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ABSTRACT 

;J'hree balanced airflow ventilation devices were evaluated, an exhaust and supply fan (E&SF), 
air-to-air heat exchanger (ATAHE) , and exhaust air heat · pump (EAHP), which can be used to 
increase the ventilation rate in an R~2000 (tightly constructed) type bouse. 

A prototype of the EAHP, which uses a combination of heat pipe. and. heat pump, ~4lll 
built and tested. 

A frosting and nonfrosting version of the EAHP were evaluat·ed. .The nonfrosting 
versi;,~ provided the best overall 'performance. The capacity of the nonftosting unit, using an 
•d4itional 1 kW electric resistance heater at· low outdoor tempera tares, ranged from 7500 Btu/h 
,(;l .• 2 kW) at 59 F (15°C) outdoor temperature to 13400 Btli/h (3.93 kW) at -13 F (-25°C). The 
~~fficient of: performance (COP) of the nonfrosting unit (including the electric resistance 
heater at low outdoor temperatures) had a maximum of 4.8 at 14 F (-10°C) and a ~inimttm of 2.4 
at -13 F (-25°C). 

JNTROOUCTION 

I~ the past, Canadians have relied on the natural in.filtration of outeide air through cracks 
&n<l other openings to ventilate their homEl~ during tlm ho"ting tloMltm. Since tba <rnrly 11)70s 
and the advent of steeply dsing energy costs, houses have been bailt to substantially 
reduce air leakage and the home heating bill. A ne~ standard for Canadian housing has be•ll 84!t 
by the R-2000 ·Super Energy Efficient Housing. 

Although significant energy savings have been realized, the reduction ·in. the .rate of. 
na.tural ventilation has created a concern for air quality. It ttas been found that if the... 
ventilation. rate of a house is lowered to below 0. 5 of an ait change per hour (ACH), problems 
witfl.indoor ait quality. can arise (Scheuneman 1982; Tenwolde et al. 198•). With such a low 
rate of fre8h outdoor air entering the house (and a correspondintclY l9w :rate of ''stale" air 
leaving the house), pollutants and moisture can build up to what may be unacceptable levels. 

The need fot controlled ventilation in the home, together with th~ need for energy 
con••rvat:l.an, ha• foc:u•ed attention on heat ucovery from exhau$t_ a!r. 

' . . ... 

:. Thiii .pap'er evaluatu thtee different mechanieal d~'1ices th~t totfld b~ . used to incteas-e . 
the venti.lation rllte 'Of tightly buil·t R-2000 typ• houtses. The three de,}iees are an exhaus·t and. 
supply fan (t&SF), atl air..,to;..air heat exchahget' (ATAll~), and ah .exhaust air he4t pump (EAHP). 
A prototype of the.. !:AHP'! whi'i~h uses ·4 oombimttion of heat pipe· and heAt pu1np to extuct energy 
frOftt. stlfile &Khauat llit and preheat incoming .fresh air, was buili and t~~ted to dete~itte 1 ts . 
iiµ!tabihty fot' ·commercial: development (see Figttrl'I 1 fol' a g~M:tal l)q_uir>mt'lnt · · -------t .·. ' . 
J. !/ L~f!t~~· . i~ ~ Re~earep Officer, Di~iSion o,f Hechanic~ l Eng~~eer~ng,1 , l':lational Research 
Council ,,9anaqa, Ott~lya, Ontario, K1A dR6 . · ~ , . ..:· · ,.11 .. ~ '( ,.~:. • • • ... ,'t.? 
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arrange1J1ent), The three ventilation devices considered would be classified·1• as ba~nced~, .. ,<Where 
the airflow rate out of the house equals the airflow rate drawn into the house by the device, 
and hence the pressure inside the house is affecteq very, little .. 

I ~ , 
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COMPARISON OF VENTIEATION DEVICES /., .J 
',·: f('/ 

... j ,\ T 0 • ~· ~: ).~i;: ,.; ' 11 

To allow comparison of the three device!il, a house with a natural infilt'ta1!i~fi-· rate bf o.t" 1ACH 
was considered. (This infiltration J&te would be typical of tightly cons~ructed R-2000 
houses.) The comparison house chosen was a detached, split-entry style house with~ .l!l ,Pe~f;ed 
basement. This house was considered typical of the new R-2000 type constructioiti;,,:.,,'7,£.; ~,, 
designed to meet usual ~-2000 construction specifications. (A more detai.led de3cription of tho 
house and method of dete'ttninirik "the heat l_oss is descri&~d:· in Appentll~ A:-. f ' · , .. 

·"•'' Fo1P th:iJi;A<?oNlpar:l'son, the 4inergy ·~requfred to · hea'f1 and· v~h,tit1£1~· :the , house was deter..,. 
mined for three cities in CanadS:, Vancouver, Montreal, and Sask~too11 were ch~'iien to represent 
the range of climates experienced in this country wit~. heating degree-days (65 F (18°C) base) 
of 5412 (3001}V'·8047 (1+471), and '10938 (60.77),r.it'!:lpecHvely; · · .' , r - ; : ' 

• , f I ',,:r, ' , /~; :"(. ,_ ,, ' i ' 

The test conditions for the ventilation devices were based on CSA'St~ndarq C439-Ml985, 
"Stan~ard Method.s of Test_ f~r Rat~g the Perf?rmance of ~eat Recovery _ VentilatOfJS," The low 
tempeHture ventilation perf9rmit1nce was determ~ed at a silpplY,', !!;~~ tempernture of -13: f ~"':'2?1~C) 
with a relative humidity of' ~50% to 100%. ~e ex~aust air wafl · maintaine~ at ~ tempe}~!l~':1r~ ,of 
71 F (21.6°C) with a r•!ative"humidity of 40% . , · ' . '' ' '' · -. 
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In each location, three different heating and ventilating !ltrategies were examined. 
In all cases, the house relied on a gas or electric furnace as the primary heating dey~ce; oi_l 
heating was not considered because less than 1% of R-2000 houses are constructed with 'oil lieat;.. 
in~ systems . For the base case, ventilation of the house was accomplished with . ,exhaust ant;! 

·supply fans. In t 'he two 'other' cases, the exhaus 1:;1• and: · supply d ·ns we1r~ ,repl;aced by an . exhaust 
4ir be_at recovery devi~'~; either ~~· / ;I.fr-to-air heaf 1exchanger or :_,·an ·~*ha~·~t '~if. ... h~a~ .-. p,u~p ~:}sA 
Standard C444 - M1985, Installation ,Guidelines for Heat Recovery. _Yeqt, ii~f:or's, . w~s : u'~e.9; -. f.L'!,~ ~he 
i"l).:itallation guide :for ~ the ventilators. . , . , . ~ · t ~ . · '.~; .;: . · .. .. ~ '. ;,,);: ;, 

For the ATAHE, a constant energy recovery of 60% 'of the heat available from the 
exhaust air is assumed. All the ventiiation' dev,ices are ;asS~med '·to run c'd?\'t1riJously during the 
heating season (approximately 6552 hours). Witlt the EAHP, tne ~vaporator (e~baust) and conden­
ser (supply) fans run continuously, and the compressor would operate on denia_nd fr~Jll the house 
thermostat. , .. 1 '' ··1,./ 1'< 

The costs of var:(.ous fue1 s on a r egional basis were supplied by the, n~r Statistics 
Handbook (Energy;' Mines and R~ifdurces ·c11nodil'). · T11blo 1 shows· tl10 cost of hrior· y proclucod and 
includes an estilila't'& for typfba J: 1"s · q~onn',l ·· ~ IH,i~·iico cHieioncy v11'.l~os. As tho now gr.norntJ.on of 
high efficiency gas furnaces increases in !'is market share, the" cost of .energy from gas will 
decrease slightly. 

Table 2 is a comparison of the. energy costs and ~imple paybac.f as~.9ciated ~itJ1,.t;Jte 
ventilation device when compared to the base case (E&SE} .for a..~gas furnace and; .. .ftri .elect~ia~tt"!:• 
nace. The table shows that the ATAHE is economically attractive at all locations. The EAHP is 
also economically attractive with the exception of a gas heated house in western ~an4da wne~e 
the energy cost ratio between electricity and gas is >2. · ':~ · ·~:.''<'' ·~+.~ .·:'.:.. ... ~!. 

":' Estimates. of, t~e" ~~pitai ~osts ·. a~d foS'f!4q~~tic:in cost~ ' ~or .. _each . dev~~~ ~8,'re g,iv.?.{! .~n 
~ltle 3. The'. _c~p1ta1~·. c:_8~t! ·Of the E&s'F_- l,11:1-q l'A!~HE are ~ typic.al· for the .'. ~an~~~~m T1lrk~ 't: ,l'ri ~ t're 

·" ~l\l:fI!s capital · ~o'st ·wil!l 'bas~~1J o_n ac.~u~"l 1 '.~#~'tr~~ tio!l ' .~?s F~ of, F'he prpto~y·pes''I" ?~ tp a f ac.to.~' 1 ,1=o 
aiJ.low for cost reduction of- 'a: lnanufad u±'eHJ 'UM t. ~ 1 The insta ll:;l t;i.o~ 'cos ts, a'te p~~~d on t,ypl~.ill 
contractor estimates for new construction. : ~ ~j r., 1 I • • , 1 ' • o 

The heating provided by the EAHP for the different locations is summarized in 
: _, . ' 

The table shows that the EAHP can provide a substantial portion of the house neat-fng 
Table,4, 
. '- <1 l .• ,, 
reqm.re-

ments. All tabulat~d c~~ts indicated !!-re in C~na1ian ~do~l~rs. , -. · 

:;( . 
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THE EXHA!J.!11' AIR HEAT PUMP 
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The protbtype EAHP wns 
Canada (s•• Figure 1 for 

t · .. : .. ·o :~ ·· 

built. by tho Lo~ Tomporntnr.o T.nborntor.y, Nntfonnl l~nsonrc.h Council 
general equipment layout and Figure 2 for as-built component layout). 

" Two versions of the tAHP were investigated, one us~ng ,an air <l~fr~st system to clear 
the evaporator when frosting bacame excessive, the secon.d uslng an evapora,tOr pressure regula­
tor to limit the _ evaporator temperature to a minimum of 30 F (-1. l °C), which eliminated the 

. need for any d~frosti,ng. .. 
, ,,,: :: .ii " ' , / • , l\. 

·;. ~ ( ., . . 1· .. 
b ·-it ~'t. }> ' ~ ' 
~; \•w e,a ... ;id?e '" ., .,. .. .. .. 
1!· · ~1' . .! .'t i .. . :.) ~ ,. ,: .. :1· I •. • ~P '·'. .~: ;-t •,J ,. · -- Ji. '':\ 

The heat pip,e ~Mi· .J.x:iclud~d ... ;41. . th~ EAHP for thf followipg reasons : 

,, 

' j 

~ ' '.i f-.1 _. "' ·'" 
1. . . ,I.t ,i.illow~d t"t r~frigeration system :~to ~ be 'smaller . than a11hiAl$P;~ without the heat 

P,iP~· .,.1 ~ t -'•"~' · ._ . . 11 .• ..t "t•· j •. ~ : .·~ ~ ~ ' .· ",: j .{ 

~ I .:~ \ IJt •J/ ;. '"' . ;, ,· ~· 
2. The heat pipe preheats ~~~ · ,,supfi>lY , air before _reaching ' the condertsl'ir, This helps 

to allevia_ife the problem of low condensing pressure, and it also keeps the suction 
'i ", teml?~ra~:~r~1 up. , :.· ,,, .• " ; ,_1_ 

'_o/fl "J~ ,:.. ,.~·· .. • . : ·' .. #> • l (l · ··~ ~ · ,,: .. ·, !·· ~ - .~~1 
. , , , 'th& · heat 'recovery effec't:iv,<1'ess of the · heat pipe wa~ i{litially selected at 30%. This 
~ ,.:i.r~u.'~dl~l, l~~ ,maximum e~ergy rec.or!'ry from ~he exhaust air but 'wou~d not f.ros ,,t the heat pipe coil 
· at loi.r outdoor temperatures. It would also maintain the E!Xhaust ,, ~lir ~~lllp~rature high enough to 

defrost thl evapot'ato_r _ if it became frosted. 

. l:: ' f; ... 

:. ~'. Heat Pump "· ' 

J, . ~ - •, ' . I >,. • ·, 

1 
., , • , The ' pr,flimfl\a""y de$,ign specific8:~ions for ~h.~ ., main h~at pump ~omponents ( ji, e., 

. 'compr_es,s.or, conde.nsef 1 and e~S'porator) · we,tdo • established~ -8;flff the equipm,ent was selected usinl a 
· ,;,,i~ei~ P~tnP . system de~~.~tt .. method (Hawken et al. 1984) ;l~hat has ._prov.~d to be reliable · in 
· predicting the perfokmartce of real heat pump systems. Sizing oJ the maJqr .EAHP components was 

.based on the following criteria: • 

... .... ...:_.:: · He.i~. 5id1~he: ' "' 1so · SCFM ·: (70.8 std, L/,s) ' airflow exhaust from th~~ house at 71 F 
:J'.: ""·.;, ~ :··: : , _, ·: :iH"' l (~i; ,6°C) and 40% ~!I"' , 
: •~ I • "" • .. ,\' .. ' 

Hea'i'° sink'( 150 SCFM (70 . 8 std L/s) afrflow supplied to the house at -13 F to 
59 F (-25°C to 15°C) and 50% to 100% RH 

~f.rking fluid: 
~ . , ( .. 1 ~ \ ' " 

.,Ri2 (dichlorodifluo.r9methane)
1 

eVjlPt?t;ating in the range of 22 

1~$, .. 6 F ( -S .S°C to 2~C) and cphdensirtg .: in the ~p.nge of 90 F t.o 
F to 

i20.5 F (32.2°q to 49,. 1°C) .,~ · 
1 

.~ ·i. . . 
.. 

·-:; .... :·. .. 

·::~A~§?= AIR' ~AT' PUMP OPERATING doNTRoLs 
,• 

~ , ~ .. .. 
.:\ , · ., 'Fi j· 1 U1 ~; ; . 

.. , . . . 
": .Automa't'i~' ·oper~tion ' ,, .~ . . :~ 

1 
• • . . 'Dl,e 1~~ is normally ,..operated .bY: it.~~ Hr st stp.g~_. of a .two-stage room thermostat. The 

~ 1~~co~d'· sta$e ?.£ the thermqstai; w.ill en!'!{.gize t~', hous~ heating s!~~.;:im H. the EAJIP cannot nldP,­
. ta,t~ ; the :>et , ~.empera~.u.re . .. The ~hermo~pt-t stoP.'·~ ~,t\ star.ts the_ h}J~t . pUIJll). compr,essor. The;\1 s'ht>­
··1plif .,and.'. exh·~.?~:t Jalls . f?:. ~7he ~j\Hr will operate .RPi1¥i;t.Uf>U.~ly, pro,viding fresh air and exhaust~ng 

stale alr from the house. 

· l:1~Ctric' Heatei: · 
; ; • 1 ' ,/ 

'I . 

A 1 kW electric heater was 
0

inclJded', in. the EAllP to. ensure th~t the temperature of the 
) fresh air supplied to the house does not fall below 70 F (21 . 1°C) (see Figure 1 for location) . 

The electric heater was installE!d upstream of the heat pump condenser as a means of 
head pressure control at low supply air temperatures. 



Automatic Defrost (Frosting EAHP) 

The frosting version of the EAHP requires periodic defrost at outdoor temperatures 
bolow 14 F (-10°C). The dofro11ting of thn hont pump ovnpornt.or wn11 nccompl:!Rhod by atopplng 
the heat pump compressor and allowing warm exhaust air from the house (after it exits the heat 
pipe) to defrost the coil. There is a drain pan under the evaporator and heat pipe to remove 
moisture from the EAHP. ·· 

The defrosting of the EAHP was initiated by an air pressure differential switch with 
pressure sensing points located between the inlet to the heat pipe and the outlet of the 
evaporator. The pressure switch would initiate a defrost when the pressure differential 
reaches the set point, which indicates the evaporator coil is blocked with frost. 

CONSTRUCTION OF THE EXHAUST AIR HEAT PUMP 

All the components of the EAHP were purchased from outside suppliers as off-the-shelf items 
where possible or were built to the design specifications provided. The major components were 
mounted on the base plate of the steel case (see Figure 2 for as-built component layout). 

The physical size of the EAHP was determined by the size and position of the major 
components. The heat pipe determined the width and height, and the spacing of the coils and 
fans determined the length. Figures 3 and 4 are photographs of the EAHP during construction. 

.. TESTING OF THE EXHAUST AIR HEAT PUMP 

The purpose of testing the EAHP was to provide an accurate assessment of its operation at the 
specified indoor and outdoor temperature ranges. 

The prototype EAHP was tested in a psychrometric calorimeter . The calorimeter 
consists of two rooms, one to simulate outdoor conditions, and the other to simulate indoor 
conditions. The test loop for the EAHP is shown in Figure 5. 

The EAHP was located in the indoor test chamber. Exhaust air was drawn from the 
indoor room through the EAHP and then through an airflow meter and supplementary fan to the 
outdoor room. The outdoor test chamber was used as the source for conditioned fresh air. The 
outdoor air was drawn through the EAHP and then through an airflow meter and supplementary fan 
and into the indoor test chamber. The inlet and outlet temperatures of the supply and exhaust 
airstreams were measured by a thermocouple grid in the air ducts. 

Test Requirements 

The main requirements of the testing were as follows: (1) establishment of the actual 
operating performance of the EAHP as a complete unit, i.e. , the difference in temperature 
between inlet and outlet on the supply and exhaust sides; (2) measurement of electrical power 
usage of the compressor, heater, and supply and exhaust fans; (3) determination of the energy 
input to incoming fresh air; (4) determination of the coefficient of performance (COP); (5) 
observation of the defrost frequency for the frosting EAHP and the effectiveness of the air 
defrost in clearing the evaporator coil; and (6) determination of which version (frosting or 
nonfrosting) is the best choice ·for commercialization. 

COMMISSIONING 

The electrical controls were checked for proper operation and the refrigerant system checked 
for leaks and evacuated. The vacuum in the refrigeration system was broken with refrigerant 12 
and the compressor was started. 



,•• 

After the heat pump was operating with the correct refrigerant charge, the evaporator 
was allowed to frost in order to set the differential air pressure switch and the defrost 
termination thermostat. 

Commissidlfihg Probliems'·'.' 
-.,r, 

'· - ' ' ·- .-

• 
1

' ·''One of the m'ajor commissioning problems di"scovered during ~rii tial - testing a.t. low 
~Yi .- temperature was frosting of the exhaust side of the heat pipe. The, h~at pipe specificp.,tion to 

the manufacturer was for a nonfrosting design to avoid defrosting problems, and this limited 
its effectivenes,s to about 30%. After the 1;rosting problem,. wa~. observed, the heat pipe was 

K ··' tS:Sted witliout''··:the heat pump operating and was found tq be 57% effective. Because no 
.•!< a.1.~owa~~es. :fii~-re made. _in .t,?.~ design of the EAHP _to d~frost the heat pip~, and a more effective 
,_!':i.::ti!fea•t P'ipe wbuld ad~eliselyaffect the operatiqn o~~the heat pump, it was.gecided to derate the 

heat pipe· w·: th~ specif-led 30%. 'ehec!tivene'ss. The heat pipe was m~de up of individual 
aluminium finned tubes and was three rows deep. It was derated by drilling a hole in the end 
of selected tubes and releasing the refrigerant inside the tube. The entire first row of the 
heat pipe was drilled, and the effectiveness of th~ heat pi~ was reduce.d,v,to 36%. This proved 
to be sufficient to keep the tubes frost free at -1',3.:1~ (-25·0~ outdoor air',<temp·erature. 

Ht,;:1 • 

.·,ui1 RESULTS OF~TESTIN'G ' \ 
• '• 1(: I -'I v 

-:_, 
' \ ! • • (l 

(('f~ '''The '1EAHP performed very' i.ie'li': 'with no 'problems evident iq it~ C•o.peration'. ~ The heat pump system 
'"'>«.; opet'ate'd'; for,_ extended'" pei:

1
iods in a wide • variety of ,outdoor and in\f0or temperatures and 

·•·humidities wi'thout difficulty·. 

The air defrost system selected was very effective in clearing the frosted evaporator, 
and the method of initiating and terminating the defrosts, work,ed wi~hol{t dif!icu-~ty. "" 

. - . . ., -·· ., - .. ·~ , ~,.. ",.,. -. ' . .. 

The evaporator on the nonfrosting EAHP (with evaporator pressure regulator) remained 
frost free for all the conditions . tested, and th~re were.'.. no operating problems when the 

··L re'gulator was used. The. regulator comes fac~9ry preset at the req.,uired pressure, ai;i.d no field 
adjustments to the regulator were required . 

• · · :.}g4;1 ... -:1 • • •• 

:r:;o.;Fi:ost:l.ng': versus Non:frostl~g" EAIIP 
'' ( 

Two versions of the EAHP were tested, a frosting evaporator ty~\l. 3with air defrost 
;;.;t:• sys'tem and a nondefrostlng evaporator type -with ail ~vapor a tor pressure regulator. 
/:ft .: ~- j , r·f ~JPI ' rr• I t ;7 \,i {; ~ ~t · "' 

,. . . • . . . I : • •• . ~ • 

•'·' 1 ·;r ,; Figu'res:·6, 7, and.6.compar~ the capacity of ... the two versions durin.g,one cycle (from 
-;.B"startup afte~ defrost to 2,q~pletfon'of fefrost) of the frosting EAHP at -13 F (-25°C), 1.4 F 
,Jf.L~...;.17°C), ahd ·14 F (-10 11 C) outdoor temperature (these figures are for 71 F (21. 6°C) and 40% RH 

indoor conditions) . '' ' 

Figure 6 shows that at -13 F (-25°C) the frosting evaporator . has slightly more 
capacity over the complete cycle (including the defrost period when the heat pump is shut off) 

. . !han ,,~he_. nonf;osting evap?rator. At abq'\ .. 1 . .,4 F ~-1_7 °C) o~tdooi: tempera.t~re . there is no 
I .. i.:di'fference in capacj- ty: ove.r · the compl~te cycle betl\'ee~ the two version. { see, .Figure 7). Above 
• l.!lhfs· 'emperatcite' the ~~rifi~sting upi~ has . llJOre . c-apaci ty ' ov.er~ the r90mplJ,,~-~ ~Y!ile. The frosting 
~, ~_'_v~rJ~.~n ~ti~~ J~q~~~Ji'tl, i';,d~frost 'p_e,;:;~9p 'of,, abc:>ut_, , ,£,Plf.~'._0minutes · eve,ry,, Jipur, ai;, , 14 F (-10°C) 
(~ '. (Ffg~z:.~ 8).:, : Th~ . total ~o.u,r~j ot, oe.e~a~.~on ~,el.?w ~~: 1'.f• (::-1_? C) . is ,very ~OW• at, most locations and 
.. : , th~.-no¥€r~~~fng . ~~.rs ion ~eul~f'ther~Jor.E71 ,prm~_i.des .. the .r~li'ea~er ~pta.l eAei:&Y';. savings. 
·., · •I .- 71 . ~.' -'c OL ' ... 5j ~·. ; .. ~ ·:~£ ·· · · • ')~~·::·,"·' ··.~ .. ; ';],~ ' :) 

' '' · · .. •The ··n:onfrosting version also nRt'-.¥ _ s~v;eraJ .. .,..practical 1 •• a.ivan;t..wges.,:1over. the,. frosting 
evaporator. The electrical controls are simplified when defrosting is not required, and the 
nonfrosting unit would not require an air pressure differential switch, defrost relay, defrost 
termination thermostat, and heater relay. The defrost controls are also a source of possible 
service problems that can be eliminated from the nonfrosting unit. 

Figure 9 is a comparison of capacity between the frosting and no'nfrost'ing EAllP 
(frosting version capacity is t_he average capacity achiey.ed throughout F-AE}-

1 
_c,yc~e). T~, fj_gµre 

'>,;;~libws that'"·t~e - capac':tty - of the EAHP ,inc:r;.eases as the' outdoo;r' temper~t11;r~ .. falls;,;,..wlriGch:. is 
,.. , ·~; l ~ l,: ::~ · · .' · J ".I r} . , , i,. ' ~-I '. ') ' I :_,, f . I' . -

()~ ~~.~.~:t; "~ "·::(."''.·· 

~ ... 
~--; ·:!?":/."""' 
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APPENDIX A 
Characteristics of House ··Model 

The standard house chosen for comparison of various ventilation practices is meant to represent 
a typical detached house. with hea.ted basement that-.-has been constructed t'o conform to R-2000 
type specifications. The insulation values, size of south-facing windows, etc. , were taken 
from the typical figur~s given . in a . mon,itoring . report of constructed R-2000 houses across 
Canada (Dumond 1984) . Two adults and two children are ,assumed to occupy the house. The 
following references were used as a guide when determining the heat loss of the house (Cane 
1979; Dumont .. ,et al. ~~82). :The hous9 hoating roqu.iremcnt was calculotoq for tho vnrious 
temperatur~ .Jncr_e111en~s __ (bins). at .each location . Details are given below: 

Mech~~ic.al ventilat~on 
.... f<?r wint;er condi tiona, 

Air infiltration ·for winter 
conditions 

Living area 
) ~· ft 

Basement area 

Total house volume, for 8 ft (2 . 44 m) 
ceiling 

Thermal conductance of building 
skin above grade 

Below-grade heat loss (assumed constant) 

Gain from appliances, lights, people, 
and sun (assumed constant) 

Loss due to a total ventilation rate 
of 0. 7 ACH 

0 . 5 ACH ! -~ , : '!: 

. : ', 

0 . 2 ACH 

1,141 ft 2 (106 m2 ) 

1,141 ft 2 {106 m2 ) . , 

18,267 ft 3 (517 m3
) 

123.5 Btu/h·F (65.3 W/°C) 

1,365 Btu/h (0.4 kW) 

5,292 Btu/h (1.55 kW) 

340 Btu/h·°F (179.7 W/°C) 

Cane, R.L.D. September 1979. "A 
requirements of air source heat pumps." 

modified bin method for 
ASllRAE Journal: 60-63. 

estimating annual heating 

Dumont, R. December 1984. "R-2000 home monitoring report, interim monitoring results," 
Division of Building Research, Saskatoon, National Research Council Canada. 

Dumont, R. ; Lux, M.E.; and Orr, H.W. September 1982. R-2000 Energy Analysis Program, Rev, 
4.02.2, based on NRG Hotcan 2.0 DBR Computer Program No . 49 , Division of Building Research, 
National Research Council Canada. 
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TABLE 1 

Energy Costs in 1987 dollars 

VANCOUVER SASKATOON MONTREAL 
B.C. ~ SASK. QUE. 

- GAS 1 ELECT. 2 GAS 'ELECT.~ . · GAS ELECT . 
\ 

ENERGY .COST . . ~~ 8.25 16.09 7.16 ·16.44 11 . 00 13.48 
$/Btu x· 10• r . V,'i' , 

($/GJ) (7.82) (15.25) (6.79) f15.58) .l {10 . 43) c1.+.y8> 

1. 

2. 

3. 

Gas prices are for June 1987 and for a: monthly consumfl'ti:on of 
10,000 ft 3 (282 m3

). Energy value of gas fs 1;000 Btu/fe3 (31:259 
MJ/m 3

). Average furnace efficiency of 70% is assumed. 
j . ·~ 1 

Electricity prices are based on the average bill for a~·cotisumption 
of 750 kWh/month as of June 1987. 

Sn· 
Information supplied by Energy Mines & Resources, Energy StatistJcs 
Handbook. 

L,_ ~ 

• ' 



T.t,\BLE 2 

Comparison of Energy Cos~,s Associated with Ventilation Device 

-· GAS FURNANCE ELECTRIC FURNACE 
I 

' 
I 

Location and Cost of Energy Simple Cost of Energy Simple 
recovery heating cost sa- pay bnck heating cost sa- pay back 
device used & venti- vings of period & venti- vings of period 

la ti on recovery for lat ion recovery for 
device recovery device recovery 
compared device compa~.ed device 
to base to base 
case case 

(1987$) (1987$) (yrs) (1987$) (1987$) (yrs) 

MONTREAL, Que 

Base case 606.00 734.00 

ATAHE 382.00 224.00 1:_3 459.00 275.00 2 . 7 

EAHP 303.00 303.00 4.4 323.00 411.00 3 .. 3 

----------------·-----------·--------------------------------------------­_________________________________________________________ _:___~--~-----

SASKATOON, ' Sask. ' . ~; ~ ' 

Base case 572.00 1246.00 

ATAHE 380.00 192.00 3.9 806.00 440.00 '! 1. 7 

EAHP 471.00 101.00 13.3 640.00 606.00 2.2 

VANCOUVER, B.C. 

Base case 272.00 466.00 

ATAHE 155.00 117 .00 6 . 4 267.00 199.0 3 . 7 

EAHP 161. 00 111. 00 12.1 161.00 304.00 4.4 

\0 



" · Estimat~~Q Cost of Ventilation. Devices 

E&sr· ATAHE EAHP - . -
' 

Capital Cost (1987 $) 150 800 1400 

Installation Cost (1987 $) 700 800 - 800 - -- --
Total Cost {1987 $) 850 1600 2200 - --- -- --

TABLE 4 

Heating Provided by Exhaust Air Heat Pump for Heating Season 

. ' · 
Vancouver 

! 
Montreal Saskatoon 

B.C. Que. Sask. 

Useful h'eat supplied by 29.6 (31.27) 44.3 (46.79) 55.l (58.19) 
EAHP 
Btu x 1-0 6 (GJ)·- . . . 

Heating required by house 29.6 (31.27) 52.6 (55 .47) 73.3 (77.39) 
Btu x. 10 6 (GJ) 

Percentage of house 100 84.4 75.2 
heating load met by EAHP 

If 
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Figure 4 EAHP during construction (exhaust air side) 
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