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ABSTRACT 

The purpose of this project was to evaluate the effective­
ness of an add-on control device designed to improve occupant 
thermal comfort when installed on standard residential air· 
source electric heat pumps. The device was not expected to 
incur an energy penalty compared to normal heat pump oper­
ation. This experiment evaluated both occupant comfon and 
energy consumption. 

An add-on control device designed to proportionally 
control supplemental electric heating coils was installed on 
seven heat pumps in central Pennsylvania. During a five­
month period between October 1994 and March 1995, the 
device was switched on and off for alternating week-long inter­
vals. Energy consumption was measured continuously using 
ponable data loggers, and occupant comfort was assessed 
with a questionnaire filled out by the occupants at the end of 
each monitoring period. 

Results of the study indicate that the device may save 
energy. For the houses tested, an average savings of 10% was 
recorded. The device also improved the homeowner' s percep­
tion of comfon in some of the test houses. 

INTRODUCTION 

This slUdy was undertaken to determine whether the use 
of an add-on control device for standard residential air-source 
heat pumps could improve occupant thermal comfort without 
an energy penalty during the heating season. This device was 
developed in response to customer dissatisfaction with resi­
dential heat pumps during cold weather. Dissatisfaction can 
occur when the supply air temperature drops below skin 
temperature during normal operation of a heat pump, which 
has been observed when the supply air falls below 90°F (Yuill 
and Werling 1994). This pilot study was initiated by an electric 
utility to investiptc whether use of the device could improve 

comfort in homes with electric heat pumps without consuming 
additional energy. 

Residential heat pumps are nonnally controlled by a two­
stage thennostat. The first stage of the thermostat is engaged 
when the house temperature drops below the setpoint. and the 
thermostat then activates the heat pump. If the heat pump is not 
able to meet the load while working continuously on its own, 
the temperature of the house drops to some set amount, usually 
about 2°F, below the setpoint and the second stage of the ther­
mostat is engaged. When this occurs, the compressor contin­
ues to run, and the thermostat also activates the supplemental 
heating coils. This method of operation can cause discomfort 
for some occupants. In most cases. this occurs because as the 
outdoor air temperature drops, the temperature of air delivered 
by the heat pump drops. A heat pump that cycles between the 
first and second stages will, therefore, alternately supply 
cooler air (from the heat pump) and hotter air (from the resis­
tance heat). 

DESCRIPTION OF THE ADD-ON DEVICE 

Although the add-on device control strategy is different 
from the strategy normally used to operate heat pumps, it is 
important to understand that the thermostat sends the same 
signals to the heat pump in both cases. When the house 
temperature is above the thermostat setpoint, the: heat pump 
does not operate and the thermostat is said to be satisfied. 
When the house temperature is below the setpoint, but within 
a set temperature difference, usually 2°F, the thermostat sends 
what is called a first-stage signal. If the: house temperature falls 
below the setpoint temperature minus two degrees, the ther­
mostat sends a second-stage signal. The response of the heat 
pump to first- and second-stage signals is determined by the 
control strategy used. 

As shown in Fiaures 1 and 2, the two control strategies 
initially respond to the signals from the thermostat in the $111lc 
way. On the left side of the diqram, the house temperature 
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Figure 1 Thermostat temperature and heat pump power consumption for the add-on device control strategy. 
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setpoint, and the system remains in the first stage. As shown when the full amount of resistance heating is activated. With 
on the right side of the diagram, the resistance heating does not the add-on device, warmer supply air is supplied more contin-
need to be activated at full power again, and the compressor uously, and this should improve thennal comfort for some 
runs continuously with smaller fluctuations in supply air and occupants. 
house temperature. If the heating load had been higherthan the It has been hypothesized that since the add-on control 
situation shown in the diagram, the additional resistance heat- device uses just enough resistance heating to keep the thermo-
ing added to raise the supply air temperature one degree might stat from entering its second stage, this control strategy should 
not be enough to meet the heating load, and the thermostat not consume more energy than an operating strategy that 
would again drop to its second stage. If this were to happen, the ·· allo.~ .tb.e..thermostiit to cycfo. between the first and second 
control strategy)vould again activate tt!,e resistance heating at stages. This makes sense; since both strategies should allow 
full power until the thermostat returned to its first stage. The the compressor to run continuously and use roughly the same 
strategy would then operate additional resistance heating to total amount of resistance heating. The difference occurs 
raise the supply air temperature two degrees and would when the resistance heating is activated: the add-on device 
continue in this manner to add one degree for each second would use a small arJ10L!P~ ofresis,tiµice heating continuously, 
stage call until the compressor and fractional amou,n,t Of res is- whilenormal operatiqn would COO~Ufl!~ the maximum amount 
tance heating could meenhifload:-.W,hen th.e heating load'for for short periods. '· · · .... 

the house decreases at some later rime, the com~ination of An qpp~,mmity to ~av~ e~~fgy with the add-on device 
compressorpow¢i:;wd the additionalifractien'OffuUresistanc·e ·r does exist in.houses where the full amount ofresistance heat­
power will provide mru:e heating.than is-needed. -In such1rcase, •· ing suppli~d in the second stage is enough to cause the house 
the house temperature will rise above its setpoint and the heat temperature to overshoot the thermostat setpoint. In this case, 
pump will shut off. When the house temperature again falls under normal operation the heat pump would actually,shut off 
below its setpoint, the supply air temperature is dec~.eased ~Y . . · co~pletely for a: short time~ 'Soon,' the"house tein'i}erature 
three degrees, and the compr~ssor and cf fraction ofthe avail~ · would fall and the compressor would again be activated, and 
able resistance heating (if still needed to achieve the .lower ,event1:1a!ly resistance heating 'miglft ·'also' be needed·1a_gain. 
supply .~Pl:f"Perature) acti1"at1C EacJlsuBse<:iueni tim.e the · .Tuus, the compressor would'ff(jt'.be'Hmnrn\ continuously, and 

.,, : the~q~tj§iiatisfied, the:supply aifte'!'peratu~e.iS'd~;,r~as~d .~ . .'m_ore resjs~ce heatin~. than' 'tfecessaty1would acnililly be 
... ~~ three dpgrees, so; that eventuafl)l':tl\e contp~e§~~! ,1~, agam .,, , used. Oa thc;either han!il;i duritigperfods when ~me ~~sistance 
~ble to,o~r~l!! alone. :,. , ,·; .1. ~- "''" · . '· · ., heating is neeckid, the:.add::.on deVite :wtiuld tend to 'use the 

,, . - The add~ori device coiilrol strategy described atove and _
1 

·· minjmum amount i: of'.' r~si!iOO'fce" h~atih~'·. ·audv.ilti$, the 
shQwn in Figure 2 was used in all of the h'owes mo~hor.tt~ for . '.. ~.s)m.pr~SS~",JO run continuously~C5' meet1he 'f&tl ~ ot' course, 

: tl)ts~dy. When the weath~flis mild and vrty I inle' lie~iing is ' . ~Qen ~ qemand for heating in fuelfiOuse drops'iihd~esis~ce 
1 ll~~~di this comrol·strategy do~s illow ffi~"su~~ff~'.i~terhper- . ·: . . h.Catw&iis ljl9 longer roquired, the holise 'hiust nse"tc>''lli~ tber­

. ;:.; iit\IJ'e tQ drop:bel6w-90°F; Some petl~t.~. may ,tl'1,d.thjs supply ~,: mo.stat s~~int~for:e the. devhle sttuts·rdif the proport,ional 
~il! 1t~perature.to:be obj~tidl1al:>le, 'even i11:'ff1iJf~~ .. e~!Ji~r- To :1 1resi~~ b~ati,ng: However, thif ty))it~Uy occurs . !,~ less 

, . Ad4re$s Jhis,probtam, the 6a~fdCvicie does have .an optlonal . of'tell~MI"~'..cyclic problem ;desanbeira&ove: Alsb', ·since 
' setting that establishes a minimum supply air teiliperiiture. · 9p,Jy~ fra~~q9~the1total resistanceJHeat~M·is1activ~d:·11n1e 
. J?~~~~~~~ffi}C.~8;~Jc!™re .c~1\>e9M_by.~;occu~arit,~~the , .. ~l'F~~~ -~~~kW<luld take pla~~.aiid 'Ute_ ~~~.?~~tw?uld 

,. r ~~~~l,V:¥.fl1P.will .~f~V~t.e ~ggJ{\9.!lajJ~SIStaAceihtatm~ilS ·~e.ces- ~ . mw.e._q~-~~ Wif11.St~.5tage o~rauori mu'Cb~~ore · ~~·~~~X:)lle 
·;~Ji:> pr?v~~e.m,'? ~~~m~~..UP.f.\l:t~mpemlllWat all~ tune.s. , . oqima\~~9n Qf th~ _d~\lfce ~~o~~~ retit~ay th1~ of 

,,u T\iA~ m~q$.!ip.(~f.~n.op 1'f.1IOt ~~d and waut~·•sed m the ~!'°blemi.:bQ~.ev~t; ~t 11S:.ant~c1pa. ted-tliat ·tH1s ~ould'be an 
, :int Of~.~: ~~°!\~~~ 11lJ th1~. ~9Y; (¥.~ 1ft>Cipeet~q!that~1lJ!fy'pe of ~-a~~lt~~D~~ ~n~fit ,f;!~~~}C.d W)~5ll:5,~i 9fttAA.Qey1cc,. . 

·; ~. ?~·?.Jto~ .. ~~~~d s~ri5'W'~.~~;~ne~gy;dlantb.oth111otnfal-~eat :··· IL ,.;Tliis S,t\1~~,;~~te,s~t!\~ na.;~ .,~ariabl.cs o~ energy ~~e· and 
, f. R.tup1PrOP!~~~oq ~<~r!.YR.IF.~J ~~1.9Jl< of ~1 ~<f;.Qa~v1ce. . :· ·~~~P&.1l.,1!1j~!so~~~er actua' ~~ung cond1t1~ns to 
,,.,~g:,~de1r\?:!\~j ,WCP,~n~ .w1~fr~ Y{Onb~Jule, ' ho~ever;' ·:or : J '.4e~~rrome "':~eifi:err~~ 1~tp,aj ~erg}lsavmgs can be acbrevtd. 
, -_ ~~:c.}1g~~rlrfip1c2~wue t?,~~r~'1Ce ·diswomfort :e\ieifw1th · ·"'· l .. u ni ~ 
·"' 'Use oTthe add-on device. EXPERIMENTAL METHOD 

ADVANTAGES OF THE ADD-ON;CONTRQL DEVICE.. ..::·--· '{h~ ~l!J&. ~~g~~gneil.to l~Va!u.ate .both the subjective 
.... -- --- ---- - · ~ ;::;,:~ :;::..:::.;:· · • / Iactor"o~~-im~t q9.mlrt ~<! ther.ObJ~tlve factor of energy 

The add-on ~'ViCe:usCdirrthis studywas1*rg11ed"' . consumption associate with the use of the add-on control 
to reduce wide variations in supply air temperature by elimi- device. This was accom . ished by installing the control device 
nating cycling between me first and second stages of the th er- on seven residential heat 'pumps in central Pennsylvania, each 
mostat. On cold days; the temperature of the air delivered by with a switch for enabling and disabling the device. For each 
the compressor acting alone drops, resulting in a low supply evaluation period, roug-'11y hal(.theJd pumps were operated 
air temperature_ ~~Jiy,er~!;l..12~;-normal lleat-.pump o~ion; •· "Wittrtltf' c6iitiofaev1ce .. enabled and tbeiother half were oper­
altemated with a very :high sqpply air temperature d!=liverelll ated with the control deyic~~!~B~:<b,N.(~ end of each eval-
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Weekly Ouestjonp*e 
~ . 

This ,questionnaire is designed to help us evaluate the effectivenes.-of an add on control 
device that we, have .installed on your heat pump .. Each week we will adjust the cbnlTQl 
device so that you will not know whether it is affecting your neat pump. This way, 
your answers to the1questions should ·not be biased by your knowledge- or thc .. pufposc 
of I/le cuntr9l device. If you don ' t knowJne .answ~uo a question, :make y.our best 
gue5s. Please re.member t0 operate your heating sys~m just as you would without the 
add on · ~onuof device. If y9u would normally raise your thermostat -when you 'feel 
cool: please do so. ' 1 ' 

·o .... 
Since my last visit, .. . 

•,; 

L , aboµt _ how many tim~ did you ailjust your thermostat? 
.} ,l ' .1 J • ' • "" 

, ' ?" . •. - --· - - - • •. 
; . 2. ; · did you noJice anyJlncomfortablycool air blowing fri>m-you·r fiiating system? • .:: 

if. ycs;'h~~1of1~·n7 ' 
·.;- "1U~ ., 

3. ·did you notic:t any uncomfo~bly !'<>.t -~ir_ blowing f!()~ yo.ur .~tin_g s~~m7 

t:"'t ·'' 11· '· 

~ _, ~i ~ :-i( yes. hQw,..Of{en? 
.. - J ~ "' ;: . 

... 
. l: \· ! 

: I 

'J;' ... ~-: :;~ 

, . 4. did you notice any difference in indoor comfon r.ompared with last week? :; ~l: f 

... 
I • 

"'.:t 

'" 

h 

•q l '·-:: rt:: . 

-.,J -~~ .. •f· 
ii J• ·~1. 

., 
, - c,~.. " ':.6.-

1!' ~it :1 -"Y; t•• r '. 

?: l: ~\ .'i i ; Lt . " . . ~: ' 
. : '~· ' .. } ~:; 

did .)'OU ,notice ·!lny Other diffet:ences in-•the ~ration Of, your ~ting ~ys~m._ '." r .. ; 

co111pared.wi~ ,lasJ week? · . . , , ·. . . <.. . . _ '" ,,. 
• o . , • l .~J f: f r '. '. , ,·. • '• ,.- L.- '• ,) \I • • 

1.'~~ ~:~k _·, ~ '.1. ,,'. ·1:r., ;r,_ 1.~1 -~·· (' ' .,. c~;: 

did y0u1lave anfotl\ei::Oi>servations about your heating system? 
., ' <. l ' "'"~: I 

T ~- ~ !. , .i :l. s--=-. ~·,; , ~!1::. ~:,.' iu S,. ~i::.~: •• t-l '.." ;·_ 0 
1 :~!, ·~,. .... ' 

.. 
.I .. .. 

· FJoure ~ We,,'-lu ""estionnaiire · ·1--• ... ..,.,., ... '· ( • · · · " • ·; ., , i;• • .! ~.; "· •· d~•f ·-. -~·. 1 ~.:)~} -T~l"Yr' . -~· h 'l · ····' · • • · .. 

. : ua~iorl ~ri,~d,, ~~n?'e'1~(~~, ~~itc~;.:;' re;~, ;~v~rt.~dj~ that the .; . · ,~~~lppcd .~J.tb.. _p;;~ble ~~· logg~ ·;t~ me~r~; current 
contr6l dev1ce"'m 'each n6use w~ e~bl~ ~a ~sabled on a ~· ,dnlw,n PY ~e COQlp,r~~~~ an41?y the S'!RPiemeqtilfY electric 

" rand6~ bas'is.~es~it~neir~e~_~ll~arJE!ti 8!f,d l~~t~<!.ipside ·, c~il~ -~-~P,.!2t;I~,1;is_,"Y'flkas,~pply air ~~ratµre_ and room 
the heatpump access d6or so th.ft occlipants were not aware of air temperature. Voltage was measured m a one-tune test at 
the settin& for each period. each house. Standard kilowatt-hour meters were used in five 

Because of the smali Qwnber of houses ~ve~ig~ted ~d --. . of ii:ie. houses ·a;,· a· backup to the data loggers. 
the preliminary nature of this .. 5tudy, a simple questionnaire 
was used to assess occupantthermal .comfort .. Questionnaires .. THERMAL CO"IFORT;EVALUATION 

were filled out by th~ o~cupan~ am(~ol~ected at the end of. , ., ' At the conclusion of the° study, the questionnaires filled 
each week-long momto"!lg penod (see F_i~.?)· Occupants out by the homeowners 'Y~J.e compiled for each house and 
~ere not to~d whether ~e control device was .e~abled ~r compared. The most common type of dissatisfaction with 
disabled durmg each penod. 'f!1e.tWe_re told to operat~,their thermal comfon reported:~~ uncomfortably cool air being 
heat pumps as they would normally (1.e., chan~c the~Qs~t supplied by the heating system; Table I records the number 
as usual.) At the end oqhe study, al~ the quest1onnau:es ~or . ~-: of"yes" and "no» response~ to this question for each house. 
e~ch house_ were compared to see 1~ occup~ts noticed ,a the. following obs;ervations were made from the subjective 
difference ~n thermal comfort_~~~~~ . ~1th use of the questioJ1naires: 
rnn....,.nl ~.",,.... , :.., 

-~··-.;;:ew~e~::~ of the add~-~';~l~ dt¥icl! on enerav I. :riu-e~ofthe s1~ven res~ndents consi~tently reported an 

t. 1· ... .; ~ • . th "'' unprovement m thennlil comfort dunng colder weather 
consump ton were eva uateg·" -"mon1tonng e energy h th 

1 
d . abl d 

. . - - - - · - . w en e contro ev1cc was en e . 
consumption of the enttr~_!l_Y.~G. ~yJ_t!:!.!1_(Q~.t.Q_09LY.~Ut~. _ .... . ._ ·-- --~ - -· .... . - . .. 
indoor unit separately) -for eacn. period· and c0rrecting for ,,, 2. 1 One of these three (shown in Table 1 as House 6) 
weather. The results with the control device ettabletl · \Ye~ .. ,~ """"': noticed an improvement in thermal comfon when the 
then compared with the results obtained when the device was device was en~ble_!i m.t>9tJJ.cQ)d 81'.l.d.mikl W~tii~r. }bis 

' \J · · l. .·,, .;'\ .,: , , I ·' {, •.. •.\1.. , · "f"·" · 

disabled for each of the houses. The seven houses were was the only homco\vner in the stuoy who was d1ssatis-

4 •" f; 4.152 



TABLE 1 ,: ... . 
Responses to· Thermal Comfort Que5tioiinaire 

:.1 ~· 
.. 

Did You NQtice Unco,nfortably Cool Air Blowing 
Fr.om Your Heating System? .. ! 

, pevic~ Enabled 
' 

House Number ' 
D~yice,Di~l'bl~ . 

" .· Yes , ". No l'~s · •No 
. 

" . 
I* • 0 6 0 9 

2• 0 7 0 15 

3T 0 s 3 10 

4* 0 7 s:o 16 

ST 0 IO 7 11 

6 ..... .,I t ' .. 8 ' 11' 
,. . ' 

7 I 

7* 0 8 0 12 

Total Votes , ) SI " t' Vi' . 74• .. ... 
%Yes L9% 18.7% 

*No effect determined, house always comfonable. 
+Improved thermal comfort'Jduring aolderweatltCr. · · . i ' ' '''·"' ' 

++Improved thermal comfort under all weather conditions. 

3, 

tied with the thenbd cO'tnfort.' perfomiance o(nis neat 
pump when the study began. The HV AC supply vents in 
this house are located such that air blows directly on the 
occupants. ~ '.j; ,. ·· •r · • : '! ''·~ 

the occupants of this house frequently used a wood 
stove (although they had previously agreed not to do so 

· ' during the study), making it impossible to obtain a 
correlation between outdoor temperature and energy 
consuinption. •, . 

Responses'were obtained from questionnaires gathered 
betWe-ertCktober 1 ~94 a~d March 1995. These results are in 
agreement with those optained in a preliminary study of the 
same houses conducted between February and April of 1994 
(Yuill and Werling 1994), 

'\ ·"ENERGY CONSUMPTION EVALUATION 

Figures 4 through 9 show plots of the total energy 
consumptiori of the heat pump for five-day periods plotted as 
a funct,i,on of the pea~ing degree-days in each period. Energy 
consumptfon data are reported for six houses. Data are omit­
ted for the: house where the wood stove was used. 

Traditionally, a .heating degree-day is defined as the 
difference hetween 65°F and the average daily temperature. 
However,., this definition is not valid for modem houses. 
Because they have more appliances (and thus higher internal 
heat generation) and more insulation, the balance tempera-

t· tures '(the ambient temperatures above which they do not 
require '"heatmg) 'l6r newer houses are lower than for older 
houses. Therefore, in this analysis, the true balance temper-

'. <~tu~e , ~( ~ach ~Qu~e was used instead of 65°F. The balance 
temperature does not change when the device is enabled. The 
balance temperature was estimated for each house us_iµg all 
of the energy consumptfon:" infortnatioh cbllected'.' Foi each 

• , house, th~ . plot ~f e~~~gy cons~l\'ptiol) vs. hf,atiq~ ~~g[ee-

;'·~ ~a~~ ,1~;t ~~efo.~~· ~,!/~«;that ~~~.e~ .tl_!!o-~$~ th~ ?f~_in,. 

Four of the seven respondents noticed no change in 
indoor comfort throughout the study as a result of oper­
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enabled and disabled . . These ''b~~t fit" Jines we ploFJed on . :i 1 or .whether; they couJ~:·have :6ccurr'"edt:l;yi~indidence if no 
Figures 4 through 9 afong with~ data points used to' calcu- ... c~a~g.es had been;mad:c usmg the ackFon co"tUrol device. To 
late them. ~t should!>e nf.!ted that the energy· consumption of ., 1; 1 de~nn.inec.wheJber the. predicted "best fit" lines were signif­
a heat pump1is natiailinear functipn of·ambi~nt -tempctature, _, icant.Jy differ~t from pne another, a two-~ample .Nest. was 
sincethe'<X©Flof.the com~ressor.vBries with'afubient temper- used,. ]'he slope of each point was c;Jlct.ulat!;R>JJtnd, the'data 
ature. Tue acnfii'l energy consu'fflptfon ·of. a' lieat'. pump is the :' w~.tb 9!e4~c~ic~,ena~J.ed. ~nd-flisabled ,>,y~re comparep ft:ir:each 

·1~·· surh ·Of ·CO"ffipressor ·briergy and resistari~e heitiillf~nergy ':}'""iy?.Y:s~rS1~an$.t(S , in :~,n_~gy,,,i;o~s~pt,i~:H}' ""ere,:,y.ons\q~f:4d to 
consumed .i:~tber ' re lalidnships, such .... as ilYgher 'ofd~r 'curve i' t' be1st~~i~~ic~lly _sig~.if!'!_j\l\t ~f1 m~ ,X_~Jes' fp4~ct t~ f\'l.O qata sets 

'.r~· ~its. 1were 'i~~~~~!igat~~.Hu;~-~er~il'~i ~~~~ 'i? -~r-~i~~ee~ s~~nif- .;r!. to 9-~; ~;ff,~~7n1l;with,t\5onJi~~9p,c7, ley~.~ <if ~0%, ?~,~i~P.F-r· 
· 1c~ntly ~ot~ac~~t~ ~6~e~.~~~~~ t.1;~=~~f~~~-i h~3~f-llr'ft~ fits ,., 0 w .,1.Analysis of the!: energy: consumption! of ) tht'• houses 

, w~~ u;,eci~?-:~.~r;t:~l~•z0~f. ~~~JPE ·" . . _; .. , . .. !l 1. ;, .. snowc4 ~:energy sav:inga; ~iated ·with use'of-the·rlevice 
;: 1 :;· " ~ Sta.istical ~..analysis w.as :used .to.:·prcdict whltther the -::, ;in fjy; :of ·J~J ~i~:. h,Q~. TAt>le 2 · ~ows..the •.p.ero:.entage 

.r:i ,,differeileesin .energyconsumption"111eteiaetaaJlyrTigtiiflcant savings associated w.!t~ oy-$rating the conn:ol device, 
,,.;rr:_, .;::. -.. .. HU ;;irr. ~ :t:-.:,, · : ~ r.:..r. 1, .•::,.".:>1.:; ·:u · <-' " compar

1
ed to the energy ccfA~rned when the dev~pe was not 

TABI s: 2 ... '""'/y . _"l; , ~a,.,, .• ,- ... . JS'" r . ·"""d:l~:'H ' - . . 
"Ji ·; ~m ' , . ,, :i ~-:~, :; : .1ve.:- ; .... .,.., ~ " ' ' : !:.'.!11 ;. .\?:c· <'. ·;, ,, .: usea. in· UJree 01 ' ln~~1.~~hl'>irlC.~ .!n~ savtrtg~ assot:iated with 
~·; ~~~'"$J~1A~~i~!d ~yi~ll~:~f ~ ~~·:t~ice use of the c&rtrol'fievice·~~°'fe'Tuu~H to~ statistically signif-
wl .,· i.t . ""ti'tbeatf'oril•:.t:pr:: ;!., : ~gwnae~:<~ ~~)" ,,,. ;-· . ie'!:y~;~esenomcs·arr.:1ql;~edon"I'aDTe-2 usi~~-a·+~- -. 
r:: , . . . . - . ,.;·~fN ··~ lw_i T 61~21, ··~· p . . ·.rnd: I 
1 ; :Ho,~~"1 *or·b dJJ \cu.{; ·1 ~ ;.:in v":f.u ,,];06%:~:.101', ·. Jf>' ·.:::;::.:~.~.:::«?;._L_~J.l,__ ~-:' ..... ~ :.e ._:..~c .S;¥J!lg~i_n-'-~~~oss. 
. _ . • , ....... , .... , ."' , .. ".. ........ ._,, .,, Thec;m~homemwh1ch .. mQrcenergywasconsumed;·House 

.. ,. , ·Him~~~'.~',· · '" .. _.,',: · ~:'.:·:·~~: :,~·~;,vu;J:~ ~- 1~:9~~ ... : · :~ '':_1 , · 2. ·,~se~ .~wci indepcn~i~~)~atpiimps-rorheauil~~.-qhff~rent 
Homc3.,.... · · - 4.Ch ~ --- ·parts of-the house:--ThtS·wouid·not-affel:tthe-resultn>btained 

. • r .. . ·)t'\ • 1 '4 } - • - . . . :.·.1.i -lt 
·~: \llt'..3~i . )ii! c .1 " .• . u J.o~.:.two _nc:.ai:..pumps .·Kept .me.1wo...pans ot..the ::JU>~e at 

11--. --~ .. --------1----~;..;...;...."" _ __..;;...::...:....;;.;;..;.;;;_-1 exactly. ithe same tempikiltilre. However; if the hom~6wner 
":l• li~n:i~ ·~ : · -- c. ·· • :~ ~ . -:• .. :~ - - ... iis.z1.~- . · · -- ·adI~w·4~:tiie-1wo .. tfieijl~~~~ii"CiiffereritlY'--clilring: .9~ff;rent 

Home4 

~ , r. ~ome 6;); .1c. '·:: '; : :n~,;_; : ,:;:'i.,':<i~m'.'4160~ c'..vv,: ' - -- periods9fthete:st;-heat cout:tHl"(jW ft'oltfthepmo11Jie·f10use 
~s Co#i'ecied i.A!vef8ge~Savlng5 -ii ·:. \" '!WO'. :nqo.o5~ .: :'w : .... .. sed.ed .6y .. one . .heat--pu~fi·c0-that sei:ved--by--th~~~i·Jieat 
:.r;; ,1 . i.I." · ~<· .-,-1 .. • ·1· ·111 .1~-.1• _ ..... ,1 i ··u- . ;;,• :. · 11 ·n · '""'"·r ·. .. pu"""' '.'1Ibis introduces' art'iincertainty_ iftto·'ttie ifinaf·"fesults. 

1nesehousesarenea1c:ou. s1ng1w_pliea1pu~p~.onl)loneo which - - - ~~ --- - -- -- ·----·----- ··- - ----- - · · · - - - ·--· - ------ · 
:i" ·. · 2• 'was lhonii0Vec1:1h~e hoi.lse~M-e Hot c'o&iidei'e~'lrt'lhP.Bompu- :: , r8<>.us.c1J also. ;1'ad; -~ heat pumps.~!Ollly .onc .. of' whie1t was 

. , · " tatl~ .of tile -coftei:red:, ave~agi:-S aOings1H1 w ; '' · 111~ .:n· '~ r.; •1u11mmiifored:4f.Jthese t-~ .l:\Q~;ire ~kcluded ift6m'the anal-
.• , This s~vingf!wil> tblintf"to be'stil'ttS!icalfy"Significaht. .;c ysis, the average percent'age 's~vi'Hgs ca?iS'eclrt>y erl~bling the 
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device jumps from 6. 72% to over I 0%. This result is indi­
cated in Table 2 as the corrected average savings . 

sor. This behavior co!1t:i~!i,~e .. theo,retical e~p~matjon for 
possible energy savings with the add-on device. 
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comfort, although they had not originally been dissatisfied 
with the thennal comfort provided by their heat pumps. The 
study also suggests that the add-on control device may save 
energy. For tht>: ho115e5 tested in Pennsylvania with one heat 
pump, the energy savings ax~raged I 0%. This indicates that 
the control device offers a possible remedy for discomfort 
experienced by occupants of residences heated using electric 
heat pumps without imposing an energy penalty. 
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