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ABSTRACT
Ui

Measured energy consumption figures are presented for a townhouse
complex located in Regina, Saskatchewan. The complex consists of 8 two-
storey wood frame structures incorporating low energy design principles and
some passive solar features. A total of sixty-seven living unfts and one
community centre are present in the complex. The complex is 6wﬁed ?y the
Meadowlark Housing Co-operative. The complex is believed to be the first in
the Canadian prairie region incorporating low energy desigﬁipriﬁcfﬁ]es which
has been monitored for energy consumption. m .

The windows are triple glazed units on all non-south wiﬁdows (ﬁoub]e
glazed on the south) and the ceilings, walls and:b;éement wa1lsih§y§ U values
equal to 0.14, 0.2, and 0.29 W/m2K respectively. (The ] Qa]ue is éﬁe inverse
of the R value méK/W.) The units are tightly sealed, and incorporate an
exhaust air ventilation system.

The complex was completed in mid-1983, and energy consumption_readings
are presented for the period from August, 1983 td August, 1984. The units
use natural gas forced air furnaces and natural gas storage-type water
heaters.

The measured space heating for the first year of monitoring averaged 411
MJ/m? for all units. This figure is approximately 40% Tower than the‘space
heating cog;umppién of typical npn-1pw energy units in this area ofJCanada.
Tﬁe anhua] ﬁéaifng degree dgys for thé first year of monitoring in Regina.
were 5383°C days (reference 18°C).

| Compafigéns between the measured space heating consumption of the living

units and the calculations of a computer model called HOTCAN are also

presented in the paper.
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INTRODUCTION

In the first half of 1983, a Tow energy townhouse complex was completed
in Regina, Saskatchewan, Canada. This townhouse complex consisting of sixty-
seven 1iving units and one community centre is believed to be the first of
its type in the prairie region of Canada. The complex incorporates high
levels of energy conservation in its space heating design. The windows are
triple glazed, the ceiling, walls and basement walls are very well insulated,
with U values for the cei]ing, wa]]s and basement walls equal to 0.14, 0.2,
ano 0.29 W/meK respectively. The units were t1ght1y sea]ed and incorporate
an exhaust air vent11at1on system. ]

Energy consumption readings are presented in this paper for a twelve
month period beginping August 1983. ol

~ Regina. has a climate whach is classed as "continental", with annual

;degree days (bage 18 C) avewag1ng 5920°C, and a January design temperature of

STVt B
-34°C. The annua1 average sunshine hours are 2331.

s 4._‘_‘,

Th1s mon1tor1ng proaect had severa] purposes the first was to document

-_the spéce heat{og aod total energy consumption performance of the units in

th1s townhouse somp]ex and to _compare this energy performance with that of
conventional housing units built during the 1970s. A second purpose was to
compare the measured energy performance of a group of the townhouses with

calculations.of; the.somputer @Qde]fHGJCAHaZQO$3gna TomnonD

-DESCRIPTION QF BROJECT::+ :: ~unznhs weer mo 2t ni i iwss, =7,

i

- .The townhouse complex consists of 68- separate units, one:of which is

used as a.community center. A:plan view of:the complex isi presented in



figure 1. A majority of the units have a major axis oriented east-west,
allowing south window exposure; The complex consists of 18-two bedroom units
and 50-three bedroom units. An elevation view of one complex is shown in
figure 2.

There are three basic house modules used in the project:

Table 1. Description of Modules for Meadowlark Project

Number of
Number of Units per
Modules © Module Description
MODULE A 20 1 Two-storey, single units with 3

bedrooms each and a full basement.
Total floor area = 141 m2
including basement.

MODULE C 9 2 Two-storey units with 2 bedrooms each.
One floor unit on top and a separate
unit with a basement below.

Upstairs unit floor area = 87.1 m2,
Lowér unit'floor area’ = 174 m2
including basement. ,
MODULE D 15 2 Two-storey units with 3 bedrooms each,

Y ' ‘oné floor unit’ on top-and a separate
unit with a basement below.
Upstairs unit floor aréa = 103.6 ml.
Lower unit floor area = 207.1 mé
including basement. =

44 - -
Note: Modules C and D have two' 1iving unit§ per-module’ ™"
The particular design was adopted to facilitate access for handicapped

persons: The handicapped-accessible units are all:in the lower levels of

the C-and D modules. No elevators are used in the complex.



As there are basically only three types of 1iving units within the
complex, the opportunity arose for comparison of energy consumption levels of
the similar units.

The units all have identical construction details. A wall section is
shown in figure 3. Glass fiber batt insulation is used in the walls, with
blown insulation in the attic space. The vapour barrier in the main floor
and second floor wall section is sandwiched between a 38x64mm horizontal
strapping and 38x140mm vertical studs. The vapour barrier is a 135
micrometer thick polyethylene sheet. A1l joints between the vapour barrier
sheets were caulked using an acoustical sealant compound.

Pressure tests conducted on three of the Module A type end units using a

fan pressurization unitl yielded the fo]]owing:resu1ts:

Air changes per hour at 50 pascals

Unit a. 1.68
b. 1.74
C. 1.94

To prevent air leakage between adjacent units during the tests, the adjacent
unit was pressurized to the same Tevel as the unit under tesf.

The air tightness levels quoted above compare fa?ourab]y with an average
va]ue.of 316 air ;hanges per hour at 50 pascals for conventionally
cgn;;ructgq:housemgnitsvpgi]t over the period 1961=80ia§rreported by Dumontz,
Orr, and Figley.

- A1th8u§h iﬁne; unifg.fn the rows of housing were not teéted,:ft would be
expected that they would-have a . lower air teakage.rate,:;as they have less

surface area exposed to the outside. B S e
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The ventilation air for the houses is provided by a 125mm diameter duct
which connects from outside to-the return air plenum on the forced air
furnace. A two-speed exhaust air fan with. an installed capacity of
approximately 65 litres/second maximum flow is connected to the bathroom,
kitchen and laundry space in -each unit.

Each unit is heated with a forced warm air furnace with intermittent
ignition and an atmospheric vented chimney. The natural gas fqrnace sizes
were 26 kW and 22 kW input for the 3 and 2 bedroom units respectively. A
natural gas, atmospheric vented water heater was used in ‘each unit. The

presence of a separate furnace and water heater in each living unit
LS

[

facilitated energy consumption measurements.. - :.

Each 1iving unithas a separatermatural: gas and dlectricity meter. The
only devices using natural gas are the space and water heaters. There was no

submetering present on: either sherappliances or: water heater. ...
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. Description of. Monjtoring: N N A R S S . TR B

The monitoring consisted of manual readings of the naturil ‘gas,

-electricity and.water meters once.per month; during: the first week of each

Weather records were gathered from the weather station at"the Regina

~ajirport,.which. is. Jocated-at-the-samevelevation &pproximatély 10 km from the
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Results of Monitoring

Energy Consumption per Unit Floor Area.

As there are variations between modules A, C and D in the amount of
floor area, it was of interest to present the energy statistics normalized by
the floor area.

The energy consumption values per unit floor area are presented in
Table 2. ‘

Table 2. Energy Consumption Values for Various Modules
August, 1983 - August, 1984
No. of Floor Area

Living Including = Nat Gas Elec Nat Gas Elec_ Total
Units Basement m®  (GJ) . (GJ) (MI/m@) (MJ/me) (MJ/m?)

A Units Middle (13) 141 73.5 29 521 206 727

End (7) 141 79.8 30.5 566 216 782
C Units Lower (9) 174 74.4 21.0 428 121 549
Upper (9) 87.1 64.2 17.5 737 201 938

D Units Middle

Lower  (7) 207.2 .. 79:0.. 23.5. 381 113 494

Middle E

Upper  (7) 103.6 79.5 © 21.3 . 767 - 205 972

End Lower (8) 207.2  78.6  24.9 379 120 499

_End Upper (8) . 103.6-.. 75.1 -26.4 725 .. 254 979
AVERAGE 75.0  24.4 566 183 749

A histogram of ~the total energy consumption per square meter:for the

modules is presented in figure 4.
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Relatively small differences existed between the end and middle units of

, the same size in.terms of total energy consumption.

For the.A and D block the results were as’follows:

Table 3. Comparison of .Energy “Consumption of Middle and End Units

Total Energy Consumption (MJ/m2)  Ratio

=

A units | Middle 727 0.93

. dm End . - 782 1

-,.D Units Middle Upper 972 ' 0.99
End Upper ' - 979 _ 1
‘Middle Lower | 494 0.99
End Lower T 499 ¢ 1

s o2 The C.units weng a1l located:inm the middle of a complex.
b

Comparisop #f Measured gnergy Consumption with = 20

Calculations of a Computer Model

The computer model HOTCAN 2.03 was used to’ compar® .calzulations with the
epergy- copsumption ofnseyeral:of the towhhoudas. n™ "7 o 7
4. ow 1N the Meadpwlark complex-there’ are fivé "A"-uni'ts which fate®in the

same direction and are end units. The house units are marked with" an

o, sagterdisk £¥) Ja figurewlii: v c e sue woaw Doralgn wetLs

5

50 r» 6;Plots-ef.the total renergy.consanption rate’ veréus-ddyreeidiys per day

were plotted for each of the five units. The plots-aré prasentéd in figure 8

.. Far the-8smonth winter peniod from Qctobervto™May:s A haF BE seen from the

A b
P

graph, there is a considerable:variation: from ufiit td uAit. Howevér, the
slope values are relatively uniform (within +10% and -14% of the mean

slope).
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The slope values for the five houses are presented below:

Table 4. Measured Slope Values for Five Identical Townhouses

Slope Value W/K R2

House 1 142.3 0.9859

4 167.0 0.9821

33 165.5 0.9683

36 169.9 0.9817

56 182.1 0.9545
Average = 165.4

A HOTCAN run was performed using the dimensions from the blueprints for
the units. Values for the total energy consumption rate versus degree-days
per day were plotted and the slope taken. As the units all used natural gas
furnaces for space heating, a furnace efficiency had to be assumed. The
natural gas furnaces are atmospheric vented, non condensing units, with
intermittent ignition devices.

Using a value of 0.7 for furnace efficiency, the calculated slope using
HOTCAN is equal to 164 W/K, which agrees very favourably with the average of
165 W/K for the measured performance of the f1ve units. ' '

The computer calculation is very sensitive to certain parameters,
part1cu1ar1y the air change rate chosen for the units. A percentage
:breakdown of the heat 1oss from the un1ts as. ca]cu]ated‘by HOTCAN is

Tie T me ETLRE
\ B e 2

fpresented 1n Tab]e 5 ) g L o
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Table 5. Percentage Breakdown of Seasonal Heat Loss from Module A End Units

Ceiling 4.9
Walls & Doors 20.8
Basement Floor 14.4
Windows 12.7
Air Change 47.2
(assuming 0.6 air changes/hr)
100.0%

The air change rate of 0.6 air changes per hour “constitiutes about one
half of the total heat loss of the unit. The figdre ‘of 0.6 air cHanges is
high compared to most typical Kousing in this part of Canada. The reason for
this high figure is the use of a cdﬁtindous1y'runniﬁg exhaust fan in each
unit. Based on:tests im three ‘of the units, "the exhaust a?fsf16QLrate
averaged 56.9 litres/s, which is equivalent to 0.57 air changes per hour in a
3

unit with a volume of 359 m3. During the iexhaist a¥r flow tests,

measurements were made’af the air pressure difference between inside and

-+ ro outside: at the ground f1oor. The housos were under é?héﬁai§@érbrégsure of

R

' : S R T sy L NEMBYCC
. about 5 pascals. . & g R [ - T { g ‘
e e A mA e e e pencpesoame gy PR
i fon ¢ TR B I 5 Do ComTr e g TR
rDiscussion ¢ - e 0t E e : 4 o
j Be it et foufere e Jetranet wd e
o a. knergy Consumption Values ~'i- v @7 JouEnre s X

s 7w e The energy’cohsumption:of: thé units' was found-tb dVerigé $26°Mi/m2 for

sy v nadural ;gasvandct70:MI/mBrfor electricity for the period’ from AG5GSt 1983 to

e
AR DR

. TzAugust’1984... (Elapsed degréérddys®= §383°de§ree tidfysy 77 7 TV

10 b
Hraty

t~ :~ Gomparablte enmergy statistizé fop:townhouSes bGiit td énventidnal

standards ‘during:the périod before the energy-trisis of “thé Mmid-1970's were

~ not-available. ¢ s v troe: s S
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Statistics for detached houses in Regina are available in a paper by
Hedlin and Orr4. For 209 houses located in Glencairn, an area of Regina,
with an average total floor area of 194 m@ including basement, the mean
natural gas consumption was 1034 MJ/m¢ and the mean electricity consumption
was 159 MJ/m?. These houses were constructed post 1970 and most are single
storey.

A table comparing the two sets of houses is presented below:

Table 6. Energy Consumption Comparison of Meadowlark Units
with Non-Low Energy Houses

Meadowlark Non-Tow energy Ratio
houses
Year of Construction 1983 1970-73
Degree -days of monitoring period 5383 5764
(°C days) '
Annual total energy consumption 749 1192 0.628
(MJ/m2)
Annual Space'heating consumption 411 | 764
(MJ/me)
Annual space heating consumpt1on 76.4 133 0.574

per degree-day (kJ/m2 °C day)

"As the townhouse$ at Meadowlark a11 have at 1east one surface attached
to adjacént heated space they wou]d be expected to have reduced consumpt1on
compared to detached houses of the same size. However as noted in Table 3,
the adjacent heated structure seemed to have a small effect (less than 7%) on

total energy consumption. A recent paper by Hedlin and Bantled presents data

for groups of houses Tocated in Regina including detached houses and
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duplexes. Compared to houses of the same floor area, the duplexes consumed
about twelve percent less natural gas compared with one storey houses with
full basements. Both sets of houses had total floor areas in the range of
150-200 m. 1In the Meadowlark houses, air change constitutes a greater
percentage of the total heat loss than in conventional houses, and
consequent]}rthe presence of adjacent heated structures which reduce the
surface losses would be expected to have a smaller percentage effect.
- As may be seen from Table 2, -the.upper units-in the C and D modules had
;an highestﬂnatur§1rgas consumption on a unit area basis. It is believed
~that this high consumption is linked to the high air exchange rates in these
:quts{ as they have exhaust fans as large as those in other units. These
. - Hpper units hgye_pne7ha]f the volume of the ‘lower.:units.
B A F)
b. Possib]e Improvements . . ..~ N CT
.’ Theﬁ;oyphpusegéac@jeng,qamgla&ng]y good energy performance compared
s O houses copstructed 10 years,eardder. Howeven;a numben: of inexpensive’
improvements to the units are possible. As may be seen:from Table: 5, about
50% of the heat loss from the units is due to air change. If the air change
rates were reduced from 0.6 air changes to approximately 0.3 ajr. changes per
hour by reducing the exhaust flow rate,:thecannual. energy consumption for
..o 5. _SPage heating would fall by 43%, based;onthe-caleulatiens of the computer
e T?Sﬁl HQIQAgnzﬁgﬁ :A;va}erprOqsfgir ghanges’per: holirzwoul d  normaltly be
su%ficient to provide .adequate veptjilatioper Fhis.vdlue.f§ also-ponsistent
. yiFqﬁmggsucemgqgﬁwoﬁgqighgh@nge rates-made:in: howses:{rn:this:part of Canada.
o The_5§qRAEfStandagd 6251981 recommends-a continuouscventilation rate of 5 L/s

per room. In a living unit with a volume of 338 m3 (Medule A type) and 6
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rooms, the ASHRAE recommended flow of 30 L/s would correspond to 0.32 air
changes per hour.

Use of triple glazing on the south side would improve the performance
further. The energy savings from these measures are presented in Table 7 for

an end unit of Module A type.

Table 7. Annual Space Heating Requirment of a Module A Unit
Under Three Different Assumptions

(Calculation performed Using HOTCAN 2.0)

Annual Space Heating Ratio
Consumption (Natural Gas)
(GJ)
(1) House as is | 58.2 L 1
(2) With air change reduced
to 0.3 air changes/hr
~ from 0.6 air changes/hr 33.0 - | 0.57
(3) Same as (2), but with use
of triple glazing on south .
side o o . 31.6 o e i 0.55
ot Bdint B ) VDL E P e
e i - dewin B WTeE : IR
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NUMBER OF HOUSES

mean= 749 Md{mz
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| S.D. =212 MJ/m2

i 7
[ 1 [1 [ n=68
— [ 1
_ ]
RRRNE T [TT1 rl FTTTTIT Irl
0 250 500 750 '

1000 1250

TOTAL CONSUMPTION (NATURAL .
GAS + ELECTRICITY), MJ/m?2
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Units August,1983-Augqust,1984..
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