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There are at least three consensus def,rnitions of the

of size.
A code (in the law) is a collection of laws (regulations'

ordinances, or statutory r
mental (legislative) autho

as model codes, building

field tests into universal design guidelines' One widely

referenced work is the ASHRAE Handbook-Furùamentals'

in which chapters Pre
teos on such toPics

retarders, ventilation
moisture control guid¡nce.

The author cites 11 references to ASTM and industry

guidelines and to a large number of standards issued by

ÁSnt¡, Great Britain, industry, and others' dealing with

building materials ilding envelopes

and relating to air hest transfer'

Tbe th¡e¿ mod United States do

not cover the control of moisture in buildings except to

warn against possible damage from water vapor condensa-

tion. Ignored is the fact that the transfer of moisture may

result in increased heat transfer and energy use in the

building.
More than 20 sources of guidelines, st'andards, and

codes have been cited by the author. There is no single

inforrration source, index, data base, or compendium in
which the designer or p
codes, and guidelines
buildings. Obviously, su
provided that it could be
perioclically updated.

GIIAPTER 4:¡-¡.EGÀL CONSTDERATIONS
AND DISPI¡IE RESOLUTION: lHE WATER'
REL/\TED CONSTRUCTION FAILURE'
Brr¡ce Ficken

A constructlon failure occurs any time that constructton

fails to perform as intended or required' Thus, not only is

a constn¡ction failure the bridge that collapses or the

fails, it is also the Paint that

at leaks, or the glue that fails
failure raises keY issues and

considerations that must be understood for the contractor'

architect, specification writer, or owner to protect himself'

In every jurisdiction, the contractor is required to

risk of a constmction failure if he complies with applicable

plans and specifications has a duty to bring these deficien-

cies to the attention of the owner' If there is a subsequent

constn¡ction failure as a result of the specified deficiency'

the contractor can be liable for his failure to wam' Similar-

ly, a contractor has the duty to warn of defective site

conditions if the contractor knows or should know of the

defect.

held, "An architect is bound

care the duties for which he

right to regard him as skilled

in the science of the construction of buildings, and to expect

that he will use reasonable and ordinary care and diligence

purpose for which they were produced'"-
Under this doctrine it can be argued that if the finished

construction is built in accordance with plans and specihca-

tions, it

(a) will not leak,

çUl wiff not allow the accumulation of water where the

building will be adversely affected,

&à.
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(c) will not be duly affected by predictable influx of
moisture in the physical construction,

(d) will expel water that enters the construction predic-
tably, and

(e) will not utilize materials that tend to trap excessive
amounts of water under predictable circumstances.

ln *y construction failure dispute, the owner is likely
to argue that he hired a design professional to design and a

contractor to build the building, so that if anything goes
wrong with the job, it must be the responsibility of one or

the other. That perspective ignores the owner's responsibili-
ty to maintai-u the building and not to modify the structure
in a deleterious manner.

The author presents a case study on the court settlemeut
of a constn¡ction failure involving a l6-story oceanfront
hotel in which major mold and mildew problems developed
almost.as soon as the hotel was occupied. The case shows
that the owner was able to collect only small damages from
the architect and contractor, partly because during the court
hearing he did not adequately develop and present the facts
surrounding the operation of the hotel.

{
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This report examines three devices (exhaust fan, air-Èo-
air heat exchanger (lt¡nn) and exhaust air heat recovery heat PumP

(nrunnp)) which could be used Èo increase the ventilation rate of a

Eightly construcÈed house Eo a level sufficient to keep indoo? air
poitutánts and ¡noisture to acceptable concentraEions'

various types of EAIIRHPTs were examined and the non-

frosting, space treaiing tyPe ltes deemed to be the mosE practical
for cotáLr tli..t"". the spece heating, non-frosting EAHRHP and

Ehe ÀTA|E \'ere each "orpateã 
to Èhe exhaust fan Eo determine the

Eost economical choice oi device for a range of Canadian climates'
Based on current energy prices, Èhe EAIIRHP was found Èo be the mosE

atEracÈive, except i"-inå case where sPace heating is undertaken by

lo\J "o"a 
ges; in which cese an exhaust fan only is indicated: It

rras fouad thet an EAIIRIIP could supply a substantial portion of the

annual heating requirements for an energy efficient house.

ABSIBACI

rûsrnd

Dans ce rapport Erois dispositifs sonc étudiés (ventila-
teur dr extraction, á"it.rg.rrt de chaleur air-air (nCU) et exÈrec-

Cion d'air avec iecupération de la chaleur Par PomPe â chaleur
(r¡npc)). ces dispositifs servent â augmenter ta venEilaEion d,'une

r¡aison étanche â it.ir pour linifer â des niveaux appropriés' les
concenEraEions de polluants eE dthu¡nidité â I'ihtdrieur.

tj

onaexaminédiverstyPesdeEARPCeEconsEaEéqu9le
type avec chauffage des esPeces habic¿s qui ne présente Peg de

,í"qo. de givre s,ãst révdld 1e plus pratique pour les clima¡s Erês

froids. on a notasment comparé les tyPes EARPC et ECAA evec le
ventilateur d'extraction poui déEerminer le EyPe le plus économique

dans les divers c l imats d,u Canada . En se f ondant sur les ;prix
acEuels de l'énergie,le EyPe EARPC sresE Eoujours révéLé le plus

économique, sauf Jans le cas du chauffage au gez bon ruarché où le
venCilaËeui dtextraction lremporte. Enfin on sresE aperçu que le
EARPC peut fournir une Pertie importanÈe du chauffage annuel dans

une naison bien isolée thermiquement '

(1LL,
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À OOüPAX,IÍ¡OX OF VE¡ÍIII.ATIOT S|rNATTCIES FOR
ÍIGTILY OOtrSTnI'CÎED r)I'SBS Û q)ilI CLIIIATTS

I.O N|ÎBODT'CTIOTf

Sinc¿ the early 1970's, and Ehe advenE of sEeePly rising
energy costs, houses have bêen built to increasingly st,ricc energy
conservaEion standards. Prinarily this energy conservaEion has
been achieved by increasing the thermal insulation levels and seal-
ing up the cracks in the building shell Èo reduce the infiltrátion
of unconditioned outdoor air. Although significanÈ energy savings
have been realized, Èhere ere negative aspects associaced wiÈh such
Èightly constructed houses.

IE has been found that if the ventilaÈion rate of the
house is lowered to below 0.5 of an air change per hour (ACH),
problems with indoor air quality can arise lnef . I and 2]. rrlith
such a low raÈe of fresh ouÈdoor air entering the house (and
corresponding low raEe of tstaler air leaving Èhe house) polluÈ,anEs
and noisture can build up to what rnay be unacceptable levels.

This report looks at three differenÈ mechanical devices
which could be used to increase the venEilation raEe of tightly
built houses. The Ehree devices ere an exhaust tan (Sf), air-to-
air heat exchanger (ATAHE) and an exhausË air heat recovery heaE
punp (nrutRHP). EFrs and ATAI{E|s for residential applicacions are
relatively straighEforward devices wiÈh ruany commercial examples
available on the markeE. Ilowever, the EAITRHP is a new concepE
which is currently very much in t.he developmental stage. Therefore
Ehis report will also look aÈ some alternative designs for Ehe

EAHRHP aáa will select the configuration considered most suicable
for this applicacion.

2.O VNMILI$IOIf I¡TBATEGIES

The three systems compared are an exhaust fan (EF), an
air-to-air heaÈ exchanger (lf¡Hn) and a space heating, exhaust air
heaE recovery heaE pump (UAI{RHP). Of these systems, Ehe firsE and
last type are exhausÈ only sysEems which create a low pressure
inside Ehe house Èo increase Èhè natural ventilation raEe Ehrough
Èhe'cracksr in the building shell. The ATAHE is classified as a
balanced device where Ehe airflbw forced ouE of Èhe house equals
Ehe air flow rate drar¡n into the house by the device, and hence Ehe
pressure inside Èhe house is affected very litcle. For very
tightly consÈrucEed houses wiEh naEural infilEration raEes much
lower than say 0.2 ACH, an exhaust only system is noE considered
appropriaEe because of Ehe very low pressure needed in Ehe house Eo
encourage sufficient air to leak through Èhe 'rightt building
shell. This low pressure could cause problems with the building
such as in opening exterior doors a-^rd windows.

. To allow comparison of Ehe three devices, a house with a
naÈural venEilaÈion reÈe of 0.3 ACH was considered. This deÈached,
tso-sÈorey house with a heated basement rras considered Eypical of

O
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nen house construction in rcomfortablet niddle class neighbourhoods
in the northern usA and canada. Details of'che house are given in
Appendix A. The ventilation devices were sized to produce a ÈoÈal
ventilaÈion raÈe of 0.5 ACII in this house. Unless a ma
of pollution such as urea formaldehyde foam insulation

or source
UFFI)

present in Ehe house, Ehis ventilation rate is considered-Èo
sent en acceptable standard for rúeintaining air quality Inet.
21.

j
(

1-
is

rePre-
I and

1-

Shaw [Ref. 3] has presenÈed findings on rhe effect of
bal¿nced and exhaust venEilation systens on the ventilation of a
Eypical, tightly-constructed Èrro-sEorey detached house with base-
nent. ExhausÈ was from the basement and supply \{as Eo Ehe reÈurn
duct of Ehe central, forced-air heating system. The air change
rate rres measured using the Eracer ges (nro) concentraEion decay
ueÈhod. Tracer gas wes injected into Ehe furnace duct system and
air samples for ueasuring the Èracer gas concentraÈ.ion were also
taken from the duct system. The furnace fan rres run continuously
during these tests and tesEs were run during a heating season with
a range of indoor Eo ouÈdoor Èemperaturé differences, wind speeds
and wind directions.

During Ehe colder winter monÈhs (outdoor EemperaEures
below -10"C) the natural air infiltration rate for che tesE
house was found Eo vary very little with Èemperat,ure difference and
wind speed or direction. An average value of 0.26 aír changes per
hour (AcH) 

'¿aô found.

For Ehe exhaust only sysÈems Shaw found ÈhaL Ehe air
change rate was relatively insensitive Èo oucside temperature and
wind conditions. Also, it was found thaÈ as Ehe venEilation flow
rate increased, Ehe neuÈral pressure level (npl) was shifted up-
ward, thereby increasing the infiltration but decreasing Èhe exfil-
Eration Èhrough Ehe cracks in the building. EvenEually at en ex-
hausE flow raE.e corresponding to abouÈ 0.5 ACH, Ehe NpL had
migraÈed Eo Ehe ceiting level of the second storey and the air
infiltration rate equalled Ehe exhausE air flow race, wich che
exfilcration raËe Ehrough the rcracks' in Ehe building being essen-
Eially zero. For Ehe purpose of chis exercise iE will be assuned
EhaE Ehe natural.infiltration rate wiÈhouÈ mechanical venEilation,
Ior is 0.3 ACtt. The EF and EAHRIIp will be assumed Eo operaÈe
with an exhaust flow raÈe, vv, of 70.8 std l/s corresponding to
0.5 ACH and this will just equal the infiltraEion rate.

This exhaust raEe will be mainÈained for Èhe enEire
heating season of nine iuonÈhs (6552 hours) for boch devices Eo
ensure adequate venÈi1aÈion. The compressor and condenser fan of
the EAHRHP will cycle on and off with the demand from rhe first
sEage of the Ëhermost,aE. The second stage of che thermostaÈ would
be connecEed Èo Ehe central furnace.

For the balanced syst,en, Shaw found EhaC during Ehe
colder winter r¡ont,hs Èhe venEilacion rate for Ehe house, r, rras notjusÈ Èhe sLE of the naÈural infilcration raÈe and the r¡echanical

¡
f
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exheust flow rate, Vy, but is a linear relationship;

I=Io.tRVv

where the proportionality constant, R, is given by

R = 0.13 (6{L/2

(l)

Q)

and at is Ehe temperature difference between inside and outside.
The effecÈ of wind on the ventilation of the house was much less
than the Èerpereture difference effect and was ignored in this
correlat ion.

From Table I it is apparent Ehat Eo ensure adequate ven-
tilation over the whole heating seeson, a mechanicar ventilation
rat,e of 0.5 ACII is required for Èhe balanced system. This apparent
anomaly is nainly due Eo the facE that the various volumeÈric flow
rates were not corrected for temperaEure. Therefore, as Ehe ambi-
ent. air increases in EemperaEure, the air entering the house be-
comes less dense and so more volumetric flow rete eras required to
achieve the same emounÈ of tracer gas dilution. Also, at indoor Èo
ouEdoor temperaÈure differences below 30"C the natural ventilation
rate wilr probably decrease also, thereby requiring an increase in
the mechanical ventilation raÈe Eo compensate. This flor¡ rate is
convenienÈ Eo use for Èhis comparison, as the other Ewo devices use
the same flow raÈe.

For the purpose of Ëhis exercise, the ATAHE will operace
continuously with a discharge flow rate of 0.5 ACH (corresponding
co 70.8 std 1/s) for Èhe nine months of Èhe heating season. staff
at Lawrence Berkeley Laborat.ory determined an average heat exchan-
ger effecEiveness of abouÈ 0.6 for cwo 'goodt quality ATAttEts
[nef; 4]. rt will be assumed thac this figure includes any incer-
nal cross streem leakage and allor¡s for losses due Eo defrosÈing
Èhe device.

3ys EemsThe characterisÈics of Ëhe Ehree ventilaEion
comparêd are illustraÈed diagran'maEicalty in Figure l.

O

3.0 DESIGN OF TXH^UST AIR EEAT BECOVßRY EEAT PT'IIPS (SAEREP)

For heaE pumps, Èhe heat flow rate from Èhe condenser,
Q", Ehe heaE flow raEe t.o Ehe evaporaÈor, , and the power
cons.umed by Èhe compressor, Pc, are relaÈed in the following way
(ignoring the small losses presenÈ).

Qc =QE*P" (3)

A coefficient of performance (COp) can be defined ¿s in(4) (noÈ allowing for the power to operate fans).

ac
COP - r (4)
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Èherefore, Q, = Q" (t - #)

For a consEant condenser heaÈ delivery, Qc, it is
apparent fron (5) Ehet Ehe heat recovery by Ehe evaporaÈgr,
rsill increase as the COP increases ahd the purchased power,
will decreese.

(5)

1- QE,
Dtcl

O

A convenÈional, vapour compression heaÈ pump operates on
a reverse Rankine Cycle and for a particular system with a fixed
condensing tempereEure, the COP increases almost linearly with
evaporating temperature. Therefore, Ehe higher Ehe evaporating
temperature, the greater the energy recovery by the heaE pump.
llowever, in the case of Ehe EAITRHP considered, the evaporaÈor is
working with a fixed flow rate of exhaust air for a particurar size
of house (ZO.g scd l/s (l5O scfn) for 0.5 air changeã per hour in a
209 s2 house) at e constant inlet EemperaÈure of ZI'c i7O"F).
Therefore, Èhe energy recovery from Ehe exhaust air strean wi1l
increase as the evaporating temperat.ure decreases. with Ehese. two
conflicEing requiremenEs there will obviously be an optimtrn evapor-
aEing tenpereÈure at ¡rhich a particular syster¡ will operaE.e most
e ffic ient 1y.

Figure 2 shows Ehe energy Ehat can be exEracted from the
exhaust air sEream. Two evaporaEor curves are used, Ehe lower one
is for a fixed size evaporator; 10 rm (3/8 inch) rube, 25 tw X 22
m (t.O inch X 0.866 inch) sÈaggered Eube spacing, 550 fins per
meÈre ( t4 fins per inch), ¡ippled and corrugaced fins, 4 Èube rows
with a face area of 0. t4 xo¿ ( I .5 f.t¿) . The upper curve is for a
variable size evaporaEor which maintains an evaporating !emperaÈure
2.8"C (5'F) cooler than Èhe air exiting from the evaporaÈor. Also
shor¡n on figure 2 ate compressor capaciÈy curves for various
condenser heat capaciEies. A constant condensing cemperaEure of
49"c (I20'F) was assumed and Èhe capacities were calculated usino
acÈual COP values for a rypical, high efficiency, hermeÈic,
reciprocating compressor.

. To obtein nore energy from Èhe air, Ehe evapor€tor Eemp-
erature must decrease and Ehe capacity of Ehe sysEerû must in-
creese. Therefore, the size and cosE of Ehe system musc increase
as the energy recovery increases. A problern associaEed with evap-
oraEing EemperaÈures below about -l'c is Ehe frosÈing of the evap-
orat,or. This means that t,he system wilL have Eo be periodically
Eurned off and Ehe evaporacor defrosEed. Typically, Ehe defrosÈ
would be accomplished by using Èhe warm exhaust air Èo melÈ the
ice.

The Hooper and Angus reporÈ [Ret. 5] on Èhe EAHRHP recom-
rnended a Eemperature reducEion of the exhausÈ air stream by 30'c(54'F). A proÈotype, based on the tlooper and Angust concept ,¡ras
built and EesEed. TesEs of che proËoÈype Inet.6] indicated EhaE a
defrost would be required'after 30 minuces of running (for 4oZ rel-
ative huuidiEy and airflon races of 70.8 sBd l/s (150 scfm) and 269
scd l/s (570 scfn) over the evaporaËor and condenser respeccively).
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These EesÈs also indicated theÈ' due Eo frosÈing of the evaPoraEor,
the heaÈ delivered by Ëhe condenser decreased to 7(¡1 of its steady
sÈatà value (attaineã afÈer about 5 minutes of operation) after ì30

minutes of operation.

Thooas lnef . 7l found that on start-uP, a heat ptttnp'g 
'output can be predicted fairly closely by the equation: I

t-

1-

Qc.-t
=l-ê. q '(6)

ss

is the steady stete condenser outPut nhich is reachedwhere Q c
sg

after abouE 5 minuÈes of operaÈion. Figure 3 shows the variaEion
of condenser outPut as the heat pump starEs up and the evaporaÈor
frosts. Integration of Ehe energy delivery curve in Figure 3

showed that Ehe average energy delivery over Ehe 3O-ninuEe period
from s¡art-up was 0.91 of Ehe steady state value. A five-minu¡e
defrost periãd was found Eo be adequaËe for mosE indoor relative
hr¡¡uiditiäs. Therefore, Ehe heat pump ç¡ill be off for five minutes
of every 35 minutes, i.e. the heat punp will be on for a maximum of
0.857 oi tt" Eime; the remainder of Ehe time Ehe heat pump was off
because it was being defrosted or Èhe house did not require heaE.

Thomas [nef. 7l also found Ehat Ehe average Po\{er demand

by the compressor during Ehe five minutes or so Ehat ic Èakes Eo

reach steady sEat,e can be approximated by Ehe steady-sEaEe Por{er
requirement. TesEs of the frosEing EÆlRIlP [Ret. 6] found t,he

compressor power requiremenE dropped Eo about 0.84 of its five-min-
ut.e value aft.er 30 oinutes of operation. Therefore, Ehe average
compressor power requiremenE over the 30-minuEe tron" period of the
frosfing EAHRHP nas assumed Eo be 0.93 of Ehe sEeady-sEaÈer r¡ûfros-
Eed evaporator velue. The Por{er requiremenÈs for the fans were
assumed Eo be nearly constant over the "ont' cycle [nef. 6]'

The averag€ evePorator caPacity for che 'tontt cycle was

approximated by Èhe difference between Ehe average condenser caPa-
city and Ehe average corlrPressor Power requiremen!. For the frosE-
ing EAHRHP described below, lhe average eveporaEor caPacity was

0.89 of Ehe steady-sEate, non-frosÈed value.

To deÈermine wheEher a frosting or non-frosÈ,ing heaE pump

is bes¡ as an exhaust air heaÈ recovery uniE, a EheoreÈical anal-
ysis was undertaken using a heaE pump sysÈem design oeÈhod [nee. 8l
r"tri"t has proved Co be-reliable in predicting Èhe Performance of
real heaE pump sysEemsl. The ProEoEyPe design based on Ehe llooper

I Fo. example, Ehis design meEhod was

steady'sEaEe unfrosÈed perforoance of
in 82.

able to predicc E,he measured,
the protoEype EAHRHP Eo wiÈh-

| !rr; IlLiiiiii.ril :-r:;
;lìlíi il:i', .'::' ,,

. lr. ii.,' : "lill'tli')
r i tlili'i
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and angus report was used Èo represent a froscing heat, pump and a
small non-frosÈing unit was designed Ëo coupare with it. A compar-
ison of the t¡ro uniÈs and their projected sÈeady-state, non-froåted
performance is given in Table 2.

The larger, frosting EAIIRIIP was given a condenser airflow
raÈe of 283 std l/s (600 scfn) to improve the performance =s much
as possible and yet provide air of adequaÈe temperature Èo Èhe
house. Airflov for the. condenser of the non-frosÈing uniE was
adjusted to give the sane exit air temperature as with the frosting
unit. Airflow over the eveporator nes maintained at a constant
70.8 std l/s (150 scf') (to achieve 0.5 AcIr in the represenÈarive
house chosen) for Èhe ¡rhole heating seeson from september to May
(6552 hours).

Static pressure gains required of the fang were calcu-
lated from curves supplied by a heaÈ exchanger manufacEurer [ner.91. A small allowance was also included foi each fan for cabinet
and duct losses. Table 3 sumarizes the fan requirements for all
the devices considered in Èhe report.

4.0 q)rlPÄRISON OP VEr1TI.A?IOÑ ITEYICES

4.1 Basis of Ccparisoo

For Ehis comparison, the energy required to heaE and
ventilaEe Èhe house described in Appendix A was deEermined for
t.hree cities in canada. vancouver, Montreal, and saskaEoon were
chosen Eo represenÈ Ehe range of clirnates experienced in this coun-
cry with heating degree (celsius) days (18'c base) of 3007, 447L
and 6077 respectively.

rn each locaÈion, four differenÈ heating and ventilaÈing
sÈraÈegies nere examined. rn all cases, the house relied on a gas
or elecEric furnace as the primary heating device. For Èhe base
case, venÈilation of Ehe house \{as accomplished wi¡h an exhausÈ fan(gr) only. rn the Ehree oÈher cases, Èhe exhausE fan was replaced
by an exhausÈ air heaE recovery device; either an air-Èo-air heat
exchanger (AraHs) or a frosting oi non-frosting exhaust air heac
recovery heat pump (sAItRHp).

The cosEs of Èhe various fuels on a regional basis were
supplied by sÈaÈistics canada. oil heating is noÈ considered as analternative here. Table 4 shows Ehe cost of energy produced and
íncludes an estimace for typical seasonal furnace ãfii"i".r"y val-ues. As Ehe new generaEion of high efficiency gas furnaces in-
creases in ius markeÈ share, the cosÈ of energy froru gas will
decrease slighcly.

The hear loss due Èo an infiltration rate of 14.2 scd l/s(30 scfn) (which corresponds Èo a venciltion rate of 0.1 AcH) is
given in Table Al. The heaÈ loss due to a ventilation raee of 0.5
AcH (70.8 std l/s (150 scfn)) i", of course, five Eimes this fig-ure. From Table A2 it is apparenÈ ÈhaE Ehere is noL a net heeE
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loss at outdoor temperaEures above 15.0"C (59"F) and Eherefore Èhe
energy lost due to ventilation is only for out,door temperatures of
15.0"c (Sg'r) and below.

For Èhe ATÆIE a consÈant energy' recovery of, 607. of itre
heat lost is assumed [nef. 41. The ATAIIE and EF are essumed to run
continuously for 6552 hours. I{iÈh Ehe EAIIRHPTs, the evaporator
fans are assumed to operate continuously for the heaÈing season
while the condenser fan and compressor operate on demand from the
house theruosÈat. Other control schemes are possible, buE this one
was chosen Èo make the analysis of the various devices Eore uniform
and iess complicaÈed.

The resulEs of Èhe analysis are suu¡marized in Tables 5

and 6. Appendix B decails how Èhe various values were calculated.
Estimates of Che costs of the devices are given in Table 7. The
costs for che ATAHE and EAIIRIIP were pertly based on the Hooper and
Angus report [nef. 5]. The estimated insÈallaEion coscs in Ehis
report frere considered too low. The Canadian SÈandards Association
(CSA) currently does not permit connection of oEher heating devices
to È,he inleÈ of furnaces. Therefore, to ensure adequate venÈila-
Eion, a separaÈe ventilation duct sysEen is required and Ehe cost
of installation is increased for Ehe ATAttE and EAHRIIP. The larger,
frosting EAIIRHP was considered Eo be abouÈ $300 nore expensive than
Ehe rm¡ch smaller, non-frosEing EAHRÍIP.

With Ehe extreme uncertainty involved in any prediction
of future energy costs and inflation raÈes, Ehe simple pay back
(SpS) racio of initial cost divided by the cost savings per year
was used. The more rigorous (and conplex) parameEers, such as rate
of reEurn on investmenE or life cycle cost savings, rely on Èhese
dubious projections. The use of the SPB as an econonic order of
merit is easy Èo apply and is generally underscood by che public.
Also, it ís considered Ehat unless a non-essenEial system can show
a siuple pay back period of less Ehan about five years, based on
current cosÈs, Èhen it is not economically aEEractive for Ehe home-
owner to purchase.

4.2 Froeting Versua llou-Frosting BAHRFp

Table 5 shows that Ehe frosting and non-frosEing EHRHPTs
recover sinilar amounEs of energy from the exhausE airsEream. The
non-frosting unit È,ends Eo recover slighEly more in the rraroer
climate of Vancouver, while in the cold climate of SaskaEoon it
recovers slightly less. The energy recovery of the frosËing unit
was degraded by Ehe need for a defrost cycle, and also because iEs
larger delivered energy will cause Ehe uniE Eo cycle on-and-off
more ofÈen Ëo meeE the house load. For a well insulaEed house Èhe
heating demands are rmdesE, especially in Èhe less cold regions;
hence Ehe non-frosting uníE can supply 98I oE the house heating
requiremenEs in Vancouver. This ig why the smaller, non-frosting
uniE performed beEler Ehan the larger, frosting uniÈ in warmer
clinaËes.

O
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Referring Èo Tabre ó, it is seen Èha. Ehe non-frosÈingunit offers e rowei annual hearing birr Ehan at"'iro"ii"r-""i."i"all locations with either gas or electric heating, except for Èheone case in saskaroon where elec:ric heating onri't" ;;:;.--i"-.ircases the non-frosting unit offers a shortei pay- back perftd Èhanthe frosting unit.

The non-frosting unit uses a much smarler compressor;therefore iÈ vrilr weigh less, Eake up ress room and cosE ress Èopurchase and instal1. A smalrer cou¡pressor arso means quieteroperaÈion and Ehe uniÈ can operare fiom a staidard l20-volt walrouÈleÈ instead of. a 220-vort outret (which uay have to be specialrywired in).

Frou the above discussions iÈ was concruded thaE if an
EAHRHP was Èo be a success in Èhe residential market it must be ofÈhe non-frosÈing type. FurÈher anarysis in this report proceeds onthis basis.

4.3 Bese Gase Versur ÄtrÄ[E md lm-Frosti g EAtrRtrp

- Table 5 shows thaÈ Ehe EAHRHP saves considerabry rooreenergy Ehan the ATAHE in all the cases considered. As expected,=the ATAHE recovers a fairly constanÈ percentage of the enå.gy tå"tby Èhe exhaust air-, with a slighc dor¿nward trãn¿ in warmer climacesas the fan energy has mgre influence. conversely, the EAHRHp savesmore energy as Ehe climaEe gecs colder, because of increased run_ning tine; but Ehe percencage of energy saved to "r,"rgy rosc by cheexhaust air decreases as Ehe climate geÈs corder. This is becauseÈhe EAHRHP recovera €Ì cons.ant amount of energy from Ehe airstream,but energy lost by the airstream increases r"iËú ¿"".easing ou.doorcemperature and so the EAIIRHP ends up recovering a smarler percent-age of the energy lost. sÈirl, even for Èhe "oid"rt ci.y, sasta-Èoon' Èhe EAHRHp saves Blr" ot che energy lost by the exhausE aircompared Èo the ATAHE, which oirly saves 602.

Looking at Table 6, Ehe economic picture is noE sostraighEforward. Because of che row cosÈ of naturar gas in vancou-ver and saskaÈoon.(nearly 2.5 ti¡nes less expensive Èhan elecËri-cily, see Table 4), Èhe use of exhaust air å.,"rgy .recovery devicesis noÈ economicarly justified in Ehose areas, and onry an exhaus.fan need be considered for ventiration. gecå,rs" ,t" ATA|E dis-places the least amounc of cheap naËurar gas heating, ir is ai"leasÈ undesirable of Ehe energy recovery devices. I.Iich its lowenergy recovery and relaEively high cost, Ehe pay back period forÈhe ATAHE was unacceptably high. since itr" e¿.innp uses a signifi-caot amounÈ of elecËriciry Èo supply heating and irs COp (2.õii-i"sinilar Èo Ehe cost raEio of "reðiricity co ga", an. cost savingsare noÈ very large, and hence Èhe pay bact pãriáds are Eoo ror,g"tomake Èhis device eÈtracÈive for gas ireating'sir.rations in vancouveror Saskatoon.

rn MonÈrear, where che gas and erectricity cosÈs are morecomparable, Èhe EAI|RHp can be jusÈieiea economically, ,itt . p"f-

O
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back period of 4.6 years. IJith its lor¡er energy recovery, the
ATAIIE saves less energy cosÈ and has a longer.pay back period (6.5
years) in this city.

In the case of electric heating, the EAHRITP saves more
energy cost and has a shorter pay back period than the ATAHE Ïn all
the three cities considered. I{ith pay back periods of bet¡¡een 2.5
and 4 yeers, the EAHRHP is economically aEtracEive in all Ehree
locations.

The EAIIRIIP also provides 2.93 ktl of useful heating when-
ever iÈ operates. Table I shows Ehat this amount of heating can
satisfy a significant proportion of Èhe seasonal heaEing load for
the r¡e11 insulaEed house considered, especially in rnilder climaÈes
such as Vancouver wtrere 961 of Ehe heating load can be met by Èhe

EAHRHP. This means Ehat in many locations, the EAHRIIP could pro-
vide the base line heating for Ehe house lriÈh electric resist.ance,
gas or some other form of energy providing supplementary heat.

The above analysis has a weakness in Ehat it assumes a
consEanÈ E,emperaEure and relative huuidity within Ehe house. IE
would be expecEed that Ëhe humidity and, Èo a lesser exEent, Èhe
tenperature within the house will vary during Ehe heating season,
e.g. higher hunidity in the \reruer ¡uonÈhs and lower hunidity in t,he
colder months. This variaÈion in hunidity will affect the capacity
of che EAHRIIP. Should the hunidity go Eoo low, it is possible that
the non-frosting EAHRHP will begin to frosE up and hence a control
should be incorporated to detect this condition. The only way of
deternining Ehe'Erue'performance of an EAItRttP is to build several
proEotypes and Eo Èest Ehem in several realistic (i.e. occupied)
residential siEuations.

5.0 OTTER APPLICAXIOI{S OF TflE EAENEP

5.1 fre E¡AERtrP a.s a lfaÈer Eeater

The water heacing EAHRIIP has an aËcraction in thaÈ Ehe

house waEer heating load is fairly constant over the whole year'
whereas a spece heacing EAitRtlP recoverr¡ heaE only during Ehe heaÈ-
ing season. It is possible Eo build a reversible, space heating
EAHRHP which will heat in Ehe winÈer time and cool in the surutrer;
however, Ehe heating only EAHRHP r¡ill be considered here.

From the heat loss/gain figures for Ehe sÈandard house
given in Table 42, it is apparent. ÈhaÈ no space heating is required
for oucside air temperaÈures above 15.0"C (59'F) because of inEer-
nal heat gains. The non-frosÈing EAIIRITP described in Section 3.0
has a heac delivery raÈe of 2.93 kl{. (10,000 Btu/hr). From Table
Ã2, the EAITRHP will therefo¡e operate conÈinuously aE ouÈdoor
Èeoperatures below 3.9'C (39'F). BeÈneen ambient air Eemperatures
of 3.9"C and 15.0"C (39'F and 59'F) Ehe unit will cycle on and off
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to meet, Ehe load. The operaÈing hours for each of the three
locations considered were calculaEed fron Tables Al and 42. Energy
saved is the energy recovery rate, Qe = 2.05 kll (7000 Btu/hr),
minus Ehe power to run the fans (PfUp = 0.14 k[.l) times Ehe number

of operating hours. The results are surrEarized in Table 9.

For the ltater heating EAIIRHP, Ehe ltater ËemPerature to
the condenser and hence Èhe load will vary v¡ith fhe time of day. A

typical hea¡ing load schedute for a fanily of fou.r in Canada was

piàsenred by the llooper and Angus repott [nef. 5]. This load
àchedule resulted in an averege demand (including jackeE losses) of
50 t{.I/day $2,750 B¡¡¡/day) for a daily draw-of .about 200 litres (45

Inp. galions) of water being heated from looc (50'F). The llooper
and Angus report also conducted a finite difference scheme analysis
of a Eypical I80 litre (40 frup. gallon) hot water tank. They
..",r."à a maximr-m Eank temperature of 65"C (150'F), at which point
the EAIIRHP would be turned off; and a minimum Èank temperature of
5O'C (120'F), when an electric resistance heac.er would be Eurned
on.

Their analysis showed that a heat pump unit which deliv-
ers Íþre rhan 2.5 kt{ (8500 Btu/hr) will not require additional
electric resistance backup, i.e. it can meet t,he whole heating load
(see Fig. 4 taken from Ref. 5). Therefore, it would seem thaE a

unit with Ehe same heat delivery as the space heating EAHRITP would
be Eoo large for water heating. The average heaE sink fluid temp-
eratures will be nuch higher for the waEer heating EAHRHP Ehan the
space heating one. Therefore, the COP and heaC delivery will be

correspondingly lower for the same sized water heating unic. Field
and laboratory Eests of a water heating heat purup by Oak Ridge
NaE,ional Laboratory IRef.IO] found an average overall COP of 2.01
for an average hear delivery of 2.2 kw (7500 Btu/hr), at an inlet
air Èemperature of 2L'C (70"F). For Ehe purpose'of Ehis compari-
son, it will be assuued thaE Ehe \rater heating EAHRHP is sized Eo

be just large enough Èo neeE the t,otal load and will operace rdi¡h
an average seasonal COP of, 2.0.

From Table 9 it is obvious Ehat Ehe space heaEing EAI{RÍiP

will save much more energy Ehan Ehe r,ùaEer heating unit. This is
because Ehe average domesÈic wat,er heating load is much lower Ehan

Ehe space heating load in Canadian climates. Therefore, Ehe water
heating unit, is lini¡ed in size and spends much of i¡s life t,urned
off, waiting for Ehe Eank EemperaEure Co fall to a point where iE
can t.urn on again. The cosE of a waÈer heaEing uniE would be

slightly cheaper than Èhe space heaCing unit because it would not
need as much expensive, siEe;installed air distribufion ducEr¿ork.
Despice Èhis consideracion, ir is concluded Ehac of Èhe two sys-
tems, Èhe air heating EAHRHP offers a much sþre economic alterna-
tive.

I COp is defined in Èhis case es Èhe energy required Eo heaÈ

waEer by electric heat only divided by the energy Eo heat
r¡aoe quanticy of rtaler r{iÈh Ehe heeE PumP.

the
the
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5.2 lte EÂlrRFp :ra ¡m Aircooditioner

By including a reversing valve, a few extra controls and
a È¡¡o-speed fan r¡hich can increase Èhe exhaust flow raEe Ëo llg
sEd l/s (250 scfn), Ehe EAIIRHP can be made reversible and henee
provide dehunidification and cooling in ihe susmer. From the
design of the non-frosÈing unit, a cooling raEe of 2.67 kt{ (9100
Btu/hr) can be achieved, which is sufficienE for the living room of
most houses, especially in the mild canadian suûner. unforEunately
Èhe size of the EAIIRHP precludes it fron acting as a central
airconditioner for Ëhe whole house, but iE can Èake Èhe place of a
window-mounted aircondiEioner.

Currently, ruass produced window airconditioners of a
nominal 2.9 kI{ (to,oo0 Btu/hr) cooling capacity retail for abouE
$500. The componenÈs in a window airconditioner and EAHRHp are of
similar size and cost; hovrever, Èhe EAIIRHP would cost more because
of the ductnork, added controls and reversing valve menÈioned above
(nany window airconditioners atready have mulÈiple speed fans).
Therefore, the EAIIRHP is extremely aEÈracÈive in many cases in Ëhat
it can pay for itself in heaÈing cosÈs saved in under five years
and will also provide airconditioning in the êuruner; thus saving
the cost of purchase of an airconditioner and possibty a dehumidi-
fier as well.

6.0 coÑGlusroNs

An analytical analysis of che heating and ventilating
requiremenÈs of a typical, ttcomfortablert, middle-class, Cetached
house was conducted for Èhree representaEive rocaÈions in canada.
The effect of four different ventilaÈion devices on the cost of
heaÈing and ventilaÈing Ehis house rras examined for each of the
Ehree locaEions. An exhaust fan (gF), air-to-air heaE exchanger(¡'run), a frosting and a non-froscing exhaust air heat. .""o.rãry
heat punp (nenup) r{ere exanined. The resulÈs of Ehe analysis âre
sumarized below.

A non-frosÈing, space heating applicacion is
t.o be the most practical for an EAHRHP in a residencial
in cold clinates.

cons idered
s i Euat ion

O

The above EAHRHP will save rlore energy and is more
economical than Ehe ATAHE, excepE where che low cost of naEural gas
would nake both devices iupractical. As the climate gets milder,
the EAHRHP ¡¡ill recover a greater percenEage of the energy lost by
Ehe ventilation air. The estinaÈed cosrs of installing che ATAITE
and EAHRHP are sinilar. of Èhe ciÈies considered, when compared Eo
an exhausÈ fan, the EAHRHP can obEain a simple pay back (spB) of
four years or less, where space heating ie by electricity. For the
Ewo cities where naÈural gas is available at relaEivery cheap raEes
(vancouver and saskaEoon), Ehe sPB r¡as found È.o be unaccepEably
high, and an exhausE fan would be che roost economical cttoice oi
device. The Èhird city where gas is evailable, Montreal,
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has relaÈively higher gas reces and a spB of ress than five yearswas fouud for the EAIIRH'. These payback periods were based oncurrent 1984 energy prices and thèrãfore äny exte.nar factors suchas a sharp reduction in rhe world oil supplí ,iir have a subsran_tial effecr.

An EAIIRHp.can also supplf a subsranriar po.ailr, of cheseasonat house heating requiremencs. rn milder irñ.i"r, Ii""'=EA'IRHP could even becor" Èhe base tine "p"""-t".cir,g a".ri""f-ritnsome other device to provide the balance of the heaË required oncolder days.

The EAITRIIp can be made reversible for very rittle extra
dehunidification to the house
the EAIIRHp even more desirable,

in less than five years in nanyings from exhaust air, buÈ iÈ canioner and a dehunidifier.

2
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ÎABLE 2

GoHPÄRISOT OF FROSTIIIG AtD mñ-FROSIITGi taFnEP FOR SPACE EEATING

-

Frost ing Non- frosting

Evaporator: Nom. tube size (rm)
No. of rows
No. of fins Þer meEre
FronÈa1 area^ (m2)
Airflow rate (std l/s)
Fan power reqrd (W)

l0
5

390
0 .052

70 .8
35

IO
4

550
0 .186

70 .8
20

Condenser: Nom. tube size (sE)
No. of rows
No. of fins per metre
Frontal area- (m2)
Airflow rate (std 1/s)
Fan power req'd (I{)

10
5

470
0. 163

283
L76

l0
2

550
0.093

189
120

Compressor: l.leighÈ (tg)
Power supply reqtd
Locked roEor currenE (l)
Power reqtd aE steedy staÈe
non-frosted condiEions (w)

26.4
L p}¡./z+ov

77 .0

ll.8
I ph/ 120v

45 .8

1560 880

Air temp. to cond. and evap. ("C)
Rel.ative humidity of air to evap.
and cond . Q)

Aír ternp. froo evaporator (oC)
Air temp. from condenser (oC)
Refrigerant evaporating Èemp. ('C)
Refrigerant condensing temp. ('C)
Ileat recovered by evaporaÈor (tcW)

tleat delivered by condenser (tW)
SysEen COP

2L.L
40

2T.L
40

-3 .6
34

-18.3
37

2 .93*
4.49*
2.53*

2.8
34
-2.0
49

2.05
2.93
2.87

* Values quoLed are for sËeady sEate condilions and an evaporaEor
free of frost.

1-
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lJ ÎABI.E, 3

FAtr BEqI'IBn|EIITS

Fan
Àirflos
rate

(std 1/s)

Pressure
los s
(pa)

Por¡er reqtd
by fan
(watts )

Furnace fan 250

l5

35

35

Exhaust fan 70 .8

70 .8

70 .8

25

50

50

ATAITE - delivery

- exhaust

Frosting EAITRHP

- delivery
(condenser)

- exhausE
( evaporaE or )

283. I 62

50

62

25

t76

70 .8 35

Non-frosting EAIIRHP

- delivery
( c ondens er )

- delivery
( evaporaÈor )

188 .8 t20

70 .8 20

1-
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, IABI.E 4

ETIEBÉÏ q)STS Ix 1984 IX)IJARS

I Gas prices are for July 1984 for a Eonthly consumption of 283

.3. Energy value of gas is 37 -262 l['I/mr.
Average furnace efficiency of 707 is assumed'

ElectriciEy prices are based on the average bill for a consurnP-

tion of 750 kW-hrs/monÈh as of April 1984; buÈ includes a price
rise of l3z for saskaEchef.rar¡ ef fective from Aug. l, 1984.

2

3. Information supplied by StaEistics Canada'

1-

Vancouver
B.C.

Montreal
Que.

Saskatoon
Sask.

Gas I Elect 2 Gas ElecÈ Gas Elecu

Energy CosE
( $/ GJ)

6.47 15.16 9 .88 t2.39 5.57 14.93
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IABI.E 5

@rpÂRrsof, oP ETfEBGT BßQUTREHEItÎS FOn FOI¡R YElfrrl.l\lroll DEYTCES

a

YÁtcoIfvBR, B.c.

Base case

ATAHE

Fros t ing
EAITRHP

Non-fros È-
ing EAHRHP

46.66
6552

2997

1433

912

2l

16.15

28.44

L6.97

45.96

I .65

18.40

I.64*

0.82

0 .02

4068 6l 30.02 44.67 15.t2 0.06

ll)ltREAL, Que.

Base case

ATAHE 6552

382r

t52 r

r036

3I0

22.62

36.26

23.45

58 .60

t .65

23.23

L.37

0.93

0.28
73.59

Frosting
EAIIRHP

Non-fros E-
ing EAIIRIIP

4773 396 35.23 54.4r 17 .66 0. 36

SÀSK.ÀÎOOÌ|, Sask.

Base case 2049

L428

664

I .84

L.29

0.60

ATAITE 6552

437 L

29.23 30.06 1.65
99. l5

Fros E ing
EAITRITP

4r.48 67 .04 26.46

Non-f ros t,-
ing EAHRHP

5342 837 39.42 58 .66 t9 .70 0.75
O

Locat ion
& recovery
device used

Total
heat
reqtd

(c.¡)

On tiue
of recov-
ery device

(trrs )

On time
of

furnace

(hrs )

Energy
recov'd

from
exhaust

(c.l)

Energy
delrd
by re-
covery
device

(GJ)

El_ect.
energy
to re-
covery
device

(c.r)

Elect.
energy
for

furnace
fan
(c¡)

* Iacludes energy for exhausE fan
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ÎIDLE 6

CoI|PABISOX OF HTEREÍ q)SIS ÀSSOGLXTßD ÍII-E FOT'T YßNTII'AIIOT DEVICES

rÚ

YAXCOUVBR, B.C.

Base case

ATATTE

Frosting
EAIIRITP

Non-fros t-
ing EAIIRIIP

318 .41

224.25

283 .65

94.t6 t4

7L2.73

475. r0

289.56

237 .63

423.L7

5.9

34.76 52 4.3

242.62 75.79 20 259.39 453.34 4.0

lf)tITREAL' Q¡re.

Base case

ATAIIE

Froe E ing
EAIIRHP

Non- fros È-
ing EAHRIIP

734.84

5L8.22

436.62

2L6.62

298.22

325.63

6.5

9L6.L7

64L.74

473.55

27 4 .43

442.62

5.I

6.0 4. r

409.2L 4.6 456.45 459 .72 3.3

SASX¡iIOOX, Sask.

Base case 57 4 .86

421.53

579.52

I485.60

L056.22

874.45

ATAIIE r53 .33

-4.66

9.1 429.38

6rl.l5

3

3

3

Froe t ing
EATIRHP

0

1-

Non-fros E-
ing EAIIRHP

526.67 48. r9 3l 898 .64 586 .96 2.6

CosÈ of
heating
& venti-
lat ion

Pay back
period
for re-
covery
device

tr]'c à

84$ )

E1

(yrs )(rg

Cost of
heat ing
& venti-
lation

Energy
cost
savings
wirh
recovery
device
( 1eB4$ )

Pay back
period
for recov-
ery device

(yrs )( le84$ )

GasLocaÈion and
recovery

device used
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ÎABLE 7

ESEIIIAÎßD OOSÎ OT VETtÎIL¡|iIIOT DEVICBS

IABI,E 8

EEAEING PROVIDED BiY IÐII-FROSTING EAEREP FOR EEAÎING SEA,SON

EF AlAITE Frosting
EAIIRIIP

o Non-
Frost ing

EAIIRHP

Gapital Cost ($)

Installetion Cost ($)

Total CosE

50

r00

r50

700

700

r400

1000

800

1800

800

700

1500

Vancouver
B. C.

ùlont real
Que.

SaskaEoon
Sask.

Useful heat supplied
by EAHRHP (c¡)

HeaEing required
by house (c.r)

Percentage of house
heating load mec bY

EAITRITP

44.67

46.66

96

54.4t

73.59

74

58 .66

99. r5

59
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IABI.B 9

COIPABISOÑ OF BIEBGÍ SÀYÐ AÑÑT'AI'LY BY S?ACB ÄÑD T¡NTTR

ERAlrr|G "-o;úi arR EE [ßcoYBnY EEAÎ HtnPs

lr-'(j

l.-\ '*j

c)
(J

(-) '-n
L¡ t1/)

':..' <Í
r'ì '-,:- 'l

'_!

-.) ;-
_)l

^!-. =

í_) -
ç;

1-

LocaE ion

SaskaEoon,
Sask.

l,lontreal ,

Que.
Vancouver,

B.C.

t9 35

9. r3

t9 35

9.13

1935

9. 13

Operating Hours

Energy Saved (GJ)

IrIeÈer
lleaEer

5342

36.73

4773

32.82

4068

27 .97

Operating llours

Evergy saved (cJ)

Space
Ileater
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ÄPPETIDLT A

t-

Cf,ANAGÍERISICS OF r)USE II)IIEL, T'EATTER DATA, HTEBCY I¡S1 BY
N|PILTIATIOTf Ä¡fD K)T'SE FRÂÎINC IEQIIIRßI)

Gharacteristic¡ of Eouee lbdel

The sEandard house chosen for comparison of the various
ventilation practices is neant Èo represenE a Eypical det.ached,
niddle class, tno-storey house r¡ith heated basement as found in
Canada and Ëhe northern U.S.A. Tr¡o adults and Èrro children are
agsumed to occupy Ehe house. References AI and M were used as a
guide. Details are given below.

Air infiltration for winter
conditions 0.3 air changes/hour

r4g n2 (l,600 rî2)

60 B2 (650 tt2)

Living Area

BasemenË Area

Total house volume, for 2.44 a
(8 ft) ceilings 5lo ¡n3 (18,ooo fr3)

Thermal conductance of building
skin above grade I20 f"I/K (ZZl Sru/hr-"F)

Below grade heat loss (assumed
constant) 1.00 kr^¡ (3414 Btu/hr)

Gain from appliances, lights,
people and sun (assumed
constanE) 1.82 kW (6,213 B.ru/hr)

Loss due to an infiltration
rate of 0.3 ACH 51.3 I,I/K (gl.Z BEu/hr-'F)

1-

For this houser 0.l ACll corresponds Èo a flow raEe of
L4.L Lls (30.0 scfu). The heaE loss due Eo an infiltracion raÈe of
0.1 ACH is calculaËed for three locat.ions in Table Al. The house
heaÈing required for 0.3 ACH and 0.5 ACH is calculaÈed in Table A2
for Ehe various temperaÈure bins for each location. Note thaE the
original tenperaÈure data was in Inperial uniÈs and 5oF temperaEure
bins were used. Conversion of Ehese FahrenheiE ÈeruperaÈures Eo
Celsiue resulted in Tabtes Al, A2 and A3 being souewhaE inconsis-
tent because of round-off error. Ic ¡¡as Èherefore decided to keep
the Fahrenheit EemperaÈures for the outdoor tenperaÈure bins in
these tables.
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Al. llooper & Angus "Development of an Exhaust Air HeaE Recov-
ery lleat Pumprr.
Study prepared for the National Research
Council of Canada under DepartmenÈ of Sup-
ply and service contracr No. osx800-00148,
April 1982.

t-

42. Cane, R.L.D. "A 'Modified' Bin l{eÈhod for Estinating
Annual tteating RequiremenEs of Air Source
Ileat Pumpsrr.
ASIIRAE Journal, SepËenbet L979r pp.60-63.

lD
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TABLE A1

IleaÈ Loss Due Eo Infiltration Rate of 14.2 Lls (STP)

d

O

ToEals 6528 1520 6329 2L26 640L 2725

Saskatoon, Sask.Montreal, QueVancouver, B.C.

No.
of

Ilours

Energy
Loss

(kr{.h)

Energy
Loss

(kll.h)

Energy
Loss

(kr{.h)

No.
of

Ilours

No
of

Ilours

Ileat
Loss
Rate
(rw)

Outdoor
Tenp.
Range
('p)

r26

192

287

382

429

468

518

603

527

48r

4r6

355

325

283

272

233

195

t47

94

44

20

8

t

2L5.2

2L9.3

209.4

195.6

194.5

182.8

r88 .6

172.6

153 .7

122.9

83 .0

41.0

19 .6

8.2

1.I

3.6

14.6

35.4

65 .3

93.7

r24.5

L62.3

2L7 .6

227

329

432

504

519

588

7L7

674

532

452

39r

325

262

171

lll
63

22

7

3

0.5

0.5

6.5

25.0

53 .4

86.2

I13.4
156.4

224.7

243.3

2r7 .3

206.L

196 .8

179.0

156 .8

n0 .5
77 .O

46.7

L7 .3

5.9

2.7

0.5

0.5

t05

289

642

LO42

1505

I398

852

457

r50

50

24

l0
4

2

3.0

22.O

79.3

L78.2

328.8

371 .8

267'.L

165.0

6I .3

22.8

12.r

5.5

2.4

1.3

0 .029

0.076

o.L24

1.171

0. 2I9

0.266

0.3I3
0.36r
0.408

0.456

0.503

0.551

0 .598

0.646

0.693

0.741

0.788

0.836

0.883

0.931

0.9 78

1.026

1.073

55-69
60-64
55-59
50-54
45-49
40-44
35-39
30-34
25-29
20-24
15-19
10-14
5- 9

0- 4

-5--l
-10 - -6

-15 - -Il
-20 - -L6

-25 - -2L

-30 - '26

-35 ; -31

-40 - -36

-45 - -41

June, July and AugusÈ noE included.
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TABLE A2

Heat loss/Gain for House

j

O

I¡ss
(tt¡)

Belorr
Grade
lleat

(rw)

Ileat
Gain

'Heat
I¡ss

(.5AcH)

(kr{)

Or¡tdoor
Temp.
Range

('r)

I 2

0

0

0.42

0.89

L.37

1.84

2.32

2.80

3.27

3.75

4.22

4.70

5. l8

5.65

6. l3

6.60

7 .08

7.55

8.03

8.51

8.98

9.46

9.93

0

0

0.66

L.24

1.81

2.38

2.95

3.52

4.09

4.66

5.23

5 .80

6.37

6.94

7 .5L

8.09

8.66

9.23

9.80

t0.37

10.94

lt.5t
12.08

0.34

0.91

r.48

2.06

2.63

3.20

3.77

4.34

4.91

5.48

6.05

6.62

7.19

7.76

8.33

8.91

9.48

r0.05

l0 .62

11. 19

11.76

L2.33

L2.90

I

65-69
60-64
55-59
50-54
45-49
4O - t+4

35-39
30-34
25-29
2O*24
15- 19

l0- 14

5- 9

0- 4

-5--r
-10 - -6

-15 - -11

-20 - -16

-25 - -2I
-3O - -26

-35 - -3r
-40 - -36

-45 - -4r

0.29

0.76

r.24

1.7r

2.t9

2.66

3.L4

3.62

4.09

4.57

5.04

5.52

6.00

6.47

6.95

7.42

7 .90

8.37

8.85

9.33

9 .80

10 .28

L0.75
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TA3LE À3

Total Seasonal Heating Requirements for ttot'se

d

0

0

0 .68

I .71

2 .80

4.01

5 .50

7 .64

7.76

8 .07

7 .83

7 .41

7 .45

7 .07

7 .35

6.79

6 .08

4 .88

3.32

I .64

0 .79

0 .33

0 .04

-
Total 6528 46.66 6329 73.59 640 I 99.15

SasRat,oon
Sask.

Vancouver
B.C.

ì{ontreal
Que.

GIhrsGJG.I hrshrs

lleat ing
Req I d.

(kf{)

Temp.
Range('r)

126

L92

287

382

429

468

518

ó03

527

481

4r6

355

325

283

272

233

195

147

94

44

20

8

t

0

0

I .03

2.25

3 .38

5.04

7 .6L

8.54

7 .83

7 .58

7 .36

6.79

6 .01

4.27

3 .00

I .83

0 .69

0.23

0.11

0.02

0 .02

227

329

432

504

519

588

7L7

674

532

452

39r

325

262

t7I
lll

63

22

7

3

5

5

0

I .53

4.65

9 .81

tI.98
9 .05

5.79

2.21

0

0.84

0 .45

0.21

0 .09

0 .05

105

289

642

1042

1505

1398

852

457

150

50

24

10

4

2

0

0

.66

t.24
l.8r
2.38

2.95

3.52

4.09

4.66

5.23

5 .80

6.37

6.94
.7 .5r
8 .09

8.66

9.23

9 .80

l0 .37

l0 .94

1I.51

r2.08

55-69
69-64
55*59
50-54
45-49
49-44
35-39
30-34
25-29
20-24
15 - 19

t0*t4
5-9
0-4

-5 - -l
-I0 - -6

-15

-20

-25
-30

-35

-40

-45

-tl
-16

-2r
-26

-31

-36

-41
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APPBXDLT B

DESCRIPTIOtr OF CALSITI.ATIOtrS IIADE FOR q)XPARISOII

OF VEÙIII.ATIOìI IEVICES

Bl.0 RASE GASE

For the base case iE was assumed that the house described
in Appendix A was ventilat,ed using an exhaust fan (EF) requiring 15

I{atts of power. This fan was run continuously for the 6552 hours

of the heåting season and thus required 0.354 GI of elec¡rical
energy to ¡naiitain the house ventilatiofr rate at 0.5 ACH. geating

n "" ã""orplished by either an etectric or gas furnace of Ehe same

capacity.'Typicaliyr gâs furnaceg come in discreÈe sizes of 4.4 kW

( f i ,ooO- stu/iìi) , i.;. in 4.4, 8.8, 13.2 and 17 .6 kI{ delivered heat-
ing'capacity. Fron Table À3 in Appendix a, the heeEing require-
mencs for the house in each l0cation were calculated. Furnace size
was selecEed to provide sufficient heeÈ for Ehe coldest temPere-

tures encounËer"å i., the particular location, i.e. 8.8 kt¡I in
Vancouver and 13.2 kI,I in ltontreal and SaskaEoon. IE was assumed

Ehat a 250 Ì{att furnace fan was required for boÈh size furnaces and

Èhat Uhe fan was "fully loaded'r. The assumpEion rtas also made Ehat

all the electrical power to Ehe furnace fan, P¡¡, ended uP as

heat Eo Ehe house.

TheoperatinghoursforEhefurnacerAtfrwerecalcu-
lated by:

^t
(Br)Qh

f

where G is Ehe toÈal energy (GJ) required Eo heat Ehe house and

Qf i" Èüe tr".ting capaci¡y ôf Ehe furnace (tW). Note EhaE in
itìis an¿ subsequãnt equations Èhe conversion of units to ruake Èhe

values conpatible has not, been explicitly deCailed for Èhe sake of
readability.

The cost of heating and ventilaEion for the base caee f"as

calculaEed bY:

Db = (Qn - Pttx Àtr) * cf * (Pft * Àtf * Q"f) * c" (82)

where: Qef = Eocal energy required to operaEe the exhausÈ
fan (- 0.354 GJ)

C¡ = cosE, of energy for Èhe furnace (1984 dollars
per GI delivered)

ce = "o"t of electrical energy (tg8¿ dollars per GJ)'
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B2.O AIR-Î(>AIR EEA? EXCEATGBR (æ¡M)

It was assumed Ehat Èhe sane furnace would be used to
heaE the house as in the base cese. The ATAHE will operate contin-
uously for Èhe heating seeson; therefore the two 35 WatE fans will
consume a Èotal of 1.651 ü of electrical energy. The hea¡ recov-
ered by Èhe ATAIIE, Qr, will be 607. of.'the heat losE by the
exhausÈ air, Qi, i.e.

(83)Qr = 0.60 x Qi

where Qi is obcained from Table Al in Appendi* 4. Not,e Ehat heet
losses ior ambient EemPeratures greater Èhan 15oC were neglected
because the house does not require heating at these ÈenPeratures.

The heaE delivered by the ATAIIE, Qd, will be the heat,
recovered, Qr, plus che elecErical energy consumed by Ehe deliv-
ery fan, Q¿¡, i.e.

Qd=Q.*Q¿t (84)

where Qdf = L.65Ll2 cJ

Since uhe ATAHE will reduce the heating load of Èhe

house, Ehe furnace will have to supply less energy and will operaEe
for a shorter time.

Therefore, Ehe E,otal cosE of heating and ventilating che
house with an ATAIIE and regular furnace is given by:

Dtts (Qn- (qu+ Prrx ÀÈr)) x Gr* (pff* 
^t r,, 

2 * Q¿t) * c" (86)

AT (B5)f

.-

E3.O EXEAIIST AIR HBAT BECOVERT EEAÎ PT'IIP (SAEBP)

The EAHRHP will operaEe from Ehe firsÈ sËage of the house
ÈhernosEat and the furnace (same furnace as in Ehe base case) will
be operaÈed on the second sEage of the Ehermost,aE. Once again, Ehe

electrical power Èo Ehe delivery (condenser) fan, Pcf, wilt be

considered as a conEribution Eo space heating. The everage capa-
cicy, Q¿, of Èhe EAHRHP is given by:

Qd - Q" xK +P
c

(sz)
cE

where Q" it
non-fros Èed

the steady-st,aEe capaciEy of the condenser with a

evaporaEor, and K" is Ehe degradaEion facÈor Eo allow
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Ëor Èhe reduction in perfomence es the evaporator froeEs'

iio"ti"g EAIIRHP described in the rePort'

K = 0.91
c

and for Ehe non-frosting EAITRHP'

K = 1.00
c

^E
Àt Àtd"f d

The house will not need

Qu x atorr.( Qj * otj (B1o)

o.j Àtor, * Àtd.f * Àtoff (Brr)

For the

(88)

(Be )

(Bl2)

(Bl3)

( BI4)

on K

on

wheret Qj

Àrj
Àton

Âtde f
ÀEoff

Therefore:

and for

Ehe average raÈe of heat lost from the house for

Eemperaiure bin j (kw)

number of hours in Eemperature bin j
ior,' tine of the EAIIRIIP (hrs )
¿ãiro"t E,ine of Ehe EAHRIIp (trrs)

'off'time of Èhe EAIIRHP, i'e' accumulaËed time

(trrs) thet the firsE scage of the house thermosEaÈ

was noÈ activaÈed
K¿ = facEor to allow for defrosE

for Q. ( Qu x Ku

atj

trBe.

Àr onI T

Qj

q

KaÀÈ

x

ö
Qj)Qu**u
ÀE on2 I x

(815)

( l6)

The Iìuiicling SeLvices Iìescarcit
-frì(1 Iil f,í)i.l;. 1. r ir-rlr A s,:C:Ciatirtil

J

and Àt on = ÂÈ onI
+ÀE on2
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For the frosÈing EÆIRHP,

' (. = 0.857
d

For the non-frosting EAITRHP

^t. 
. = 0oef

and (- = 1.00
d

The average povrer required by the coupressor is
P = (0 -0)xKc'c-eP

(Br7)

(818)

(B1e)

given by:
( 82o)

where h i"
requ1.renent
cons idered

Dup = (Qt

(P +
c

r¡here O --vt
1'
vt

Àc
I

the factor wtrich alloss for the reducEion in power
as Èhe evaporator frosts. For lhe frosÈing unít

in this report,

K = 0.93
P

and for Èhe non-frosting unit,
K = 1.00

P

(821)

(822)

The Eime during which the furnace nill operace is given

Qn-Qa*ato.,
(823)

^È
Ê (Qf + Pff )

Therefore, the EoEal cosÈ of heating and ventilating Ehe house wiEh
an EAHRIIP and regular furnace is given by:

by

- lQa * aÈo' * Pff x atf)) c, + (rff x lt,

c

+ Çr+
P

c

=

)x¡c ß24)

(825)
f on e

P.rf * aÈ"

poner required by evaporacor fan

number of hours in Èhe heating season G552).

- glven by:
Energy recoverlr rate from the exhausÈ afr stream, Qr, fs

Qr= Q"xK"-P. (826)



at

BÁ.O FAXS

Each device will have one or two fans ' The power Eo

operaEe Ehese f"i"-tiff be a direct charge against Ehe cost of

operatingchedevice.ForEhesesuall,inefficientfansandmoEors
an overall electricity Co air efficieqcy, -E¡ of. t0% will be

assumed. The poor., räquired by each fan (wátts) is calculaEed

using the equat íot r,27 f where fn is the pressure differential sup-

;ii;ã by rhe t.rr-îo-ãove rtre air (r.) and vy is the airflow
rate (1/s).

-85-

r-v x Toõ'0

AP v I (tzt)D=
^F

1-
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