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ABSTRACT

Energy consumpt.lon calculatlone uelng the HOTCÀN
coryuter rnodel are corÐared to Èhe neasured con8unptl-on
aÈ four unoccupíed Èest huÈ6 at the Alberta HoDe HeeÈ-
lng Research Facillty. À total of 24 corparLgone are
perforned ovet 7 four-r¡eek Èlne lnt.ervals. Over the
range of huÈs ÈeBted, the calculated enerry consrr[ptLon
rates and Èhe meaeured values agreed wlth a root-Dean-
square difference of 0.39 kW for neasured values
ranglng between 0.68 and 6.2 kW.

I. INTRODUCTT,ON

HOTCAN Ls a conpuÈer prograû for calculaÈlng Ehe space
heatl-ng requl-rerænc of resldences and smal1 bulldlnge.
À complete deecrlpEl-on of the coopuÈer program le
conÈelned ln a paper by DumonÈ, Lux and Orr (1). Sone
of Èhe naJor feaEuree of t.he nodel are ae followe:

a. The progran may be run on a mlcrocorpuÈer. To
date, Èhe prcgran ls avallable for uee on Èhe Apple II,
Radlo Shack TRS-80 and Cornnodore PET. The progran le
rrrrl-ÈÈen ln Èhe BÀSIC language.

b. Weather data for l2 locat.lone acroÍrs Canada are
fncluded.

c. Passfve solar gaLne chrough wlndq¡e are account.ed
for uslng a Èechnlque by Barakat and Sander (2). Thelr
method allos¡e ctne Èo account for dlfferent t.herrnal
capacl.tl-es of housee.

d. The effect of overhangs on south wlndqrs le
fncluded.

e. An lqroved basemenÈ heaÈ loss calculation
developed by Mltalas (3) fe lncluded.

A 1983 paper by Dunont, 0rr and Hedlln (4) presente
corparlsons beÈween the measured space heaElng
consumpÈlon and Èhe IIOTCAN calculatl-one for a group of
l4 occupl-ed houses located ln SaskaEoon for Che perlod
May 1980 to May 1981. A graph preoentlng that
comparl-son is shcn¡n ln Flgute l. For these houoes,
HOTCAN was able Èo calculaÈe the annual space heetlng
consr¡npÈ1on ¡¡lÈhln +247. and -I71. In this paper,
conparlsons based on shorEer Èlne lntervale are
pres enÈed.

The varlous algorlthms used 1n Èhe progran have been
verlfl.ed by Èhe orlglnal auEhors. However, to ensure
theE Èhe algorl-thrns have been properly l-nplemenÈed, a
number of corparisons ere lncluded ln thls paper
between Ehe calculated perfornance uelng IIOTCAN and che
neagured performance for four ÈeBt. huÈB locaEed 1n
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Ftg. I Comparieon of calculaÈed and meaeured epace
heaElng enerry constrmptLon f or a group of. f4 l-o,e enerry
houses.

EdnonÈon at the Unfverelty of AlberEare llome HeaÈing
Reeearch Faclllty (5,ó). For each of Èhe huEs,
neasured space.heating perfornance data ¡¡ere avaflable
1n the forn of a serl-eg of average enerry constrnpÈion
rate readings a9 a functlon of the teEpereture
dlfference betneen lnalde and ouÈside.

2. CO}TPARÍ,SONS OF HOTCAN PRNDICÎIONS I{ITII MEASURED
DATA

The data fron t.hls project conslsÈed of neasured valuee
over Èhe heatlng aeeaon l98l-82. A toÈa1 of four
emaIl, unoccupled reeearch huÈs u8lng elecÈrlc heat
were uged ln the coqarleon. The huCs are recÈangular,
wlth a naln floor and basemenÈ floor, each wlÈh dlûen-
efone 6.7 ¡n x 7.3 n. The ÈoÈal floor area ia 98 n2,
fncludlng Èhe ba8enenÈ and the toEal volume of each huÈ
ls 219 nr. The huÈe are located elde by BLde, wfth a
epacfng of 3.0 m beÈween each unlÈ. In all, alx huts
are presenÈ aE Ëhe s1Èe, all located along an eaat-çest
axLg. Unlt.e 21314 and 5 are used ln EhlB comparlaon.
Unlt I wea en t-n8Erunentatlon storage hut, and unlE 6
hae an acÈLve golar aLr heatl-ng sysÈèm, whtch HOTCAN
cannoÈ analyze. The four huts are ldentlcal ln floor
area, but have dlfferenÈ levels of lnsulatlon, al-r
tlghÈness and wlndow area. They are descrlbed ln
Table l. Therr¡al resl-sÈence valuee presenÈed 1n
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Table I were calculated uBLng the deecrlpElon of the
hut.s preeented ln Reference 5.

Energy readLngs for the 28 weeks oÈarELng SepÈember 1,
l98l were used l-n Che lt0TCAN coqarLsone. Aa IIOTCAN
uses monthly everege values for solar radiaÈfon and
outsl-de Eemperetures, Èhe data fron Èhe nonlÈor1ng
perlods were dlvlded l-nÈo seven perlods of four weeks.
I'leasured weaÈher daÈa for the site are pre8ented 1n
Table 2. As no measured values were gechered for the
norÈh, easÈ and nest exposures, Èhe long-Eern average
of Ehe solar data was used for t.hese valueg. WLndor¡
areas on the non-souÈh walls of the hut are relaclvely
modest, so Èhls should noÈ presenÈ serLous problene for
Èhls corqarlson. Because of the proxlmlty of oÈher
ÈesÈ huEs, esBentLally only dlffuee radl-aÈ1on sÈrlkes
Èhe easÈ and lresE wlndovrs; lhe shadlng coefficlent for
these ¡qlndows was therefore reduced 502, Èo 0.45. For
Ehe north wlndcnrs, the shadlng coefflclenE ls .89 for
all huÈs. As no measuremenE of the deep ground
temperaÈure wao made, che long-cerrtr åverage of. 5.2"C
for Ednonton r¡as used.

Durlng Èhe monlÈoriag perl.od Èhe huts were unoccupled,
and all neÈer readlngs v¡ere gaEhered usLng a data
logger. 0n all the modules, automatlc tracer gag
measurem€nts uelng sulfur hexafluorlde r{ere used Èo
measure the alt change retes ln Èhe huts. CorrelatLons
beEween the alr change raÈe and Bhe wlnd Bpeed and
ÈemperaÈure dffference were developed for each of the
rnodules. These correlat.long r¡ere used to calculate
average alr change raEee for each of the four rnodules
for the eeven tlrne perlods. The calculated alr change
raÈes for the nodules are presenEed fn Table 3.

On all the huts, eleetrlc forced â1r furnaces with
conÈlnuously runnLng fang were uged. The fane had
energy coneunptJ-on raÈes as ltsted ln Table l. These
were the only l-nÈernal galns Ín Èhe huts.

2.1 Module 2 Standard Module

This huÈ had Èhe htghest. heat loss raEe of the group,
due Èo the relaEfvely high alr change rate and the low
lnsulatlon levels. The basemenÈ wal1s and Ehe floor
were corçletely unl-nsulated. Because of the hlgh heaÈ
loss rate through Èhe basement, Èhe alr tenpereture fn
Èhe lor¡er part of Èhe hut ¡¡as about 2oC lor¡er than the
rnain floor Èemperat.ure, even Èhough a forced afr system
wlth conElnuous fan clrculatLon was used to dlsEribut.e
heaÈ wlthin Èhe house. Values for the LnÈerlor
EenperaÈure and calculated alr change rece for eech of
Èhe nodules eEe presenÈed ln Table 3.

The house had no south r¡lndo¡¡s; Èhere were a toÈal of
5.8 n2 of double-glazed, unshuttered wLndows on the
oEher 3 ¡¡alls.

A comparlson betvreen the calculaÈed and Èhe meaeured
enerÐ¡ consumpÈLon raÈe for thls house l-s presented ln
Flgure 2. Each daÈa polnÈ repreeenÈs a four-r¡eek
perLod.

îlg. 2, Conparlson of calculaÈed and neasured energy
coner.mptlon retee f or llodule 2.

2.2 Module 3. Energy Conservatlon ¡lodule

Thle nodule had the loweeÈ energy consumpt.lon raEe of
the four unLÈs due Eo lts low afr change rate and hfgh
lnsulatlon levels. A, conpllcatlng factor 1n Ëhe
analysfe v¡a8 the use of auto¡0atic nlght-tlme lnsulaÈ1ng
BhutEers on the souÈh wlndov¡s. These vrlndows ¡{ere
5.5 n2, or ebout 5.57. of Ehe ÈoEal floor area. The
neasured Èhernal reslsÈance of Ehe shutter proved Eo be
conelderably lees Èhan the nominal value, due Èo al-r
leakage around the edgea of the shucEer. A value of
RSI 0.95, neaeured wlth a heat flux neter (6), v¡as used
es the therrnal Eefrl.stânce of the shutter, as Èhe
calculaued value of RSI 2.3 na6 noÈ achleved tn the
fleld. When the shutÈer wag Ln Ehe open posltion, lt
blocked Èhe sunllght fncldenE on the upper part of the
wlndq¡. To accounÈ for thla blockage, the shading
coefflclenE r¡as reduced from 0.82 to 0.67 for the
r¿lndcn¡s wlÈh ehutters.

À conparLaon of t.he calculaEed and neaeured energy
con8rnptlon raÈe for Èhe huÈ Le preeenEed ln Flgure 3.
For Èhe nonEh of January 1982, the shuÈt.ers on nodules
3 end 4 were lefÈ open; the shuÈters were fully closed
for the months of February and March of 1982. Durlng
Èlme perlods 5 and 6, there were tlnes when the
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shuEters lrere eiEher fully open or fully closed.
Consequently, couparlsons were noÈ made for Ehese two
periods. For Èlme perlod 7, t.he shuEters were fully
closed on modules 3 and 4, and a comparlson was
posslble for this period.

2.3 Module 4. Passlve Solar Module

Thls huÈ has relaÈlvely large south-faclng Írlndowe,
wiEh ll.I n2 of double-glazed wlndows, for a raElo of
abou¡ llZ 6outh wlndoçJ !o ÈoLal floor area. A brlck
dlvldlng wall wae locaÈed 1.52 m behlnd Ehe eout.h
windcn¡s. The wall .oas 4.87 m long, 1.98 rn hlgh, and
0.2 m thtck. In Èhe HOTCAN progran, Ehere are four
differenc levels of cherrnal mass which nay be Bpecl-
fled. As none of Ehe four levels exacÈIy macched che
type of rherr¡a1 nase used ln Module 4, an fnEerrre.diate
Ievel of Ehermal mass \.raa used ln Èhe compuEer analy-
sls. Thls level corresponded to 5l nm-Èhick gypstrm
board walls and 26 mm-thlck gypgur board ceillng, or a
thermal capaclt.y of 0.153 - ¡-l per n2 of floor area.
A calculat.ion of the Ehermal mass ln Ehls hut yielded a
value of 0.12 MJ ¡-l per m2 of floor area, excludlng
Ehe concrete walls ¡nd floor ln the basement.

A conparLson between Ehe calculaEed and meaeured energy
consrEption raEe for Ehls house ls presented 1n
Flgure 4.

30

Ftg. 5. ConparLson of calculated and measured energy
coneumption rates for l{odule 5.
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Ftg. 4. Comparison of calculaEed and rneasured energy
consutrpElon raÈes for Module 4.

2.4 Module 5. Solar TesÈ Hou6e

Thle rûodule was orfglnally InÈended !o be ueed for an
acllve 6olar sysÈem ualng llquld collecÈors. However,
due to coeÈ conslderaElona, Ehe llqu1d colleccors were
noE lnsÈa1led. The module has no souÈh wLndq¡s, and an
lnÈernediaÈe level of l-nsulaElon coopared wlth r¡odules
2 and 3. A coruparlson beEween lhe calculated and t.he
measured energy consunpt.lon raÈe for thfe nodule ls
Presented 1n Flgure 5.

2.5 Overall ComparJ,son

In Ffgure 6, a ploÈ of all Ehe comparLoon poLnEs for
the four huÈs is presenEed. ïtte root nean gquare
dlfference beEween the calculated and Èhe meaeured

Ffg. 6. Comparlson of calculaEed and neaeured energy
cons(upELon raEes for nodules 21314 and 5.

values was equal to 0.39 kW. The averages of Ehe x and
y values were 2.84 and 3.03 kW, respecÈlvely.

3. DISCUSSION

As oay be eeen frou the comparison graphe in Flguree
2-5, Ehere was relaÈiveIy good agreerenc becween Ehe
calculaÈed and Èhe neasured energy consumpÈl.on rate for
the four huÈ8.

There are a nunber of variables whlch can be respon-
sible for Èhe dlfferences beÈween the calculated and
neaeured valuee. Several of Èhe more lmporÈanÈ are:

a. The exEerl,or fllm coefflclen! on Èhe unlnsulaÈed ,

basemenÈ r¡aIle and Ehe wlndor.re. For etlll al.r
condft.lons, the Èherßal realstance of Èhe flln ts
generally taken to be RSI 0.12. For a 24 kn h-l wind,
Ehe filn realeEance drops Co 0.03. The effecc of chls
change 1n resieÈance due to r¡lnd effecE ls mosE pro-
nounced in Ehe case of r¡lndq¡s and unlnsulaÈed walls.
For lneÈance, a double-glazed window wlEh a 12.7 nn alr

0
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space has an overall Eherr0al reslsÈance of RSI 0.36
wlÈh stlll elr on Èhe lnslde and a 24 krn h-I r¡l-nd on
Èhe ouÈsLde. If the wlnd speed drops to 0 km h-1, t.he
overall reslstance Lncreases Èo 0.45, an lncrease of
257". On bulldlnge wlÈh a hfgh proportlon of heaÈ loss
through wlndoÍ¡s, a change ln the wind'speed can result
Ln a rneasurable lncrease ln heaÈ loss due to thig
effecE al.one. A slrnllar condltlon exlsÈs ln Èhe caee
of unlnsulaEed walls such ae those used in the bagenenu
of Module 2.

b. The therr¡al conductlvity of the soi1. In the
HOTCAN prograni, Èhe ássumpÈion made !¡as t.haÈ Èhe soll
therr¡al conducÈLvlÈy ts 0.8 W (m.X¡-t ln Èhe upper soJ.l
and 0.9 W (n.ç)-l ln Èhe lonrer soll. IÈ ts posslble
thaÈ the soll cherr¡al conducÈivl-Ey aÈ Ehe site could bri
dlfferenÈ, due Eo local molsture condlElons.

c. Ground snos¡ cover and LEs effecÈ on bel*r grade
heaÈ loss.

The effecE of these varlables on the agreement between
Èhe calculated and measured values 1s dlscussed in
greaÈer deÈall below.

3.1 Module 2. Standard Module

souEh wlndors, which can dramatfcally affecE the over-
all heat balance. As mentloned earller, the measured
ehuEter then¡al reel-sÈance wafr conslderably lower than
the calculaÈed value, probably due to alr leakage
around the seels. The ¡neasured and calculaEed energy
consumptlon ¡aÈe values were generally wlchln t102,
etlÈh the excepElon of one polnt.

3.4 I'fodule 5. Solar Teet I'lodule

For Èhls rnodule, Èhe calculaÈed and Èhe measured energy
conaumpÈlon rate values were conelsÈenEly wtthln 1102.
For thls module, Èhe greatest losses were due to che
,¿al-ls (24"1) and Èhe alr change (162). As r¡lrh modules
3 and 4, the calculeted energy consumpllon raÈe v¡ae
sorær,rhaE lower Èhan Èhe measured coneuonpElon aÈ the lor\t
po$¡er conaunpElon values.

4. CONCLUSIONS

The comþarlsons presented ln thls paper have sholrn
HOTCAN capable of calculallng Ehe ener6¡ constrnpElon
raÈe of Ehe four unoccupied research huls aE lhe
Alberta Hone lleaElng Research Faclltcy Èo wlthln a root
mean square dlfference of 0.39 kW for measured energy
consútrpÈÍon raÈes varylng beÈ$reen 0.68 and 6.2 kll .

The huE wlÈh Ehe compleEely unlnsulaEed basement wa1ls
was found to have the greaEest percenEage dlfference
beÈween Ehe calculated and measured values.

Furt.her comparisons uslng houses 1n dlfferenc locatlone
s¡lch dlfferent soll temperature8 and eolar radlatlon
values would be of value.
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Table I. Physlca I Characteristfcs of Test llutg

Modu1e 2 Module 3 Module 4 Module 5

Area RSI Value Area RSI Value Area RSI Value Area RSI Value

Walls 58.7 1.6 57.8 7.04 52.2 3.58 58.7 l.B2
Doors 1.9 0.53 1.9 2.ll 1.9 2.It t.9 2.ll
BsmE abv grade 16.1 0.28 16.1 3.78 16.1 2.02 16.1 2.O2
BsüÈ Eo .6 n bel gd 16.1 0 16.1 3.52 t6.l 1.99 16.I t.99
BsmE co floor 32.2 0 32.2 3.52 32.2 1.99 34.2 0

BsuE floor perlmeter 22.5 0 22.5 0 22.5 O 22.5 0

Bsmt floor center 2l .0 0 2I.0 0 21.0 O 21 0

Wlndø¡e S 0 0 5.54 0.36 tl.l 0.36 0
N l.9l 0.36 0 0 l.9l 0.36
E 1.96 0.36 1.17 0.36 r.I7 0.36 1.96 0.36
\.J 1.96 0.36 0 0 I .96 0.36

Internal gains* (W) 400 400 450 550

Overhang geoneEry
for S Wlndows (m)

I,llndov¡ helght
0verhang separaElon
Overhang prolectlon

1.93
.42
.29

r.57
t.2
1.65

57
2
65

r.93
.42
.29

*fan power

Table 2. WeaEher DaEa for Conparl-son Perlods (Latltude, 53.6o; Deep Ground
Tenperature 5.2'c)

Perlod
0u Es lde

Temperature
( "c)

Wlnd
Speed

(M s-l )

SoIar
Radlatlon
(s.vert)

Solar
RadlaÈlon
(N.Vert )*

Solar
Radlatlon
(E.VerÈ)*

Solar
Radl ac lon
(tl . Ve rt ),1

tlI 2-¡ -D -I til -D IMJ 2-y

2

3

4

5

6

7

3 5
2

2

2

4

I

5

7

6

6

r.94
1.23
r.27
1.3
2.36
4.56

3.1
2.7
2.7
2.9
2.9
3.1

1I.67
8. r8
8.32
7 .72
9.98

14 .57

5.56
3.01
2.66
2.78
4.9
9.4 l

.44

.93

.54

.65

.57

.86

-6
-19
-I8
-10

*Data for N,E, and W solar radlatLon are Ehe long-Èern averages

Table 3. InÈerior es and Àlr Chanse RaÈes

Perlod Module 2* Module 3 Module 4 Module 5

r Alr
ac

chg
h-I

Tenp r

. 14 20.1 .4 r

;!r oc
TenpAir

h 'c oc

20

I
I
3

9
3

I
2

3
4

5
6

7

.31

.36

.33

.36

.44

.46

.45

20.9
2t.2
I8.4
I7.l
r8.9
2I

.t3

.t I

.13

21.3
21.2
20.8

.32

.36

.32

.35

22.1
2l
2l. r
20.2

.33

.38

.34

.4

.46

.46

.44

2t.
20.
20.
20.
19.
20.
2L

*BasenenÈ temp ln module 2 apprôx 2"C cooler chan ualn floor

BEC 9.5


