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PREFACE 

The National Research Council was asked to coordinate the preparation. 
of a set of guidelines for the design of energy-efficient buildings that 
could be used by all departments and agencies of the Government of Canada 
and that could be submitted to an appropriate body for development into a 
model code for national use. An Interdepartmental Committee, which was 
formed to prepare the guidelines, decided to develop a performance-type 
code based on annual energy budgets for various types of occupancies. It 
was recognized, however, that it would take several years to establish 
appropriate energy budgets and methods of assessing compliance with such 
a code. Owing to the urgent need to conserve energy, it was necessary to 
prepare for immediate use a prescriptive-type document based on ASHRAE 
Standard 90-75, "Energy Conservation in New Building Design." The Division 
of Building Research, in consultation with other agencies, analyzed the 
ASHRAE Standard and proposed certain modifications appropriate for 
Canadian conditions (DBR Internal Report No. 433). 

In 1976 the NRC Associate Committee on the National Building Code 
established a Standing Committee on Energy Conservation. This Standing 
Committee has drafted a Canadian Code for Energy Conservation in New 
Buildings, based largely on the ASHRAE Standard and the modifications 
proposed by DBR. Following public review, this prescriptive-type model 
code will be issued by the Associate Committee as a Supplement to the 
National Building Code. 

In the meantime, on the basis of input from the Interdepartmental 
Committee and its subcommittees, Mr. J.K. Latta, a member of DBR staff, 
has drafted the text of this performance-type code which has been submitted 
to the ACNBC Standing Committee. Although further studies are required to 
establish energy budgets for various occupancies it seemed appropriate to 
make the draft document available now so that the direction of these 
studies can be more broadly influenced by the perceived needs of the 
new code. 

In order to help the Standing Committee understand the rationale for 
various statements in the document, Mr. Latta has prepared the set of notes 
which appears in the Appendix. In several instances, when lack of infor- 
mation or honest differences of opinion between members of the Interdepart- 
mental subcommittees prevented complete agreement from being reached, he 
has made a decision personally. Such action was considered to be necessary 
to expedite the preparation of the draft for review by the ACNBC Standing 
Committee and is indicated in many instances by the use of the first 
person singular in the notes. 

The contributions of the members of the Interdepartmental Committee 
and its subcommittees are greatly appreciated. 

Ottawa 
November 1977 

C.B. Crawford 
Director, DBR/NRC 
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PART 1. ADMINISTRATION 

Section 1.1. Scope and Application 

*Subsection 1.1.1 Scope 

The purpose of this standard is to conserve non-renewable energy 
resources in Canada by controlling the quantity of primary energy which 
can be used to generate the delivered energy used within a building. 
Thus no restrictions are placed upon the use of energy from renewable 
sources such as the sun, the wind or the tides where such energy is not 
intermingled with energy produced from non-renewable resources before it 
reaches a building. All aspects of building design, construction and 
use which affect the energy needed by a building to enable it to meet 
the conditions required for the occupancy come within the scope of this 
standard. 

The energy requirements of a manufacturing or other process carried 
out in the building are not included. This exemption does not cover 
normal office-type equipment including computers where they occupy less 
than 10% of the total office space or normal school laboratory and work- 
shop equipment other than in specialist trade schools, and similar 
ancillary equipment. 

*Subsection 1.1.2 Application 

1.1.2.1 This standard applies to those buildings containing or intended 
to contain the following major occupancies: 

(a) Offices, provided that 80% or more of the gross floor area is 
used for normal office functions. 

(b) Non-residential schools, generally known as primary or secondary 
schools. 

(c) Residences contained in what are commonly known as apartment 
buildings or condominium apartment buildings. 

(d) Residences contained in detached, semi-detached or row houses, 
duplexes and triplexes and combinations thereof, whether site 
built, factory built or mobile. 

Section 1.2. Definitions 

Subsection 1.2.1 For definitions of words used in this Standard that 
are not included in this Section reference should be made first to Section 
1.3 of the National Building Code of Canada 1977. For the definition of 

words not found in that section of the Code reference should be made to 
a standard dictionary. 

* See Appendix - "Notes on Preparation" 



*Subsection 1.2.2 The following words and terms in this standard have 

the following meaning: 

Energy budget means the maximum amount of energy that it i s  permis- 
sible, under the terms of this standard, to use in a building 
during one calendar year. Generally, but not necessarily expressed 
in terms of MJ/~' of gross floor area. 

Primary energy means the energy content of a fuel after extraction 
from the earth but prior to refining, transportation and conversion 
into delivered energy. 

Delivered energy means the energy delivered to the building in 
a form suitable for use in the building equipment. 

Energy weighting factor means the ratio between the quantity of 
primary energy required to produce one unit of delivered energy 
when both are expressed in the same units. 

A new building means any building for which a building permit is 
issued on or after the effective date of this standard. 

An existing building means any building that is not a new 
building . 

Gross floor area means the aggregate of all floor areas within 
the outside walls computed by measuring from the inside surface of 
the outer building wall except where the outer building wall 
consists of 50% or more of glass the measurement shall be taken 
from the inside surface of the glass. If the glass surfaces are 
50% or more of the outer building wall and are sloping or of any 
other irregular design the measurement shall be taken from the 
glass surface nearest to the inside surface of the outer building 
wall. 

Prescriptive requirements means a set of physical characteristics 
to be possessed by the building and its equipment. 

Section 1.3. Abbreviations 

Subsection 1.3.1 Abbreviations of Names of Associations 

The abbreviations in this standard for the names of associations 
shall have the meaning assigned to them in this Subsection. The address 

of such associations are shown in brackets following the name of each 
association .** 

* See Appendix - "Notes on Preparation" 
* *  To appear in final text of Standard. 



Subsect ion 1 .3 .2  Abbreviat ions o f  Words and Phrases 

The abbrev ia t ions  of  words and phrases  i n  t h i s  s t anda rd  s h a l l  have 
t h e  meanings ass igned t o  them i n  t h i s  Subsect ion.** 

Sec t ion  1 . 4 .  Dut ies  and R e s p o n s i b i l i t i e s  o f  t h e  Owner 

Subsect ion 1 .4 .1  The p rov i s ions  of  Sec t ion  2.4 of t h e  National  Building 
Code s h a l l  apply a s  though t h a t  Sec t ion  c o n s t i t u t e s  p a r t  of  t h i s  s tandard .  

Subsect ion 1 .4 .2  New Buildings 

*1.4.2.1 A t  t h e  time o f  apply ing  f o r  a  bu i ld ing  permit  t h e  Owner s h a l l  
e l e c t  e i t h e r :  

( i )  t o  des ign ,  c o n s t r u c t  and ope ra t e  h i s  bu i ld ing  s o  a s  t o  meet t h e  

s p e c i f i e d  energy budget ,  o r  

( i i )  t o  des ign  and c o n s t r u c t  h i s  b u i l d i n g  t o  meet t h e  requirements  

o f  Pa r t  5 .  

*1.4.2.2 An Owner who e l e c t s  t o  fo l low a l t e r n a t i v e  ( i )  of  A r t i c l e  

1 .4 .2 .1  s h a l l  submit with h i s  a p p l i c a t i o n  a  s tatement ,  i n  t h e  form 
p resc r ibed  i n  P a r t  3 ,0 f  t h e  es t imated  energy consumption o f  t h e  b u i l d i n g .  

"1.4.2.3 When t h e  g ross  f l o o r  a r e a  o f  t h e  bu i ld ing  exceeds 1200 m 
2 

t h e  e s t ima te  of energy consumption r e q u i r e d  by ~ r t i c l e  1 .4 .2 .2  s h a l l  be 
c e r t i f i e d  by a  P ro fes s iona l  Engineer a s  be ing  a  sound e s t ima te .  For t h e  

purpose of  t h i s  A r t i c l e ,  no account s h a l l  be taken of  i n t e r n a l  d i v i s i o n s  
by f i r e  w a l l s  o r  o t h e r  means when c a l c u l a t i n g  t h e  g ross  f l o o r  a r e a .  

Subsect ion 1 .4 .3  Ex i s t ing  Buildings 

1 .4 .3 .1  The Owner of an  e x i s t i n g  bu i ld ing  having a  g ross  f l o o r  a r e a  
of  more than  1200 m 2  s h a l l  w i th in  f i v e  (5) yea r s  from t h e  e f f e c t i v e  d a t e  

of  t h i s  s tandard  e i t h e r :  

( i )  modify and ope ra t e  h i s  b u i l d i n g  so a s  t o  reduce t h e  energy 

consumption t o  below t h e  s p e c i f i e d  energy budget ,  o r  

( i i )  modify h i s  bu i ld ing  t o  meet t h e  requirements  of  P a r t  5. 

For t h e  purpose of  t h i s  A r t i c l e  no account s h a l l  be  taken of  i n t e r n a l  

d i v i s i o n s  by f i r e  wa l l s  o r  o t h e r  means when c a l c u l a t i n g  t h e  g ross  f l o o r  

a r e a .  

Subsect ion 1.4.4 Proof o f  Energy Consumption 

*1.4.4.1 Within f i v e  (5) yea r s  from t h e  d a t e  on which an occupancy 

* See Appendix - "Notes on Prepara t ion"  * * 
To appear  i n  f i n a l  t e x t  o f  Standard.  



permit  i s  i s s u e d  f o r  t h e  e n t i r e  f l o o r  a r e a  o f  a  new b u i l d i n g  o r  from 

t h e  e f f e c t i v e  d a t e  o f  t h i s  s t anda rd  f o r  an e x i s t i n g  b u i l d i n g  an owner who 
has  e l e c t e d  t o  meet an energy budget s h a l l  submit ev idence  s a t i s f a c t o r y  
t o  t h e  a u t h o r i t y  having j u r i s d i c t i o n  t h a t  t h e  b u i l d i n g  i s  being  ope ra t ed  

w i t h i n  t h e  energy budget p r e s c r i b e d  f o r  t h e  occupancy. 

1 .4 .4 .2  Readings o f  t h e  moni tor ing  equipment s p e c i f i e d  i n  P a r t  4  

s h a l l  be t aken  a s  ev idence  o f  t h e  energy consumption o f  t h e  b u i l d i n g .  

1 . 4 . 4 . 3  In  t h e  event  t h a t  t h e  measured energy consumption exceeds t h e  

p r e s c r i b e d  energy budget when it has  been a d j u s t e d  f o r  non s t anda rd  
c o n d i t i o n s ,  fo l lowing  t h e  procedures  of Subsec t ion  2.1.2,  t h e  owner s h a l l  
make o r  have made a t  h i s  own expense a l l  t h e  changes neces sa ry  t o  reduce  

t h e  energy consumption t o  t h e  p r e s c r i b e d  amount. 

1 .4 .4 .4  While it i s  a n t i c i p a t e d  t h a t  where a  p rope r  energy a n a l y s i s  

ha s  been performed and t h e  b u i l d i n g  has  been c o n s t r u c t e d  o r  modif ied i n  

accordance w i th  t h e  i n t e n t  o f  t h e  des ign  on which t h a t  a n a l y s i s  was based ,  
t h e  changes r e q u i r e d  by A r t i c l e  1 .4 .4 .3  w i l l  be  confined t o  adjustment  

and tun ing  o f  t h e  WAC equipment and t o  m o d i f i c a t i o n s  i n  t h e  o p e r a t i n g  
p r o c e d u r e s , t h i s  does n o t  r e l i e v e  t h e  owner o f  t h e  o b l i g a t i o n  t o  r e p l a c e  

a l l  o r  p a r t  o f  t h e  WAC system wi th  more e f f i c i e n t  equipment o r  t o  make 

changes t o  t h e  f a b r i c  o f  t h e  b u i l d i n g  o r  bo th  i f  needed t o  reduce  t h e  

energy consumption t o  below t h e  p r e s c r i b e d  energy budget.  

S e c t i o n  1 .5 .  Board o f  Appeal 

Subsec t ion  1 .5 .1  

The p r o v i s i o n s  o f  S e c t i o n  2.11 o f  t h e  Nat iona l  Bui ld ing  Code s h a l l  

apply  i n s o f a r  a s  t h e y  concern t h e  c r e a t i o n  and conduct of  a  Board o f  

Appeal. 

Subsec t ion  1 .5 .2  

1 .5 .2 .1  In  a d d i t i o n  t o  t h e  p r o v i s i o n s  conta ined  i n  S e c t i o n  2.11 o f  t h e  

Nat iona l  Bui ld ing  Code f o r  appea l ing  t h e  d e c i s i o n s  o f  t h e  des igna t ed  

o f f i c i a l  an owner may appea l  t h e  requirement  t o  meet a  s p e c i f i c  energy 

budget .  

1 .5 .2 .2 .  S ince  it i s  n o t  t h e  i n t e n t  o f  t h i s  s t anda rd  t o  f o r c e  owners 
t o  adopt  uneconomic measures over  t h e  l i f e  o f  t h e  b u i l d i n g  an appeal  
a g a i n s t  an energy budget may be  based on economics. 

1 .5 .2 .3  An appea l  a g a i n s t  an energy budget must be suppor ted  by an 
energy a n a l y s i s  t o g e t h e r  wi th  such exp lana t ion  o r  a n a l y s i s  a s  i s  r e q u i r e d  

by t h e  Board t o  show what energy budget can  be  met economical ly .  

* See Appendix - "Notes on P repa ra t i on"  



1 .5 .2 .4  A f t e r  cons ide r ing  a l l  in format ion  which it cons ide r s  t o  be 
p e r t i n e n t  t h e  Board s h a l l  e i t h e r  confirm t h e  p r e s c r i b e d  energy budget 
o r  s e t  such o t h e r  l e s s  s t r i n g e n t  budget a s  it cons ide r s  a p p r o p r i a t e  t o  
t h e  case .  

PART 2 .  ENERGY BUDGETS AND ENERGY WEIGHTING FACTORS 

Sec t ion  2 . 1 .  Energy Budgets 

*Subsect ion 2 . 1 . 1  Determinat ion of  t h e  Energy Budget 

*2 .1 .1 .1  In o r d e r  t o  determine t h e  energy budget a p p l i c a b l e  t o  h i s  
b u i l d i n g  t h e  Owner s h a l l :  

(a)  s e l e c t  a t e s t  yea r  of  weather  d a t a  from t h o s e  a v a i l a b l e  f o r  a 
weather  s t a t i o n  a p p r o p r i a t e  t o  t h e  l o c a t i o n  of t h e  b u i l d i n g ,  and 

(b) f o r  each major occupancy determine 

( i )  t h e  g ros s  f l o o r  a r e a  and number of f l o o r s  occupied by t h a t  
maj o r  occupancy, and 

( i i )  t h e  p a t t e r n  o f  u se  o f  t h e  b u i l d i n g .  

*2.1.1.2 For a new b u i l d i n g  t h e  energy budget s h a l l  be determined by 
l i n e a r  i n t e r p o l a t i o n  between t h e  v a l u e s  given i n  Tables  2.1.1.2A t o  
2.1.1.2D f o r  t h e  c o n d i t i o n s  which a r e  n e a r e s t  t o  t hose  s e l e c t e d  o r  
determined a s  r e q u i r e d  by A r t i c l e  2.1.1.1.  The energy budget s o  determined 
s h a l l  be i n  terms of  pr imary energy. 

*2 .1 .1 .3  For an e x i s t i n g  b u i l d i n g  t h e  energy budget s h a l l  be determined 
by l i n e a r  i n t e r p o l a t i o n  between t h e  va lues  given i n  Tables  2.1.1.3A t o  
2.1.1.3C f o r  t h e  c o n d i t i o n s  which a r e  n e a r e s t  t o  t h o s e  s e l e c t e d  o r  
determined a s  r equ i r ed  by A r t i c l e  2 .1 .1 .1 .  The energy budget s o  determined 
s h a l l  be i n  terms of  d e l i v e r e d  energy. 

2.1.1.4 Where a b u i l d i n g  c o n t a i n s  o r  i s  in tended  t o  con ta in  more than  
one of  t h e  major occupancies  covered by t h i s  s t anda rd  an energy budget 
s h a l l  f i r s t  be ob ta ined  f o r  each major occupancy a s  though it occupied a 
s e p a r a t e  b u i l d i n g .  These energy budgets  s h a l l  t hen  be combined i n  t h e  
r a t i o  t h a t  t h e  f l o o r  a r e a  occupied by each major occupancy b e a r s  t o  t h e  
t o t a l  f l o o r  a r e a .  Areas which s e r v e  more than  one of t h e  major occupancies  
s h a l l  be propor t ioned  between them i n  t h e  same r a t i o  of  f l o o r  a r e a s .  

2.1.1.5 Where a b u i l d i n g  c o n t a i n s  one o r  more major occupancies  

* See Appendix - "Notes on Prepara t ion"  



covered by t h i s  s t a n d a r d  t o g e t h e r  with one o r  more major occupancies  n o t  

covered by t h i s  s t anda rd  t h a t  p o r t i o n  of t h e  b u i l d i n g  occupied by t h e  

former s h a l l  be cons idered  a s  a  s e p a r a t e  b u i l d i n g  f o r  t h e  purpose of t h e  

s t a n d a r d .  

TABLE 2.1.1.2A 

Forming P a r t  o f  A r t i c l e  2 .1 .1 .2  

I 
Number 

I 
0 f  

F loo r s  

- 

1 
I 

I 
! 2 
I 
I 
I 

I 

I 
3 

Mo r e  , Than 
3  

ENERGY BUDGETS FOR NEW OFFICE BUILDINGS 
2 

M J  Equ iva l en t  o f  Primary ~ n e r : ~ ~  / (m year) 

Use 1  

Gross  F l o o r  

Area 

m 2  

Days 

400 o r  l e s s  
600 

800 
1000 o r  more 

800 o r  l e s s  
1200 
1600 

2000 o r  more 

1200 o r  l e s s  
1800 
2400 

3000 o r  more 

1600 o r  less  
2400 
3200 

4000 o r  more 

Use 2  

3000 1 7000 

Degree Degree 
Days I Days Days Days 



TABLE 2.1.1.2B 

Forming P a r t  o f  A r t i c l e  2 . l .  1 . 2  

ENERGY BUDGETS FOR NEW SCHOOL BUILDINGS 
2 

M J  Equivalent  o f  Primary Energy / (m . year) 

Gross 
Floor 
Are a 
m2 

Primary School s 

500 o r  l e s s  

1000 

2000 

4000 
6000 o r  more 

Secondary 
Schools 

6000 o r  l e s s  

10 000 

16 000 

22 000 o r  m r e  
I 

Use 3 

3000 
. Degree 

Days 

7000 
, Degree 

Days 

Use 1 Use 2 

3000 
Degree 

Days 

3000 
Degree 

Days 

7000 
Degree 

Days 

7000 
Degree 

Days 
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TABLE 2 . 1  -1 .2C 

Forming P a r t  o f  Art ic le  2 .1  . l .  2 

ENERGY BUDGETS FOR NEW RESIDENTIAL BUILDINGS 

HAVING A GROSS FLOOR AREA OF MORE THAN 1200 m2 

2 
M J  E q u i v a l e n t  o f  P r i m a r y  Energy/  (m - y e a r )  

1 F l o o r s  

TABLE 2 . 1 . 1 . 2 D  

Forming P a r t  o f  Article  2 . 1 . 1 . 2  

ENERGY BUDGETS FOR THE HEATING OF NEW 

RESIDENTIAL BUILDINGS HAVING A GROSS FLOOR 

AREA OF NOT MORE THAN 1200 m 2  
2 

M J  E q u i v a l e n t  o f  P r i m a r y  Ene rgy /  (m y e a r )  

G r o s s  F l o o r  

Area m2 

1 

1200 o r  less 1 1 8 0 0  
3  

I Than 

3 

3000 

Degree  Days 

24 00 

3000 o r  more 

1600  o r  less 

24 00 

32 00 

3000 Degree  Days 

7000 

Degree  Days 

I / 4000 o r  more 

7000 Degree  Days 



TABLE 2 . 1 . 1 . 3 A  

Forming P a r t  of A r t i c l e  2 . 1 . 1 . 3  



TABLE 2.1.1.3B 

Forming P a r t  o f  A r t i c l e  2 .1 .1 .3  

1 ENERGY BUDGETS FOR EXISTING SCHOOL BUILDINGS 

I 2 
M J  Equiva len t  o f  Del ivered  Energy/ cm . year) 



TABLE 2.1.1.3C 

Forming P a r t  o f  A r t i c l e  2 .1 .1 .3  

ENERGY BUDGETS FOR EXISTING RESIDENTIAL BUILDINGS 

HAVING A GROSS FLOOR AREA OF MORE THAN 1200 m 2  
2 

M J  Equivalent  o f  Del ivered  Energy/(m . year) 

Number 

o f  

F loo r s  

More 

Than 
3 

Gross F loor  Area 
m 

400 o r  l e s s  

600 

800 

1000 o r  more 

800 o r  l e s s  

1200 

1600 

2000 o r  more 

1200 o r  l e s s  

1800 

24 00 

3000 o r  more 

1600 o r  l e s s  

2400 

3200 

4000 o r  more 

3000 
Degree Days 

7000 
Degree Days 



*Subsect ion 2.1.2 Adjustment of  t h e  Energy Budget f o r  Comparison wi th  

t h e  Measured Enernv Consum~t ion  t o  Determine 

C o m ~ l i a n c e  wi th  t h e  S tandard  

2.1.2.1 Before be ing  compared wi th  t h e  measured energy  consumption o f  

t h e  b u i l d i n g  i n  u s e  a s  r e q u i r e d  by Subsec t ion  1 .4 .4  t h e  a l l owab le  energy 
budget s h a l l  be a d j u s t e d  f o r :  

(a )  t h e  d i f f e r e n c e  between t h e  a c t u a l  weather  c o n d i t i o n s  t o  which t h e  

b u i l d i n g  was s u b j e c t e d  d u r i n g  t h e  p e r i o d  du r ing  which t h e  energy 
consumption was measured and t h e  weather  c o n d i t i o n s  o f  t h e  t e s t  

yea r  chosen fo l l owing  A r t i c l e  2 .1 .1 .1  t o  de te rmine  t h e  a l l owab le  
energy budget ,  and 

(b) t h e  d i f f e r e n c e  between t h e  a c t u a l  hours  o f  o p e r a t i o n  d u r i n g  t h e  
p e r i o d  du r ing  which t h e  energy consumption was measured and t h e  
p a t t e r n  o f  u s e  used  t o  determine t h e  a l l owab le  energy budget .  

2 .1 .2 .2  The adjustment  f o r  t h e  d i f f e r e n t  weather  c o n d i t i o n s  s h a l l  be 
made i n  t h e  r a t i o  o f  t h e  degree  d a ~ b e l o w  18OC recorded  f o r  t h e  two 

y e a r s  a t  t h e  same weather  s t a t i o n .  

2 .1 .2 .3  The adjustment  f o r  t h e  d i f f e r e n t  p e r i o d s  of occupancy s h a l l  

be made i n  t h e  r a t i o  o f  t h e  p roduc t s  o f  t h e  hours  of occupancy and t h e  

f l o o r  a r e a s  occupied d u r i n g  t h e  two y e a r s .  

*Sec t ion  2.2.  Energy Weighting Fac to r s  

Subsec t ion  2 . 2 . 1  

2 .2 .1 .1  The energy weight ing  f a c t o r s  t o  be used a r e  t h o s e  g iven  i n  

Table  2.2.1A. 

Table  2.2.1A 

Forming P a r t  of  A r t i c l e  2 .2 .1 .1  

*See Appendix - "Notes on P repa ra t i on"  

Type o f  Del ivered  Energy 

E l e c t r i c i t y  

O i  1 

Natura l  Gas 

Coal 

Steam 

Hot Water 

C h i l l e d  Water 

Energy Weighting Fac to r  



2.2.1.2 The quantity of primary energy consumed by the building shall 
be taken as being the sum of the products of the quantities of delivered 
energy consumed and the appropriate energy weighting factors. 

PART 3. PRECONSTRUCTION ESTIMATE OF ENERGY CONSUMPTION 

Section 3.1. Preparation of the Energy Estimate 

Subsection 3.1.1 General 

3.1.1.1 The purpose of the preconstruction estimate of the energy 
consumption of the building when in operation is to ensure that all aspects 
of the building, its equipment and mode of operation that affect its 
energy consumption have been considered at an early stage in the design 
before irrevocable decisions have been taken. 

3.1.1.2 There is no one energy analysis procedure currently available 
that can be adopted as being the standard procedure for estimating the 
energy consumption of all buildings in all locations in Canada under all 
modes of operation. It is therefore left to the Owner to choose an 
appropriate method of analysis. 

3.1.1.3 The method of analysis chosen should include in sufficient 
detail to permit the evaluation of their effects, all aspects of the 
building project which affect energy consumption. 

*3.1.1.4 Without limiting the generality of Article 3.1.1.3 the 
method of analysis should cover the following items: 

(a) Climatic data 

(b) Building data: orientation, size, shape, mass and the air, moisture 
and heat transfer characteristics 

(c) Operational characteristics: temperature, humidity, ventilation, 
illumination, control mode for occupied and non-occupied hours 

(d) Mechanical equipment: design capacity, part load profile 

(e) Internal heat generation: lighting, equipment, number of people 
during occupied and non-occupied periods. 

3.1.1.5 It is recommended that for all buildings other than small 
simple ones, the energy consumption analysis be performed by computer 
simulation using hourly increments of time for a year of 8760 hours. 

* See Appendix - "Notes on Preparation" 



3.1.1.6 For small simple buildings manual methods of analysis such 
as those given in Chapter 43, Energy Estimating Methods, of the ASHRAE 
Handbook and Products Directory, 1976 Systems Volume may be used. 

Subsection 3.1.2 Climatic Data 

3.1.2.1 When the energy consumption estimate is prepared by computer 
simulation the climatic data used shall be those recorded for the chosen 
test year (See Article 2.1.1.1) by the Atmospheric Environment Branch of 
the Department of the Environment. 

3.1.2.2 When the energy consumption estimate is prepared by a manual 
method of analysis the climatic data given for the location in Supplement 
No. 1 to the National Building Code may be used in lieu of that for a 
specific test year. 

Subsection 3.1.3 Internal Conditions to be Used in the Preparation of 
Estimate of Energy Consumption 

3.1.3.1 When the actual internal conditions which will prevail are 
known they should be used in the preparation of the estimate of energy 
consumption, and stated on Form 3.2.1A. 

3.1.3.2 When the actual internal conditions which will prevail are not 
known the values given in Tables 3.1.3A to 3.1.3E may be used. These 
standard conditions are those used to prepare the energy budgets given 
in Tables 2.1.1.2A to 2.1.1.2D and in Tables 2.1.1.3A to 2.1.1.3C. 

3.1.3.3 The energy budget for the building as determined in Subsection 
2.1.1 shall not be adjusted for internal conditions that differ from 
those given in Table 3.1.3A to 3.1.3E before being compared with the 
measured energy consumption of the building in use. (See Subsection 2.1.2) 



TABLE 3.1 .3A* 

Forming P a r t  o f  A r t i c l e  3 .1 .3 .2  

ROOM TEMPERATURES * * 

Occupancy 

* See Appendix - "Notes on  P repa ra t i on"  

O f f i c e s  

Schools  

Pr imary 

Secondary 

Residences 

**  S p e c i a l  arrangements  may b e  made f o r  equipment such a s  
computers 

TABLE 3.1 .3B* 

Forming P a r t  o f  A r t i c l e  3.1 . 3 .2  

Occupied Per iod  

2 2 ' ~ ( 7 2 " ~ )  

22°C 

22 O C  

22OC 

Winter  

Unoccupied Per iod  

** S p e c i a l  arrangements  may b e  made f o r  equipment such a s  computers 

Summer Winter  

25°C (78°F) 

Not C o n t r o l l e d  

25 "C 

Not Con t ro l l ed  

ROOM RELATIVE HUMIDITY** 

Summer 

1 8 O ~  ( 6 5 ' ~ )  

18OC 

18°C 

- - 

Occupancy - 

Off i c e s  

Schools  

Primary 

Secondary 

Residences 

Not Con t ro l l ed  

Not Con t ro l l ed  

Not Con t ro l l ed  

- - 

* See Appendix - "Notes on P repa ra t i on"  

Unoccupied Pe r iod  

Winter  

Not Con t ro l l ed  

Not Con t ro l l ed  

Not C o n t r o l l e d  

- - 

Occupied Per iod  

Summer 

Non Con t ro l l ed  

Not C o n t r o l l e d  

. Not Con t ro l l ed  

- - 

Winter  

30% maximum 

30% maximum 

30% maximum 

Not C o n t r o l l e d  

Summer 

60% minimum 

60% minimum 

60% minimum 

Not Con t ro l l ed  



TABLE 3.1.3C 

Forming Part of Article 3.1.3.2 

MINIMUM VENTILATION RATES 

I 

Occupied Period 

Occupancy I 
Unoccupied 

Period 

Total Air Supply 
2 / I dm3/(s-m ) (cfm/sq ft) 

Offices 

Schoo 1 s 

Primary 

Secondary 

Residences 

NOTES to Table 3.1.3C: 

Min. Outside Air 
3 2 

dm /(s-m ) (cfm/sq ft 

1.3 (0.25) 

2.5 (0.5) 

2.5 (0.5) 

0.4 (0.07) 

1. Ventilation rates are per square metre of gross floor area 
including all occupied spaces less evevator shafts, stair- 
wells, pipe shafts and vertical duct spaces. 

2. The quantity of outdoor air in the total air supply shall be 
in accordance with the requirement of ASHRAE Standard 62-73 
provided that the equipment needed to meet these requirements 
is specified in the final design and installed in the building. 

TABLE 3.1.3D* 

Forming Part of Article 3.1.3.2 

CONSUMPTION OF DOMESTIC HOT WATER 

* See Appendix - "Notes on Preparation" 

Occupancy ' 

Off ices 

Schools 
Primary 

Secondary 

Consumption of 60°C (140°F) Hot water; 
'L 

L/ (person. day) (US gal/person/day) 

4 (1 .O) during occupied period 

2.25 (0.6) during occupied period 

7 (1.8) during occupied period 



TABLE 3 . 1 . 3 ~ ~  (Forming Par t  o f  A r t i c l e  3 .1.3.2)  

LEVELS OF ILLUMINATION 

* See Appendix - "Notes on Preparat ion" 

Occupancy 

Off ice  Buildings 

(a) Off ice  Areas 

1. Waiting, Reception Rooms 

2.  Typing Ac t iv i ty  

3. Off ice ,  P r iva t e  

4 .  Off ice ,  General 
5 .  Conference 6 Boardrooms 

6 .  F i l e  Room, Mimeograph, e t c .  

7. Storage (Live) 

8 .  Storage (Dead) 
9 .  Library, Reading Areas 

10. Library,  S tacks  

(b) Serv ice  Areas 

1. Corridors  
2 .  S t a i r w e l l s  

3. Washrooms 
4 .  J a n i t o r 1  s Close ts  

(c) Specia l  Areas 

1. Computer Rooms 

2. S t a f f  Training 

3. F i r s t  Aid, Waiting 
4 .  F i r s t  Aid, Examination 
5 .  Draughting Rooms 

6.  Employee's Ca fe t e r i a  
7.  Kitchen, Food Preparat ion 

8. Kitchen, Serving Area 
9 .  Kitchen, Walk-in Freezers  

and Storage Areas 

Level of  I l luminat ion ,  Lux 

Occupied Period 

30 0 
1000 (330 f o r  gen. l i g h t i n g  6 l e s s  d i f f i c u l t  

t a sks )  
330 (900 on desks) 

330 + task l i g h t i n g  
330 (900 f o r  t a b l e  a rea)  

600 
200 
200 
75 0 

320 

220 

220 
160 (F ix tu re s  l oca t ed  over  washbasins) 

160 

550 
750 (1600 a t  demonstration a rea )  

220 
550 (1100 a t  examination t ab l e )  
330 (1100 a t  d r a f t i n g  t ab l e )  

550 
750 
550 

160 

Unoccupied Period 

I 
N i  1 

I 
220 

220 

t 
N i  1 

f 



Subsec t ion  3 .1 .4  Pe r iods  o f  Use 

3 .1 .4 .1  When t h e  a c t u a l  p e r i o d s  o f  occupancy a r e  known t h e y  should be 
used i n  t h e  p r e p a r a t i o n  o f  t h e  e s t i m a t e  o f  energy consumption. 

3 .1 .4 .2 .  When t h e  a c t u a l  p e r i o d s  o f  occupancy a r e  n o t  known, one o f  t h e  
s t anda rd  p e r i o d s  g iven  i n  Tables  3.1.4A t o  3.1.4C may be  used .  These 
s t anda rd  p e r i o d s  o f  u s e  correspond t o  t h e  u se s  given i n  Tables  2.1.1.2A 

t o  D and Tables  2.1.1.3A t o  D .  

TABLE 3.1.4A* 

Forming P a r t  o f  A r t i c l e  3 .1 .4 .2  

S tandard  Pe r iods  o f  Occupancy f o r  O f f i c e  Bui ld ings  

Des igna t ion  

* See Appendix - "Notes on P repa ra t i on f t  

Occupied Per iod  

< 

Use 1 

Use 2 

Use 3  

0700-1800 h r  Mondays through F r idays  
52 weeks p e r  y e a r  



TABLE 3.1.  4Bf 

Forming P a r t  o f  A r t i c l e  3 .1 .4 .2  

S tandard  Per iods  o f  Occupancy f o r  School Bui ld ings  

Designat i on  Occupied Per iod  

Use 2 ~ 

Primary Schools  

Use 1 0800-1600 h r  Mondays through Fr idays  
September through June 

Use 2 I 

Use 3 

Secondary Schools  

Use 1 

Use 3 I 

0800-1600 h r  Mondays through Fr idays  
September through June  

TABLE 3.1.4C* 

Forming P a r t  of A r t i c l e  3 .1 .4 .2  

* See Appendix - "Notes on Prepara t ion"  

1 Standard Per iods  o f  Occupancy f o r  Residences 

Des igna t ion  

Use 1 

Occupied Per iod  

24 h r /day  365 days /year  



Section 3.2. Presentation of the Energy Estimate 

Subsection 3.2.1 General Data 

3.2.1.1 General data identifying the building, the climatic data used 
and the major occupancies shall be reported on Form 3.2.1A. 

*Subsection 3.2.2 Estimated Energy Consumption 

3.2.2.1 The estimated annual amounts of delivered energy to be supplied 
to and utilized by the building project to satisfy all building project 
energy requirements shall be reported on Form 3.2.2A, Estimated Building 
Project Fuel and Energy Consumption, according to the form in which they 
are supplied to the building project and according to their end use. 

3.2.2.2 Where the building project's energy systems are such that some 
or all of the energy uses in Column A cannot be segregated (heat recovery, 
total energy, etc.), those categories directly affected may be combined 
as required in Column B. Such combinations must be indicated on the form. 

3.2.2.3 For building projects directly utilizing nondepleting energy, 
such as solar, wind, etc., the amount of that energy utilized shall be 
identified and tabulated in Column B6 or B7. 

3.2.2.4 The primary energy requirements of the building project shall 
be calculated on Form 3.2.2B by multiplying Column B total values (line 

13) by the appropriate energy weighting factors. 

FORM 3.2.1A 

Forming Part of Article 3.2.1.1 

PRECONSTRUCTION ESTIMATE OF ENERGY CONSUMPTION 

PROJECT DESCRIPTION: 

ADDRESS : 

OWNER : 

ESTIMATE PREPARED BY: 

CLIMATIC DATA - WEATHER STATION: 

- TEST YEAR 

BUILDING DATA - GROSS FLOOR AREA: 

- NUMBER OF FLOORS: 

* See Appendix - "Notes on Preparationft 



OCCUPANCY DATA 

1ST MAJOR OCCUPANCY 

- type:  - no. of f l o o r s  occupied: 

- f l o o r  a r e a  occupied: - per iod of use :  

- i n t e r n a l  condi t ions  (when not  s tandard) 

2ND MAJOR OCCUPANCY 

- type:  - no. of f l o o r s  occupied: 

- f l o o r  a r e a  occupied: - per iod of use :  

- i n t e r n a l  condi t ions  (when not  s tandard)  

0 
Temp. , C 

R . H . ,  % 

Vent i l a t ion ,  
3 2 

dm / (s-m ) 

Lighting,  

w/m2 

... and s o  on u n t i l  a l l  major occupancies have been descr ibed.  

Unoccupied per iod  Occupied Period 

I 

summer 

0 
Temp., C 

R . H . ,  % 

Vent i l a t ion ,  
3 2 

dm / (s-m ) 

Lighting,  

w/m2 

summer winter  

Unoccupied per iod  

winter  

Occupied Period 

summer summer winter  winter  



SERVICE AND ANCILLARY AREAS SERVING MORE THAN ONE MAJOR OCCUPANCY 

- t ype :  - no. of f l o o r s  occupied:  

- f l o o r  a r e a  occupied:  - pe r iod  of  use :  

- i n t e r n a l  c o n d i t i o n s  (when n o t  s t anda rd )  

I 

0 
Temp., C 

R . H . ,  % 

V e n t i l a t i o n ,  
3 2 

dm / (s-rn ) 

Light ing ,  

Fi lm  
2 

Unoccupied Per iod  

summer 

Occupied Per iod  

win te r  summer win te r  



FORM 3 . 2 . 2 A  

F o r m i n g  P a r t  of A r t i c l e  3 . 2 . 2 . 1  

COLUMN 

A 

FUNCTION 

HEATING 

COOLING 

WATER HEATING 

HVAC AUXILARY 

LIGHTING 

ELEVATORS 

COMPUTERS 

COOKING 

PROCESS 

OTHER 

OTHER 

OTHER 

TOTAL 

FUEL & ENERGY S U P P L I E D  T O  S I T E  I 

L I G H T  O I L  

G J  

HEAVY 01 L 

G J  

COAL 

G J  

NAT' L GAS 

G J  

ELEC . 
G J  



FORM 3.2.28 

Forming Part of Article 3.2.2.4 

TOTAL PRIMARY ENERGY REQUIREMENTS OF BUILDING PROJECT 

C2 C 1 COLUMN CO C3 C4 C5 C6 C 7 C 8 C9 C10 



PART 4 .  MONITORING OF ENERGY CONSUMPTION 

S e c t i o n  4.1.  Method o f  Measuring t h e  Energy Consumption 

*Subsect ion 4 . 1 . 1  Bui ld ings  Having a  Gross F loo r  Area o f  More 
Than 1200 m z  . 

4 .1 .1 .1  The q u a n t i t y  of a l l  forms of d e l i v e r e d  energy  used i n  t h e  b u i l d i n g  
s h a l l  be  measured by means of an approved meter ing  system. Meters i n s t a l l e d  
by a  U t i l i t y  Company, such a s  an e l e c t r i c i t y  o r  ga s  supply  company, a s  t h e i r  
normal method of measuring t h e  q u a n t i t y  of energy s u p p l i e d  t o  t h e  b u i l d i n g  
s h a l l  be  accep ted  a s  an approved meter ing  system. 

*4.1.1.2 A l l  o i l  drawn from bu lk  s t o r a g e  t a n k s  a t  t h e  b u i l d i n g  s h a l l  be  
metered.  Where some o i l  bypasses  t h e  convers ion  equipment and i s  r e t u r n e d  
t o  such t a n k s  t h e  q u a n t i t y  r e t u r n e d  s h a l l  a l s o  be  metered.  The d i f f e r e n c e  
between t h e  two me te r  r ead ings  s h a l l  be  t aken  a s  t h e  q u a n t i t y  o f  o i l  
consumed i n  t h e  b u i l d i n g .  

*4 .1 .1 .3  A l l  steam e n t e r i n g  t h e  b u i l d i n g  s h a l l  be  metered.  The Owner 
has t h e  o p t i o n  o f  measuring t h e  energy c o n t e n t  o f  t h e  condensa te  r e t u r n ;  
i n  which c a s e  t h e  energy consumed i n  t h e  b u i l d i n g  s h a l l  be  t aken  a s  t h e  
d i f f e r e n c e  between t h e  energy c o n t e n t  of t h e  steam s u p p l i e d  and o f  t h e  
condensa te  r e t u r n e d .  

4 .1 .1 .4  The energy c o n t e n t  o f  h o t  water  and c h i l l e d  water  bo th  a s  
s u p p l i e d  t o  and r e t u r n e d  from t h e  b u i l d i n g  s h a l l  be  measured and t h e  energy 
consumed i n  t h e  b u i l d i n g  s h a l l  be  taken  a s  t h e  d i f f e r e n c e .  

Subsec t ion  4.1.2 Bui ld ings  Having a  Gross F loo r  Area o f  Not More 
Than 1200 m' . 

4 .1 .2 .1 .  The q u a n t i t i e s  o f  f u e l  and energy shown on t h e  supply  company's 
i n v o i c e s  may be taken  a s  t h e  q u a n t i t i e s  used i n  t h e  b u i l d i n g  i n  l i e u  o f  
q u a n t i t i e s  metered a t  t h e  b u i l d i n g .  

*Subsect ion 4 . 1 . 3  M u l t i p l e  Bui ld ing  Complexes 

4.1.3.1 Where a  number of b u i l d i n g s  r e c e i v e  a l l  t h e i r  f u e l s  o r  energy 
from a  c e n t r a l  bu lk  s t o r a g e  depot  o r  energy g e n e r a t i n g  p l a n t  t h e  complex 
may be cons ide red  a s  one b u i l d i n g  f o r  t h e  purpose of t h i s  s t anda rd .  

4 .1 .3 .2  In  such a complex t h e  f u e l  o r  energy  consumed i n  i n d i v i d u a l  
b u i l d i n g s  need n o t  be measured. 

4 .1 .3 .3  The energy budget f o r  t h e  complex s h a l l  be  determined fo l l owing  
t h e  procedures  o f  Subsec t ion  2 .1 .1  a s  though t h e  complex was one b u i l d i n g .  

* See Appendix - "Notes on P repa ra t i on"  



Sec t ion  4 . 2 .  Method of Repor t ing  t h e  Energy Consumption 

Subsec t ion  4 .2 .1  Use 

4 .2 .1 .1  The a c t u a l  f l o o r  a r e a  occupied by each major  occupancy and t h e  
agg rega t e  number o f  hou r s  of  u s e  of t h a t  a r e a  du r ing  t h e  r e p o r t i n g  p e r i o d  

s h a l l  he r e p o r t e d  on Form 4.2A. 

4 .2 .1 .2  Where t h e  a r e a  occupied by a  major occupancy changes du r ing  t h e  
r e p o r t i n g  p e r i o d  t h e  sum of t h e  p roduc t s  of each p o r t i o n  of t h e  t o t a l  a r e a  
occupied by t h a t  major occupancy and t h e  hours  t h a t  t h a t  p o r t i o n  i s  
occupied may be e n t e r e d  d i r e c t l y  i n  t h e  t a b l e .  

4 .2 .1 .3  The a l l owab le  energy budget under  t h e  a c t u a l  c o n d i t i o n s  o f  u s e  

s h a l l  be t aken  a s  t h e  sum of t h e  v a l u e s  ob t a ined  by d i v i d i n g  t h e  des ign  

energy budgets  f o r  each major occupancy by t h e  product  o f  t h e  f l o o r  a r e a  
and hours  o f  u s e  assumed f o r  des ign  purposes  f o r  t h a t  occupancy and 
mu l t i p ly ing  t h e  q u o t i e n t  ob t a ined  by t h e  product  of t h e  a c t u a l  f l o o r  a r e a  

and hour s  o f  u s e  f o r  t h a t  occupancy du r ing  t h e  r e p o r t i n g  pe r iod .  

Subsec t ion  4.2.2.  Weather 

4 .2 .2 .1  The energy budget ob t a ined  fo l lowing  A r t i c l e  4 .2 .1 .3 .  f o r  t h e  

b u i l d i n g  under  t h e  a c t u a l  c o n d i t i o n s  o f  u s e  s h a l l  be a d j u s t e d  f o r  t h e  

a c t u a l  weather  c o n d i t i o n s  by be ing  d iv ided  by t h e  number o f  degree  days 

i n  t h e  des ign  t es t  y e a r  and t h e  q u o t i e n t  ob t a ined  be ing  m u l t i p l i e d  by t h e  

number o f  degree  days i n  t h e  r e p o r t i n g  pe r iod .  

Subsec t ion  4 . 2 . 3  Energy Consumption 

"4.2.3.1 The q u a n t i t i e s  o f  a l l  forms o f  energy supp l i ed  t o  t h e  b u i l d i n g  
du r ing  t h e  r e p o r t i n g  p e r i o d  s h a l l  be  r e p o r t e d  on Form 4.2A i n  t h e  normal 

u n i t s  o f  measurement and then  conver ted  t o  t h e  g i g a j o u l e  e q u i v a l e n t  of  

d e l i v e r e d  energy.  

4 .2 .3 .2  The g i g a j o u l e  e q u i v a l e n t  of each form o f  d e l i v e r e d  energy s h a l l  

be m u l t i p l i e d  by t h e  a p p r o p r i a t e  energy weight ing  f a c t o r  g iven  i n  S e c t i o n  

2.2 t o  o b t a i n  t h e  cor responding  q u a n t i t y  o f  p r imary  energy.  

4 .2 .3 .3  The sums o f  t h e  q u a n t i t i e s  i n  g i g a j o u l e s ,  of  a l l  t y p e s  o f  
energy used ,both  d e l i v e r e d  and pr imary ,  s h a l l  be  taken  a s  t h e  

consumption of  d e l i v e r e d  and pr imary  e n e r g i e s  i n  t h e  b u i l d i n g .  The appro- 

p r i a t e  v a l u e s  s h a l l  b e  d iv ided  by t h e  g r o s s  f l o o r  a r e a  f o r  comparison wi th  
t h e  a l l owab le  energy budget under t h e  a c t u a l  c o n d i t i o n s  of  u s e  and t h e  

a c t u a l  wea ther  c o n d i t i o n s  a s  ob t a ined  fo l l owing  Subsec t ions  4.2.1 and 
4.2.2 t o  de te rmine  compliance w i th  t h i s  s t a n d a r d .  

* See Appendix - "Notes on Prepara t ion"  
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PART 5. ALTERNATIVE PRESCRIPTIVE REQUIREMENTS 

This Part will be the same as the Canadian adaptation of ASHRAE 90-75 
which is under review by the ACNBC Standing Committee on Energy Conservation 
in Buildings and which will then be published as the first edition of The 
Canadian Code for Energy Conservation in New Buildings. As this Committee 
has not completed its work it has not been included in the draft of the 
performance standard. 

When this performance standard becomes available for publication the 
then current edition of the Canadian Code for Energy Conservation in New 
Buildings could be reproduced here either in whole or in part as appropriate. 
The combined code could then be issued as the Canadian Code for Energy 
Conservation in Buildings. The word "New" would be dropped from the title 
since the performance code covers existing as well as new buildings. 



APPENDIX 

NOTES ON THE PREPARATION O F  THE DRAFT OF 

PERFORMANCE GUIDELINES FOR 

ENERGY CONSERVATION IN BUILDINGS 

by 

J . K .  L a t t a  

I n t r o d u c t i o n  

The o r i g i n a l  concept  o f  t h e  performance s t anda rd  was t h a t  an energy  
budget  would b e  s p e c i f i e d  f o r  each  occupancy and t h a t  a  b u i l d i n g  would b e  
designed and o p e r a t e d  so a s  t o  use no m r e  than  t h i s  amount o f  energy.  
V e r i f i c a t i o n  t h a t  t h e  des ign  met t h e  budget  was t o  b e  by means o f  a n a l y s i s  
a t  t he  des ign  s t a g e  fol lowed by a  l i m i t e d  amount o f  monitor ing o f  t he  
b u i l d i n g  i n  use  t o  ensure  t h a t  it  was be ing  ope ra t ed  below t h e  budget .  

Th i s  concept  foundered upon the  f a c t  t h a t  t h e r e  i s  n o t  a t  p r e s e n t  an 
a n a l y t i c a l  p rocedure  t h a t  w i l l  g ive  a  unique answer wi thout  be ing  o v e r l y  
s i m p l i s t i c  and r e s t r i c t i v e .  (The United S t a t e s  i s  working toward develop-  
i n g  s u i t a b l e  procedures  w i t h  a  massive e f f o r t  t h a t  w i l l  t ake  s e v e r a l  yea r s . )  

A r e v i s e d  concept  was t hen  developed t h a t  r e t a i n e d  t h e  energy  budget 
approach b u t  r e l i e d  upon p o s t - c o n s t r u c t i o n  moni tor ing  o f  t he  b u i l d i n g  t o  
e s t a b l i s h  compliance with t h e  s t anda rd .  T h i s  d e c i s i o n  was based upon the  
premise t h a t  a  b u i l d i n g  t h a t  i s  des igned  t o  meet a  given energy consump- 
t i o n  could  b e  brought  below t h i s  t a r g e t  by s u i t a b l e  t u n i n g  o f  t h e  equip-  
ment and o p e r a t i n g  procedures  w i thou t  needing major  changes i n  t h e  equip-  
ment and c e r t a i n l y  none t o  t he  f a b r i c  o f  t h e  b u i l d i n g .  Monitor ing o f  t h e  
energy consumption would b e  needed f o r  o n l y  a  r e l a t i v e l y  s h o r t  pe r iod  t o  
show t h a t  t h e  b u i l d i n g  m e t  t h e  s t a n d a r d  a l t hough  a  s imple r e p o r t i n g  o f  t h e  

energy used t h e r e a f t e r  need n o t  b e  an onerous procedure and would keep t h e  
owner and o p e r a t o r  aware o f  changes i n  energy consumption. 

The problem t h a t  a r i s e s  w i th  t h i s  approach is t h a t  o f  a l l owing  f o r  
t h e  d i f f e r e n c e  between t h e  c o n d i t i o n s  used f o r  t h e  d e s i g n  o f  a  b u i l d i n g  
and t h e  a c t u a l  c o n d i t i o n s  t o  which i t  i s  s u b j e c t e d  when i n  o p e r a t i o n .  
C l ima t i c  d i f f e r e n c e s  can, i n  a l l  p r o b a b i l i t y ,  b e  a l lowed f o r  on t h e  b a s i s  
o f  degree days.  D i f f e r ences  i n  occupancy pe r iods ,  p a t t e r n s  and t h e  e x t e n t  
o f  f u l l  o r  p a r t i a l  occupancy, e t c . ,  a r e  n o t  handled so e a s i l y  b u t  one 
p o s s i b l e  method has  been inc luded  i n  t h e  s t a n d a r d .  



Since  t h e  purpose o f  t h e  s t a n d a r d  i s  t o  conserve t h e  non-renewable 
energy r e s o u r c e s  i n  Canada (and t h e  world) t he  energy budget would b e  i n  
terms o f  t h e  Primary Energy needed t o  gene ra t e  and d i s t r i b u t e  t he  Delivered 
Energy. The q u a n t i t y  o f  Primary Energy used would b e  ob ta ined  by 
mul t ip ly ing  t h e  q u a n t i t y  o f  Del ivered  Energy used by a  s u i t a b l e  Energy 
Weighting F a c t o r  (Resource U t i l i z a t i o n  Fac tor )  . 

E x i s t i n g  b u i l d i n g s  (with some except  ions ,  e  . g. ,  houses) would b e  
covered as we l l  a s  new cons t ruc t ion  b u t  w i t h  a  more l i b e r a l  energy budget  

which would b e  i n  terms o f  Del ivered Energy a t  t he  b u i l d i n g  boundary r a t h e r  
than o f  Primary Energy. 

To keep t h e  job t o  a  manageable s i z e  it was decided t h a t  o n l y  t h r e e  
occupancies  - -  o f f i c e s ,  s choo l s  and r e s idences  - -  would b e  cons ide red  i n  
t h e  f i r s t  i n s t a n c e .  U l t ima te ly  a l l  occupancies  would have t o  b e  covered 
b u t  t h i s  could b e  by a  cont inuing  p roces s  o f  expansion a s  more informat ion  
is  ga the red .  

F ina l ly ,  f o r  t hose  who do n o t  choose t o  work t o  an  energy budget,  t h e  
p r e s c r i p t i v e  requirements  o f  t h e  Canadian Code f o r  Energy Conservat ion i n  
New Bu i ld ings ,  be ing  prepared  by a n  ACNBC Standing  Committee, w i l l  b e  
included as  an a l t e r n a t i v e .  

The i n c l u s i o n  o f  t h i s  s e t  o f  ~ r e s c r i ~ t i v e  s t anda rds .  which mav be  
followed a t  t h e  d i s c r e t i o n  o f  t h e  owner (des igne r ) ,  makes f o r  an  easy  
t r a n s i t i o n  from a p r e s c r i p t i v e  t o  a  performance s t a n d a r d .  An owner o r  
d e s i g n e r  who i s  co;fidentAof h i s  a b i i i t y  could  o p t  t o  meet t h e  performance 
s t anda rd  s i n c e  it g ives  him the  o p p o r t u n i t y  t o  b e  inven t ive  and o r i g i n a l .  
Another owner/designer  team l e s s  con f iden t  o r  faced  w i t h  d i f f e r e n t  circum- 
s t a n c e s  could o p t  t o  fol low t h e  p r e s c r i p t i v e  s t anda rd  wi th  which they  
would a l r e a d y  b e  f a m i l i a r .  By l e a v i n g  t h e  choice  t o  t he  owner/designer  
team t h e  change from one t o  t h e  o t h e r  is  n o t  forced  upon them and can b e  

made when they  f e e l  comfortably a b l e  t o  do s o .  The performance s t anda rd  
could  thus  b e  o f f e r e d  t o  t h e  design p r o f e s s i o n  a t  an e a r l y  s t a g e ,  even 
though i t  may b e  f a r  from p e r f e c t ,  so a s  t o  o b t a i n  feedback a s  t o  how i t  

can  t; e improved. 

DETAILED REVIEW 

P a r t  1 

Subsec t ion  1.1.1 

Energy genera ted  l o c a l l y  from renewable r e sou rces  has been excluded 
s i n c e  i t  i s  t h e  e a s i e s t  p o l i c y  t o  admin i s t e r  b u t  it i s  ques t ionab le  t h a t  
t h i s  i s  t h e  d e s i r a b l e  t h i n g  t o  do. Loca l ly  genera ted  "renewable energy" 
could  r e p l a c e  some nonrenewable energy which would o therwise  b e  needed i n  
the  b u i l d i n g .  The owner i s  u n l i k e l y  t o  i n s t a l l  t he  necessary  equipment 

un le s s  he i s  fo rced  t o  o r  f i n d s  it  t o  b e  t o  h i s  advantage.  He could  b e  
forced  t o  do so  by e i t h e r  s p e c i f i c a l l y  worded l e g i s l a t i o n  o r  by  an energy 
budget  t h a t  i s  so t i g h t  t h a t  it  cannot  be  met economical ly any o t h e r  way. 
I t  i s ,  on the  o t h e r  hand, d i f f i c u l t  t o  d e v i s e  s u i t a b l e  i n c e n t i v e s  w i t h i n  



t h e  framework o f  a  s t a n d a r d  such a s  t h i s .  I t  would b e  p o s s i b l e  t o  g ive  a  
d i r e c t  subs idy  t o  h e l p  meet t h e  c o s t  o f  t h e  equipment o r  t h e r e  could  b e  a  
reduc t ion  i n  r a t e  o f  t a x a t i o n  i n  p r o p o r t i o n  to  t h e  pe rcen tage  o f  l o c a l l y  
genera ted  "renewable energy" t h a t  i s  used.  Th i s  problem is  s i m i l a r  b u t  
o p p o s i t e  t o  t h e  problem of t h e  p e n a l t i e s  t o  b e  a p p l i e d  t o  a n  owner whose 
b u i l d i n g  f a i l s  t o  meet t h e  s t a n d a r d .  

Subsec t ion  1 .1 .2  

The term '9najor occupancy'' h a s  been  adopted s i n c e  i t  is  d e f i n e d  i n  
the  NBC a s  i n c l u d i n g  the  s u b s i d i a r y  occupancies  t h a t  a r e  an i n t e g r a l  p a r t  
o f  t h e  p r i n c i p a l  occupancy. Thus t h e s e  s u b s i d i a r y  occupancies  do n o t  have 
t o  b e  l i s t e d .  

Subsec t ion  1  .2.2 

The term "energy we igh t ing  f a c t o r "  was co ined  b e f o r e  I became aware 
t h a t  ASHRAE used t h e  te rm "resource  u t i l i z a t i o n  f a c t o r " .  The func t ion  o f  
t h e  two f a c t o r s  i s  t h e  same, i . e . ,  t o  conve r t  t h e  q u a n t i t y  o f  energy  used 
i n  t h e  b u i l d i n g  ( d e l i v e r e d  energy)  i n t o  t h e  e q u i v a l e n t  q u a n t i t y  o f  pr imary 
energy ( t h e  non-renewable energy r e s o u r c e s  t h a t  a r e  t o  b e  conserved) . How- 
ever ,  a s  proposed by  ASHRAE, t h e  resource  u t i l i z a t i o n  f a c t o r s  (RUF) 

"conver t  energy  u n i t s  o f  Btu o r  kW-h s u p p l i e d  t o  t h e  b u i l d i n g  p r o j e c t  i n t o  
convent iona l  u n i t s  o f  measure ( t ons ,  b a r r e l s ,  MCF, e t c . )  o f  t h e  resource"  
whereas t h e  energy  weight ing  f a c t o r  used i n  t h i s  d r a f t  c o n v e r t s  t h e  
d e l i v e r e d  energy  i n  g i g a j o u l e s  i n t o  pr imary energy  i n  g i g a j o u l e s  ( s ee  
d e f i n i t i o n  o f  energy  weight ing  f a c t o r ) .  Thus t h e  numerical va lues  o f  t he  
energy weight ing  f a c t o r s  w i l l  b e  d i f f e r e n t  from those  o f  t h e  r e sou rce  
u t i  1 i z a t i o n  f a c t o r s  and s o  t h e  te rm r e sou rce  u t i l i z a t i o n  f a c t o r  should  - n o t  
b e  used .  

The d e f i n i t i o n  o f  g r o s s  f l o o r  a r e a  has  been adapted  f r o m  DPW Prope r ty  
Management space measurement d e f i n i t i o n  f o r  r e n t a b l e  a r e a  t o  inc lude  t h e i r  
b u i l d i n g  s e r v i c e  and  acces so ry  a r e a s .  

Subsec t ion  1 . 4 . 2  

1 . 4 . 2 . 1  I t  was n o t  thought  t o  b e  neces sa ry  t o  s e t  an a r b i t r a r y  l i m i t  on 
t h e  s i z e  and type of  b u i l d i n g  which cou ld  b e  b u i l t  f o l l owing  the  p r e s c r i p -  
t i v e  requi rements  o f  P a r t  5.  I t  i s  u n l i k e l y  t h a t  t h e  owner o f  a  l a r g e  
o f f i c e  b u i l d i n g  would n o t  e l e c t  t o  meet an energy  budget  whereas t h e  person 
b u i l d i n g  one house almost  i n v a r i a b l y  would go t h e  p r e s c r i p t i v e  r o u t e .  The 
changeover from one system t o  t he  o t h e r  would t a k e  p l a c e  a t  d i f f e r e n t  
l e v e l s  o f  s i z e  and complexi ty  depending upon t h e  c i rcumstances  o f  t he  owner. 
Following t h e  p r i n c i p l e  o f  a l l owing  t h e  maximum freedom i n  des ign  the  
cho ice  was l e f t  t o  t h e  owner. 

1 . 4 . 2 . 2  The reason  f o r  r e q u i r i n g  a  s t a t emen t  of the  e s t i m a t e d  energy 
consumption i s  t o  ensure  t h a t  some thought  a t  l e a s t  ha s  been g iven  t o  t h e  
q u e s t i o n  a t  an e a r l y  s t a g e .  An owner who i n s i s t s  on c e r t a i n  des ign  
f e a t u r e s  w i l l  b e  r e q u i r e d  t o  c o n s i d e r  t h e  consequences o f  h i s  d e c i s i o n  a t  
t h e  design s t a g e  and he w i l l  n o t  r ea sonab ly  b e  a b l e  t o  c l a im  l a t e r  t h a t  he 
has  been p laced  i n  a n  imposs ib le  s i t u a t i o n .  The a d m i n i s t r a t i v e  a u t h o r i t y  
w i l l  have some b a s i s  f o r  a s s e s s i n g  t h e  s i n c e r i t y  o f  t he  owner. 



1 . 4 . 2 . 3  The requirement  f o r  a  p r o f e s s i o n a l  eng inee r  t o  c e r t i f y  t h e  
energy  consumption e s t i m a t e  is  a  f u r t h e r  e f f o r t  t o  ensu re  t h a t  t h e  problem 
o f  energy consumption h a s  been g iven  adequate  a t t e n t i o n .  There i s  a t  
p r e s e n t  no e s t a b l i s h e d  procedure  a v a i l a b l e  by which t h e  e s t i m a t e  can be  
checked and much o f  t h e  i n p u t  t o  t h e  computation must b e  made on t h e  b a s i s  
o f  t h e  pe r sona l  judgement o f  t h e  person doing i t .  Thus it  i s  e s s e n t i a l  
t h a t  t h e  energy consumption e s t i m a t e  b e  c e r t i f i e d  a s  sound by a  p r o f e s -  
s i o n a l  l y  r e s p o n s i b l e  person.  

The c u t - o f f  f i g u r e  o f  1200 m2 w i l l  exempt houses and s i m i l a r  small  
b u i l d i n g s  from t h i s  requi rement .  The va lue  i s  somewhat a r b i t r a r y  b u t  it  is  
based on a  h y p o t h e t i c a l  smal l  apar tment  b u i l d i n g  o f  t h r e e  f l o o r s  w i t h  f o u r  
100 m2 apar tments  on each f l o o r .  Even a t  t h i s  s i z e ,  many d e s i g n e r s  would 
employ an eng inee r .  

Subsec t ion  1 .4 .4  

1 . 4 . 4 . 1  The 5 -yea r  p e r i o d  i s  e n t i r e l y  a r b i t r a r y ;  i t  j u s t  seemed t o  be  
r e a s o n a b l e .  There could  b e  some d i f f i c u l t y  i n  e s t a b l i s h i n g  t h e  s t a r t i n g  
d a t e  f o r  t h i s  pe r iod  p a r t i c u l a r l y  w i th  l a r g e  b u i l d i n g s  where some p a r t s  
could  b e  occupied  w h i l e  o t h e r s  a r e  s t i l l  under  c o n s t r u c t i o n .  The da t e  
when t h e  occupancy permi t  was i s s u e d  f o r  t h e  l a s t  p o r t i o n  o f  t h e  b u i l d i n g  
has been s e l e c t e d  a s  t h e  s t a r t i n g  p o i n t .  

PART 2  

S e c t i o n  2 .1  Energy Budgets 

Subsec t ion  2.1.1 Determinat ion o f  t h e  Energy Budget 

There a r e  a  g r e a t  many f a c t o r s  t h a t  a f f e c t  t h e  energy  consumption o f  
b u i l d i n g s ;  some a r e  under  t h e  c o n t r o l  of t h e  d e s i g n e r  and t h e  o p e r a t o r  and 
o t h e r s  a r e  n o t .  

I t  can be  a rgued  t h a t ,  t o  b e  e q u i t a b l e ,  p rov i s ion  shou ld  b e  made f o r  
many o f  t h e s e  f a c t o r s  t o  b e  t aken  i n t o  account  when s e l e c t i n g  t h e  budget  
which s p p l i e s  t o  any p a r t i c u l a r  b u i l d i n g .  Th i s  would r e q u i r e  a  f a i r l y  
involved  system f o r  t h e  s e l e c t i o n  o f  energy  budgets  and a t  p r e s e n t  i t  i s  

n o t  p o s s i b l e  t o  produce such a  system wi th  any  degree o f  con f idence .  

On t h e  o t h e r  hand, t h e  b a s i c  purpose o f  t h e  Energy Conservat ion 
S tandard  i s  t o  reduce t h e  amount o f  energy t h a t  i s  wasted i n  b u i l d i n g s .  
One i s  tempted t o  add " to  a  minimumtf t o  t h e  prev ious  s en t ence  b u t  one  can 
no more d e f i n e  t h i s  minimum i n  t h e  s t anda rd  t han  one  can t ake  a l l  t h e  
v a r i a b l e s  i n t o  account .  The a b s o l u t e  minimum i s  zero, any  va lue  h i g h e r  
than t h a t  i s  a  f u n c t i o n  o f  t h e  des ign  team's  e x p e r t i s e ,  i n g e n u i t y  and 
consc i en t iousnes s  and o f  t h e  b u i l d e r f  s a b i l i t y  t o  meet t h e i r  s p e c i f i c a t i o n s .  
Thus, t h e  p r a c t i c a l  minimum w i l l  be  o b t a i n e d  i f  one a l lows  a  competent 
des ign  and o p e r a t i n g  team complete freedom t o  do i t s  b e s t  t o  reduce t h e  
energy  consumption. Even wi th  such a  team an energy budget i s  d e s i r a b l e  
o t h e r w i s e  it  may go on f o r e v e r  f i n d i n g  new ways t o  reduce t h e  consumption 
by minute amounts. With t h e  p r a c t i c a l  r e a l i t y  t h a t  d i f f e r e n t  des ign  teams 
have d i f f e r e n t  c a p a b i l i t i e s  and t h a t  t h e r e  a r e  many demands on t h e i r  



a b i l i t i e s  when designing a bu i ld ing  o t h e r  than reducing the  energy 
consumption a s  well  a s  f i n a n c i a l  l i m i t a t i o n s  a design t a r g e t  i n  the  form 
of an energy budget becomes more o r  l e s s  indispensable .  

Some ob jec t ion  has been voiced t o  the  use of energy budgets on the  
grounds t h a t  once the  budget has been met t h e  design team w i l l  not  make 
any e f f o r t  t o  reduce the  consumption s t i l l  f u r t h e r .  Thus a p o t e n t i a l  
saving w i l l  b e  l o s t .  However, the  approach has been taken t h a t  more 
energy w i l l  b e  saved i f  a l l  design - teams a r e  required t o  b r ing  the  energy - 
consumption of  t h e i r  bu i ld ings  below a reasonably low (but  no t  minimal) 
energy budget than w i l l  be wasted because a few teams w i l l  n o t  produce 
even b e t t e r  designs.  F u r t h e r m r e ,  with an energy budget t h a t  i s  n o t  
minimal, i t  w i l l  no t  be  necessary t o  take i n t o  account a l l  t he  many 
f a c t o r s  t h a t  a f f e c t  the  energy consumption of a  bu i ld ing  s ince  there  w i l l  
be room f o r  many o f  them t o  be  compensated f o r  i n  'the design without  
exceeding the  budget.  

The d i f f i c u l t i e s  of  prepar ing  s u i t a b l e  energy budgets can be  divided 
i n t o  two groups. One group can b e  descr ibed as envelope-re la ted  and the  
o t h e r  occupancy-related.  

Envelope-related d i f f i c u l t i e s  a r e  those  a r i s i n g  from the  t r a n s f e r  o f  
energy i n t o  and ou t  o f  t h e  bui ld ing through t h e  envelope which i s  
obviously a funct ion ,  f i r s t  o f  a l l ,  of  the  weather. An adjustment f o r  . a l l  
a spec t s  o f  the  weather t h a t  a f f e c t  t h e  energy consumption o f  the  bu i ld ing  
i s  a  d i f f i c u l t  process b u t  i f  one accep t s  t h a t  t h e  v a r i a t i o n s  a r e  
p r imar i ly  due t o  changes i n  the  heat ing  requirements then a simple 
approximate adjustment can be  made using degree days. 

Secondly, s ince  the  energy budgets  a r e  given p e r  square metre o f  
f l o o r  a r e a  the  budgets must b e  va r i ed  i n  some way t o  take account o f  
changes i n  the  r a t i o  o f  f l o o r  area  t o  envelope a rea .  This r a t i o  i s  a 
funct ion  o f  t h e  s i z e ,  the  number o f  f l o o r s  and the  shape o f  the  bui ld ing.  
With most bu i ld ing  s i t e s  t h e  des igner  has on ly  a l i m i t e d  con t ro l  over  
these  f a c t o r s  s ince  he must meet t h e  owner1 s requirement whi le  s t ay ing  
wi th in  the  r e s t r a i n t s  imposed by bu i ld ing  codes and zoning r e g u l a t i o n s .  
Without some s u i t a b l e  modificat ion of the  energy budget t o  allow f o r  
var ious  s i z e s  and shapes of bu i ld ings  it could come about t h a t  it would 
be uneconomic t o  b u i l d  on some s i t e s .  On the  o t h e r  hand t h e  des igner  has 
almost complete freedom of choice with items, such a s  the  f e n e s t r a t i o n ,  
and the  amount o f  i n s u l a t i o n ,  and so  he must accept  the  consequences o f  
h i s  decis ion  i n  these  a r e a s  without  t h e  b e n e f i t  o f  any r e l a x a t i o n  i n  the  
energy budget.  

Occupancy-related d i f f i c u l t i e s  a r e  caused by the  needs and dura t ion  
o f  t h e  a c t i v i t y  being c a r r i e d  ou t  i n  the  bu i ld ing .  ~ u r t h e r  problems 
a r i s e  from d i f f e r i n g  p a t t e r n s  ( p r o f i l e s )  o f  use, mixed occupancies, and 
per iods  o f  p a r t i a l  occupancy. 

Because o f  lack  o f  knowledge it has  n o t  been poss ib le  t o  devise  
so lu t ions  t o  a l l  t hese  problems t h a t  a r e  e q u i t a b l e  and e a s i l y  administered.  



klowever, we may b e  f r e e z i n g  i n  t h e  dark  from l a c k  o f  energy b e f o r e  such 

complete s o l u t i o n s  a r e  a v a i l a b l e  i f  something is  no t  done now and so a  
p a r t i a l  s o l u t i o n  is  o f f e r e d .  This  t a k e s  t h e  form of a  t a b u l a r  p r e sen t a -  
t i o n  o f  energy  budgets  which v a r y  wi th :  

1. t h e  t h r e e  b a s i c  occupancies  t h a t  a r e  be ing  cons ide red  a t  p r e s e n t .  

The number o f  t a b l e s  can b e  expanded i n  t h e  f u t u r e .  

2.  t h e  s i z e  o f  t h e  b u i l d i n g  a s  expressed  by g r o s s  f l o o r  a r e a .  

3 .  t h e  number o f  f l o o r s  up t o  3, w i t h  an  o v e r l a p  i n  g r o s s  f l o o r  

a r e a .  

4 .  t h e  e x t e n t  and p a t t e r n  o f  u s e  a s  exp re s sed  by t h r e e  s t anda rd  

u s e s .  

An energy budget  t h a t  i s  unique t o  any  g iven  b u i l d i n g  i n  any given 
l o c a t i o n  w i t h  any g iven  occupancy can  b e  o b t a i n e d  by  l i n e a r  i n t e r p o l a t i o n  
between t h e  t a b u l a t e d  va lues  t h a t  a r e  g iven  f o r  t h e  c o n d i t i o n s  t h a t  a r e  
n e a r e s t  t o  t hose  t o  which t h e  b u i l d i n g  w i l l  b e  s u b j e c t e d .  

The energy budget  v a l u e s  have n o t  been given i n  t he  t a b l e s  s i n c e  
in format ion  about  them i s  s t i l l  i nadequa te .  The method o f  approaching 
the  problem of  g e n e r a t i n g  them has  been shown by t h e  work o f  t h e  Energy 

and S e r v i c e s  S e c t i o n ,  DBR, w i t h  s c h o o l s  b u t  t h e  d e t a i l s  have y e t  t o  b e  
worked o u t .  Th i s  i s  a t a s k  o f  c o n s i d e r a b l e  magnitude r e q u i r i n g  the  
gene ra t i on  o f  366 v a l u e s  t o  complete t h e  7 t a b l e s  a s  they  a r e  set  o u t  a t  

p r e s e n t .  

I t  should b e  no ted  a l s o  t h a t  t h e  energy  budgets  f o r  new b u i l d i n g s  

a r e  t o  b e  g iven  i n  terms o f  pr imary energy and  s o  184 o f  t h e  366 v a l u e s  
gene ra t ed  i n i t i a l l y  i n  terms of  d e l i v e r e d  energy w i l l  have t o  b e  conver ted  
i n t o  pr imary  energy .  Th i s  r e q u i r e s  t h a t  t h e  q u a n t i t i e s  o f  t h e  d i f f e r e n t  

forms o f  d e l i v e r e d  energy b e  known which i n  t u r n  r e q u i r e s  t h a t  a  cho ice  
b e  made a s  t o  t h e  type  o f  equipment t h a t  i s  t o  b e  i n s t a l l e d  i n  t h e  model 

b u i l d i n g s .  

2 .1 .1 .1  I t  has  been l e f t  t o  t h e  Owner (Designer)  t o  s e l e c t  an 
a p p r o p r i a t e  tes t  y e a r  o f  wea ther  d a t a  s i n c e  no m a t t e r  what y e a r  i s  
s e l e c t e d  o r  s p e c i f i e d  t h e  measured energy  consumption w i l l  always have t o  
b e  a d j u s t e d  from t h e  a c t u a l  wea ther  t o  t h a t  o f  t h e  t e s t  yea r  (See Sub- 

s e c t i o n  2 .1 .2)  . 

2 . 1  . l .  2 A s  t h e  pr ime purpose o f  t h e  s t anda rd  i s  t o  conserve t h e  non- 
renewable energy r e s o u r c e s  o f  t h e  coun t ry ,  ene rgy  budgets  f o r  new b u i l d -  

i ngs  w i l l  b e  g iven  i n  terms o f  p r imary  energy .  

2 . 1 . 1 . 3  A s  i t  does no t  seem reasonab le  (no r  economic, s e e  A r t i c l e  

1 .5 .2 .2 )  t o  r e q u i r e  t h a t  t h e  complete  HVAC system f o r  a n  e x i s t i n g  b u i l d -  
i n g  b e  changed, t h e  energy budget  f o r  t h e s e  b u i l d i n g s  w i l l  b e  g iven  i n  
terms o f  d e l i v e r e d  ene rgy .  No energy budgets  a r e  given f o r  e x i s t i n g  

r e s i d e n t i a l  b u i l d i n g s  having a  g r o s s  f l o o r  a r e a  o f  1200 m2 o r  l e s s .  



Subsec t ion  2 . 1 . 2  

The o n l y  two f a c t o r s  f o r  which adjus tments  a r e  t o  be made t o  the  
energy budget be fo re  comparing i t  wi th  t h e  measured energy  consumption 
a r e  d i f f e r e n c e s  i n  t h e  weather  and i n  the  hours  of occupancy. Dif ferences  
i n  occupancy p r o f i l e s  cannot b e  made by s imple a r i t h m e t i c  and so a r e  no t  
easy  t o  admin i s t e r .  

The pe r iod  o f  occupancy i s  n o t  easy  t o  e s t a b l i s h  s i n c e  b o t h  the  a rea  
i n  the  b u i l d i n g  t h a t  i s  occupied and t h e  t ime f o r  which i t  i s  occupied 
can va ry  widely from day t o  day. 

Residences could b e  taken  a s  continuous - 24 h r /day .  A s  schools  a r e  
i n  most c a s e s  ope ra t ed  by some p u b l i c  body, i t  should b e  p o s s i b l e  t o  keep 
t r a c k  o f  t h e  usage without  g r e a t  d i f f i c u l t y .  There i s  no such easy  
method o f  keeping t r a c k  o f  t he  usage o f  o f f i c e s ,  however, a l though i t  i s  
p o s s i b l e  t h a t  one could  b e  developed f o r  use  dur ing  t h e  pe r iod  o f  energy 
monitoring only .  

Sec t ion  2 . 2  Energy Weighting Factors  

The s e l e c t i o n  o f  s u i t a b l e  Energy Weighting Factors  f o r  t h e  conversion 
o f  t h e  Delivered Energy i n t o  t h e  equ iva len t  q u a n t i t y  o f  Primary Energy 
p resen t s  some problems. Should t h e s e  f a c t o r s  b e  uniform ac ross  t h e  
country? Should they b e  used t o  encourage the  use of  one  form of  energy 
a s  opposed t o  another?  How a r e  they  t o  b e  determined? 

These problems must b e  r e so lved  and t h e  energy weight ing  f a c t o r s  
s e l e c t e d  before  t h e  energy budgets  f o r  new b u i l d i n g s  can be  s e t t l e d  i n  
terms of  pr imary energy.  

PART 3 

3 .1 .1 .4  This  A r t i c l e  i s  adapted  from ASHRAE 90-75,l s e c t i o n  10, A r t i c l e  

10 .3 .2 .1 .  

TABLES 3.1.3A t o  3.1.3E 

General 

O r i g i n a l l y  it was in tended t h a t  t h e  User Requirements ~ r o u ~ '  would, a t  
an e a r l y  d a t e ,  s e l e c t  va lues  f o r  t h e  var ious  cond i t ions  i n s i d e  a b u i l d i n g  
so t h a t  t hey  could be  used by o t h e r s  i n  developing the  s t anda rd  ( i n  
p a r t i c u l a r  i n  determining va lues  f o r  energy budgets  by computation).  
Unfor tunate ly ,  t h i s  d id  not  happen and t h e  f i r s t  s e t  o f  va lues  was r ec i eved  
from the  Group Chairman i n  a l e t t e r  da ted  16 Novenher 1976. By t h i s  t ime 
o t h e r s  doing t h e  computational work had a l r e a d y  s e l e c t e d  va lues  on t h e i r  
own which d i f f e r  one from the  o t h e r  and a l s o  from these  s e l e c t e d  by t h e  
User Requirements Group. I  have t h e r e f o r e  s e l e c t e d  t h e  va lues  g iven  i n  
Tables 4 .3 .1  .A-E .  

a ASHRAE 90-75 Energy Conservat ion in New Building Design. 
The User Requirements Group was a subcommittee of  t h e  In terdepar tmenta l  
Committee. The i r  recommendations a r e  con ta ined  i n  t h e  r eco rd  of work 
performed under t h e  d i r e c t i o n  of t h a t  Committee. 



In  making t h e  s e l e c t i o n  I  adopted t h e  phi losophy t h a t  t o  make an 
e n e r g y - e f f i c i e n t  b u i l d i n g  it i s  e s s e n t i a l  t h a t  t h e  des igne r  explore  a l l  

reasonable  means of  reducing the  energy consumption. The va lues  f o r  the 

i n t e r n a l  c o n d i t i o n s  which he i s  r equ i red  t o  adopt i n  the  p recons t ruc t ion  

energy a n a l y s i s  should n o t  t h e r e f o r e  be  energy-conserving values s e t  a t  
t he  l i m i t  of  cond i t ions  t h a t  a r e  accep tab le  t o  the  u s e r  and which an 
energy conscious o p e r a t o r  might endeavour t o  maintain i n  t h e  b u i l d i n g .  
That i s  t c  say,  t he  des igne r  should not  b e  allowed t o  show a  low energy 
consumption i n  h i s  a n a l y s i s  a t  the  expense o f  minimally accep tab le  i n t e r -  
nal  c o n d i t i o n s .  He should r a t h e r  b e  forced  t o  use l e s s  energy conserva- 
t i v e  values and so have t o  explore  o t h e r  methods o f  reducing t h e  energy 
consumption. The ope ra to r  of the  b u i l d i n g  would t h u s  have a  l i t t l e  
leeway t o  reduce t h e  energy consumption should t h e  des ign  no t  work ou t  
i n  p r a c t i c e  q u i t e  as we l l  a s  a n t i c i p a t e d .  

Table 3.1.3A Room Temperature 

( i )  Occupied Period 

The User Requirements Group s e l e c t e d  va lues  f o r  o f f i c e s ,  schools  and 
dwell ings of  70°F i n  win te r  and 78°F i n  summer. Sander and Dumouche13 used 
73°F a l l  yea r .  ~ o n e s , ~ i n  h i s  model f o r  schools ,  used 72°F a l l  year  f o r  
secondary schoo l s  and 72°F i n  w i n t e r  and  78°F i n  summer b u t  wi thout  a i r  
cond i t ion ing  f o r  primary schoo l s .  ASHRAE 90-75 gives  72°F i n  w i n t e r  and 
78°F i n  summer. 

I have s e l e c t e d  the  ASHRAE values  o f  72°F and 78°F a s  be ing  a  
r easonab le  compromise and a l s o  because i t  i s  p o s s i b l e  t o  extend t h e  com- 
f o r t  range t o  6 8 " ~  - 82OF with  s u i t a b l e  c lo th ing  (User Requirements Group, 

Appendix A ,  p .  4 ) .  

( i i )  Unoccupied Period 

For o f f  i c e s  and schools  t h e  User Requirements Group recommended a  
s e t  back t o  6 5 " ~  i n  w i n t e r  and no mechanical coo l ing  i n  summer. Sander 
and Dumouchel, fol lowing ASHRAE 90-75, do n o t  use any s e t  back nor  does 
Jones .  

I have adopted the  User Requirements Group's recommendation s i n c e  i t  

szems t o  b e  d e s i r a b l e  t o  make t h e  des igner  th ink  about  unoccupied pe r iod  
s e t  back and t o  provide s u i t a b l e  means of  achieving  i t .  

Table 3.1.30 Room Re la t ive  Humidity 

The User Requirements Group recommended humidi f ica t ion  t o  20% RH and 

dehumidi f ica t ion  t o  60% RH with  no comment about  occupied o r  unoccupied 
pe r iods .  Sander and Dumouchel use 30% and 60% RH during occupied pe r iods  
and no c o n t r o l  dur ing  unoccupied per iods .  Jones a l s o  uses  30% and 60%.  
ASIIRAE 90- 75 recommends design cond i t ions  o f  humid i f i ca t ion  t o  30% and 

The work of  Sander and Dumouchel i n  t h e  Technological Research and 
Development Group of t h e  Department of Pub l i c  Works (Canada) i s  conta ined  
i n  t h e  record  of work performed by t h e  Large Building Subcommittee of  t h e  
In terdepar tmenta l  Committee. 
Jones ,  L.  Calcu la t ing  Energy Budgets f o r  New School Buildings.  To be i ssued  
a s  a  DBR I n t e r n a l  Report.  



dehumidi f ica t ion  t o  "within t h e  comfort envelope a s  def ined  i n  ASHRAE 
Standard 5 ~ - 7 4 ~ - - - -  f o r  minimum t o t a l  HVAC system energy use" bu t  with 
p rov i s ion  i n  t h e  system f o r  ope ra t ion  a t  o t h e r  p o i n t s  wi th in  t h e  envelope 
t o  g i v e  minimum energy consumption i n  ope ra t ion .  

Following t h e  philosophy expressed e a r l i e r  I have s e l e c t e d  t h e  h ighe r  

f i g u r e  of humidi f ica t ion  t o  30% RH i n  win te r  and dehumidi f ica t ion  t o  60% 
RH i n  summer f o r  o f f i c e s  and schools  with no c o n t r o l  over  humidity condi- 
t i o n s  dur ing  an unoccupied pe r iod .  Also no c o n t r o l  over  humidity i n  

dwel l ings .  

Table 3.1.3C V e n t i l a t i o n  Rates 

( i )  O f f i c e s  

The User Requirements Group recommended t h a t  t h e  minimum requirement  
o f  ASHRAE Standard 62-736 b e  used f o r  t h e  occupied pe r iod  wi th  no v e n t i l a -  

t i o n  dur ing  unoccupied pe r iods .  Sander and Dumuchel adopted a minimum 
outdoor a i r  supply  of  0 . 1  cfm/sq. f t .  f o r  o f f i c e s  based upon ASiIRAE 62-73 
and a minimum a i r  movement ( t o t a l  v e n t i l a t i o n ? )  of 0.75 cfm/sq. f t .  which 
i s  a DPW s tanda rd .  ASHRAE 62- 73 s p e c i f i e s  a t o t a l  v e n t i l a t i o n  r a t e  o f  
between 0.15 and 0 .25  cfm/sq. f t .  f o r  general  o f f i c e  spaces b u t  a l lows 
f o r  on ly  33% ( o r  even 15%) of t h i s  t o  b e  outdoor a i r  provided t h a t  t h e  
r e c i  r cu la t ed  po r t ion  is t r e a t e d  s u i t a b l y .  I t  has ,  however, a requirement  

f o r  a minimum o f  5 cfm/person o f  outdoor a i r  which f o r  general  o f f i c e  
space equa l s  0.05 cfm/sq. f t .  

Following the  phi losophy o f  s e l e c t i n g  r e l a t i v e l y  high s t anda rds  
r a t h e r  than t h e  lowest  accep tab le  ones,  I have adopted f o r  o f f i c e s  the  

User Requirements Group s recommendations t o  follow ASHRAE 62- 73 f o r  
occupied per iods  b u t  using t h e  maximum value of  0.25 cfm/sq. f t .  r a t h e r  
than the  minimum (DPW ' s  0.75 cfm/sq. f t  . seems t o  b e  excess ive)  t oge the r  
wi th  Sander and Dumuchel ' s  minimum of  0 . 1  cfm/sq. f t .  o f  outdoor a i r ,  I 
have a l s o  f o l  lowed t h e  User Requirements Group' s recommendation f o r  no 
v e n t i l a t i o n  during t h e  unoccupied pe r iod  f o r  t h e  same reason a s  f o r  
adop t ing  temperature s e t  back - t h e  des igne r  w i l l  have t o  th ink  about i t .  

j i i )  Schools 

For schools ,  Jones used d i f f e r e n t  q u a n t i t i e s  o f  o u t s i d e  a i r  ranging 

from 0 t o  an e x t r a c t i o n  r a t e  o f  0 .67  cfm/sq. f t .  ( t o i l e t  and changing 
rooms) . The minimum a i r  movement ( t o t a l  v e n t i l a t i o n ? )  f o r  classrooms was 
given a s  0 . 5  cfm/sq. f t .  wi th  a n  outdoor a i r  supply of  0.2 cfm/sq. f t .  f o r  
primary schools  and 0.125 cfm/sq. f t .  f o r  secondary schoo l s .  He 
c a l c u l a t e s  the  o v e r - a l l  outdoor a i r  supply r a t e s  a s  be ing  0.085 cfm/sq. f t .  
f o r  pr imary schools  and 0.045 cfm/sq. f t .  f o r  secondary schools .  ASHRAE 
62-73 g ives  between 0 .5  and 0.75 cfm/sq. f t .  t o t a l  v e n t i l a t i o n  f o r  c l a s s -  

rooms . 

This i s  a wide range o f  f i g u r e s  b u t  a t o t a l  v e n t i l a t i o n  r a t e  f o r  
classrooms o f  0 .5  cfm/sq. f t .  has  been chosen i n  conformity wi th  Jones  and 
the  minimum recommendation o f  ASHRAE 62-73 and t h e  ASHRAE 62-73 abso lu te  
minimum f o r  outdoor  a i r  o f  5 cfm/person has  been r e spec ted  g iv ing  0.25 

cfm/sq. f t .  This l a s t  f i g u r e  is ,  however, g r e a t l y  above Jones '  f i g u r e s  
f o r  outdoor a i r .  

5 ASHRAE 55-74 Thermal Environment Condit ions f o r  lluman Occupancy. 
6 ASHRAE 62-73 Standard f o r  Natural  and Mechanical Ven t i l a t ion .  



( i i i )  t h e l l i n g s  

The User Requirements Group made no recommendations w i th  r e s p e c t  t o  

t h e  v e n t i l a t i o n  of dwel l ings  . ASHRAE 62- 73 recommends between 0.049 and  
0.07 cfm/sq. f t .  i n  gene ra l  l i v i n g  a r e a s  and bedrooms i n  m u l t i p l e  u n i t  
dwel l ings  and t h e i r  minimum requi rement  f o r  o u t s i d e  a i r  becomes 0.035 
cfm/sq. f t .  The Nat iona l  Bui ld ing  Code (Subsec t ion  9 . 3 3 . 4 )  reclul res tlla t 

a  mechanical v e n t i l a t i o n  system "be capab le  o f  p rov id ing  a t  l e a s t  1  a i r  

change p e r  hour".  ( I t  does n o t  r e q u i r e  t h a t  t h i s  b e  provided 
con t inuous ly . )  This  requi rement  a p p l i e s  t o  b u i l d i n g s  o f  l e s s  than 6000 

s q .  f t .  and 3  s t o r e y s  o r  l e s s .  The Small Bui ld ings  commit tee7requi red  

a i r  l e akage  r a t e s  o f  between 1/4 and 3/4 of an a i r  change p e r  hour  b u t  
t h j  s a l s o  i s  r e s t r i c t e d  t o  b u i l d i n g s  o f  3 s t o r e y s  o r  l e s s .  

I n  t h e  absence o f  any o t h e r  recommendations t h e  maximum ASHRAE 62-73 

recommendation o f  0 .07 cfm/sq. f t .  o f  t o t a l  a i r  supply  has  been adopted 
t o g e t h e r  w i th  t he  minimum requi rement  f o r  o u t s i d e  a i r  o f  0 .035 cfm/sq. f t .  

( i  . e . ,  approximate ly  1 . 4  a i r  change p e r  hou r ) .  

Table 3.1.3D Domestic Hot Water 

The User Requirements Group recommended 1  US ga l /person/day  f o r  
o f f i c e s ;  0 . 6  US g a l / s t u d e n t / d a y  i n  pr imary  schoo l s  and 1 . 8  US g a l / s t u d e n t /  

day i n  secondary s choo l s .  Sander  and Dumuchel adopted 320 B tu l sq .  f t . /  

y e a r  f o r  h o t  w a t e r  i n  o f f i c e s  based  on an ASHRAE s tudy .  With an occupancy 

pe r iod  o f  260 days and 100 s q .  f t . / p e r s o n  ( 9 . 3  m2) t h i s  i s  e q u i v a l e n t  t o  

0 .146 US ga l /person/day .  Even w i t h  t h e  g r e a t e r  space  al lowance o f  15  m2 
p e r  person recommended by t h e  User Requirements Group t h i s  i n c r e a s e s  t o  

on ly  0.265 US ga l /pe r son /day  i . e . ,  l i t t l e  more t han  one US q u a r t  p e r  

person p e r  day. This  seems t o  b e  r a t h e r  sma l l ,  b u t  s i n c e  it i s  based  
upon an ASHRAE s tudy ,  i t  should  n o t  b e  r e j e c t e d  o u t  o f  hand. However, I  

have adopted  the  User Requirements Group's f i g u r e  f o r  o f f i c e s  and  schoo l s  

u n t i  1  s u i  t a b l e  evidence i s  produced t o  suppor t  a l t e r n a t i v e  measures.  The 
use  o f  h i g h e r  f i g u r e s  a l s o  f i t s  w i t h  t h e  phi losophy o f  n o t  making t h e  

d e s i g n e r ' s  t a sk  t oo  ea sy .  S i m i l a r l y  t h e  h i g h e r  temperature  140°F 

recommended by t h e  User Requirements Group h a s  been adopted al though it 

can b e  argued t h a t  1 0 0 " ~  i s  s u f f i c i e n t .  

T a b i ~  3.1.3E Level o f  I l l u m i n a t i o n  

The va lues  given f o r  t h e  occupied  p e r i o d  a r e  t hose  recommended by 

the  User Requirements Group fo l lowing  a  review o f  T ranspo r t  Canada guide- 
1  i n e s ,  G . S . A .  Recommendations and I  . E . S . Standa rds  . 

The group made no recommendations about  l i g h t i n g  du r ing  t h e  
unoccupied pe r iod  b u t  I  have assumed t h a t  o n l y  c o r r i d o r s  and s t a i r w e l l s  
need b e  l i t  a t  t h a t  t ime  f o r  t h e  s a f e t y  and convenience o f  n i g h t  watchmen. 

Subsec t ion  3.1.4 

TABLES 3.1.4A t o  3.1.4C 

Following from t h e  i d e a  o f  p r e s e n t i n g  energy  budgets  f o r  d i f f e r e n t  

pe r iods  o f  use o f  t h e  same b u i l d i n g  it i s  neces sa ry  t o  d e f i n e  t h e s e  pe r iods  

The Small BuildingsCommittee was a  subcommittee o f  t h e  In t e rdepa r tmen ta l  
Committee. T h e i r  recommendations a r e  con ta ined  i n  t h e  r eco rd  o f  work 

performed under  t h e  d i r e c t i o n  o f  t h a t  Committee. 



of use.  The pe r iods  given i n  these  t a b l e s  t o g e t h e r  wi th  the  i n t e r n a l  
cond i t ions  given i n  Tables 3.1.3A t o  3.1.3E w i l l  def ine  the  cond i t ions  of  

use t o  which t h e  b u i l d i n g  i s  assumed t o  b e  sub jec t ed  when determining the  
energy budgets  t o  be  en te red  i n  Tables  2 . 1 . 1 . 2 A  and B and Tables  2.1.1.3A 

and B .  

No per iod  was given by the  User Requirements Group. Sander and 

Dumuchel i n  t h e i r  model f o r  o f f i c e  b u i l d i n g s  s e l e c t e d  0700 t o  1800 h r .  
Mondays through Fr idays .  This pe r iod  was s e l e c t e d  f o r  o f f i c e s  wi th  no 

provis ion  f o r  s t a t u t o r y  hol idays  . 

Jones  used t h r e e  d i f f e r e n t  occupancy per iods  f o r  schools  depending 
upon the  type o f  use :  

1 .  0800-1600 h r  on weekdays f o r  a  200-day school yea r  

2 .  0800-2300 h r  on weekdays f o r  a  200-day school yea r  

3 .  0800-2300 h r  on weekdays a l l  y e a r  

0800-1600 h r  on weekends and ho l idays  a l l  year  

In Nos. 1 and 2 the school  i s  c losed  dur ing  the  months of J u l y  and 
August. For i n i t i a l  energy a n a l y s i s  one could s e l e c t  any of  t hese  t h r e e  

op t ions  wi th  an energy budget based on t h e  same occupancy. 

No one has s p e c i f i e d  an occupancy pe r iod  f o r  dwel l ings  b u t  i t  seems 
t o  be reasonable  t o  assume 24 hr/day a l l  yea r .  

In a l l  p r o b a b i l i t y  i t  would be  p r e f e r a b l e ,  i f  not  e s s e n t i a l ,  t o  

de f ine  s u i t a b l e  occupancy p r o f i l e s  r a t h e r  than give hours  o f  occupancy. 

IIowever, t h i s  has  n o t  y e t  been done i n  a  manner s u i t a b l e  f o r  i n c l u s i o n  i n  

a Standard . 

Sec t ion  3 .2  

Subsec t ion  3 . 2 . 2  

These f o u r  a r t i c l e s  and Forms 3.2.2A and 3.2.2B have been adapted 
from a d r a f t  o f  t h e  proposed Sec t ion  12 of  ASHRAE 90- 75. 

Subsect ion 4 . l .  1  -- 

The d i v i s i o n  a t  1200 m2 was r e t a i n e d  so  a s  t o  be c o n s i s t e n t  with the  
requirement f o r  a  P.Eng. t o  c e r t i f y  the  energy consumption e s t i m a t e .  

(See A r t i c l e  1 .4 .2 .3 )  . 

4 . 1  . l .  2  With heavy o i l  t h i s  may n o t  be  a  p r a c t i c a l  method of meter ing .  

4 . 1 . 1 . 3  The h e a t  con ten t  o f  the  condensate r e t u r n  i s  u s u a l l y  small 
compared wi th  t h a t  o f  t he  s team supply  and so t h e r e  i s  n o t  a  mandatory 
requirement  f o r  t h e  Owner t o  i n s t a l l  t h e  necessa ry  metering equipment. 

On the  o t h e r  hand, he has t h e  op t ion  t o  do s o  i f  he wishes .  



S u b s e c t i o n  4 . 1 . 3  

l 'hc  purpose  o f  t h e  s t a n d a r d  i s  t o  save  e n e r g y  and s o  i t  r e a l l y  i s  o f  

l i t t l e  consequence i f  one b u i l d i n g  u s e s  more t h a n  some r e l a t i v e 1  y  

a r b i t r a r i l y  s p e c i  f i c d  amount o f  e n e r g y  p rov ided  t h a t  t h e  b a l a n c e  i s  

r e s t o r e d  by a n o t h e r  b u i l d i n g  u s i n g  l e s s .  T h i s  p r o v i s i o n  w i l l  a l low an 

Owner t o  t a k e  advan tage  o f  e a s i l y  a p p l i e d  e n e r g y  s a v i n g  measures  i n  one 

b u i l d i n g  a n d  n o t  f o r c e  him i n t o  e x p e n s i v e  measures  i n  a n o t h e r  o n e .  

4 . 2 . 3 . 1  The c o n v e r s i o n  f a c t o r s  t o  g e t  from t h e  normal u n i t s  o f  measure- 
mcnt t o  t h e  g i g a j o u l e  e q u i v a l e n t s  shou ld  b e  s p e c i f i e d .  


