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I. INTRODUCTION

C¡lrrentlÍ there exist many computer prog¡ams for
the energy analysis of buildings. Most of these pro'

:'grams require hourly weather data of the Site as part
of theii ihþt¡t. The progFams employ different levels

.of soþhistication in analysing various corlþonents
ofthç enÇrgy exchange in the system and can even-

'tually estimate the hourly, daily or'monthly energy
requirements for heating and coöling of the build-

' 
ing, They nlay also'predict the size and-the energy
constimption of equipment such as fans, pumps,

'etc; Sode of these programs have beên'wrítten spe-
,ciÍrcally tdanalyse certain passive scilæ heating fea-
tures such as direct gain, maSs walls; Sunspace, etc.
No ãttempt is being made here to list these Þro-
Biãms oi to cite-their'strengths oi timitdtions. Sev-

. eral:êoiñparisons of some of these. Þiogr¿f¡ns:'äie
aväitable in the liteø.ture[1j61.

' f tle rèsèriúdh was.eá¡ried out when M. N. ¡ahaaori
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Q 1935 Pcrgamon Ptl¡¡ Ltd.

The use of hourly data (for E760 hours pcr year)

can be expensive. Furthermore, the year. selecred

for energy analysis may not represent an average

or a typical meteorological year of the location. To
detèrmine the energy performance of the building
fór a typicat year, one can perform the energy aaal'
ysis for many years (which adds to the compuø-
'tiona[ costs) and take some kind of averaging of the

rësults,.or create, from many years of available past

weather data, a datum to represent a typical me-

teorological year (TMY;[7-91. There have:'been

several âttempts to reduce the need for hourly en'
' ergy'anzilysis by manipulating the hourty weather
data so that daily and monthly energy requirements

'can.be predicted at'lower costs of eotnputation or
handlíng of datallO, ll].

In additiori to high costs irtvolved-in using hourly
weathêr data for' eneiBy sirliulatioirs, tfrëfe'efìstg

''anothër mâjor äisadvantggC fot this process:"soch

data máy:not.beì {ivbilable'.for the location of lÌner-
:èst.iThêTe are mâny cities;.þ¿rricula¡li in the'de'
veloping countries, for which the detailed hotitty

. data such as temperature, solar radiation, wind ve-
.læily and dircëtion,'etc.; requircd for hourly-cn'
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y, Bonthly and annualheating and cooling rçquiremçnt¡ of
ario, Çanada wçrÇ estirnatod¡ employing ENERPASS as t
su¡by'hour energy analysis.,The following w€dthQr data

(i) Ten yoers (1967-19?6) of weather data. The tan.yçar average of the results ic idpntificd as

TYA.
(ii) A typical metaorological yeâr (TMÐ gÇncrated using the same ten years of data,
(iii) Two differenl hourly ambient air temperature distributions (Tl and T2) fo¡ a typical day in

each month. The sotar radiation ou eaçh surface was eotimated using the mcan.monfhly clear-
ness index.

Thç house use pattcms, including heat generation and th€ thermostât setting, were taken the samç

whon using TYA, TMY, ll or T2. The analysis was carried out for the house as it is (wcll insulated

a¡rd airtighi), and for two modifications: one with larger infiltration rate and lower wall'thermal re.

sistance, and the other with larger south-facing window area and using super-windows, The results
of this study show that the long-range hourly, Oaily, monthly and annual heating and cooling require-

manrs of a residential building locatçd in a cold climate can be predictcd by empioying mean daily
' naxilnum and minimum temperatures and.the mean monthly clearness index for each month' This

savings in computational costs, in either using many years of weather data or

., he siiC. For locations tacking detailed hourly weather data. the use of data and
in this study may be employed to predict thd long-range thermal performance

of, simplc resideutial buildings.
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ergy analysis, are not recorded. In these cities, one
may find records on daily maximum and daily min-
imum temperatures, the duration of sunshine or
cloud cover, etc., for many years. It is highly de-
sirable to estimate the energy requirements of build-
ings for heating and cooling using the available data.

The purpose of this investigation was to show
that the hourly, daily and monthly energy needs of
simple buildings can be estimated using only a lim-
ited available weather data for the location. The
data needed are the mean daily maximum and mean
daily minimym temperatures and the average clear-
ness index for each month. In this research, a res-
idential building located in Ottawa, Ontario, Can-
ada was considered for analysis.

2. DESCRIPTION OF THE BUILDING

The building considered for energy analysis is a
two-storey residential building with a full basement
used as a living space[12]. The building has a total
floor area of about 300 m2. The building is well in-
sulated and is airtight. It has the following thermal
resistances: windows, 0.41 mzC/W (double glazed);
exposed walls, 6.32 mzC/W; ceiling-roof, 10.50
m2C/W. It also has a large south-facing window of
19.55 m2 (as compared to a total window area of
31.11 m2). The infiltration through the house was
estimated to be equivalent of n = 0.5 air changes
per hour.

Two modifications of the above (reference)
house were also considered in this study. They are
the following:

Modification 1. Wall thermal resistance of 3.5
m2C/W and the infîltration rate of ht : 1.0 aclh.
This is the case of a house not so well insulated nor
airtight.

Modification 2. South-facing window area of
29.33 m2 with a thermal resistance of 1.03 m:C^V.
This is the case of using oversized south-facing
super-windows for more effective di¡ect gain pas-
sive solar heating.

In both modifications, the remaining dimensions,
parameters or physical properties, remained the
same as in the reference house. That includes the
house use pattern (by a family of four), the night-
time thermostat setback of l6"C (from 20"C during
the day), no natural ventilation in summer, etc.[12].

3. WEATIIER DATA EMPLOYED FOR THE ANALYSES

The following weather data were employed to
estimate the heating and cooling requirements of
the building:

(a) Ten years (1967-1976) of hourly weather
data for Ottawa. The data include the temperature,
total and diffr¡se solar radiation intensities on a hor-
izontal surface, relative humidity and wind veloc-
itv.

(b) Hourly weather data representing a typical
meteorological year (TMy) for Ottawa. These data

were produced using the same ten years of weather
data as mentioned above[9].

(c) Two temperature distributions, one given by
[13]:

T - T' = AI[0.4632 cos(r, - 3.805)

+ 0.0984 cos(2r, - 0.360)

+ 0.0168 cos(3r, - 0.gZZ)

+ 0.0138 cos(4r, - 3.513)1, (t)

where

t, :2;(/ _ r) (z)

and

Al = 25.8R, - S.Zt; (3)

and the other equation given by

T -T =\¡,cosdr(r - l5). (4)
¿

In these equations, I is the hourly temperature (in
oC), T' the mean monthly temperature, t the time
(12 at solar noon), K7 the mean monthly clearness
index[l4], a = 2n124 or 15'/h¡ and 7 and .,4., are
given by:

l-T=;(T*+T),

A,=(T,-T"),

(5)

(6)

where I, and Tnare the mean daily maximum and
the mean daily minimum temperatures of the air for
the month of interest.

It is clear that with these remperarure itistribu-
tions, we need only to specify T,Rr,I. and T, for
each month. The values of 7' and 7 are generally
very close to each other and one can use 7 given
by eqn (5) in place of 7' withour much error. Table
I gives the Ottawa weather data ernployed for this
analysis[ 14- l7].

(d) So/ar radiation data. With a knowledge of
mean monthly clearness index Ç given for Ot-
tawa[l4], the solar radiation intensity on each wall
facing direction j (north, east, south or west), was
determined as follows:

li = Rulan * lr* + lo",I^, (7\

where subscripts b and, d refer to the beam and diÊ
fuse components of the solar radiation and å to hor-
izontal surface. The term R6¡ was determined from
a knowledge of the sun angles[14] and p* is{he re-
flectivity of the ground surrounding the wall 

"¡.. Fbr



Simplification of weather data

Table I. Ottawa weather data employed with the analyses Tl and TZ

501

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

l,lean Daily l'lax.fenp., T*

I'lean Daj]y 1,lln.Temp., fn

Mean Daily femp., T'

ï=l(Tx+In)

-6.4 -4.7

-15.6 -14.4

-10.9 - 9.5

-11.0 - 9.6

1.3

-7.5

-3. I

-3. 1

10.9

0.3

5.6

5.6

18.3

6.5

12.4

12.5

24.0

t2.3

18.2

18.2

26.4

14.8

20.7

20.6

25.t

13.5

19 .3

19.3

20.1

9.1

14. 6

14. 6

13.8

3.6

8.7

8.7

5. I -3.7

-2.4 -11.6

1.4 -7.7

1.4 -7.7

KT

_\
[ 14]

*
0.51

0. 50

0.56

0. 55

0.57

0.55

0.52

0.51

0. s4

0.51

0. 57

0.52

0. 57

0.54

0. 56

0.53

0.54

0.50

0. 48

0.47

0.40

0.37

0.44

0.44

Ar.(Tr-Tn)
Ai=2s.8Rt'5.21

9.2

7 .95

o7

9.24

8.8

9.5

I0.6 11.8 LL.7

8.21 8.72 9. s

11.6

9.5

11.6 11.0 10.2

9.24 8.72 7.17

7.5

5.11

7.9

6. 14

l.lind Velocity, m/s 4.5 4.7 4.74 4.65 4.38 3.89 3.44 3.44 3.75 4.07 4.42 4.42

NOTES

other terms, we have[14]:

I¡: kTIo¡,

f 
-f 

ftdh-th-tbh,

roh: r,"[, * o.orr""r(#)] .o, e.,
L

k7 = [a + åcos a(t - l2)]Kr,

a = 0.409 + 0.5016 sin(to, - 60),

b = 0.6607 - 0.4767 sin(<o, - 60).

I ¿nl I n : | - 0.249krforkr( 0.35,

I¿¡lI¡ = 1.557 - 1.84k¡for0.3 5 < k.r<0.75,

I¿¡lI¡ = 0.177 for k7> 0.7 5.

In these equations k¡ is the hourly clearness index,
Io¡ the extraterrestrial solar radiation intensity on
a horizontal surface, l," the solar constant (1353 W/
m2), N the day number (N = I for I January), 0z
the zenith angle and <o" is the horizontal sunset hour
angle. The ratio of diffuse to total radiation in a
horizontal surface was selected from[18]:

258 (15 September), 288 (15 October), 318 (14 No-
vember), and 344 (10 December). With a latirude of
45.45 for Ottawa, cos 0., R6¡ and t,lr were calculated
for these days[4] and I¡'s were determined for all
the walls.

4. SELECTION OF A COMPI,ITER PROGRAM

FOR ENERGY A¡{ALYSIS

A computer program called ENERPASS[19] was
chosen for the energy analysis. In a previous
study[2], ENERPASS and anorher computer pro-
gram called TARP (Thermal Analysis Research
Program)[20] were selected for the energy analysis
of the same building, using Ottawa weather data for
198 1.

ENERPASS is a medium level, hour-by-hour en-
ergy simulation program, requiring about å of a me-
gabyte ofdisk storage for the source and executable
code. One weather data file requires about 132 kil-
obyte of disk storage. TARP, on the other hand, ís
a high level hour-by-hour energy simulation pro-
gram, requiring about 2 megabytes of disk storage
for the source and executable code. One weather
data file requires about 500 kilobyte ofdisk storage.
TARP must be run on a mainframe, while ENER-
PASS could be run on a mainframe or a microcom-
puter.

It was found that the results of energy analysis
using TARP and ENERPASS were very close to
each other[12]. Because of much lower costs of run-
ning ENERPASS, we decided to use this computer
program for our energy analysis here.

All temperatures and the ampìitudes are in oC. Ç* i, estimated from the solar radiationdata I17] and are g'iven here onìy for comparison úith those gìven by neiàrãniã r¿.

(8)

(e)

(10)

(11)

(12)

( l3)

(l4a)

(14b)

(lac)

The following day numbers were selected in this
analysisfi4] to represent the months of January
through December: N = 17 (17 January), 47 (16
February), 75 (16 March), 105 (15 April), 135 (15
May), 162(Ll June), 198 (17 July),228 (16 August),
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5. ENERGY A¡ÍALYSES AND PRESENTATION

OF THE RESTJLTS

Energy analyses were performed for the refer-
ence building and its modifications using one or
more of the following data:

(i) Ten years of weather data and estimating
the ten-yearaverage (Tye¡ for each month.

(ii) The weather data specified as a typical me-
teorological year (TMy).

(iii) The hourly temperature distribution for
each month given by eqn (l) and the solar
radiation intensities calculated for the se_
lected representative days (12 days to rep_
resent 12 months of the year), as was dis_
cussed in Section 3(d). This analysis is
called 11.

(iv) The hourly temperature distribution for
each month given by eqn (4) and the solar
radiation intensities the same as in (iii)
above. This analysis is called 22.

The effect of wind velocity in both analyses Tl and
T2 is the same as we have selected the same inf,rl-
tration rate and the convective heat transfer coef-
ficients for both cases.

M. N. Ber¡eponr and M. J. C¡¡er,rsERLArN

The following energy analyses were performed:
(I) For the reference house:

(a) Hour-by-hour energy analysis to determine
monthly energy requirements for heating
and cooling, using TYA, TMY, Tl and TZ.
Tables 2 and 3 and Fig. I show the results.
When using Il andT2, the monthly require-
ments were determined by multiplying the
daily needs by the number of days in the
month.

(b) Hour-by-hour energy analysis for every day
of the months of January and July, using
TMY, and hour-by-hour energy analysis for
17 January and 17 July, using Tl and 72.
Table 4 and Fig. 2 compare the results.
When using TMY data, the monthly aver-
ages are obtained by taking the average of
31 (days) values at each hour of interest.

(II) For the modif,red houses:
Hour-by-hour energy analysis to determine
monthly energy requirements for heating and
cooling, using TMY, 11 and T2.The energy sim-
ulations were carried out for both modifications
I and 2. Table 5 compares the results for the
modified houses. Figure 3 shows the monthly

Table 2. Monthly heating requiremenrs of the reference house. GJ/mo

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

ANNUAL

REQU I R.
GJ/yr

1967

1968

1969

1970

197 1

r972

L973

197 4

1975

L976

14.59

t9.29

15.21

18.82

18.24

15.31

14. 68

15.78

15. 15

18.84

16. 17

15.11

11.63

14.3s

13. 95

15.11

13.75

13.85

12.42

12.46

12.34

10.55

11.16

11.18

11.73

13.65

8.84

11.73

r1.62

12.00

6.80

4.20

6.01

6.02

7.28

8. 11

5 .86

5 .89

6.99

4.96

3.97

2.54

3.09

2.66

2.52

2.09

2.82

3.76

1.00

3.39

0.31

0.78

0. 71

0.48

0.47

0.84

0.54

0.40

0.42

0.25

0.06

0.08

0.09

0.10

0. t1

0. 13

0.03

0.06

0.02

0. 10

0.08

0. 13

0.03

0.08

0.20

0.11

0.02

0.03

0.06

0.11

0.80

0. 15

0.72

0.57

0.25

0.39

0.63

0.81

0.74

0. 71

3.43

2.30

3.26

2.L9

2.00

4. 10

1.80

3. 18

2.58

3.88

8.77

9.04

7 .67

6.87

8.89

8.67

8.06

7 .49

6.2t

8. 14

13.25

14.81

14.81

16. 19

14.30

14.92

13.85

11.99

15.35

16.40

80. 57

78.98

74.39

79.51

79.94

83.43

70.88

7 4.97

72.s6

8t.?4

TYA 16.59 13.88 11.48 6.2I 2.78 0.s2 0.08 0.09 0.58 2.87 7.98 14.59 77.65

Tl'lY 15.14 13.82 11.31 5.81 2.36 0.38 0.t2 0.07 0.68 2.55 6.19 t4.78 73.2t

T1 16.95 13.93 10.70 5.26 1.71 0.23 0.00 0.00 0.14 1.63 7.57 14.81 72.93

f2 16.94 13.93 10.70 5.28 t.77 0.23 0.00 0.00 0.13 1.65 7.56 14.81 73.00



YEAR JAN FE8 ÞIAR APR MAY JUN JUL AUG SEP OCT NOV DEC

ANNUAL
REQU I R.
GJ/Yr

L967

1968

1969

1970

1977

1972

1 973

L974

1975

1976

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.01

0.01

0.01

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.02

0.00

0.00

0.00

0.09

0.03

0.07

0.00

0.01

0.08

0.04

0.00

0.16

0.04

0.10

0. 10

0. 11

0.20

0.32

0.05

0.03

0.60

0.t2

0.68

0.33

0.52

0.58

0.64

0.33

0.69

0.47

0.81

0.72

0.96

1.08

I .00

1 .03

0.79

0.99

L.32

0.92

t.26

0.78

0.86

0.81

L.29

1.06

0.79

0.73

1.40

1.01

1. 13

0. 95

0.63

0.74

0.41

0.33

0. 52

0. 60

0.58

0.31

0.19

0.42

0.09

0.32

0. 16

0.23

0. 15

0.09

0.22

0.L2

0. 18

0.23

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.01

0.08

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

TYA 0.00 0.005 0.004 0.05 0.i7 0.58 1.01 1.00 0.47 0.18 0.01 0.00 3.48

TMY

T1

0.00 0.01 0.01 0.06 0.16 0.56 1.11 1.18 0.49 0.19 0.08 0.00 3.85

0.00 0.00 0.00 0.00 0.08 0.75 r.32 L.2o 0.40 0.00 0.00 0.00 3.75

f2 0 . 00 0 .00 0.00 0.00 0 . 13 0.80 1 . 36 1.25 0.45 0.00 0.00 0. o0 3.99

Simplification of weather data

Table 3. Monthly cooling requirements of the reference house, GJlmo

TYA

TMY

Tlor T2

503

3.26

3.47

3.52

3.42

3.09

3.07

4.37

2.94

4.26

3.40

t6

o
E

-(,
F
z.
t¡J

=l¡J
(E

o
l¡J
fE

(9
É.
trJ

-lrJ

2

0

I -

---o- --

-

4

2

0

-2 JAN FEB l¡lAR APR MAY JUN JUL AIJG SEP OCT NOV DEC

MONÏH

Fig' l ' The monthly heating and cooling requirements of the refere nce house, employing TyA, TMy,
Tl and,72.
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Table 4. Heating and cooling loads of the reference house

HOUR

HEATING LOAD, KIi COOLING LOAD, KI{

ïÌrY T1 r2 Tl'lY T1 T2

JAN 17 t'lONTHLY

AVERAGE
JAN 17 OR

MONTHLY AVERAGE
JUL 17 MONTHLY

AVERAGE
JUL 17 OR

I,IONTHLY AVERAGE

1

2
2

4
5
6

7

I
9

10
11
I2
13
14
15
16
T7

18
19
20
2T
22
23
24

5.46
6.50
7 .32
7.98
8.52
9.00
7.59

Lt.7 4
12.75
10.97
8.26
6.88
5.92
5 .08
4.64
4.70
4.68
4.81
E a¿t

6.41
7 .88
8.30
9.15
4.88

3.68
4.34
4.90
5.33
5.65
5.95
4.54
8.52
9.84
8. 59
6.93
6.42
5.66
5. 16
4.91
5.03
4.47
4. 10
4.91
4.62
5.88
6.06
7 .02
3.14

4.91
5.72
6.32
6.76
7.I2
7.34
5.79
9.52

10. 14
8.33
6.46
5.80
5 .02
4.68
4.92
5.48
5 .04
4.84
E 7C

5.49
6.88
7.r9
8.20
4.20

5.34
6.20
6.76
7.12
7.30
7.34
5.63
9.26
9.86
8.t2
6.27
5.62
4.89
4.57
4.79
5 .36
4.90
4.66
5.s5
3. JJ
6.79
7,24
8.40
4.53

0.00
0.00
0.00
0.00
0.00
0.00

-0.18
-0. 25
-0.06
-0. 32
-0.77
-0.90
-1. 19
-1.46
-1.s2
-1.48
-r.66
-r.76
-1 .45
-r.47
-0.93
-0.63
-0.27
-0. 14

0.00
0.00
0.00
0.00
0. 00
0.00

-0.12
-0. 14
-0.05
-0. 16
-0.43
-0.47
-0.64
-0.80
-0 .88
-0.86
-1.10
.1.27
-0.92
-0.97
-0.48
-0.35
-0.11
-0.07

0.00
0.00
0.00
0.00
0.00
0.00

-0.09
-0. 11
0.00

-0. 14
-0 .53
-0.67
-0.96
-1.20
-1.28
-1.22
-1 ?O

-1.41
-1.02
-1.00
-0. 46
-0.30
-0 .05
0.00

0.00
0. 00
0.00
0.00
0.00
0.00

-0.07
-0. 10
0.00

-0. 15
-0.54
-0. 70
-0.99
-1.24
-t.32
-1.26
-1.44
-1.49
-1.09
-1.07
-0.48
-0.28
0.00
0 .00

DAILY HEATING REQUIREMENTS, I,IJld t)AILY COOLING REQUIREMENTS, l'lJ/d

631.21 488.34 546.74 546.57 -59.22 -35. t4 -42.54 -44.00

-14
=-t
-t2
U)ô

r0

JANUARY

8t0t2t4t6t8
TIM E 0F DAY ( hours )

---o--- IMY (monthly overoge)

+Tl

-T?
oJ
(9
z,

=oo(J
ô
z.

(t
z,
tr
t!
J-

I

6

4

2

-2o?46 æ2224
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Table 5. Monthly heating and cooling requirements of the modified houses, GJ/mo

---o--- TMY
+ TlorÏ2

Ftl

505

o

-(9
Fz
l¡J

=l¡J
(E

o
u.J
(E

(9
E
l¿J
z,
lJ,J

32

28

24

20

MI

MI t
,

t2

I
M2

0

MI4
JAN FE8 MAR MAY JUN JUL AUG SEP NOV DEC

MONTH

Fig. 3' The monthly heating and cooling requirements of the reference (RH) and modified houses (Ml
and MZ).

OATA JAN FEB MAR APR i,IAY JUN JUL AUG SEP OCT NOV DEC

ANNUAL
REQUIR.
GJ/yr

o
F
L)
lr
êo
=

T}IY

TI

T?

26.85 25.12 20.69 10.85

30.01 24.84 19.91 10.31

30.0 24.84 19.92 10.36

4.7

3.61

3.62

0.83

0.41

0.48

0.30

0 .05

0.05

0.26

0 .07

0 .06

2.L7

0.60

0. 65

6.31 12.08 26.40

5.27 14.79 26.4r

5.36 14.78 ?6.42

136.56

136 .28

136 .54<5

F
U-

o
t-
(JN

l!

o
=

TMY

T1

f2

11.62 10.38

13.0 9 .97

13.0 9.98

8. 50

t.¿)

7.24

1.63

I.L7

t.24

0.22

0.r2

0.L2

0. 07

0.00

0.00

0.35

0 .06

0.06

1 .55

0.56

0.62

4. 35

3.43

3.46

0.03

0.00

0.00

4.53 11.32

5.11 11.40

5.11 11.41

Ã¿ qq

5?.07

52.24

o
t-
(J
L
ct

TMY

T1

f?

0.00

0.00

0.00

0.00

0. 00

0.00

0 .00

0.00

0.00

0.00 -0.03 -0.06 -0.39 _1.00 _1.05 -0.32 _0.09 _0.03

0.00 0.00. 0.00 -0.48 _1.15 _0.92 _0.11 o.oo 0.oo

0.00 0.00 0.00 -0.57 -1.23 _1.03 _0.15 o.0o o.0o

-2.97

-2.66

-2.98

Joo(.)
o
t-
(JN

l!

TMY

fl
T2

-0.16 -0.38 -0.37 -0.40 -0.s1 -0.96 -1.57 -1.70 -1.00 -0.59 -0.31 -0.09
0.00 -0.05 -0.16 -0.09 -0.61 -1.29 -1.88 -1.85 -1. rO -0.27 0.oo 0.00

0.00 -0.05 -0.16 -0.12 -0.66 -1.33 -1.91 -1.89 -1.14 -0.31 o.0o 0.oo

-8.04

-7 .30

-7 .57



506 M. N. Bennooru and M' J. Cn.eu¡ERLA¡N

energy requirements for the reference as well as

the modified houses.

In the above tables and figures, when heating and

cooling needs a¡e presented side by side, negative

sien (l) is employed to show the cooling require'

ments.

6. DISCUSSION

With reference to Tables 2-5 and Figs. 1-3, we

can make the following observations:
(a) The results ofenergy analyses using the ten-

year (1967-76) average (TYA), the typical
meteorological year (TMY)' 11 and T2 are

very close to each other. Although the

hourly energy requirements may differ from
each other, the difference in daily, monthly

and annual energy requirements for heating

and cooling predicted by TYA, TMY, T1 and

T2 become very small. Some of the differ-
ences between TYA or TMY and T1 and T2

may be due to the fact that TYA and TMY
are based on ten years of weather data while

11 and TZ are based on about 30 years of
weather data[14-17], Furthermore, such dif-
ferences are often observed even when using

two different energy simulation programs for
the same weather data[12]'

(b) In almost all cases, the results of Tl and'T2
are the same, indicating that a simple sinu-

soidal temperature distribution for the am-

bient air is sufftcient for energy analysis'
(c) The hourly energy requirements for 17 Jan-

uary and 17 July using TMY are quite dif-

ferent from those of the monthly average

values using TMY, indicating that 17 Janu-

ary was perhaps a colder, and 17 July, a
w¿umer day than the respective average

days (see Table 4)' The monthly average val-

ues were determined by estimating the

hourly energy requirements for 3t days of
the month and taking the arithmatic average

of these values for each hour. In cases of T1

and T2, the values given for 17 January or

17 July and the monthly averages are the

same.

(i) ten years (196É76) of weather data;
(ii) the data generated from the same ten years

of weather data to represent a typical me-

teorological year (TMÐ;
(üi) an hourly sinusoidal temperature distribu-

tion for a typical day in each month and the

solar radiation intensities on each surface

estimated from the mean monthly clearness

index (called TZ),

the following conclusions may be drawn.

(a) The ten-year average (TYA) monthly heat-

ing and cooling requirements are close to
those estimated using TMY data. For the

months of December and January, the dif-
ferences between the predicted energy

needs are about l'4Vo and3Vo, respectively'
The annual heating requirement estimated

by TYA and TMY differ only by about 6Vo'

For the months of July and August, the dif-
ferences arc l\Vo and l\Vo, and the annual

cooling needs differ bY about IlVo'
(b) The hourly, daily, monthly and annual heat-

ing and cooling energy requirements may be

estimated by using an hourly sinusoidal tem-
perature distribution and estimating the

solar radiation intensity on each surface. All
one needs are the mean daily maximum and

minimum temperatures for each month and

the mean monthly clearness index. These

temperatures are often available at any

weather station and the mean monthly clear-

ness index can be estimated from a knowl-
edge of cloud cover at the site.

(c) Although the close agreements between the

energy requirements estimated using TMY
and T2 (based on the mean monthly maxi-

mum and minimum temperatures and clear-

ness index) are demonstrated for a residen-

tial building located in Ottawa, further
investigation is needed (using different types

of buildings and climatological conditions)

to show the versatility ofthe procedure pre-

sented here for estimation of the energy re-

quirements of buildings. In cities (particu-

larly in the developing countries) for which
detailed hourly weather data and TMYs are

not available, one can use the 12 data and

the procedure presented here to estimate the
heating and cooling requirements of build-
ings.
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