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Low-Energy Houses: 
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ASHRAE Member ASHRAE Member 

ABSTRACT 

Measured space heating and total energy-consumption values are presented for a one-year 
monitoring period for a group of 27 low-energy houses in Saskatoon, Saskatchewan, Canada. The 
average space heating energy consumption for the 27 houses was 43.7 kJ/m*OC-d (2.1 ~tu,'ft~mO~-d) 
for the period from May 1980 to May 1981. The total energy consumption averaged 365 MJ/m2 
(32,200 Btu/ft2); and space heating energy consumption averaged 228 MJ/m2 (20,100 Btu/ft2). 
These low-energy houses have a number of energy-conserving features -- air tightness, 
controlled ventilation, air-to-air heat exchangers, use of south windows for passive solar 
gain, and high insulation levels -- that distinguish them from conventional housing stock. 

INTRODUCTION 

Measured energy-consumption values are presented for a group of houses whose annual space- 
heating requirements are significantly lower than those of pre-1970 stock. The houses are 
located in Saskatoon, Saskatchewan, Canada, which has a climate classified as "continental" and 
experiences annual average degree-days of 6077OC-days, basis lg°C (10870°F-days, basis 6S°F). 
The mean temperature in January is -18 . ~ O C  (-1  O OF) ; average annual sunshine hours are 2403, 
with average annual solar radiation on a horizontal surface equal to 5.0 GJ/m2 
(441,000 Btu/ft2). The houses have been variously described in a number of publications as 
"superinsulated," "energy-efficient ,I' gvlo-cal ,IT and "low-energy" houses. 1-4 

The term that will be used in this paper is "low-energy." The adjective "superinsulated" 
is thought to be incomplete in that well-designed low-energy houses have a number of features -- 
air tightness, controlled ventilation, use of south windows for passive solar gain -- that are 
not encompassed by the "superinsulated" description. 

The energy-conservation features used on the major portion of the low-energy houses in 
Saskatoon are described in the pamphlet Energy Efficient Housing - A Prairie  roach.^ Three 
key energy-conservation features for space heating are identified: air tightness with 
controlled ventilation, using an air-to-air heat exchanger; insulation levels considerably 
greater than the minimum standards; and placement of windows to the south for passive solar 
gain. 

Air tightness is achieved in the houses primarily by means of a 150-pm (6-milli-in.) thick 
vapor barrier installed in a continuous manner. Special care was taken at all joints to ensure 
continuity. Some 40 houses in Saskatoon that were constructed using these air-tightness 
techniques have been pressure tested. 

The paper "Air Tightness Measurements of Detached Houses in Saskatoon" gives a detailed 
description of the pressure test results for these  house^.^ Compared with houses of the same 
age but not incorporating special air-tightness measures, the low-energy house sample achieved 
a 58% reducticn of air leakage in a pressure test. For the 40-house sample, the pressure test 
result at a negative pressure of 50 Pa (0.2 in. of water) was equal to 1.5 air changes per 

R.S. Dumont, H.W. Orr, and C.P. Hedlin, Research Officers, Division-of Building Research, 
National Research Council Canada,Saskatoon, Saskatchewan, CANADA, S7N OW9. 



hour. A s  t y p i c a l  winter pressures  on t h e  houses a r e  i n  t h e  order  of 5 Pa o r  l e s s ,  t h e  
uncontrol led a i r  movement i n t o  and out of t h e  houses has been reduced t o  a small value. 
V i r t u a l l y  a l l  t h e  low-energy houses have a i r - t o - a i r  hea t  exchangers a s  p a r t  of a cont ro l led-  
v e n t i l a t i o n  s t r a t egy .  Typical ly,  t h e  heat  exchangers have an e f fec t iveness  of  approximately 
50% t o  70%. Flow r a t e s  of about 40 L / s  (80 cfm) a r e  used on most of them. I n  most of t h e  
houses a r e l a t i v e  humidity sensor i s  used t d  cont ro l  opera t ion  of t he  v e n t i l a t i o n  system; i n  a 

few, t h e  hear exchanger i s  cycled manually. To cont ro l  f r o s t  buildup in s ide  t h e  heat  
exchangers, a de f ros t  cyc le  i s  used. Generally, d e f r o s t  ac t i on  i s  achieved by shu t t i ng  off t h e  
ou t s ide  a i r  in take  fan u n t i l  t h e  exhaust a i r  from t h e  house has def ros ted  t h e  exchanger. 

'The second element of t h e  low-energy s t r a t e g y  i s  t h e  use  of s i g n i f i c a n t l y  higher l e v e l s  of 
i n su l a t i on  than t h e  present  minimum standards.  The booklet Energy E f f i c i e n t  Housing: 
.4 P r a i r i e   ro roach^ gives  t h e  recommendation l i s t e d  i n  Tab. 2 f o r  i n su l a t i on  l e v e l s  i n  low- 
energy houses i n  t h e  southern Canadian P r a i r i e  cl imate.  

The t h i r d  element i n  t h e  low-energy s t r a t e g y  i s  t h e  use  of windows fac ing  south f o r  
pass ive  s o l a r  gain.  Typical ly i n  new house cons t ruc t ion ,  t h e  design p l aces  roughly 75% of t h e  
windows on t h e  south s ide  of t h e  bui lding.  In  most of  t h e  low-energy houses add i t i ona l  mass 
has not been added and, consequently, only a modest amount of  south-facing glazing can be used 
without having t h e  house overheat on sunny days. Typical ly,  a maximum of  6% south window a rea  
t o  t o t a l  f l o o r  a r ea  i s  used. Improved performance of t h e  south windows can be achieved by t h e  

use  of t r i p l e -g l az ing  o r  i n su l a t i ng  night t ime shu t t e r s .  To prevent excessive heat  gain during 

t h e  summer months, roof overhangs o r  awnings can reduce t h e  d i r e c t  s o l a r  r a d i a t i o n  inc ident  on 
t h e  south windows. 

SAMPLE OF HOUSES CHOSEN FOR STUDY 

In  t h e  present  study 27 houses were monitored. The prime c r i t e r i o n  was a wall thermal 

r e s i s t a n c e  l eve l  exceeding 4.4 m2 . O C / W  (25 f t 2 - O ~ -  h r / ~ t u ) .  Houses using wood heat  were 

included i n  a l a rge r  sample of monitored houses, but because of t h e  d i f f i c u l t y  of quantifying 
t h e  space-heating cont r ibut ion  from wood tiley were excluded from t h i s  r epo r t .  Thermal 

c h a r a c t e r i s t i c s  of t h e  sample of houses a r e  presented i n  Tab. 2. 

Measurements o f  t h e  u t i l i t y - s u p p l i e d  meters were made once a month over a 12-month period 
from May 1980 t o  May 1981. On a number of t h e  low-energy houses add i t i ona l  meters were 
i n s t a l l e d  t o  sub-meter t h e  energy consumption of t h e  space-heating system and water hea ter .  
These houses were B6, G5, H 1 ,  and W4. The ou t s ide  temperatures, heat ing degree-days, and 
measured s o l a r  r ad i a t i on  on a hor izonta l  sur face  a r e  presented i n  Tab. 3 .  These meteorological 

d a t a  were co l l ec t ed  by t h e  Saskatchewan Research Council. 

ENERGY-CONSUMPTION FIGURES 

Of primary i n t e r e s t  on t h e  low-energy houses a r e  t he  f i g u r e s  f o r  space heat ing and t o t a l  energy 
consumption f o r  t h e  year.  

Case Study 

The energy-consumption f i g u r e s  f o r  house W4 a r e  presented i n  Fig. 1. The space-heating 

requirement f o r  t h e  e l e c t r i c  forced-a i r  furnace i s  c l e a r l y  not  a simple l i n e a r  func t ion  of t h e  
degree-day values,  based on a re ference  temperature of 1 8 ' ~  (65.3OF). For such a house 

a degree-day base of approximately 8OC (46.4O~) would be required t o  allow a more adequate 
l i n e a r  relatfion between furnace space-heating supply and heat ing degree-days. The water-heating 

energy consumprlon, a s  shown i n  Fig.  2, i s  r e l a t i v e l y  independent of  degree-day f i gu re s .  Tota l  
I 

energy consumption a s  a funct ion of degree-day values i s  presented i n  Fig. 3. 

Values f o r  27 Houses 

Values f o r  t o t a l  energy consumption of t h e  res idences  over a one-year period a r e  presented 
i n  Tab. 4 and Fig. 4 .  To provide a bas i s  of comparison t h e  values a r e  presented i n  t h e  u n i t s  

of  energy consumption per  u n i t  f l o o r  a r ea  ( including basements, but excluding crawlspaces and 
o ther  unheated a r eas  such a s  greenhouses o r  garages) .  The average t o t a l  energy consumption f o r  

t h e  27 houses was 365 M J / m 2  (32,200 ~ t u / f t ~ ) .  

Values f o r  t he  space-heating energy consumption of t h e  residences over a one-year period 
a r e  presented i n  Tab. 4 and Fig. 5. In houses f o r  which t h e  space-heating energy consumption 

was not measured by a separa te  meter, t he se  va lues  were estimated by subt rac t ing  t h e  energy f o r  
water heat ing and l i g h t s  and appliances,  based on t h e  summertime values of t h e  l a t t e r  
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quantities. The average value for the space-heating energy consumption of the 27 houses was 
21s F L J / ~ ~  (20,100 ~tu/ft~). A numt,cr of v:lrial~Lcs witl~ill tllc houses, such ;IS ir lsidc 

temperature and internal heat gains, can affect the space-heating requirements. '1'0 measure the 

inside temperatures, clock-driven hygrothermographs were placed in each of the houses for a 
one-week period during the spring of 1981. A histogram of the temperature distribution in the 

I housel; is presented in t:ig. b. 'I'lle mean tctaperature inside was 21.9"~ (71.4O1:), with a 
I standard deviation of 1.8"C. The summer-period energy consumption of the houses was measured; 

I a histogram of the average energy consumptioll rate is presented in I:ig. 7. The average energy- 

consumption rate for the summer period for the occupied houses was 1098 W, and the standard 
deviation was 540 W. As Saskatoon has relatively cool summer nights, the majority of low-energy 

I 

I houses do not use summer air-conditioning. The balance-point temperatures and the slope of the 

energy consumption versus degree-day per day curves were calculated using plots similar to 
those of Fig. 3 for each of the houses. The results are presented in Tab. 5. 

I 
Comparisons with Computer Model Prediction 

A computer model, HOTCAN, has been developed at the Division of Building Research, National 
Research Council Canada.8 The HOTCAN model uses a month-by-month calculation technique to 
estimate the annual space heating requirement of houses. Features of the model are as follows: 

1. Passive solar gains tllrougli windows are accounted for by means of a technique developed by 

Barakat and Sander. 

2. Internal heat gains from lights and appliances, from the hot water heater, and from people 
are included explicitly. 

I 3. The effect of overhangs on south windows is included. 

4 .  An improved basement heat loss model developed by Mitalas is included.1° 

I 5. The model can be run on a microcomputer. 

The HOTCAN model was used in making a comparison of predicted and measured space-heating 
energy consumption for a group of the low-energy houses for the period May 1980 to May 1981. 
As may be seen in Fig. 8, agreement between predicted and measured values was quite good, 
within +24% and -17% over the range of houses tested. Both internal temperatures and internal 
gains were known for each house, as was the air-tightness level. None of the houses used wood 
heat. 

I DISCUSSION 

The energy consumption of the low-energy house sample may be compared with that of a group of 
pre-1974 houses not incorporating extra energy-conservation features. Hedlin and Orr have 
presented energy consumption figures for 209 Regina houses built between 1970 and 1973.~ 
Regina is located 250 km (150 m) southeast of Saskatoon and has a closely similar elevation and 
annual heating degree-days. Energy-consumption figures are presented in Tab. 6 along with 
those for the Saskatoon low-energy house sample. 

The non-low-energy house sample has an annual space-heating consumption equal to 
3.03 times that of the low-energy houses if the samples are compared without regard for type of 
space-heating system. If only natural-gas-heated houses are compared, the non-low-energy house 
sample used 2.19 times as much energy for space heating as the low-energy house sample. 

A number of the houses (Fl, G 3 ,  L2, K1) had space-heating energy-conswnption values more 
than one standard deviation larger tllatl tlic average for the low-energy sample. Several design 

features are believed responsible for this higher energy consumption: 

I 1. Low basement wall insulation levels (Fl, G3, R1) and no floor insulation (Fl, G3, L2, Rl). 

2. Relatively poor air-tightness (L2, R1) and no air-to-air heat exchanger (Fl, G3, R1). 

3. Excessive glass area ( L 2 ) .  This house has 32.5 m2 (350 ft2) of south windows that are 
double-glazed. Heat loss from these windows accounts for approximately 40% of the total 
loss. As the house has a low thermal capacity, it also tends to experience large 
temperature swings on sunny days, necessitating use of reflective blinds to reduce 
overheating. 



4. Poor orientation of the major windows on the house. Houses G3 and R1 have the major 
portion of their windows on non-south walls. 

5. Use of double-glazing (G3, L2, R1) instead of triple-glazing or double-glazing with night 
insulation. 

6. Higher inside temperatures than average (Fl, G3, L2). 

As may be seen from histograms of inside house temperatures and summer energy-consumption 
values, there is a significant variation in the two variables among the houses. Thus, two 
identical houses with equal numbers of occupants may have radically different energy-consumption 
figures for space heating, depending on inside temperatures and internal use of electricity by 
the occupants. 
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'TABLE 1 

Typical Thermal Resistance Levels, Low-Energy Houses 

Walls above grade 

Ceilings 

Walls below grade 
Floors over crawlspace 

Underbasement floor of concrete 
Window shutters 

I rn2=Oc 5.68 -= ft2-O~*hr 
W Btu 



TABLE 2 

Low-Energy House Features  

Total  Floor 
Area (Based Number of Auxiliary Pressure 
on Outside Occupants Insu la t ion  Levels Heating Test 
Dim) I n c l .  During 

RSI ( r n 2 a 0 c / w )  
Caulked Air-to-Air System Result 

-- House Date of  Basement Monitoring Basement Vapor Heat Insu la t ing  Space Water A i r  Charigcs/h 

Code Completion m Period Type Wall Ce i l ing  wall Floor Bar r ie r  Exchanger Shut te r s  Heat Heat e 50 Pa 

A 1  1980 179 1 S p l i t  level 5.1 10.6 5.1 0 Yes Yes no Elec. Elec. 1 .7 
wood basement fu rn .  

B l  1979 199 2 2-storey 7.8 10.6 3.5 yes Yes p a r t i a l  Elec. Elec.  2.2 
crawl space B . B .  

B3 1979 300 3 S p l i t  level 7 .9  10.6 3.5 0 yes Yes no Nat. Elec.  1 . 5  
wood basement 

gas 

B5 1979 306 4 2-storey 7.0 12.3 6.3 1 . 3  yes T.B.I. no Nat. Nat. 0.6 
wood basement gas gas 

B6 1978 287 4 13-storey 7.0 10.6 5.3 yes yes no 
V, crawlspace Elec. Elec. 

1 .0  
B . B .  

87 1980 164 2 Eii-level 5.3 8.8 4.9 0 Yes Yes p a r t i a l  Elec.  Elec. 2.2 
wood basement B. B .  

D 1 1980 284 2 l 4 l s t o r e y  6 .3  7.0 3.9 0 Yes no no Nat. Nnt. 3.2 
concr. basement gas gas 

F 1  1980 2 97 3 I - s to rey  5.1 7.0 1 . 3  0 Yes no no Nat. Nat. 1 . 6  
concr. basement gas gas 

G 2 1979 218 3 Bi-level 7.8 4 .7  3 .5 0 no no no Elec. Elec. 2 . 4  
wood basement 

G3 1979 265 2 2-storey 5.3 10.6 2.2 0 Yes no no Nat. Nat. 1 . 4  
concr. basement gas gas 

G4 1979 241 2 2-storey 7.8 10.6 - 4.9 yes Yes no Elec. Elec. 1 .0  
crawlspace B.B .  

G5 1979 297 2 1-storey 7.0 10.6 4.2 1 .0  yes Yes no Elec. Elec. 1.4 
wood basement fu rn  

H 1  1979 225 2 1-s torey  5.3 8.8 4.9 0 Yes Yes p a r t i a l  Elec. So la r  1.7 

I 
wood basement B.B. 6 Elec. 



, I 

TABLE 2 

Low-Energy House Features  (Conttd)  

Tota l  Floor 
Auxi l i a ry  Pressure 

Area (Based Number o f  
on Outside Occupants Insu la t ion  Levels 

Heating Test  

Dim) Inc l .  During RSI (m2- OC/W) System Result 
Caulked Air- to-Air  

House D a t e o f  Basement Monitoring Basement Vapor Heat Insu la t ing  Space Water A i r  changes/fi 
Code Completion m2 Period Type Wall Ce i l ing  Wall Floor  B a r r i e r  Exchanger S h u t t e r s  Heat lieat @ SD Pa 

K3 1980 210 3 1 - s t o r e y  5.3 8.8 4.9 0 Yes p a r t i a l  E lec .  Elec. 3.2 Yes 
wood basement B. B. 

L2 1978 163 1 s p l i t  l e v e l  6 .3 10.6 3 .5  0 Yes Yes no Elec .  Elec. 4.0 

wood basement Furn. 
and crawl space 

L6 1980 226 2 1 - s t o r e y  5.3 8.8 4.9 0 yes yes p a r t i a l  Nat. Nat. 2.5 
woad basement g a s  gas I 

R 1 1979 217 4 2-storey 4.8 7.0 3.5 0 
Yes no no Nat. Nat. 2.3 

wocd basement g a s  gas I 
S 1 1979 167 1 2-storey slab 6.4 10.6 3 .5  yes T.B.I. T.B.I. Elec.  Elec. 1.3 

on grade B. B. I 
S2 1979 3 28 4 2-storey 5 .3  8.8 1.8 0 Yes Yes p a r t i a l  Elec.  Elec. 

concs. basement B. B. 

T 1 1980 250 1 2-storey 10.6 10.6 4 . 9  yes 
Yes no Elec .  Elec 

crawlspace B. B. 

V 1 1979 495 2 I-storey 5 . 3  8.8 1 . 8  0 
Yes no no Elec.  Elec. 

ci tcr. basement B. B. 

W 1 1980 212 4 bi-level 4.2 6.4 3 . 1  0 no 
Yes no Nat. Nat. 

*POOd basement g a s  gas 

W4 1978 242 5 2-storey 7.8 10.6 5.6 0 Yes Yes p a r t i a l  E lec .  Elec. 
wood basement Furn . 

AA2 1980 219 0 s p l i t  Lwel 5.3 8.8 4.9 0 
Yes Yes p a r t i a l  E lec ,  Elec. 

wood basement B. B. 

AA3 1979 200 0 1%-storey 5 .3  8 .8  4.9 0 
Yes Yes p a r t i a l  E lec .  Elec. 

w a d  basement B. B. 

AA4 1979 2 04 4 L-storey 5 . 3  8.8 4.9 0 
Yes Yes p a r t i a l  Elec.  Elec. 

w d  baswent B.B. 

AA5 1979 2 00 2 l%-starey 5.3 8.8 4 .9  0 
Yes Yes p a r t i a l  Elec.  Elec. 2.8 

mod basment B. B. I 



TABLE 3 

Weather Data f o r  Monitoring Period, Saskatoon, Sask. ,  52O~,  May 1980 t o  April  1981 

Solar Radiation Monthly 

Average Outside Monthly Degree-Days Average (Horizontal 

A i r  Temp. ("C) (Ref 18OC) (OC-days) Surface) M J /  (m2-day) 

1980 May 
June 
Ju ly  

Aug 
Sept 
Oct 
Nov 
Dec 

1981 Jan -10.0 
Feb -10.3 
Mar -1.1 

APr 5.3 

TABLE 4 I 
Measured Energy-Consumption and Inside-Temperature Values 

May 1980 - April  1981 

Total  Energy Space Heating Summertime Inside 
House Consumption Energy Consump. Energy Consump. Temperature 

Code (w/n2) (w/m2) Rate (W) ("c) 

A 1  273 210 355 21.7 

B 1  372 2 09 1021 24.6 

B3 444 2 93 1416 25.3 

B5 397 177 2121 19.9 

B6 2 57 128 1171 22.3 

B7 264 160 532 21.2 

Dl 458 262 1744 22.0 

F1 606 388 1810 22.9 

G2 3 07 171 931 19.9 

G3 502 388 957 23.0 

G4 266 153 863 18.1 

65 237 152 7 95 21.8 

H1  244 148 684 20.5 

K3 355 199 916 21.9 

L2 655 455 1080 24.0 

L6 415 2 03 1535 

R 1  757 427 2238 19.7 

S1 317 263 283 24.2 

S 2 318 210 1118 19.9 

T 1 218 159 461 21.1 

V 1  186 154 498 20.1 

W 1  575 28 5 1964 22.7 

W4 317 189 967 22.1 

AA2* 227 219 48* 

AA3 * 224 201 141* 

AA4 347 173 1127 23.3 

AA5 318 190 871 23.3 

Avg = 365 M J / m 2  228 w/m2 1098.3 W 21.9OC 

S.D. = 146 89.9 543.7 1.8 

*UNOCCUPIED 



TABLE 5 

Measured Balance Polrlt Temperature and Slope Values For 27 Low-Energy Houses 

Measured Slope 
Balance Point of Power Consumption 

House Code Temperature versus Uegree-Day/Day 

("C) (W/"C) 

A 1 15 91.2 
81 10 143 
B3 15 2.22 
85 11 183 
85 10.5 127 
87 6 117 
D 1 15 219 
F 1 15 282 
G2 13 105 
G3 15 262 
G4 10 156 
G5 16 112 
H1 15 89.4 
K3 14 120 
L2 9 281 
L6 16 129 
R1 18 238 
S 1 15 108 
S2 10.5 248 
T1 10 142 
V1 15 202 
W1 16 24 7 
W4 8 137 
AA 2 18 79.5 
AA3 15 86.6 
AA4 15 101 
AA5 13 117 

Avg. = 13.3 
S.D. = 3.1 

- .- ~. 

Avg. = 161 
S.D. = 65.8 

TABLE 6 

Comparison of Low-Energy House Sample with Non-Low-Energy House Sample 

Low-Energy Non-Low- Ratio 
Houses Energy Houses 

Year of construction 1978-1980 1970-1973 

Degree-days of monitoring 
period ("C-~ays) 5216 5764 1.11 

Annual total ener y 1 consumption (W/m 1 

Annual space-heating energy 
consumption (MJ/m2) 228 764 3.35 

Annual space-heating energy 
consumption per degree-day 
(k. l /m2.D.D.)  43.7 133 3.03 

Annual space-heating energy 
consumption per degree-day 
( ~ J / ~ I ~ - D . D . )  
Natural-gas-heated houses only 60.8 133 2.19 



DEGREE DAYS /DAY, (.C - DAYS/DAY) DEGREE DAYS /DAY, (OC - DAYSIDAY)  

Figure 1. Measured furnace energy Fiaure 2. Measured water heater ener~u 

consumption - Residence W4 consum~tion - Residence W4 

DEGREE DAYS /DAY. ('C - DAYS/DAY 1 

Fiaure 3. Measured total energy consum~tion 

- Residence W4 

R NATURAL GAS SPACE 

AND WATER * I T  

Figure 4. Measured total energy consumption 

for law-energy house sample 
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Figure 5. Measured space-heating energy Figure 6. Average inside temperatures for 

consumption for low-energy house low-energy house sample 

sample 
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AVERAGE SUMMER ENERGY CONSUMPTION. WATTS 

(LIGHTS. APPLIANCES. HOT WATER) MEASURED ANNUAL SPACE 

HEATING REQUIREMENT, GIGAJOULES 

Figure 7. Average summer energy consumption Figure 8. Comparison of predicted and measured 

rate for low-energy house sample space heating energy comsumption for 

a group of low energy houses 
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