consumption CoMUlflPtion Savings Savings

State Program
Treated 1,324- 1,170 15la. 10&8%

Control 1,383 1,363 19 .,9%

Utility Program
Treated 1,485 1,197 289 19 .. 8%
Control 1,459 1,442 86 4~1%

Source: Airriess, at aI, 1985"

utility

utILITY
Control Adjusted Median Savings

Absolute Percent
(tberm8/yr)

WPt 165 308 2001%
wsa 53 278 2004%

WFL 93 212 18.,1%

WPS 361 2.49 16.,1%

WGC 677 233 18401%
HGE 13 192 13 .. 2%
WNG 1"- 180 12.1%

Source: and Goldberg g 1985 ..
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TABLE IV: Ccmpa~bon of furMce and iMulation projects \&1"Kkar the Utility Weatheriutlon~

Project f1:'oJect Dollar 'lbom MIAJf DIItGY SAVING CQKIItOfiJDtS (theru) hrcent.as. CoBt of Conserved
Dncripticm CoiIt k'll'tnsB ............. _. (a) -..11 (_> t~.tunl (oc) kVi.a'tl(Bs Jraal'lY (S/them)

I"URNACI INStALtATIoa
A. Replaclllilllllllllmt fumaclllD (n"13) $1,633 S200 316.4 191.1 302.0 176.7 27.71& $.347

( 9.1.6) ( 30.3) ( 62.4) ( 38.3) ( 30.6) ( 51.4)
b. with Vertical InsulAtion (n-6) Sl,913 $319 "'3.6 105.3 396.1 -142.2 39.2% $.185

( 96.0) (182.5) (293.8) (186.8) (414.2) (335.1)
• with InfiltrAtion~ (nGl6) $3,210 SH6 515.6 -436.5 66.9 -907.9 30.9% $.453

(1,009.8) ( 66.7) ( ".5) (515.9) (178.6) (53%.2)
• and hMbUitaticm (1l1ll4) Sl,973 $33' 499.1 -1".3 -141.1 -791.% :U.5% S.413

(1,OSI.4) (167.6) (225.0) (ll.... l) (513.7) (8)o.·~)

.::. with Hor!&ental lnaulat:1on (nIll21) $2,12' SIH 421.8 16.1 213.6 -199.1 26.3% S.314
( 240.0) ( 62.5) (118.8) ( 61.0) (191.1) (217.1)

• with Infiltration~s (ns 3) $1,71&6 $310 539.3 182.6 411.e -61.1 27.5% $.235
( 601.5) (2ftl.4) (I\S'.9) (113.9) ( 97.1) (316.8)

· and Rehabilitation (nu 14) #2,930 $195 444.0 48.1 -115.3 -386.8 2&.5% $.439
( 4H.6) ( 60.0) ( '7 ..9) ( 60.9) (198.0) (263.7)

d. with Horizontal BU'td Vertieal lrurulatioo (n6l25) $1,H1 $212 377.6 19.9 249.4 "'108.3 22.3% $.301
( 143.0) ( 80.7) ( ....0) ( 57.1) (13'.0) (133.2)

• with Infiltration~. (nllll9) $2,226 SlY 334.1 118.5 330.3 11.4.7 21.4% $.449
( 324.') ( SO.4) ( 36 ..6) ( 58.4) (143.9) (112.3)

.. and Rdwbilitat!cm (nIRJ 29) $3,658 $261 432.9 "'66.1 392.6 -61.6 29.1% $.534
( 436.3) ( 97.3) (lU.1) ( 96.1) (193.0) (234.5)

$. AU FunMIlce Irwtal14tiouw (nIRJ 315) $2,621 $224 38ft. 5 23.' 1'2.1 "'36.6 24.6% $.462
77.4) ( 11.5) ( UI.2) ( 14.6) ( 35.3) ( :J7.~)

INS11LAIXON I~ORS
4. VertiCAl II'UINI41tion

• with WU.tratiC\: :~s (nel) SI,11a.3 $93 145.9 -29.2 .0 -175.1 11.8% ~.5a2

• with water " ~e lWifieetiCM (ftlS2) $1,116 $140 220.. 2 51.1 :n4.5 205.4 17.7% $.434
12.0) ( 52.2) ( 81.8) .0 (162.1) ( 80.3)

• Md itGbAabilitaticn (n0 9) $1,313 :130 53.2 84.0 131.6 120.7 2.2% $2.047
515.0) ( 58.8) ( 98.8) ( 55.4) (159.2) (112.9)

b. Horizontal Insuletion
• with Infiltration~ (nm15) $752 $167 192.8 -179.8 316.1 -134.5 5.8% $.265

107 .. 3) ( 76.2) (132.1) (132.5) (181.8) (343.9)
.. with Wat@r & ~$ Modificati~ (8-0)

.. and R~bUitation (nSl49) $2,025 $93 153.3 -11.0 168.1 1.7 7.1% $.912

( 192.0) US.9) ( 31.S) ( 39.9) ( 96.1) ( 82..6)
c:. Total SiwaU IMulaticm

• Horizontal" Venieal lMUlation (ne 13) $101 S133 2Zl.• 2 21.9 183..~ "42.9 U.S% S.186
( 168.1) ( lU.4) ( 96.6) (125.6) (135.6) (192.9)

• and Infiltration ~@l (n6 15) $l s143 $148 207.9 230.4 261.S 411.8 12.4t $.336
( 151.1) ( 41.8) ( 11.9) (125.4) (207.2) (359.8)

.. &nd RmaM.U.tatlon (n~123) Sl,112 $172 274.9 103.0 2.2.9 -113.1 17.8% $.385
( 105.8) ( 32.9) ( 49 .. 5) ( ~.5) ( 91.0) (139.4)

• with Wat@!r &~ MmUfieaticmm (nm7) $1,:U.9 $195 312..4- 25.6 336.2 175.2 18.9% $.291
( aU.7) ( 40.0) ( 60.1) ( 96.6) (130.0) (187.7)

• £nd RdwbUitation (n'ill49) $1,519 #106 177.3 -U.•O 282..1 -19.4 11.1% $.561
( 126.3) ( US.9) ( 31 .. 5) ( 39.9) ( 96.1) ( 83.5)

d. All Insulation InstaU3tioM (nm,S.,) $1,&%0 $156 252.0 7.. 3 152.8 16.1 U.st $.379

( 414.0) ( 7 .. 2) ( 11.5) ( 9.7) ( 25.1&) ( 26.8)

DBfinitloolH Vertical Insulation ia any aidWlllll1, ~U., sil1bo3C, or foundation insulation installed, plus
m1mcGU~ insulation applied to vindcMs, doon and _il Blots; Hori&Ontal Insulation is attic,
attic Kens, attic ventilation, floor mmd cravl 8p&Ce iNmlation; InfiltrAtion~. Uil caulking
and WAthe1"8t.rippq; WaUl" l4ccllifieaticms an a wur huter bla.nltet a.nd low-flow 1lIhcwri1ead; RGhabi-
HtaU.on includes any structural~ to~u vuthtarization such u I'l8lV vindOVts or doors, or
to prellllen'e installed \NIIl3tMri&aticm~ IilUICh 4lUlI roof nJpfiliz to p~t attic insulation frcEl
bee_ina WlIlit; ~@ McdUicaticms :l.ncl\lldes tuniftl 4Iftd c:lunins to inc:fI:'IIIIt&(Ie operatinl efficiency;
Total Sh8U INSulation inc:ludtll8 both vertical a.nc1 hol'i&ental f.mNlation. Mo&n tllt.amd.u'd errors a.ppur
in pAnlnt.h8BIJlUIII. Doliar SAvirlls were calculated as t.I'Ml product of t.h4 t.i'Mam """insB t We. each
utiU.ty' III cOlllliilBOdity rata. '.the Cost of CONUIl~ IMqy we found by di-vicU.• the l1W'lWlI.lizod cost of
8ll rotrofit packAge by the ~1 eM1"IY savinas.
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on average, spaceheating was requi red at higher outdoor temperatures during
the post-weatherization period than during the pre-weather;zatiofl period, or
that there was an increase in indoor temperature. This has been termed a
"snapback" or "takeback" effect where people believe thermostat settings can
be increased to be more comfortable without higher energy costs.

For expositiona1 purposes, measures have been bundled to eva1uate the
incremental relationships of the most cost effective group of measures and
degree to which energy bills could be reduced 0 The 1,200 treated households
were divided into two groups -. furnance and insulation installations - then
subdivisions were drawn within each group by segmenting the households by the
type of measures which were installed in them~ In some cases there were too
few households to draw valid conclusions, others contained questionable
results as will be noted later@

Furnace replacement jobs were generally more costly than insulation ....only
jobs, but furnace installations tended to save more installations. On aver­
age, the dollar savings associated th furnace versus insulation instal­
lations was forty percent greater an the actual therm ngs fty percent
more. Of course, there is a tra off for these savings: furnace instal­
lations ten d to be eO hty rce more costly than in lation-only instal­
lations @ cost of conserved energy Cil1 ions show that the increased
thenn and dollar ngs from furnace illations come with a ten cent
i cost therm@ Also, on a saved many furnace
i ons proved as ve as nsul insta ons~

analysis shows the
causal effects in a disaggregated

appear substantial fference in the
factors seem to be at as we11 @

on in furnace nstallations
ue dampers make a large

of the base savings
l1ed but were ther
showerheadsand water

for these measures @

ng 1n
e dence can be placed n such a

without s ally more observations in
larger a regations do the standard errors become
confidence increases@

of these ndings on overall weatherization policy, PRISM had,
one hand, many salutary features~ rst, because it was the first
on of an energy conservation program authorized by the commission,

a convenient methodology for determining energy ngs with a
confi dence ~ Consequent1y , the methodo logy tended to rece i 'Ie

on
eval

IS~1

hi degree



less focus than the results, which were of primary interest~ Second, since
the results were highly reliable, staff was able to use the data to forecast
energy savings which might eventuate from different weatherization strategiesG
For example, weatherization groups had expressed a desire to reduce the
low-income energy burden percentage from the historically observed twelve
percent to nine percent. Also, these groups had expressed a policy objective
of weatherizing approximately 300,000 low-income households by the year 2000,
a scant fifteen year period. Staff was able to demonstrate that these goals
would be difficult to achieve simultaneously unless vast sums of money were
available. To achieve an energy burden of nine percent would have required a
significant number of furnace installations so energy savings in excess of
twenty percent could be realized. Consequently, groups eschewed this goal in
favor of reaching the numerical objective within fifteen yearS e

On the other hand, the components analysis - which was expected to offer
a better understanding of the causal relationships for the observed level of
savings - did not meet statistical tests of confidence when disaggregated
without substantially more data~ Regression analysis of these relationships
was, therefore, used with much greater satisfaction to explain what measures
contributed most to lower energy bills. For example, use of dichotomous
variables can be used to explain the contribution of a group of measures and
linear probability models to evaluate the marginal contribution toward certain
payback objectiveSe Present in an understan ble manner to lay audiences,
regression results can be easily understood and analyzede

CONCLUSIONS

ic policy in the area weatherization has been evolving over the
past few yearS B During legislative hearings on state weatherization programs,
questions tended to focus on stann windows and doors vis-a-vis furnaces and
insulatione Indeed, recently repealed energy tax credits favored the more

actic measures of doors and windows0 When committing ratepayer or
c dollars, however, there has been increasing attention to more

cost-effective measures and reaching the greatest number of houses at least
cost* nature th PRISM data allowed the Public Service Commis­
sion staff to investigate in depth some of the causal relationships in in-
stalli on measures so a onal approach could be taken in

i a result, ssion staff was able affect
r own to quality~ In the fall, a larger and

na investigation will be undertaken of both the state and utility
weather; on programs@ Lessons from the earl ier studies 11 be used to

ili data and analysis$

of this study have shown that there is a definite trade-off
ling furnaces as the primary weatherization measure versus

on@ Insulation installations were found not to yield sufficient
ngs to signi cantly reduce historical energy burdens~ Larger per

nvestments in furnaces offers more total savings at a small incremental



cost per thermo When attempting to eva1uate di saHgregated data s however,-
components analysis was shown not to offer many insignts into causal relation­
ships due to large standard errors and too few observations. Energy evalua­
tors may find regression analysis more satisfying in this respect.
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