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Summary 
Tht evaluation of a house deaign requfrea a ltthod for cstiauting the effect of 

various design features on the heating energy requirements. Such a method must 

account for the following: heat loee, primarily by conduction, through the 

exterior envelope; heat loss due to exchange of indoor air and outdoor air; heat 

loee to the earth through basement walls and floor; heat gain from occupants and 

appliances; solar heat gain through windars; and the performance characteristics 

of the heating system. 

Although a number of computer program have been developed to simulate the 

thermal behaviour of a house, simpler methods are more appropriate for use as 

design tools, or for evaluating house designs for building code or labelling 

applications. Simple methods sacrifice some accuracy. particularly when the 

effects of heat storage and variations in room temperature become significant, 

but they are adequate for many practical applications. Recent research st the 

National Research Council of Canada has resulted in improved methods for 

calculating below-grade losses and the utilization of solar gains through 

windars that can be incorporated into such calculation procedures. 
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Sommaire 
Une €valuation de l a  conception d'une hab i t a t i on  exige une d t h o d e  pour c a l c u l e r  

l e e  e f f e t s  dee d ivereee  ca rac tQr i s t i quee  eu r  1 '6nergie  d c e s s a i r e  au chauffage. 

Une mEthode de ca l cu l  de ce genre d o i t  t e n i r  compte des po in t s  euivante : 

pe r t e s  de chaleur ,  su r tou t  par conduction. a t ravera  l 'enveloppe e x t l r i e u r e  ; 

per tee  de chaleur entrafnCes par 1'Lchange d ' a i r  in t6r ieur-ext6r ieur  ; pe r t e s  de  

chaleur au so1  B t r a v e r s  l e  plancher e t  l e e  mrs du soue-a01 ; ga ins  de chaleur  

provenant dee occupante e t  dee appa re i l s  mCnagere a i n e i  que du rayonnencnt 

s o l a i r e  B t r ave r s  l e e  f ens t r e8  ; en f in ,  ca rac tCr i s t i ques  de  rendelrent du a y e t h e  

de chauf fage. 

Bien qu'un c e r t a i n  nombre de progr-s d 'ordinateura  a i e n t  6 th  c o q u s  pour 

eimuler l e  comportemeat thermique d'une hab i t a t i on ,  den d t h o d e e  plue simplee 

aont pr€f€rablee  comm o u t i l s  de conception ou come m y e n  d'Cvaluation de  1s 

conception domic i l i a i r e  a p p l i q d  B un code du bltfment ou il l 'howlogat ion .  Lee 

d t h o d e s  simplee manquent quelque peu de  prCcision, notaoment lorsque l e e  e f f e t e  

du etockage de l a  chaleur e t  l e s  f l uc tua t ions  de tempsrature d'une piace 

revetent  de l ' importance,  mais e l l e s  conviennent nCanmoins B un bon nmbre  

d 'eppl ica t ions  pretiquee.  De r6cente travaux du Conseil  na t iona l  de recherches 

Canada ont  permis de m t t r e  au point de meilleurea vlpethodee de ca lcul  des pe r t ee  

de chaleur sous l e  niveau du s o l  e t  de l ' u t i l i s a t i o n  des ga ins  de chaleur 

a o l a i r e  par l e e  fenPtree.  
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TECHNIQUES FOR ESTIMATING THE ENERGY CONSUMPTION OF HOUSES 

D.M. Sander,  Canada 

I There has  long been c o n s i d e r a b l e  i n t e r e s t  i n  modell ing t h e  thermal behaviour of 

houses and e s t i m a t i n g  t h e i r  annual  h e a t i n g  energy requirements.  'Phis i n t e r e s t  

h a s  evolved i n  r e c e n t  y e a r s  from academic s t u d i e s  t o  methods t h a t  address  

s p e c i f i c  p r a c t i c a l  needs f o r  c a l c u l a t i n g  t h e  energy requirements of houses. 

1 T h i s  paper d i s c u s s e s  some of t h e s e  needs i n  t h e  contex t  of c u r r e n t  Canadian 

c o n d i t i o n s .  a s  w e l l  a s  a  number of a v a i l a b l e  c a l c u l a t i o n  methodologies. Recent 

I Canadian r e s e a r c h  t o  improve c a l c u l a t i o n  methods f o r  below-grade hea t  l o s s e s  and 

u t i l i z a t i o n  of s o l a r  h e a t  ga ins  is descr ibed  b r i e f l y .  

1 THE NEED FOR AN ENERGY ESTIMATING HETHOD 

Thermodynamic s i m u l a t i o n  has  long been used, i n  r e s e a r c h  i n s t i t u t i o n s ,  a s  a  

means of i n v e s t i g a t i n g  t h e  hea t  t r a n s f e r  p rocesses  i n  a house. Although 

i n s p i r e d  by a d e s i r e  t o  g a i n  a b e t t e r  unders tanding  of t h e  problem, t h e s e  

s t u d i e s  have a l s o  been v a l u a b l e  f o r  developing recommendations and g u i d e l i n e s  

f o r  c o n s t r u c t i o n  p r a c t i c e ,  i n s u l a t i o n  s t a n d a r d s ,  and o t h e r  energy coneerva t ion  

measures. It is only i n  t h e  l a s t  t e n  y e a r s  t h a t  energy consumption and t h e  

consequent c o s t  of h e a t i n g  a house have become a s i g n i f i c a n t  concern i n  Canada. 

T h i s  concern has been expressed i n  a number of government programs (I). The 

problem is  twofold - t o  reduce t h e  energy consumption of e x i s t i n g  houses, and t o  

improve t h e  c o n s t r u c t i o n  of nev houses. 

For e x i s t i n g  houses,  programs have been in t roduced  t o  provide f i n a n c i a l  

i n c e n t i v e s  t o  homeowners, through g r a n t s  and i n t e r e s t - f r e e  loans ,  f o r  

r e i n s u l a t i o n  and r e t r o f i t .  I n  1981, a s  p a r t  of a  n a t i o n a l  s t r a t e g y  t o  reduce 

t h e  count ry ' s  dependence on imported o i l  ( 2 ) .  t h e  Canadian government i n i t i a t e d  

a program t o  s u b s i d i z e  t h e  convers ion  from o i l - f i r e d  h e a t i n g  s y s t e m  t o  those  

us ing  n a t u r a l  gas ,  e l e c t r l c i t y ,  o r  renewable energy. There has  developed a 

r e s u l t i n g  need f o r  a  method of a s s e s s i n g  t h e  energy reduc t ion  p o t e n t i a l  of 

a l t e r n a t i v e  r e t r o f i t  measures. Moreover, s i n c e  most homeovners must bear  a t  

l e a a t  p a r t  of t h e  c o s t  of a n  energy r e t r o f i t ,  they demand some means of 

e s t i m a t i n g  t h e  expected r e t u r n  on t h e i r  investment.  

To improve nev houses,  work was i n i t i a t e d  t o  develop an energy conserva t ion  

s tandard .  A model document (3 )  s p e c i f y i n g  requirements such a s  h igher  

i n s u l a t i o n  l e v e l s  and b e t t e r  windows was produced. This  document a l s o  c o n t a i n s  

a provis ion  p e r m i t t i n g  c o n s t r u c t i o n  of any type of house t h a t  can be shown t o  

u s e  no more energy t h a n  one b u i l t  i n  accordance w i t h  t h e  s tandard .  Therefore ,  



t h e  b u i l d i n g  o f f i c i a l  must have s o r  means of e v a l u a t i n g  s b u i l d i n g  des ign  i n  

o r d e r  t o  e n s u r e  t h a t  i t  meets  t h e  s tandard .  

A number of "low-energy" houses have been b u i l t  i n  Canada r e c e n t l y .  Some have 

very  high l e v e l s  of i n s u l a t i o n ,  a i r t i g h t  c o n s t r u c t i o n  and s m a l l  windows, whi le  

o t h e r s  f e a t u r e  p a s s i v e  s o l a r  d e s i g n s  i n c o r p o r a t i n g  l a r g e  south-facing g l a s s  

a r e a s  and thermal mass. Such i n n o v a t i v e  houses r e q u i r e  d e s i g n  d e c i s i o n s  q u i t e  

d i f f e r e n t  from those  f o r  convent iona l  c o n s t r u c t i o n .  Normally a number of 

f e a t u r e s  would be e v a l u a t e d  i n  terms of t h e i r  energy c o n s e r v a t i o n  p o t e n t i a l .  

c o s t  e f f e c t i v e n e s s ,  and p o s s i b l y  r e s u l t a n t  problems such  a s  overhea t ing ,  

e x c e s s i v e  mois ture  o r  unacceptab le  a i r  q u a l i t y .  There is a need f o r  a n  a n a l y s i s  

t o o l  f o r  t h e  d e s i g n e r  t o  e v a l u a t e  and compare des ign  a l t e r n a t i v e s  f o r  a s p e c i f i c  

house. There a r e  new government i n c e n t i v e s  ( 4 . 5 )  f o r  t h e  c o n s t r u c t i o n  of "lw- 

energy" houses and s i n c e  t h e  e l i g i b i l i t y  c r i t e r i a  a r e  baaed on a maximum 

a l l o w a b l e  h e a t i n g  energy conampt ion ,  t h e r e  m e t  be a way t o  d e t e d n e  t h e  

e l i g i b i l i t y  of proposed designs.  

There is  a l s o  a need t o  p r o t e c t  buyers c o n s i d e r i n g  t h e  purchase of a  "law- 

energy" house. The Canadian S tandards  A e s o c i s t i o n  is deve loping  a l a b e l l i n g  

procedure ( 6 )  which would e s t a b l i s h  a n  energy c o n e m p t i o n  r a t i n g  f o r  each  new 

house. T h i s  would permit  t h e  buyer t o  base  h i s  d e c i s i o n  on t h e  comparison of  

c o s t s  and a n t i c i p a t e d  b e n e f i t s .  

I t  is e v i d e n t  t h e r e f o r e  t h a t  t h e r e  is a need b o t h  f o r  s o p h i s t i c a t e d  computer 

modell ing techniques  and simple c a l c u l a t i o n  methods s u i t e d  f o r  t h e  designer, 

b u i l d e r ,  approva l  a u t h o r i t y ,  and t h e  homewner. 

CALCULATION OF HOUSE HEATING ENERGY 

A l l  methode f o r  c a l c u l a t i n g  t h e  energy r e q u i r e d  f o r  h e a t i n g  m e t  account  f o r  

hea t  l o s s e s ,  h e a t  g a i n s ,  and t h e  e f f i c i e n c y  of the h e a t i n g  system. Heat l o s s e s  

c o n s i s t  of t r a n s m i s s i o n  through components of t h e  b u i l d i n g  envelope (such a s  

w a l l s ,  c e i l i n g ,  doors  and windows), t r a n s m i s s i o n  through basement w a l l s  and 

f l o o r  t o  t h e  ground, and h e a t  l o s s  due t o  t h e  exchange of indoor  and outdoor 

a i r ,  e i t h e r  through i n f i l t r a t i o n  o r  by c o n t r o l l e d  v e n t i l a t i o n .  Heat g a i n s  

c o n s i s t  of s o l a r  r a d i a t i o n  through windawa a s  w e l l  a s  h e a t  genera ted  by 

occupants ,  l i g h t s  and appl iances .  

Energy c a l c u l a t i o n  techniques  may be d i v i d e d  i n t o  two groups: s i u l a t i o n  and 

modell ing,  which can only  be performed u s i n g  computers, and s i m p l i f i e d  methods, 

which permit  manual c a l c u l a t i o n  (a l though it may o f t e n  be convenient  t o  use  a 

computer a s  w e l l ) .  

COMPUTER MODELLING 

The most d e t a i l e d  and most f l e x i b l e  a n a l y s i s  t echnique  is dynamic s i m u l a t i o n  of 

t h e  thermal performance of t h e  house. E i t h e r  f i n i t e  d i f f e r e n c e  o r  thermal 



I response methods a r e  used t o  model t he  non-steady-state heat  t r a n s f e r  due t o  

I thermal s torage  i n  t h e  mater ia ls  of t he  house. Heat ga ins  and heat  l o s se s  a r e  

ca lcula ted ,  using weather and s o l a r  da ta ,  t yp i ca l ly  f o r  an hourly time 

I i n t e rva l .  

/ Heat l o s se s  through wal ls  and roofs  may take i n t o  account t he  r i s e  i n  e x t e r i o r  

surface  temperatures due t o  absorbed s o l a r  r ad i a t ion  a s  wel l  aa the  decrease i n  

e x t e r i a r  su r f ace  temperatures due t o  longuave r ad i a t ion  t o  t h e  sky. 

I n f i l t r a t i o n  may be modelled as  a funct ion  not only of t he  leakage 

c h a r a c t e r i s t i c s  of t he  house i t s e l f  but a l s o  of outdoor a i r  temperature, wind 

speed. wind d i r ec t ion ,  and the  surrounding t e r r a in .  The ca l cu l a t ion  of s o l a r  

g a i n s a y  account f o r  t h e  e f f e c t  of i n s e t  windows, shading by roof overhangs. 

and shading by adjacent  p a r t s  of t he  building o r  by o ther  buildings.  The 

behaviour of t he  occupant may be simulated by time scheduling t h e  i n t e r n a l  

loads,  such a s  l i g h t s  and appliances. and operation of b l inds ,  drapes and 

i n s u l a t i n g  shu t t e r s .  

The thermal s to rage  c h a r a c t e r i s t i c s  of t he  room a r e  simulated t o  predic t  both 

the  heat ing  required and the  va r i a t i ons  i n  apace temperature. When heat ga ins  

exceed lo s ses  t he  excess heat  i s  s tored ,  r e su l t i ng  i n  a r i s e  i n  room 

temperature. When heat  l o s se s  exceed gains,  s tored  heat is recovered a s  t h e  

room temperature decreases. The heat ing  system is ca l l ed  on t o  provide the  

heat ing  necessary t o  prevent the  temperature from f a l l i n g  below the  thermostat  

s e t t i ng .  Heating systems can be simulated i n  d e t a i l  inc luding va r i a t i on  of 

system e f f i c i ency  with load and outdoor a i r  temperature. 

Many a i m l a t i o n  program model i nd iv idua l  rooms which may be a t  d i f f e r e n t  

temperatures; i n  t h i e  case,  heat  t r a n s f e r  occurs between the  rooms. This 

f u r t h e r  permits modelling of unheated o r  p a r t i a l l y  heated spaces,  such a s  

a t t i c s .  garages, porches and ves t ibules ,  at tached sunspacea and greenhouses. 

Computer modelling i s  a powerful technique p a r t i c u l a r l y  su i t ed  t o  research 

app l i ca t ions  i n  which the  ob jec t ive  is t o  study a phenomenon i n  g rea t  d e t a i l ,  t o  

compare a t h e o r e t i c a l  model with experimental da ta ,  o r  t o  ex t r apo la t e  

experimental da ta  t o  produce more generalized conclusions. The complex 

ca l cu l a t ions ,  however, requi re  a g rea t  dea l  of input da t a  such a s  the  

dimensions. geometry and mater ia l  p rope r t i e s  of a l l  bui ld ing components. A s  a 

r e su l t .  such program a r e  genera l ly  d i f f i c u l t  a s  wel l  a s  expensive t o  use. 

SIWLIFIED METHODS 

P r a c t i c a l  app l i ca t ions  a r e  genera l ly  not concerned with modelling a heat 

t r a n s f e r  process, but with obtaining anawere t o  ques t ions  such a s  whether a 

house design s a t i s f i e s  t h e  requirements of a bui ld ing (energy) code. what energy 

l a b e l  t o  a t t a c h  t o  a house, o r  which design a l t e r n a t i v e  should be chosen. 

Simple nethods M Y  be S u f f i c i e n t l y  accura te  f o r  t h i e  purpose; the  important 



c o n s i d e r a t i o n s  a r e  t h a t  such methods be e a s y  t o  u s e ,  r e a d i l y  a v a i l a b l e ,  and 

inexpens ive  t o  apply.  S ince  a c c e s s  t o  computers cannot  always be assured ,  t h e r e  

is a need f o r  methoda t h a t  can be a p p l i e d  manually. 

I t  is necessary  t o  compromise some accuracy and f l e x i b i l i t y  t o  ach ieve  t h e  

necessary l e v e l  of s i m p l i c i t y .  S i m p l i f i e d  methods g e n e r a l l y  cons ider  t h e  e n t i r e  

house a s  a s i n g l e  apace a t  a uniform and c o n s t a n t  temperature.  Attached 

unheated spaces  a r e  approximated a s  e q u i v a l e n t  a d d i t i o n a l  i n s u l a t i o n .  An indoor  

space  temperature m a t  be assumed; v a r i a t i o n s  i n  tempera ture  a r e  no t  c a l c u l a t e d .  

Thus dynamic h e a t  t r a n s f e r  is not  modelled; t h e  e f f e c t s  of thermal s t o r a g e  a r e  

e i t h e r  ignored  o r  accounted f o r  by c o r r e c t i o n  f a c t o r s  o r  c o r r e l a t i o n s .  These 

c o r r e l a t i o n s  a r e  u s u a l l y  ob ta ined  from computer s i m u l a t i o n  s t u d i e s .  E f f e c t s  of 

s o l a r  r a d i a t i o n  and long-wave r a d i a t i o n  on  t h e  opaque p o r t i o n s  of t h e  b u i l d i n g  

envelope a r e  u s u a l l y  ignored ( they  a r e  assumed t o  c a n c e l  each  o t h e r ) .  

It should be no ted  t h a t  t h e  l i m i t a t i o n s  of energy c a l c u l a t i o n s  a r e  . o r e  o f t e n  

due t o  u n c e r t a i n t y  of t h e  input  d a t a  t h a n  t o  t h e  c a l c u l a t i o n  method i t s e l f .  

Therefore ,  t h e  compromises i n h e r e n t  i n  t h e  s imple  methods do n o t  n e c e s s a r i l y  

reduce t h e  accuracy of an energy e s t i m a t e .  

A d e s c r i p t i o n  of s e v e r a l  s i m p l i f i e d  methods fol lows.  T h i s  c a t e g o r i z a t i o n  i a  

by no meane complete; t h e r e  a r e  many v a r i a t i o n s  and combinations of t h e s e  

me thods . 

Temperature Bin Methods 

The hourly a i m l a t i o n  r e q u i r e e  8760 hour ly  c s l c u l a t i o n s  f o r  one year. The b i n  

method reduces t h i s  number t o  between LO and 100 by c a l c u l a t i n g  only once f o r  

each  range of ou tdoor  tempera ture  ( t y p i c a l l y  1.C t o  5'C), m l t i p l y i n g  by t h e  

number of hours d u r i n g  which t h e  tempera ture  is i n  t h i e  range ,  and t o t a l l i n g  t h e  

r e s u l t s  of a l l  t h e  ranges. T h i s  procedure can  account f o r  t h e  v a r i a t i o n  of 

h e a t i n g  system e f f i c i e n c y  w i t h  outdoor temperature.  S i m i l a r l y .  i n f i l t r a t i o n  may 

be cons idered  a s  a f u n c t i o n  of outdoor temperature.  However, t h e  l r t h o d  does  

r e q u i r e  t h a t  a l l  o t h e r  thermal components such  as s o l a r  and i n t e r n a l  ga in6  a l s o  

be assumed a f u n c t i o n  of outdoor temperature.  That  i e ,  a n  average  v a l u e  of 

g a i n s  is used i n  t h e  c a l c u l a t i o n  f o r  each  tempera ture  range. Heat s t o r a g e  

e f f e c t s  a r e  no t  considered.  The tempera ture  b i n  method is p a r t i c u l a r l y  w e l l  

s u i t e d  t o  t h e  a n a l y s i s  of h e a t  pumps (7) .  

Degree-Day Methods 

The fo l lowing  methods a r e  based on weather  d a t a  which a r e  averaged o r  i n t e g r a t e d  

over  a r e l a t i v e l y  long  ti= per iod ,  t y p i c a l l y  one month o r  t h e  e n t i r e  h e a t i n g  

season. With t h e  a i d  of a computer t h i e  c a l c u l a t i o n  is  normally done on a 

monthly b a s i s ,  whereae a seaeonal  c a l c u l a t i o n  may be p r e f e r r e d  f o r  a unugl  

procedure e i n c e  i t  r e q u i r e s  considerably less e f f o r t .  For many appl i sOt ione  



under Canadian condi t ions ,  i t  has been found tha t  t he re  is no subs t an t i a l  l o s s  

of accuracy i n  t he  seasonal  approach. 

The degree-day methods described below assume an average heat ing  system 

e f f i c i ency  over t he  time period. 

Simple degree-day method. The simple degree-day method has been i n  use f o r  over  

40 years. It is based on a h i s t o r i c a l  c o r r e l a t i o n  of house heat ing  energy and 

degree-days t o  the base 18.3% (65-F). The d i f ference  between ac tua l  room 

temperature and 18.3OC is aseuned t o  compensate f o r  t h e  u se fu l  heat  ga ins  from 

occupants, l i g h t s ,  appliances,  and s o l a r  radia t ion .  

Changes i n  both const ruct ion  and use of houses (more in su l a t ion ,  higher 

i n t e r n a l  heat  gains,  l a rge r  windows, lower thermostat s e t t i n g s ,  e tc . )  have made 

t h e  degree-day c o r r e l a t i o n  l e s s  appropr ia te  f o r  modern houses. Consequently, 

modified methods which include correc t ion  f a c t o r s  t o  improve the co r r e l a t i on  (8 )  

have been developed. 

The degree-day method has the  advantage of being very simple and of using 

readi ly  ava i l ab l e  data.  "Degree-days" has become the  recognized measure of 

"coldness" and values  a r e  published f o r  a l a rge  number of locat ions .  The 

degree-day method, however, i s  based on the "average" house; t he  bas ic  

l i m i t a t i o n  is t h a t  i t  does not account f o r  heat  ga ins  s p e c i f i c  t o  a p a r t i c u l a r  

house. 

Variable-base degree-day method. Studies  have shown t h a t  b e t t e r  co r r e l a t i ons  

gay be obtained by us ing degree-days wi th  a base temperature o the r  than 18'C. 

An improvement over the simple degree-day method can, therefore ,  be achieved (9) 

by determining t h e  base temperature which accounts f o r  t he  useful  heat  ga ins  f o r  

a s p e c i f i c  house. This base temperature is a function of s o l a r  gains. i n t e r n a l  

ga ins ,  the  heat  l o s s  c h a r a c t e r i s t i c s  of t he  house, t h e  space temperature and, 

possibly,  the thermal s torage  c h a r a c t e r i s t i c s  of the  house. 

Degree-days f o r  base temperatures o the r  than 18°C a r e  not genera l ly  ava i l ab l e ;  

however, co r r e l a t i ons  have been derived (10) t o  obta in  them from simple degree- 

days and average monthly temperatures. 

Net annual heat  l o s s  f a c t o r  method (11). This va r i a t i on  on the  degree-day 

method apportions t he  heat ing  requirement f o r  t he  house among the  various 

bui ld ing components - walls ,  windows, c e i l i n g  and indoor-outdoor a i r  exchange. 

Factors  f o r  each component (NALF'e), derived from computer a i m l a t i o n  s t u d i e s  of 

a "standard house", a r e  given a s  a funct ion  of degree-days. The annual heat ing  

requirement is obtained by summing t h e  products of a r ea  and NALP f o r  a l l  

components. 



The NALP's do account  f o r  t h e  e f f e c t  of s o l a r  r a d i a t i o n  on  opaque s u r f a c e s  and 

permit  e v a l u a t i o n  of d i f f e r e n t  w a l l  a b a o r p t i v i t i e s ,  o r i e n t a t i o n ,  and window 

type. The lrcthod i a  somewhat l i m i t e d  by t h e  condi t ion8  assumed f o r  t h e  s t a n d a r d  

house model ( i n s i d e  temperature.  i n t e r n a l  ga ina ,  thermal a t o r a g e  

c h a r a c t e r i a t i c s ,  e t c . )  and by t h e  assumption t h a t  s o l a r  r a d i a t i o n  is a f u n c t i o n  

of degree-daya. It is, however, s imple  and r e l a t i v e l y  a c c u r a t e  f o r  houses t h a t  

do no t  d i f f e r  much from t h e  s t a n d a r d  house. 

Energy balance method. T h i s  method is based d i r e c t l y  on t h e  h e a t  ba lance  

e q u a t i o n  f o r  a house, a s  i l l u s t r a t e d  i n  F i g u r e  1. S ince  t h e  sum of h e a t  g a i n s  

must equa l  t h e  sum of hea t  l o s s e s ,  

H = Lt + La + Lb - nici - naCs 

where. 

H = t o t a l  h e a t i n g  r e q u i r e d ,  

Lt - t o t a l  of h e a t  l o s s e s  due t o  t r a n s m i s s i o n  through e x t e r i o r  wal l s .  

windowa, c e i l i n g e ,  e tc . .  

La = t o t a l  of h e a t  l o s s e s  due t o  indoor-outdoor a i r  exchange 

( i n f i l t r a t i o n  and v e n t i l a t i o n ) ,  

Lb - t o t a l  below-grade h e a t  l o s s .  

Ci - t o t a l  of h e a t  g a i n s  from i n t e r n a l  s o u r c e s  ( l i g h t s ,  appl iances .  

occupants .  etc. ), 

Cs - t o t a l  of s o l a r  h e a t  g a i n s  through windows, 

ni - u t i l i z a t i o n  f a c t o r  f o r  i n t e r n a l  g a i n a ,  

ns - u t i l i z a t i o n  f a c t o r  f o r  s o l a r  ga ina .  

The u t i l i z a t i o n  f a c t o r s  ni and na account  f o r  t h e  f a c t  t h a t  no t  a l l  of t h e  

h e a t  g a i n s  a r e  u s e f u l  i n  reduc ing  t h e  amount of energy r e q u i r e d  f o r  heat ing.  

Values of n and n can be e s t i m a t e d  once t h e  ga ina  and l o s s e s  a r e  known. 
i s 

I n  o r d e r  t o  c a l c u l a t e  t h e  h e a t i n g  energy from t h e  above equa t ion ,  i t  is f i r s t  

necessary t o  determine each of t h e  l o s s  and g a i n  components. The c a l c u l a t i o n  

may be performed on  e i t h e r  a monthly o r  aeaaonal  b a s i s .  

S ince  above-grade l o s s e s  a r e  normally assumed t o  be d i r e c t l y  propor t iona l  t o  

t h e  indoor-outdoor tempera ture  d i f f e r e n c e ,  Lt and La can  be c a l c u l a t e d  u s i n g  

degree-days wi th  a base temperature equa l  t o  t h e  indoor temperature.  It is 

o f t e n  more convenient ,  hcwever. t o  c a l c u l a t e  above-grade l o s a e a  u s i n g  t h e  

d i f f e r e n c e  between indoor and average  outdoor tempera ture  which can be r e a d i l y  

ob ta ined  from weather  da ta .  T h i s  is a good approximation provided t h a t  ;he 

outdoor tempera ture  does not  exceed t h e  indoor  tempera ture  t o o  o f t e n  dur ing  t h e  

t ime per iod  ( i .e . .  t h e  month o r  t h e  h e a t i n g  season) considered.  

H i t a l a s  ( 1 2 )  has  developed an improved procedure f o r  c a l c u l a t i n g  below-grade 

h e a t  l o s s .  Lb. Thia method. which is baaed on both  exper imenta l  peaaurements 

and f i n i t e - e l e m e n t  computer models, accounts  f o r  t h e  t ime v a r i a t i o n  of hea t  l o s s  



through basement walls and f loo r s  during the  year. A f ea tu re  is tha t  m n y  

d i f f e r e n t  conf igurat ions  of i n su la t ion  ( ins ide .  outside,  d i f f e r e n t  depths, under 

the  f l o o r ,  etc.)  can be considered. 

The basement wal l  and f l o o r  a r e  divided i n t o  sec t ions  a s  shown i n  Figure 2. 

and the  heat l o s s  through each sec t ion  is computed separa te ly .  Heat l o s s  

through each sec t ion  cons i s t s  of two parts:  a s teady-s ta te  component which does 

not v a q  with time, and a t iw-varying component which is approximted by a s i n e  

wave having a period of one year. 

The steady-state component is proportional t o  the  d i f f e rence  between ins ide  

teoperature and mean ground teaperature.  The time varying component is a 

funct ion of t h e  amplitude of the  v a r i a t i o n  'bf graund su r face  t e q e r a t u t e  about 

t h i s  mean; t h i s  function accounts f o r  time l ags  due t o  the  e f f e c t  of thermal 

s torage i n  the  ground. 

Reference 12 conta ins  t a b l e s  of coe f f i c i en t s  f o r  rany d i f f e r e n t  configurations 

of basement insula t ion.  Using these  t ab le s  and published values of ground 

temperature, t he  method provides a f l e x i b l e  and r e l a t i v e l y  simple means of 

c l l c u l a t i n g  basement heat loss.  

The vlgnitude of t h e  i n t e r n a l  gains. Gi, depends on the  occupancy of the  

house. While da ta  on the r a t e  of heat re lease  by various appliances a r e  

armilable,  it is always necessary t o  rake  a r b i t r a r y  a s s m p t i o n s  regarding 

occupant bahaviour and, therefore ,  of the  in t e rna l  gains. For w e t  s i t u a t i o n s  

i n  which Gi is l e s s  than 25% of t h e  heat  losses ,  a l l  of t h e  i n t e r n a l  gains  can 

be assumed t o  be useful  I). 

The seasonal s o l a r  ga in  through the  windows can be calcula ted  us ing tabula ted 

values of s o l a r  r ad ia t ion  incident  on surfaces  of d i f f e r e n t  or ienta t ion.  I n  

Canada t h i s  information is ava i l ab le  from the  Atmospheric Envirolll~cnt Service a s  

10-year averages f o r  130 locations.  

The s o l a r  u t i l i z a t i o n  f ac to r ,  ns. is defined a s  the  f r a c t i o n  of the  t o t a l  

s o l a r  gain,  through a l l  windows of a house, t h a t  contr ibutea  t o  a reduction of 

the  heatinn reauirement: t h a t  is. - .  
Useful s o l a r  a i n  

"s - ~ o t a l  s o l a r  g t i n  
The useful  s o l a r  gain f o r  any hour includes th; s o l a r  gain used t o  o f f s e t  heat  

l o s ses  during t h a t  hour, p lus  t h e  por t ion s to red  i n  the  thermal mass and used t o  

1 o f f s e t  losses  a t  a l a t e r  t a r .  It does not include the  excess gain that  must be 

discarded t o  prevent room temperature from exceedtng a preset  maximum, nor does 

it include any gain u t i l i z e d  t o  o f f s e t  addi t ional  losses  caused by a r i s e  i n  

I room temperature above the  thermostat s e t t i ng .  

It has been found (13) that  the s o l a r  u t i l i z a t i o n  f a c t o r  can be expressed a s  a 

funct ion of two noraalized parameters, namely the  "gain-load r a t io"  (GLB) and 

the  "thermal mas-gain r a t io"  (MGR). The gain-load r a t i o  i e  defined as: 



The gain-load r a t i o  is t h e  r a t i o  of t h e  s o l a r  g a l n  through windows t o  thd  n e t  

h e a t i n g  load,  where t h e  n e t  h e a t i n g  l o a d  is t h e  amount of h e a t i n g  energy 

requi red  i n  t h e  absence of s o l a r  g a i n s  t o  main ta in  t h e  room temperature a t  t h e  

h e a t i n g  thermosta t  s e t t i n g .  

The mass-gain r a t i o  r e f l e c t s  t h e  thermal s t o r a g e  c h a r a c t e r i s t i c s  of t h e  

b u i l d i n g  a s  w e l l  a s  t h e  a r e a ,  type  and o r i e n t a t i o n  of t h e  g l a z i n g .  It i a  

d e f i n e d  as .  

W R  - c/g, 

where, 

C = thermal c a p a c i t y  of t h e  b u i l d i n g  i n t e r i o r  ( E U I K ) ,  

gs = average hour ly  s o l a r  g a i n  f o r  season ( W / h ) .  

(gs Gs/hours i n  ,hea t ing  season).  

F i g u r e  3  shows t h e  s o l a r  u t i l i z a t i o n  f a c t o r  p l o t t e d  a g a i n s t  t h e  CLR f o r  

var ious  va lues  of MGR and a room tempera ture  swing of 5.5'C. Curves f o r  t h e  

c a s e s  of O°C and 2.75'C temperature swings a r e  a l s o  a v a i l a b l e  (13). 

SUMMARY 

A number of d i f f e r e n t  c a l c u l a t i o n  methods have been developed i n  response t o  t h e  

d i f f e r e n t  needs f o r  e s t i m a t i n g  t h e  h e a t i n g  energy requi rements  of houses. While 

computer s i m u l a t i o n  is  t h e  most powerful t echnique  i t  t e n d s  t o  be b e s t  s u i t e d  

f o r  research  s t u d i e s .  Simpler  methods a r e  more a p p r o p r i a t e  f o r  use  a s  des ign  

t o o l s ,  o r  f o r  e v a l u a t i n g  house d e s i g n s  f o r  b u i l d i n g  code o r  l a b e l l i n g  

a p p l i c a t i o n s .  

The s imple  degree-day method does no t  account  f o r  t h e  f e a t u r e s  of a  s p e c i f i c  

house such a s  type  and o r i e n t a t i o n  of g l a s s ,  i n t e r n a l  h e a t  g a i n s ,  o r  b u i l d i n g  

thermal mass. Both t h e  var iab le -base  degree-day and t h e  energy balance methods 

can account f o r  many of t h e  f e a t u r e s  of a  p a r t i c u l a r  house. The au thor  f e e l s  

t h a t  t h e  energy ba lance  method h a s  some advantages  over  t h e  o t h e r  s i m p l i f i e d  

methods. I t  is conceptua l ly  more d i r e c t  i n  i t s  account ing  of i n t e r n a l  g a i n s ,  

s o l a r  g a i n s ,  and below-grade h e a t  l o s s e s .  It not  only permi ts  i n v e s t i g a t i o n  of 

var ious  b u i l d i n g  f e a t u r e s  inc lud ing  thermal mass but a l s o  a l lows  i d e n t i f i c a t i o n  

o f  t h e  i n d i v i d u a l  components of h e a t  l o s s  and h e a t  gain.  The method may be 

appl ied  manually w i t h  t h e  a i d  of a  pocket c a l c u l a t o r  and t a b l e s  of c l i m a t i c  

da ta .  It has  a l s o  been implemented i n  t h e  form of a  microcomputer 

program ( 14). 
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