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ABSTRACT

An increased awareness of res i denti a1 space-heat; ng energy cos ts has
stimulated the development of a new type of housing technology often referred
to as "low energy" construction. These houses incorporate a number of special
features including air-tight vapor barriers, high levels of insulation, and
mechanical ventilation systems 9

A microcomputer-based residential energy-analysis program named
HOrCAN 2.0 has been developed in Canada and has become widely used for energy
budget calculationSe HOrCAN 2.0 incorporates a number of algorithms for
calculating monthly heat flows through various building components and allows
the building designer to evaluate the effect of chang~sQ in the basic building
elements prior to construction~

This paper outlines the results of a two-year energy analysis (HOrCAN 2.0
mulations) and field measurement study of 28 low-energy houses. The space

heating, domestic hot-water heating, and interior electrical consumptions were
individually measured on a monthly basiso Ventilation rates were monitored
and occupant-related inputs were documented using a questionnaireo These data
are compared with HOrCAN 2@O calculated values* Various methods of analysing
the data are discussed@

Good agreelnent between the average measured and cal cul ated overall heat
transfer coefficients was observed. However, the calculated below-grade heat
losses were consistently low@ Since the below-grade heat losses were a
substantial component of the total space heating load, the calculated annual
space heati ng requi rements were al so si gni fi cantly lower than the measured
valuese The results hig ight the importance of being able to input reliable
data into an energy analysis programe The effect of an error in estimating
the soil thermal cooductivity is discussed.
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INTROUUCTION

Duri ng the past fi ve years, thousands of III ow energy" houses have been
constructed in Canada0 Features of these houses include high levels of insu­
lation in the ceilings (~RSI 7) and walls (~RSI 305), primarily triple glazed
wi ndows and tightly sea1ed a; r-vapour barri ers (~l ~ 5 ach @50 Pa as measured by
the fan depressurization test) [lJo Although the technology of building these
types of houses is becoming accepted building practice [2,3] detailed measure­
ments of their in situ thermal performance is limited~

A residential energy-analysis computer program called HOTCAN 2~O [4] has
become widely used as a design tool to predict the thermal performance of low­
energy houses~ The program provides a summary of the monthly heating power
requi rements based on the average indoor/outdoor ai r-temperature di fferences
and also estimates the total annual heating load~ Versions of this program are
used by various agencies, owners and contractors to establish design criteria
for houses~

A study by uumont et al L5J reported monthly energy consumption measure­
ments on twenty-seven low energy houses using readings from the utility supp­
lied energy meters~ Of this group, four houses had additional sub-metering to
separately measure the energy input to the space heating and domestic hot water
systerrls~ For the other houses, the average summer total energy readings were
used as an energy basel i ne and these val ues were subtracted from winter fflea­
surements to obtain the calculated space heating energy consumptione HOTCAN
L*0 was used to cal cul ate the space heat; ng consumpti on and reasonably good
agreement (within +£4% and -17%) between the measured and calculated values was
obtained for a sample of 14 of the houses0

Another study [6J compared the measured energy consumpti on of four unoc--
cupied test huts th HOTCAN 200 calculations0 Again, good agreement between
the measu and culated values was reported0

Since detailed field studies of energy utilization in low energy houses in
cold Canadian climates are limited, this study was undertaken in Manitoba on
electrical heated houses to expand the data base of information on low energy
house performance and explore some aspects of energy consumption in low energy
residences~ The study sites are located in the Canadian prairie region which
has a continental climate Li]~ Although relatively sunny (23Ll sunshine
hours/year), the heating season is severe (5923°C day/year, 18°C base)~

The purpose of this report is to present measured performance data for a
group of 28 low energy houses and compare the results with HOrCAN 2~O
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calculations& The comparisons include the overall heat .... loss coefficients for
the buildings and the long-term heating energy consumptions&

Since HOTCAN 2.0 is designed to accept monthly input data, the experiment­
al data were collected on an approximately monthly basis between October, lY~3

and March, 19(j50 The IImonths" used in HOrCAN 2.0 were adjusted to correspond
to the field nlonitoring periodse

HOUSE DESCRIPTION

All of the houses were new, wood framed, single family residences with
full depth cast-in-place concrete basement walls. The floor slabs were 75 mm
concrete, cast over 15U mrn of gravel placed on undisturbed soi10 All of the
basements were insulated from the inside using wood studs with glass fibre batt
insulation between the studs~ A continuous 150 ~m polyethylene vapor barrier
was applied over the inside face of the studs and the walls were sheeted with
12 mm gypsum board@

Houses 1 - 4 were located in Pinawa, Manitoba (approximately IOU km north­
east of Wi nni peg) and were constructed by contractor 1. Houses 5 -- 12 were
also located in Pinawa, Manitoba but were constructed by contractor 2~ The
remaining houses 13 - 28, were located in Winnipeg, Manitoba and were construc­
ted by contractor l~

The contractor 1 houses had above-grade walls constructed using the
doubl e-stud techni que [3] ~ Ai r-to-ai r heat exchangers (ATAHE) were used to
supply outside air and circulate air within the houses& The units had inter­
locked supply and exhaust fans with the ON/OFF operation controlled by a humid­
istate The exhaust air was removed (via ductwork) from the kitchen and bath­
room. The outside air was supplied into the centre of the basement and allowed
to migrate through the house~ Floor registers were cut through the main floor
to facilitate air movement between the main floor and basement~ Electric base­
board heaters (convective) were used for space heating$

The contractor 2 houses had convent; ana1 s i ngl e-stud above grade wa 11 s.
1 other construction materials and techniques were similar to those used by

contractor l~ Electric forced-air heating systems (20-kW input) with ducts
supplying air into every room and two centralized main floor return air grilles
were used~ Outdoor air was supplied via a 12b-mm diameter duct connected to
the return air plenum~ The single-speed furnace fan (~400 L/s) operation was
controlled by heating demand~

uetails of the houses including occupancy are given in Table l~



Table House details ..

Insulation levels
Tota1 i nt .. RSI (m 2 °C/W) No .. of Air

Year floor area Heated ------ Space occup .. tightness
House of Cons t .. incls bsmts vol Wa 11 Ceil .. Bsmt .. heating adultsl (ach @
code const .. styl e (m2 ) (m 3 ) wall system* ATAHE+ children 50 Pal

1 1982 Bungalow 183,,3 464 .. 5 7.. 3 9.. 0 3,,5 EB y a/a 0.18
Contractor 1 2 1982 Bungalow 183 .. 3 464 .. 5 7.. 3 9 .. 0 3 .. 5 EB y 0/0 0,,14

3 1982 Bungalow 183,,3 464 .. 5 7.. 3 9 .. 0 3.. 5 EB y 2/1 0.. 16
Pinawa 4 1982 Bungalow 183 .. 3 464 5 7 3 9 .. 0 3.. 5 EB y 3/0 0 .. 15

5 1982 Bungalow 191 .. 2 477,,0 3,,5 7,,0 2·,,1 EFA N 2/0 N/A
6 1982 Storey 174 .. 9 451,,9 3.. 5 7.. 0 2.. 1 EFA N 4/1 1.. 61

Contractor 2 - 7 1982 Bungalow 204 .. 2 507 .. 5 3,,5 7.. 0 2.. 1 EFA N 2/1 1.23
8 1982 Bungalow 220 .. 4 545 .. 0 3.. 5 7.. 0 2.. 1 EFA N 2/1 1.. 54

Pinawa 9 1982 Bungalow 191 .. 2 477 .. 0 3 5 7.. 0 2,,1 EFA N 2/2 1.54
10 1982 Bungalow 220,,4 545,,0 3.. 5 70;0 2 1 EFA N 2/1 1.. '96

€\J 11 1982 1~ Storey 174 9 451 .. 9 3 .. 5 7 .. 0 2,,1 EFA N 0/0 2.. 12

~
12 1982 Bungalow 204 .. 2 507,,5 3,,5 7.. 0 2.. 1 EFA N 2/2 2,,04

a
00 13 1981 Split L.. 178 .. 7 513 .. 0 7.. 3 9 .. 0 3,,5 EB y 4/0 O~25

14 1981 Bungalow 183 .. 3 464 .. 5 7.. 3 9 .. 0 3.. 5 EB y 2/2 0.22
Contractor 1 - 15 1982 Bungalow 204 .. 3 513 .. 6 7.. 6 10,,4 4.. 2 EFA Y 2/0 0.. 67

16 1981 Bungalow 183 .. 3 464 .. 5 7.. 3 9 .. 0 3 .. 5 EB Y 2/3 0" 19
Winnipeg 17 1982 Bungalow 183,,3 464,,5 7.. 3 9 .. 0 3 5 EB Y 2/0 0.. 27

18 1981 Bungalow 183,,3 464,,5 7.. 3 9 .. 0 3,,5 EB y 2/2 0 .. 32
19 1982 Bungalow 183 .. 3 464 .. 5 7.. 3 9 .. 0 3,,5 EB Y 2/0 0.. 32
20 1983 Split L" 118,,6 304 2 7 3 9.. 0 3 .. 5 EB y 1/0 0 .. 39
21 1982 Bungalow 183 .. 3 464,,5 7.. 3 9 0 3.. 5 EB y 2/2 0.23
22 1981 Bungalow 183 3 464,,5 7.. 3 9 .. 0 3 .. 5 EB y 2/1 0.15
23 1981 Bungalow 183 .. 3 464 .. 5 7,,3 9,,0 3.. 5 EB y 2/1 0.35
24 1981 Bungalow 183,,3 464,,5 7,,3 9 .. 0 3,,5 EB y 2/2 0 .. 27
25 1981 Bungalow 183 .. 3 464 .. 5 7,,3 9.. 0 3.. 5 EB y 2/1 0.28
26 1981 Bungalow 183 .. 3 464,,5 7.. 3 9 .. 0 3.. 5 EB y 2/2 0 .. 24
27 1981 Split L" 178 .. 7 513 .. 0 7,,3 9 .. 0 3,,5 EB y 4/0 0.. 49
28 1981 Bungalow 183 .. 3 464 .. 5 7.. 3 9 .. 0 3.. 5 EB y 2/0 0 .. 16

*EB = Electric baseboard; EFA = Electric forced air
+ATAHE =Air-to-air heat exchanger
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MEASUREMENTS

The air tightness of the houses was measured using the fan depressuriza­
tion method [1]0 The values for the air leakage at 50 Pa of differential pres­
sure are given in Table 19 The test involved blocking the ventilation ducts
penetrating the house envelope, depressurizing the house using an exhaust fan
and measuring the air flow, Q(L/s), and corresponding value of the differential
pressure across the building envelope, ~P(Pa) for a range of different pres ....
surese Values for the flow coefficient, C(L/smZ(Pa)n), and flow exponent, n
(dimensionless), were then calculated using the expression:

where
= area of the bUilding envelope (m2)

(1)

The total ventilation rate (VT) for the houses was calculated as:

VT = VM + VI (2 )

where
VM = average mechanical ventilation flow rate (ach)
VI = infiltration flow rate (ach)

Equation (2) is an approximation$ However, since the houses were very air-
tight, the mechanical system provided most of the total ventilation air0

For the houses wi th ATAHE, el apsed time meters were i nterl ocked to the
ATAHE fans to record ON time@ The supply and exhaust flow volume rates were
calculated from heated probe anemometer traverse measurements in the ductS0 VMwas calculated by dividing the total volume of air through the ATAHE during
each monitoring period (total running time multiplied by the average duct air
volume flow rate) by the total time of each monitoring period~ The ATAHE heat
recovery effectiveness was assumed to be 50% [8J~ In most cases, the supply
and exhaust air flows through the ATAHE were not equal, so the larger of the
two values was used0 This would normally result in a mechanically induced
pressure di renee whi ch woul d upset the i nfi 1trati on, however, si nee the
initial calculated v ues of VI were relatively small, no attempt was made to
correct them~ The value of VMfor the houses with fresh air intakes was calcu­
lated by multiplying the furnace ON time by the average measured fresh air flow
rate through the intake duct with the furnace fan ON (~35 L/s for all houses)
and dividing by the total time of the monitoring period~ The furnace ON time
was app nlated as the total measured furnace el ectri cal energy consumpti on
(kWh) divided by the rated heat output (20 kW)~

Shawls [9J method was used to calculate the infiltration rate (VI) using
the values from the fan depressurization teste No correction was made for
addi ti onal i nfi 1trati on through the ai r intake and/or exhaust ducts when the
mechanical systems were not operatinge
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When the outdoor wind speed was <305 m/s and the indoor/outdoor tempera­
ture difference was >20 K, VI was calculated using the expression:

(3 )

where
v = house volume (m3)

~T = average indoor/outdoor temperature difference (K)

When ~T was <20 K and the wind speed was >3~5 mis, VI was calculated as:

(4)

where
v = wind speed (m/s)

The summer values of VT will not represent the total ventilation rate
since windows were frequently opened~

In each house, the total electrical energy and water, consumption were read
from the utility installed meters@ Additional meters were installed to measure
the electrical energy supplied to the space heating (SH) and domestic hot water
(UHW) systems and to measure the DHW flow volume~ An aspirating psychrometer
was used to measure the mi d-he; ght temperature and rel at; ve hum; di ty at each

oor level in the houses~ 1 of the meter, air flow, temperature and humidi-
ty measurements were taken at approximately one month interval s 0 The total
el ectri cal energy consumpti on through each meter was di vi ded by the el apsed
time for each monitoring period to calculate the average power consumption~

The outdoor ai r temperature data were taken from local a; rport weather
station records [7J~

Solar radi on data were taken from the standard long term design values
within the HOTe 2~O prograrn@ Comparison of long term and actual

total global radiation data [10] indicated an average difference
- 1 term) -l~ a standard deviation of 7~4%~

An independent engineering consultant was hired to provide construction
qual i ty control for the houses 0 The consul tant ensured that the houses were

in accordance with the blueprints0

MEASURED PERFORMANCE

e average measured heating power input to a house for each monitoring
ad, QMT(kW), can be determined by the expression:

QMT = QSH + ONE + QOHW + QPEOPLE + QSOLAR ( 5)
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where
Q = average power supplied by the space heating system (kW)
Q~~ = average net electrical power input to the house (kW)
QOHW = average space heat gain from the domestic hot water system (kW)
QPEOPLE = average net sensible heat gain from the occupants (kW)
QSOLAR = average space heat gain from solar energy (kW)

The average net electrical power input to the house was calculated as:

(6 )

where
QE = average total electrical power usage (kW)
QOUT = average outdoor electrical power usage (kW)

Homeowners were asked to estimate the average number of hours of use of
outdoor lights and appliances (including block heaters) so that this power
could be deducted from the average total electrical power consumption@

It was assumed that 8% of the DHW power is given up as heat to the space
and that the system has a 100 watt standby 10550 This assumption is consistent
with the calculation procedure in HOrCAN 2~O~

One comprehensive study [11J that has explored the relationship between
cold water supply temperature and usage in addition to DHW usage suggests that
for 1i ght DHW users (< 200 L/day), apart from the standby 1ass, the net heat
input from the domestic water (hot and cold) may be negligible~ For occupied
houses, lifestyle differences with time and from house to house can cause sig­
nificant variations in the DHW heat gain, which are difficult to quantify~

Occupancy time for people was determined from questionnaires administered
to the homeowners 0 They were asked to estimate who occupied the house and for
how long a For each occupant, the heat gai n was assulned to be 0& 065 kW for
adults and O~033 kW for children~

average solar energy was not measured. The va-
lues cul by 2~O were used0 lization factors [12J are applied
to 9S01AR to account for the building's ability to use the available solar
radlatl0n~

The term IIfree heat ll (OF) is often used to describe the heating power
ut to a building from sources other than the heating plant and can be calcu­

as:

o PERFORtviANCE

OF = ONE + QOHW + QPEOPLE + QSOLAR (7 )

HOTCAN 2@0 was used to model the thermal performance of the houses for the
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monitoring periods~ The standard design data contained within the program were
repl aced wi th measured data for the outdoor ai r temperature and deep ground
temperature to accurately represent the prevailing conditions.

The required program inputs include building envelope component sizes and
insulation values, infiltration and mechanical ventilation rates, ONE and DHW
energy consumption, and indoor air temperature~

The basic energy balance in HOTCAN 2~O equates the average total calcula­
ted heating power input to the building, OCT (kW) with the required auxiliary
space heat (QAUX) and the available IIfree heat" ·sources:

QCT = QAUX + QNE + QOHW + 0pEOPLE + QSOLAR (8)

By inputting field measured values of the net electrical power consumption and
OHW energy consumption, relative errors in these inputs have been removede For
reference, Table II gives the values obtained in this study and the average
values suggested in HOTCAN 200~

ANALYSIS

The energy balance equations for a house (equations (5) and (8)) can be
illustrated as shown in Figure l~ This figure can be developed by plotting the
total heating power input (QtJiT and QCT) VS~ the corresponding average indoor/ ....
outdoor ai r temperature di fference for each moni tori ng peri od ~ The non .... space
heating power inputs (OF) offset the building power loss until the balance
point temperature difference (~TB) is reached& Beyond this point (~T>~TB)

additional space heating power must be input to satisfy the heating 10aCl{p
Below this point, (~T<~TB)' the excess internal gains must be removed or the
house temperature will rise~

~or the analysi s, the saGle val ues of QSOLAR' QPEOP_LE' QDHW and ONE were
used 1 n the measured and cal cul ated energy equatl ons ~ Therefore, from equa-
tions (5) and (8), the values of X and Y in Figure 1 represent QAUX and QSH~

In HOTCAN 2~O, the heat loss of a structure is composed of the sum of the
heat losses due to above grade conduction, infiltration, ventilation and below
grade conduction~ When the outdoor air temperature (To) is greater than or
equal to the average indoor air temperature (T;), the only heat loss is assumed
to be due to the below grade surfaces~ Mitalas [13J has shown that the below
grade component of the heat loss is related to the ground surface temperature
but can have a time lag in the order of rnonths0 Because of this, linear ex ....
pressions that relate the bUilding heating energy load with the indoor/outdoor
air temperature difference (fjT) will contain some element of error~ As the
ratio of the below grade heat loss to the total heat loss becomes larger, the
validity of the linear expressions becomes more questionablelt Despite this
shortcoming, one popular method of describing the heat loss characteristics of
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houses is to define an overall calculated heat loss coefficient UC(W/oC) or UM
(experimentally determined) such that:

or
OCT = UC~T + BC

QMT = UM~T + B~1

(9)

(10)

Table II@ Suggested values in HOTCAN 2*0 and measured values for internal gain
parameters@

Measured

x s
Value HOTCAN 200 (average) (stde deve)

Daily base electrical
consumption (kWh/d) 14 26*0 8~1

Daily hot-water energy
consumption (kWh/d) 14 13~O 4~7

6.TS

L1T, INDOOR - OUTDOOR TEMPERATURE DIFFERENCE, K

Figure 1@ Typical heating power balance schematice
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The value of U combines the heat loss coefficients for the above grade conduc­
tion, infiltration and ventilation with a portion of the below grade heat loss
coefficient. The constant B represents the heat loss that will occur when the
indoor/outaoor air temperature difference is ~O Ke This is the average below
grade heat loss for the summer months~

Using a least squares regression technique, linear expressions of the
forms of equations (9) and (10) were fitted through the values of QCT and QMT
for ~T~lO K and values for Uc and UMand BC and BN were calculated (Table 111)<0
Values of the index of determination (r2) for the linear regressions are also
given in Table III. The ~T=10 K cut-off point was arbitrarily chosen based on
observations of the plotted data. For most occupied houses, the power consump­
tion rate became non-linear for l\T<10 K (Figure 2)* Since almost all of the
heating requirement exists when l\T>10 K, this technique can be used to accur­
ately model the houses under actual-conditions$

To make decisions about building components, heating system configurations
and fuel types, house desi gners requi re accurate i nformati on about the long
term space heating energy requirements~ A standard HOrCAN 200 output provides
an estimate of the annual space heating energy consumption; The values of the
measured and calculated total space heating energy consumption for the indivi­
dual houses within the three house groups are shown in Figures 3, 4 and 5~

Since the monitoring periods and house sizes varied, the total space heating
energy consunlpti on for each house was di vi ded by the total floor area and the
elapsed heating degree days (l8°C base) for the monitori period~

DISCUSSION

There are a nurnber of possible uses for the results from a HOrCAN 2~O

calculation~ These include:
1) comparison of the relative effect of changes in the building envelope

(i*elll insulation levels, window geometry, etc0) on the thermal per ....
forfnance of the structure prior to completing the final designe

2) calculation of the heating power requirement as a function of the
indoor/outdoor temperature difference~

3} energy bUdget estimations heat; energy use0 These are often used
to estimate utility energy demand requirements and the relative energy
costs associated with various heating system configurationse

Since the experimental data are "whole house ll measurements, no specific
conclusions regarding use 1 can be made4 For the houses in this study, a rep­
resentitive annual heat loss distribution as calculated by HOTCAN 2~O is shown
in Figure 6@
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Table III~ Measured and calculated values of overall heat loss coefficients
and constants$

UM Uc 8M BC
House code (W/oC) (W/oC) (W) (W) r 2

M r 2
C

Contractor 1 1 49.2 60~8 1477 1083 0.47 0.77
Pinawa 2 39.6 4205 1448 1188 0.95 0~89

3 92.1 59.2 463 838 0$98 0097
4 93~8 106~3 962 566 0~98 0.99

Contractor 2 5 10705 101.7 646 757 0.99 01198
Pinawa 6 135@0 100.8 578 900 0.95 0.99

7 11103 109.2 1177 699 0@95 0099
8 105.0 113.3 1070 738 0$93 0.97
9 111.7 110.0 1019 573 0.89 0.99

10 110.4 125.8 1320 685 0.94 0.99
11 142.9 127@9 276 386 0.98 0.97
12 120~4 118.8 1172 750 01091 0.99

Contractor 1 13 8209 87.9 1028 765 0.93 0.98
Winnipeg 14 76.3 68.3 679 633 0.96 0.94

15 105.4 85.8 1128 1002 0.96 0.94
16 67.9 85.0 1093 647 0.76 0.96
17 81 ~ 7 60eO 937 718 0.93 0.79
18 76.7 71'87 1039 654 0.82 0.80
19 83.8 8902 835 804 Oe91 0.97
20 8004 65.8 829 695 0.78 0093
21 79.2 80.8 1305 873 0.86 0.94

85.4 93.3 753 538 0.90 0.94
23 06 100@0 410 561 Oe78 0998
24 9795 78~8 728 733 0092 0~95

25 85.8 93a&3 930 546 0.86 0.97
26 9504 89@2 861 595 0092 0.98
27 96.7 66@] 927 1044 0089 0079
28 81.7 6ge6 802 597 0.94 0~79
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Figure 6~ Annual heat loss distribution for a typical house~

With respect to the second use, the individual house data from Table III
were divided into 3 groups:

1) unoccupied contractor 1 houses
2) occupied contractor 1 houses
3) occupied contractor 2 houses

group average values of UM, UC' BMand Be were calculated (Table IV)~

Table IV~ Average values of overall heat loss coef
the house group~

ents and constants for

UM Uc Be
House (W/oC) (W/oC) (W) (W)

Contractor 1 &2 77@1 77@! 1088 888
(unoccupied)

Contractor 1 861»3 8003 893 713
(occupied)

Contractor 2 114@6 111&7 996 729
(occupied)

For the unoccupied contractor 1 houses, the average of the calculated and
measured values of U were 77$1 W/OC6 This suggests that the algorithms in
HOrCAN 2~O can estimate the heat loss associated with the above grade building
components and outdoor air exchange and predict the utilized solar radiation~
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The average calculated overall heat loss coefficients for both groups of
occupied houses were slightly lower than the measured values (7% for contractor
1 and 3% for contractor 2)e

The average value of 8M for the unoccupied contractor 1 houses was 18%
higher than the calculated value, suggesting that the calculated basement heat
loss may be lowe The 8Mvalues were also higher than the calculated values for
the occupiea contractor 1 houses (20%) and occupied contractor 2 houses (27%).
The calculated values were obtained using the HOTCAN 2~O suggested values for
the upper/lower soil thermal conductivity of k = 008 .... 0.9 W/moCo Detailed
50;1 investigations were not conducted, however, general observations indicated
soil s [14J that should have conductivities in the range of k = 102 - 1035
W/moCo The HOTCAN 200 calculations for house 1 were re-done using the higher
50;1 conductivities and the value of B increased from 1~08 to 1025 kW, reducing
the difference between the measured and calculated values from 27% to 16%0
Thus, much of the initial difference between the calculated and measured values
of Q could have resulted from the low soil conductivities used in the calcula­
tion0

Figures 3,4 and 5 show that for all of the house groups, the measured
space heating energy consumption exceeded the predictea valueso For the
unoccupied contractor 1 houses, the average ratio of QSH/QAUX (x) was 1~11 with
a standard deviation (s) of O*ll~ For the occupied contractor 1 houses, x =
1037 and s = OG42 and r the occupied contractor 2 houses, x = 1029 and s =
O~39~

Possible reasons for the HOTCAN 2~O under-prediction of the total space
heating energy consumption are:

1) undocumented closi of window shades (reducing possible solar gain)
2) undocumented open; ng wi ndows and doors (; ncreased heat loss from

infiltration)
3) inaccurate mation incomplete utilization of internal gains0

r ses, a low culated basement heat loss could account
for the QSH/" UX ratio of l~ll~ With the occupied houses, the previously out
lined occupancy and sement effects could be respons;ble~

CUNCLUSIONS

resul ts from is study 1ead to a number of observati ons concern; ng
studies on residential buildings:

1) HOrCAN 2~O estimated the thermal performance of the houses, the excep­
on being the below grade heat loss~ This highlights the importance

of having accurate, detailed data on in situ soil conditions and a
validated below grade heat loss algorithm~
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2) It is difficult to account for occupancy effects in housese Increased
natural ventilation and variations in the utilization of solar and
internal gains introduce errors that are beyond the building designers
control. The total nleasured space heati ng energy consumpti ons were
substantially higher than the total calculated values. This fact is
significant when economics and the impact of "low energy" housing tech­
nology on energy consumption are considered.

3) Substanti al var; ati ons in the measured vs 0 cal cul ated thermal perfor­
(nance occurred from house to house 19 Al though these vari ati ons occur
red, the physical phenomena causing them could not be determined from
thi s study 0
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