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PREFACE 

. . 
INTERNATIONAL ENERGY AGENCY ........................... 
I n  order t o  s t rengthen co-operat ion i n  t he  v i t a l  area o f  energy 

p o l i c y ,  an Agreement o f  an I n t e r n a t i o n a l  Enerqy Programme was 

formulated among a number of i n d u s t r i a l i z e d  coun t r i es  i n  November 

1974. The Internat. iona1 Energy Agency (IEA) was establ ished as an 

autonomous body w i t h i n  the Organizat ion for  Economic Co-operation and 

Development (CECD) t o  adminis ter  t h a t  agreement. Twenty-one coun t r i es  

are c u r r e n t l y  members of t he  I E A ,  w i t h  the Commission o f  t h e  European . 
Communities p a r t i c i p a t i n g  under spec ia l  agreement. 

As one element of t he  I n t e r n a t i o n a l  Energy Programme, the P a r t i c i p a n t s  

undertake co-operat ive a c t i v i t i e s  i n  energy research, development and 

demonstration. A number of new and improved energy technologies which 

have the  p o t e n t i a l  o f  making s i g n i f i c a n t  c o n t r i b u t i o n  t o  our energy 

needs were i d e n t i f i e d  f o r  c o l l a b o r a t i v e  e f f o r t s .  The IEA Commit.tee on 

Energy Research and Development (CRD), ass is ted by a smal l  Sec re ta r i a t  

s t a f f ,  co-ordinates the  energy research, development i n d  demonstration 

programme. 

ENERGY CONSERVATION IN BUILDINGS AND COMMUNITY SYSTEMS ...................................................... 
As one element of the Energy Programme, the I E A  encourages research 

and development i n  a number o f  areas r e l a t e d  t o  energy. I n  one o f  

these areas, energy conservat ion i n  bu i l d i ngs ,  the I E A  i s  encouraging 

var ious  exerc ises t o  p r e d i c t  more accurate ly  the energy use o f  

bu i l d i ngs ,  i n c l u d i n g  comparison o f  e x i s t i n g  computer programmes, 

b u i l d i n g  monitor ing, comparison o f  c a l c u l a t i o n  methods, as w e i l  as a i r  

q u a l i t y  and' i nhab i tan t  behaviour s tudies.  

THE EXECUTIVE comIrrn ....................... 
Overa l l  c o n t r o l  of the R&D Programme energy conservat ion i n  b u i l d i n g s  

and community systems i s  maint.ained by an Executive'Committee,'which 
~. 

no t  only  moni tors e x i s t i n g  p r o j e c t s  b u t  i d e n t i f i e s  new areas where 

c o l l a b o r a t i v e  e f f o r t  may be bene f i c i a l .  The Execut ive Committee 

ensures a l l  p r o j e c t s  f i t  i n t o  a predetermined s t ra tegy  wi thout  

unnecessary over lap or d u p l i c a t i o n  bu t  w i t h  e f f e c t i v e ' - l i a i s o n  i n d  
. .  . 

communication. , > _  



ANNEX X I 1  --------- 
I n  June 1982 the  Execut iveCommittee approved Annex X I I ,  'Windows and 

Fenest ra t ion '  as a  new j o i n t  e f f o r t  p r o j e c t ,  w i t h  t h e  Netherlands 

a c t i n g  as 'Operat ing Agent' t o  co-ord inate t h e  work. 

The f o l l o w i n g  coun t r i es  are p a r t i c i p a t i n g  i n  t h i s  p ro jec t :  

BELGIUM, FEDERAL REPUBLIC OF GERMANY, ITALY, THE NETHERLANDS, NORWAY, 

SWITZERLAND, UNITED KINGDOM, UNITED STATES. 

The p r o j e c t  cons i s t s  o f  5 steps: 

Step 1: Survey the  s ta te-o f - the-ar t  i n  a l l  types o f  e x i s t i n g  windows 

and f u t u r e  designs ( i n c l u d i n g  g l a z i n g  and combinations of g laz ing  and 

i n s u l a t i n g  and/or sunshading systems). 

Step 2: Survey t h e  s ta te-o f - the-ar t  i n  thermal and s o l a r  p rope r t i es  o f  

windows and compare d e f i n i t i o n s ,  t e s t  methods, c a l c u l a t i o n  procedures 

and measured, ca l cu la ted  o r  assumed data, wherever poss ib le  converted 

i n t o  one or  several  se ts  o f  standardized condi t ions.  The aim: t o  t r y  

and cover a l l  e x i s t i n g  (and sometimes c o n f l i c t i n g )  i n fo rma t ion  i n  t h i s  

f i e l d  i n  an extensive repo r t  f o r  "expert  groups". 

A separate.  repo r t  conta ins summarized i n fo rma t ion  f o r  general use 

among a rch i tec ts ,  consu l tan ts  and manufacturers. 

Step 3: Review and analyze e x i s t i n g  s i m p l i f i e d  steady-state 

c a l c u l a t i o n  methods dea l ing  w i t h  heat gains and losses through window 

systems. These methods can prov ide  a  p re l im ina ry  and g loba l  f i gu re  f o r  

t h e  i n f l uence  o f  the  window on energy consumption wi thout  cons ider ing  

t h e  i n t e r a c t i o n  w i t h  the  b u i l d i n g ,  occupants and c l ima te  i n  a  d e t a i l e d  

way. 

Step 4: Adapt,and compare e x i s t i n g  dynamic c a l c u l a t i o n  methods dea l i ng  

w i t h  the  i n f l uence  o f  window type, s i z e  and o r i e n t a t i o n  on energy 

consumption and thermal comfort  i n  bu i l d ings .  



Normally,,a good window design will often be treated with a global 

approximation, with the consequence that specific features of the 

design cannot be revealed properly. With a study specifically focussed 

on windows complex systems also can be simulated, like multi- layer 

systems with foils, coatings and/or gas-fillings and e.g. systems in 

which the control of an openable window, insulation panel, or 

sunshading is associated with indoor temperature and/or time and/or 

intensity of solar radiation. A thorough consideration of the effect 

of windows calls for a calculation model that can handle such 

simulation. 

Step 5: Apply unsteady state models in a series of selected, general 

sensitivity studies and thereby produce extensive information on 

optimal window design from an energy point of view for different 

buildings (mass, insulation), occupants' behaviour schemes (control of 

equipment, internal heat) and climatic zones. The results are aimed at 

groups like architects, manufacturers and policy makers. 



1. INTRODUCTION 

Th is  repo r t  descr ibes p a r t  o f  the work w i t h i n  Step 3. 

I n  t h i s  repo r t  r e s u l t s  are presented from comparative c a l c u l a t i o n s  o f  

annual heat gains and losses through window systems. 

The aim o f  t h i s  comparison was t o  come t o  a  b e t t e r  understanding o f  

e x i s t i n g  s i m p l i f i e d  c a l c u l a t i o n  methods. 

Two main categor ies o f  methods t o  c a l c u l a t e  annual energy consmpt ion  

i n  b u i l d i n g s  can be d is t ingu ished,  namely s imu la t ion  and c o r r e l a t i o n  

methods. S imu la t ion  methods are based on the s o l u t i o n  o f  more or l e s s  

d e t a i l e d  thermal models o f  the b u i l d i n g  i n  shor t  t ime steps, e.g. hour 

by  hour. C o r r e l a t i o n  methods, on the other hand, g i v e  the  energy 

consunption as a  simple r e l a t i o n  between the  thermal losses o f  the 

b u i l d i n g  and mean weather data over longer per iods ( 1 2 ) .  

I n  t h i s  repo r t  on ly  c o r r e l a t i o n  methods have been compared. 

Among the  methods invo lved  i n  the comparison d i f f e r e n t  approaches can 

be found. The d i f f e r e n t  approaches can roughly be d i v i ded  i n t o :  

- steady-state heat balance; 

- degree-day or cor rec ted  degree-day methods; 

- other c o r r e l a t i o n  methods. 

Also d i f f e r e n t  app l i ca t i ons  can be found, r h i c h  means t h a t  one should 

be c a r e f u l  i n  drawing conclusions from a  d i r e c t  comparison. 

On the  other  hand, t he  comparison o f  d i f f e r e n t  approaches and 

a p p l i c a t i o n  areas enlarges the  p o t e n t i a l  o f  the analys is .  

As compared t o  the l a rge  number o f  s i m p l i f i e d  models on the market, 

on ly  a  few methods have beerr i nvo l ved  i n  t h i s  p a r t  o f  the study. 

The reason i s  main ly  t h a t  i t  was considered o f  the utmost importance 

t o  analyse the  d i f f e r e n t  c a l c u l a t i o n  approaches and the - k i n d  o f  

r e s u l t s  i n  a  d e t a i l e d  way. 



Had the  goal  been t o  i n c l u d e  a  h i g h  percentage o f  a l l  e x i s t i n g  

s i m p l i f i e d  methods, then the  main e f f o r t  would necessar i l y  have been 

t o  c o l l e c t  a l l  t he  r e s u l t s  o f  t he  c a l c u l a t i o n  cases, w i t hou t  

s u f f i c i e n t  oppo r tun i t y  f o r  d e t a i l e d  ana l ys i s  aimed a t  understanding 

the  r e s u l t s .  

One of t he  important  f i e l d s  of a p p l i c a t i o n  of the r e s u l t s  i s  Step 5 o f  

t he  p ro jec t ,  where s i m p l i f i e d  methods are needed as a  t o o l  t o  

sys tema t i ca l l y  analyse and present t he  r e s u l t s  from the  s e n s i t i v i t . ~  

s tudies.  I 



2. GENERAL CONSIDERATIONS 

The energy consumption for space heating in buildings is determined on 

the one hand by the heat loss by transmission through the envelope and 

by ventilation, on the other hand by the heat gain from solar 

radiation and from internal heat sources (persons, lighting, 

equipment), see figure 1 .  In addition the efficiency of the heating 

installation plays a role (figure 2). 

solar 
irradiatio 

ventilation 

transmission 

Figure 1:  Apart from the efficiency of the heating installation, the 

heat balance of a building determines the energy consumption 

for space heating. 

The window system accounts for the heat losses (transmission) and part 

of the gains (solar) (figure 3). Moreover, also the ventilation losses 

could partly be attributed to the window (infiltration). 

aains 

supply heat 
from installation 

t i l l  i 
4 

install. 
losses 

1 primary energy 
2 net heat demand 
3 useful gains 

(solar, occupants) 
4 building heat loss 

Figure 2: Thermal balance including installation. 



through a 
window: 

+ heat transmission 
-2 

Figu re  3: The window accounts f o r  p a r t  o f  t he  losses and gains. 

The heat balance o f  t he  window i s  i n t e g r a t e d  i n  t he  heat balance o f  

t he  b u i l d i n g  o r  room under cons idera t ion .  

Therefore, when comparing the  methods t o  determine seasonal heat l o s s  

and ga in  through windows the  thermal c h a r a c t e r i s t i c s  o f  t he  b u i l d i n g  

i nvo l ved  p lay  an importan( ro le .  

The heat l o s s  per u n i t  o f  window area and per K temperature d i f f e r e n c e  

between indoor  and outdoor environment i s  descr ibed by the  thermal 

t ransmi t tance o r  U-value: 

heat  f l ow  dens i ty  through window 
u =  ( w / ~ ~ K  ) 

indoor-outdoor temperature d i f f e r e n c e  

I n  t he  usua l  d e f i n i t i o n  o f  U-value, t he  e f f e c t  o f  s o l a r  r a d i a t i o n  i s  

no t  inc luded.  The l a t t e r  e f f e c t  i s  descr ibed by the  so-ca l led  ( t o t a l ) .  

s o l a r  energy t ransmiss ion c o e f f i c i e n t ,  here presented w i t h  t he  symbol 

9: 

t o t a l  s o l a r  energy en te r i ng  t h e  room through the  window , , 
9 = ( - 1  

s o l a r  r a d i a t i o n  i n c i d e n t  on the  window 



So, t h e  s o l a r  energy t r a n s m i s s i o n  c o e f f i c i e n t  i n c l u d e s  both  d i r e c t l y  

t r a n s m i t t e d  s h o r t  wave s o l a r  r a d i a t i o n  (primary p a r t )  and t h e  i n d i r e c t  

h e a t  t r a n s f e r  by t h e  p a r t  of t h e  s o l a r  r a d i a t i o n  which i s  absorbed i n  

t h e  window and t r a n s f e r e d  t o  the  indoor space by i n f r a r e d  r a d i a t i o n  

and f r e e  convec t ion  ( f i g u r e  4) .  

solar radiation % 
absorbed heat 
removed by secondary 

convection and transmission 

IR-radiation 

direct 
reflected transmission 

F i g u r e  4: I l l u s t r a t i o n  of t h e  t r ansmiss ion  of s o l a r  energy through a  

window. 



3. METHOD 

Th is  repo r t  i s  based on the r e s u l t s  o f  c a l c u l a t i o n s  w i t h  a  l i m i t e d  

number o f  s i m p l i f i e d  models. 

Each o f  the models deals, i n  some way or another, w i t h  the seasonal 

heat losses and so la r  gains through windows. The s e l e c t i o n  o f  t he  

models was l e f t  t o  the i n d i v i d u a l  p a r t i c i p a n t s  (see appendix 1 ). 

Ten cases w i t h  the fo l l ow ing  c h a r a c t e r i s t i c s  were spec i f ied  f o r  the 

c a l c u l a t i o n :  

dwe l l i ng  : 1. s i n g l e  fami ly  house i n  a  te r race ,  masonry type; 

2. s i n g l e  fami ly  house i n  a  ter race,  wooden frame type; 

heat ing  mode: A .  continuous heat ing;  

B. n i g h t  t ime temperature set-back; 

c l ima te  : t y p i c a l  heat ing  season fo r :  Lugano (CH); 

Basel (CH); 

De B i l t  ( N l ) ;  

Oslo (N). 

The r e s u l t s  requested consis ted of the fo l l ow ing  i tems: 

- d e s c r i p t i o n  o f  the app l ied  method; 

- monthly and t o t a l  (=  heat ing season) heat f lows by: 

. transmiss ion through the envelope o f  the dwel l ing; 

. v e n t i l a t i o n ;  

. so la r  gains; 

. i n t e r n a l  heat sources; 

- monthly and t o t a l  heat demand o f  the dwel l ing;  

- monthly and t o t a l  net. heat ga in  per m2 o f  t he  south respec t i ve l y  the 

n o r t h  window. 



4. APPLIED MODELS 

The models used i n  t h i s  comparison are: 

"Temperature w i thout  heat ing" ,  presented by 

Centre S c i e n t i f i q u e  e t  Technique de l a  Construct ion,  

Brussels,  Belgium. 

"k -e f f "  ( e f f e c t i v e  U-value), presented by 

Fraunhofer - I n s t i t u t  f u r  Bauphysik, 

S t u t t g a r t ,  FR Germany. 

TPD-method, presented by 

Technisch Physische D iens t  TNO-TH 

(TNO I n s t i t u t e  o f  Appl ied Physics) 

D e l f t ,  The Netherlands. 

EFBI, presented by 

Norwegian B u i l d i n g  Research I n s t i t u t e ,  

Trondheim, Norway. 

S I A  1B0/3, 

LESO-A, 

LESO-SAI, presented by 

Ecole Polytechnique FBderale de Lausanne, GRES, 

Lausanne, Switzer land. 

Impuls Programm Handbuch, presented by 

EMPA, Sect ion B u i l d i n g  Physics, 

Dubendorf, Switzer land. 



5. FIRST RESULTS 

The f i r s t  r e s u l t s  showed a  very wide sca t te r .  

Many o f  the d i f f e rences  cou ld  be t raced back to :  

1. d i f f e rences  i n  t he  d e f i n i t i o n  of the var ious quan t i t i es ;  

2. dev ia t i ons  from the spec i f i ca t i ons .  

ad 1, d i f fe rences  i n  d e f i n i t i o n s  

Unless p r e c i s e l y  spec i f ied ,  heat f lows l i k e  t ransmiss ion and 

v e n t i l a t i o n  losses and so la r  and i n t e r n a l  ga ins can be def ined i n  

var ious ways. I n  each c a l c u l a t i o n  procedure, i m p l i c i t l y  or e x p l i c i t l y ,  

t he  fo l l ow ing  e f f e c t s  are taken i n t o  account: 

- the  ac tua l  du ra t i on  o f  t he  heat ing  season i n  a  g iven  s i t u a t i o n  

compared t o  t he  chosen timestep; 

- the ac tua l  indoor  temperature, which e.g. i n  case o f  n i g h t  set-back 

dev ia tes  from the thermostat se t t i ngs ;  

- the overheat ing e f f e c t  from i n t e r n a l  heat sources; 

- the  overheat ing e f f e c t  from so la r  heat en ter ing  the bu i ld ings ;  

- t h e  ac tua l  heat t r a n s f e r  mechanisms i n s i d e  a  room (convect ion, 

thermal r a d i a t i o n )  may dev ia te  from the  s i m p l i f i e d  assumptions. 

The c a l c u l a t i o n  procedures d i f f e r  i n  where and how each o f  these 

e f f e c t s  are taken i n t o  account: 

- the  ac tua l  ducat-ion o f  t he  heat ing  season can be taken i n t o  account, 

e.g.: 

. by monthly comparison o f  t he  ga in / loss  r a t i o ;  

t he  presented t o t a l  heat f lows may be v a l i d  for a  f i xed  number o f  

months or for t he  actual,  hea t ing  season only; 

. by an e x p l i c i t  c o r r e c t i o n  factor ,  e.g. on the  heat demand, per 

month o r  per heat ing  season; t he  heat f lows may be presented 

be fore  or a f t e r  t he  c o r r e c t i o n  i s  made; 

- the  ac tua l  indoor  temperature can be dea l t  with,  e.g.: 

. d i r e c t l y  by a  somehow well-adapted i n p u t  value as a  bas is  f o r  t he  

c a l c u l a t i o n ;  

. by a  c o r r e c t i o n  on the  t ransmiss ion and v e n t i l a t i o n  heat f lows; 

again, t he  heat f lows may be presented before o r  a f t e r  the 

c o r r e c t i o n  i s  made; 

. i m p l i c i t l y  v i a  t he  u t i l i z a t i o n  fac to r  f o r  the heat gains; 



- t h e  overhea t ing  e f f e c t  from i n t e r n a l  hea t  s o u r c e s  can be t a k e n  i n t o  

account ,  e.g. : 

. by a  u t i l i z a t i o n  f a c t o r  on t.he cor responding  hea t  f lows;  h e r e  

a g a i n  t h e  hea t  f lows may be p r e s e n t e d  b e f o r e  o r  a f t e r  t h e  , 
c o r r e c t i o n  is made; 

. v i a  t h e  u t i l i z a t i o n  f a c t o r ,  f o r  t h e  s o l a r  hea t  g a i n s ;  

i n  t h i s  c a s e  t h e  i n t e r n a l  h e a t  s o u r c e s  a r e  assumed t o  be f u l l y  
,- 

u t i l i z e d ;  \ ' . by f o r g e t t i n g  t h e  i n t e r n a l  h e a t  s o u r c e s  i n  t h e  thermal  ba lance  and 
1. 

i n t r o d u c i n g  i n s t e a d  a  c o r r e c t i o n  f a c t o r  on t h e  hea t  l o s s e s  (e.g.  

degree  day methods);  t h e s e  h e a t  l o s s e s  may a l s o  be p resen ted  

e i t h e r  b e f o r e  o r  a f t e r  t h i s  c o r r e c t i o n  is made; 

- t h e  o v e r h e a t i n g  e f f e c t  from s o l a r  hea t  g a i n s  can be d e a l t  wi th  i n  

s i m i l a r  ways, e.g.: 

. by a s e p a r a t e  u t i l i z a t i o n  f a c t o r ; '  

. it may c o n t a i n  i m p l i c i t l y  an e x t r a  c o r r e c t i o n  f o r  t h e  u t i l i z a t i o n  

of t h e  i n t e r n a l  h e a t  s o u r c e s ;  

. t h e  s o l a r  h e a t  g a i n s  cou ld  be  Forgot ten i n  t h e  h e a t  ba lance  and 

t a k e n  i n t o  account by a  correct . ion f a c t o r  on t h e  hea t  l o s s e s .  
\ 

ad 2 ,  d e v i a t i o n s  from t h e  s p e c i f i c a t i o n s ,  

Some o f  t h e  models r e q u i r e  e x p l i c i t l y  t h a t  s p e c i f i c  c o n d i t i o n s  a r e  

assumed, which then  may d e v i a t e  from t h e ,  s p e c i f i c a t i o n s  he re .  

Moreover, i n  most models a  number of i m p l i c i t  assumptions  a r e  used 

which limits t h e  v a l i d i t y  o f  t h e  method t o  e.g. a  s p e c i f i c  c l i m a t e  o r  

b u i l d i n g  t y p e  o r  a  s p e c i f i c  p a t t e r n  of occupan ts '  behaviour .  

Also,  i n  some c a s e s  it appeared t h a t  t h e  v a l u e s  from t h e  

s p e c i f i c a t i o n s  had been r e p l a c e d  by known ' r e a l '  v a l u e s ,  e.g. f o r  t h e  

ground tempera tu re .  ' 



6. PRELIMINARY CONCLUSIONS 

From the  f i r s t  r e s u l t s  p re l im ina ry  conclusions were drawn. 

None o f  the 10 c a l c u l a t i o n  cases met a l l  the v a l i d i t y  r e s t r i c t i o n s  o f  

a l l  the methods. This has t o  be taken i n t o  account when comparing 

r e s u l t s .  

I t would, however, be very i n t e r e s t i n g  when r e s u l t s  could be compared 

which a t  l eas t  d i d  not. s u f f e r  from d i f f e rences  i n  d e f i n i t i o n  or 

(unnecessary) d i f f e rences  i n  spec i f i ca t i ons .  This means t h a t  t he  

procedure o f  each method has t o  be i nves t i ga ted  step by s tep  t o  see 

where sources fo r  dev ia t i on  appear. 

Therefore, i t  was decided t o  se t  up a  d e t a i l e d  comparison o f  t h e  

c a l c u l a t i o n  procedures. 

Furthermore, on ly  1 c a l c u l a t i o n  case was se lec ted  fo r  a  d e t a i l e d  

ana lys is .  

The se lec ted  case i s  a  masonry type d w e l l i r ~ g  w i th  cont inuous hea t i ng  

i n  the Lugano c l imate  (see appendix 2 ) .  



7. COMPARISON OF CALCULATION PROCEDURES 

7.1 Desc r ip t i on  o f  methods 

From each method i nvo l ved  i n  t he  comparison a d e t a i l e d  d e s c r i p t i o n  was 

requested. These desc r i p t i ons  have been processed t o  make , q u i c k  

canparison possib le.  The processing concerns main ly  t he  symbols used 

t o  i d e n t i f y  c o r r e c t i o n  fac to rs ,  heat f lows, a.s. and some 

schematizat ion o f  the c a l c u l a t i o n  procedure. 

This i m p l i e s  t h a t  the symbols and the  c a l c u l a t i o n  procedures presented 

i n  t h i s  r e p o r t  may dev ia te  from the  o r i g i n a l  d e s c r i p t i o n  o f  t he  

method. For the o r i g i n a l  symbols and the  c a l c u l a t i o n  procedures the 

reader i s  r e f e r r e d  t o  t he  corresponding l i t e r a t u r e .  

The fo l l ow ing  symbols are in t roduced f o r  t he  uni form presenta t ion  o f  

the descr ip t ions :  

HO : annual heat demand 

T* : s p e c i f i c  heat loss  by t ransmiss ion = c U.A, 

unless otherwise s p e c i f i e d  

T : heat loss  by t ransmiss ion 

V* : s p e c i f i c  heat l o s s  by v e n t i l a t i o n  

V : heat l o s s  by v e n t i l a t i o n  

I : i n t e r n a l  heat gains 

S : t ransmi t t ed  so la r  energy 

U : thermal t ransmi t tance or U-value 

g : ( t o t a l )  so la r  energy t ransmiss ion c o e f f i c i e n t  

- - 
OD : degree days : c (T.  - T ), 

k 
1 e 

f o r  a l l  days k over the considered per iod  w i th  T < T (K.days! 
per iod)  

- 
T e  : average outdoor temperature ( OC); 

b 
: base temperature ( OC). 

c : c o e f f i c i e n t  



"Temperature w i thout  heatingo'-method (TWH) 

Timestep : Month. 

Procedure : 1 HD = (T* + V*) DD . 0.0864 - I - cs (T* + V*) I 

This  ' formula has r e s u l t e d  from mathematical 

opera t ions  on the  o r i g i n a l  equations. 

The o r i g i n a l  method i s :  

where: 

TWH = temperature w i thout  heat ing  (OC) 

T + s o l a r  gains 

T w H Z  n .  A + 0 . 3 4 n V  

TWH i s  an i n d i c i a t i o n  o f  t he  temperature t o  be 

found i n  an unheated house w i thout  i n t e r n a l  
gains. 

T~~ = temperature of no heat ing  (OC) 

so la r  gains 
THN ,= Ti - - 

U . A + 0.34 nV 

T~~ 
i s  an i n d i c a t i o n  o f  the temperature l e v e l  

which the heat.ing system must r e a l i s e  i n  case 

t h e r e  are no i n t e r n a l  heat gains. 

z = monthly s o m a t i o n  over t he  heat.ing per iod.  

For t he  so la r  ga ins  (W), two fac to rs  are used which 

we c a l l  here c s l  and cs2: 



w i t h  cs l :  f ac to r  for cloudness (montly t a b l e  

value) ; 

cs2: so la r  recuperat ion factor  o f  t he  

b u i l d i n g  r t he  funct ion of t he  r a t i o  

o f  so la r  gains and heat losses; 

Example o f  values : --. 
Remarks : Table values adapted for t he  g iven Lugano c l ima te .  

Use o f  t h e  method : I n  the Wallonian b u i l d i n g  regu la t i ons  

( recupera t ion  fac to r ) .  

References : ( I ) .  



k-eff  ( e f f e c t i v e  U-value) 

Timestep 

Procedure 

: Season. 

w i t h .  T* :  s p e c i f i k  l oss  w i t h  U-window co r rec ted  for  

s o l a r  gain: U-effect ive, 

w : U-value window ( w/(m2.K)) 

D : cover fac to r  (concern ing 

temporary i n s u l a t i o n ) ,  

depends on &+t/U (-)  

"wtt 
: U-value o f  window i n c l u d i n g  

temporary i n s u l a t i o n  (w/(m2 .K)) 

SF : so la r  g a i n  c o e f f i c i e n t ,  

i n c l u d i n g  u t i l i z a t i o n  ( w / ( m 2 . ~ ) )  

9  : t o t a l  so la r  energy 

t ransn i ss ion  c o e f f i c i e n t  (-1 
V *  : s p e c i f i c  loss; 

Sept. 1 - May 31. 

Remarks 

Example o f  values : Double g l a z i n g  south U-eff = 3.2 -  SF,^ x  0.7 

n o r t h  U-eff c 3.2 - SF,N x 0.7, 

f p r  instance:  Germany  SF,^ = 2.4; SF,N= 1.2. 

: Values for cases w i t h  n i g h t  set-back. Therefore, 

no in f luence of heat storage capac i ty  on the heat 

demand. 

The c o e f f i c i e n t  SF has been der ived  from 

d e t a i l e d  c a l c u l a t i o n s  w i t h  c l ima te  data from 

Germany. 

The presented c o e f f i c i e n t  values are on l y  v a l i d  

f o r  t h i s  and s i m i l a r  c  l imates. - 



Use o f  the'method : Recommendation and Design t o o l  f o r  a r c h i t e c t s  

main ly .  

References : ( 2 ) .  



Timestep : Season. 

- 
DD: T i  = se t  value, a lso  i n  case o f  n i g h t  set-  

back; 

dev ia t i ons  are taken care o f  by  

c o e f f i c i e n t s ;  

DD f o r  a l l  hours frm Oct. 1 - Apr. 30; - 
shor te r  heat ing  season i s  taken care o f  

by c o e f f i c i e n t s :  

index n: n a t u r a l  (24 hrs.)  v e n t i l a t i o n ;  

index m: mechanical o r  p e r i o d i c a l  v e n t i l a t i o n ;  

Procedure : 

c t ,  cm, c . .  . f o r  dwe l l ings  sane values; vm' 

c .  c : f o r  dwe l l ings  same values; 
1' S 

HD=.(ct .Tf + c  .Vf + c v m  
vn n  

.Vfm).DD . 0.0864 - 
c1 .I - c .S 

S 

ct , . . , c : func t i on  o f  mass antl indoor  
S 

temperature r e g u l a t i o n  ( t a b l e  

va lues) .  

Remarks 

Example o f  values : For cont inuous heat ing: .o t  = cvn = 0.82; 

c .  z c  = 0.63, bu t  see 
1 s  

remarks. 

: Der ived from d e t a i l e d  ca l cu la t i ons ;  s p e c i f i c a l l y  

developed t o  i nc lude  use o f  b l i nds ,  c u r t a i n s ,  e tc .  

by subd i v id ing  each day; c o e f f i c i e n t s  on l y  v a l i d  

f o r  .De B i l t .  



Use o f  the method : As design too l  and i n  guidel ines,  both for heat 

demand and for net heat gain through windows. 

References : (31,  ( 4 ) ,  ( 5 ) .  



Timestep 

Procedure 

: Month. 

w i t h  cH1 : func t ion  o f  mass ( a c c m u l a t i o n  fac to r ;  

t a b l e  va lues) .  
HD-: heat demand fo r  h igh  mass b u i l d i n g  

(min. HD). 
HD+: heat demand f o r  low mass b u i l d i n g  

(max. M)). 

- 
w i t h  DD: Ti = se t  value; i n  case o f  n i g h t  set- 

back; est imated value o f  r e a l  

n i g h t  temperature. 

w i t h  cH2 : as func t i on  of I / H D ~  ( formula) .  

w i t h  cH3: f unc t i on  o f  S/(T*  + V*) . 
Example 

Remarks 

values : Lugano case: cH1 = 0.45; b r c h :  cH2 = 0.82, cH3 = 
0.69, bu t  see remarks. 

: Der ived from d e t a i l e d  ca l cu la t i ons ;  

t he  method i s  developed f o r  t he  Scandinavian c l i m a t e  

w i t h  sho r t ' pe r i ods  o f  sun. The u t i l i z a t i o n  fac to r  f o r  

so la r  r a d i a t i o n  i s  low. I t  i s  most ly used f o r  

dwe l l i ngs  but  can be used on other  b u i l d i n g  types 

w i t h  minor mod i f i ca t ions .  The u t i l i z a t i o n  fac to r  i s  

t o o  low ( so  HD t o o  high) f o r  Lugano. 



Use o f  methods : As a d e s i g n  t o o l .  In Denmark i t  is  used f o r  

c a l c u l a t i o n  o f  energy consumption i n  low energy 

houses .  Low energy consumption is  required when g a s  

i s  a v a i l a b l e  but o ther  f u e l  is  used.  I t  i s ' u s e d  by 

e n g i n e e r i n g  f i rms  and a r c h i t e c t s  i n  Denmark. 

References  : ( 6 ) ,  (7 ) .  





The factor  13 represents the d a i l y  average number o f  

hours the heat.ing system i s  on f u l l  power. This  value 

was obta ined by curve f i t t i n g  on experimental  data. 

- 
DD = degree days for Ti = 20 O C  and Tb  = 12 O C .  

Example o f  values : 5'  = I fo r  nor th ,  0.9 for  east and west, 0.7 f o r  

south. 

Remarks -- 

Use o f  the method : recommendation. 

References : (8) and (9). 



LESO - A 

T i m e s t e p  

P r o c e d u r e  

Remarks 

: Month. 

w i t h :  T * ,  V *  s p e c i f i c  h e a t  l o s s e s  [ W / K ] .  

= u t i l i z a t i o n  f a c t o r  ( c I  = 0.70)  

- 
P  = a v e r a g e  power [ W ] ;  

N = number o f  d a y s  i n  t h e  c u r r e n t  month. 

S: s o l a r  g a i n s  f o r  s o u t h ,  e a s t  and west 

( n o r t h  n e g l e c t e d ) .  

- 
S  : x  AF. x (1 - f . )  x gi x SFi x GRi 

1 1 
i 

AFi : t o t a l  window a r e a  [m2] ;  

f .  = f r a c t i o n  o f  f rame;  
1 

- 
g i  = window s o l a r  t r a n s m i s s i o n  c o e f f i c i e n t ;  

SF. = s h a d i n g  f a c t o r ;  
1 

G R i  = g l o b a l  s o l a r  r a d i a t i o n  [ M J / ~ ~ ]  
( f o r  t h e  c o n s i d e r e d  o r i e n t a t i o n  and  month) 

: Massive  b u i l d i n g  o n l y ,  d e r i v e d  from d e t a i l e d  

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



Use o f  t h e  method : Des ign  t.001 m a i n l y  f o r  p a s s i v e  b u i l d i n g  d e s i g n .  

R e f e r e n c e s  : (10). 



LESO - S A I  

Timesteps 

Procedure 

: Month. 

HD = (T* + V*) . DD . 0.0864 - I - c  .S 
S 

wi th :  T*, V*: s p e c i f i c  heat losses [W/K]  

I : i n t e r n a l  gains i n  [MJ] 

- 
P = average power [ w ] ;  
N = number o f  days for  t he  cu r ren t  month. 

c  .S : u s e f u l  so la r  gains 
S 

S = E.AF. x (1 - f . )  x g. x SF. x GR.  
1 1 1 1 1 i 

(so la r  gains, sum over a l l  

o r i en ta t i ons :  i ) .  

AF. = t o t a l  window area [IT?]; 
1 

f .  = f r a c t i o n  o f  frame; 
1 

- 
gi = window s o l a r  energy t ransmiss ion 

c o e f f i c i e n t ;  

GRi = g l o b a l  s o l a r  r a d i a t i o n  [MJ/IT?] 

( f o r  considered o r i e n t a t i o n  and 

month). 

c : u t i l i s a t i o n  fac to r  fo r  s o l a r  gains 
s  

c  = 1  - exp. (- 1.94 x  G L R - ~ . ~ ~ )  
S 

where: GLR = ga in  l oad  r a t i o  w i t h  l o a d  

def ined as losses minus 

i n t e r n a l  gains. 



Example o f  values : Lugano 1 A :  mean value: c s = 0.92; March: c s  = 0.99. 

Remarks : Massive b u i l d i n g  only ,  der ived from d e t a i l e d  

ca l cu la t i ons .  

Use o f  t he  method : Design t o o l  fo r  a r c h i t e c t s  (implemented on a 

personal computer). 

References : -- 



Impuls p r o g r a m  

Timestep 

Procedure  

: Heat ing season o r  month. 

: I  H D :  (T* + V * )  . D O .  0 . 0 8 6 4 - c G .  ( I  + S )  I 

w i t h :  T*, V*: s p e c i f i c  hea t  l o s s e s  ( W / K ) ;  

I : i n t e r n a l  g a i n s  (MJ); 

S  : s o l a r  g a i n s  - (MJ); 

S  = 1 A F i  w G R i  w ( I - f i )  w g i  w 0.85 

AFi:  window a r e a  

G R . :  g l o b a l  s o l a r  r a d i a t i o n  
1 

f i  : frame f r a c t i o n  

- 
qi  : s o l a r  energy t.ransmission c o e f f i c i e n t  

(normal i n c i d e n c e ) ;  

0.85 r e d u c t i o n  due t o  p e r p e n d i c u l a r  i n d i c e n c e .  

C 
G 

: ut . i l i za t . ion  f a c t o r  a s  a  func t ion  o f  t h e  

g a i n / l o s s  rat . io and t y p e  o f  h e a t i n g  
r e g u l a t i o n .  

Example o f  v a l u e s  : Lugano 1A: c ~  = 0.85 (average  over t h e  h e a t i n g  s e a s o n ) .  

Remarks : C a l c u l a t i o n  procedure  given i n  a  handbook for  

p lann ing  r e t r o f i t s .  

Use o f  t h e  method : Design t o o l  f o r  a rch i t . ec t s .  

Refe rences  : ( 1 1 ) .  
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7 . 2  Summary 

In t a b l e  1  t he  main c h a r a c t e r i s t i c s  of each method have been 

summarized. 

7 . 3  Comparison of c a l c u l a t i o n  procedures 

In t h e  various models d i f f e r e n t  p r i n c i p l e s  a r e  appl ied:  

chosen time-step: ---------------- 
monthly c a l c u l a t i o n  versus c a l c u l a t i o n  per heat ing season; 

chosen type of co r r ec t ions :  .......................... 
a. s o l a r  ga ins  replaced by some co r rec t ion  on t h e  heat  l o s s e s ,  e.g.  

cor rec ted  U-value ("k-eff" method, SIA 180/3) or  cor rec ted  indoor 

and/or outdoor temperature (TWH); 

b. a l l  ga ins  replaced by some co r rec t ion  on t h e  heat  l o s s e s  (SIA- 

180/3, TWH); 

c .  co r r ec t ion  c o e f f i c i e n t  on t h e  s o l a r  gains  only ("k-eff",  LESO-SAI); 

d. co r r ec t ion  c o e f f i c i e n t ( - s )  on the  s o l a r  and i n t e r n a l  ga ins  (Impuls 

p rog ram)  ; 

e. i nd iv idua l  c o e f f i c i e n t s  on each l o s s  and gain term (TPD-method); 

f .  heat  demand a s  a  complex funct ion of ga in / loss  r a t i o s ,  e t c .  (€FBI);  

co r r ec t ion  parameters: ..................... 
f o r  some of t h e  methods the  co r r ec t ion  f a c t o r s  a r e  a  func t ion  of t he  

ga in / loss  r a t i o  of t he  bui lding over t he  s p e c i f i c  t imestep;  f o r  some 

models t he  co r r ec t ion  f a c t o r  (or  func t ions)  a r e  only va l id  f o r  a  

c e r t a i n  c l imate ,  bu i ld ing  type and/or i nhab i t an t s '  behaviour; 

f o r  o ther  models some of these  can be var ied ,  e i t h e r  cont inuously,  by 

chosing parameter values i n  a  formula (e.g. mean outdoor temperature,  

v e n t i l a t i o n  r a t e ,  shading f a c t o r )  or  by s e l e c t i n g  relevant  t a b l e  

values,  func t ions  or  curves (e.g. u t i l i z a t i o n  f a c t o r ) .  

The d i f f e r e n t  p r i n c i p l e s  do not necessar i ly  lead  t o  d i f f e r e n t  

r e s u l t s .  For i n s t ance ,  a  co r r ec t ion  f a c t o r  for  t he  s o l a r  ga ins  

( u t i l i z a t i o n  f a c t o r )  t h a t  is inverse ly  propor t iona l  with the  gain/ 

l o s s  r a t i o  can be transformed mathematically t o  a  s e t  of c o e f f i c i e n t s  

which inc ludes  t h e  heat l o s s  terms. 



Example: 

S 
where cs = 0.9 - 0.7 . (-1 

T + V  

can be e a s i l y  transformed i n t o :  

S s 2 where c  = 1 + 0.1 . (-) + 0.7 (-) 
T V  T + V  T + V  

On the o ther  hand, if e.g. t h e  i n t e r n a l  heat gains have an assumed 

u t i l i z a t i o n  fac to r  of 1.0, then the  so la r  gains take a l l  t he  blame f o r  

t he  "wasted" heat, t he  heat which i s  no t  used t o  compensate the  

a u x i l i a r y  heat ing. I n  many cases t h i s  means an over-est imat ion o f  the 

i n t e r n a l  heat sources a t  t he  cos t  of an under-est imat ion o f  t h e  

u t i l i z a t i o n  of s o l a r  gains. 



8. PRESENTATION OF RESULTS FROM A SELECTED CASE (LUGANO) 

One case was se lec ted  fo r  a  more d e t a i l e d  analys is .  

The main c h a r a c t e r i s t i c s  are: 

d w e l l i n g  : s i n g l e  fami ly  house i n  a  ter race;  

cons t ruc t i on  : masonry type; 

thermal i n s u l a t i o n  : moderately i n s u l a t e d  wa l l s  and roof;  double 

g laz ing;  

hea t i ng  mode : cont inuous heat ing; 

c l ima te  : a  t y p i c a l  heat ing  season for Lugano (CHI. 

The d e t a i l e d  s p e c i f i c a t i o n s  are presented i n  appendix 2. 

The r e s u l t s  are presented i n  t ab les  1  and 2. 

The main r e s u l t s  are shown i n  a  g raph ica l  p resenta t ion  i n  f igures  5-8. 

Notes w i t h  t a b l e s  2-4 and f igures  5-8: 

The k -e f f  method could no t  be app l ied  for the Lugano c l imate ,  because 

so f a r  no so la r  ga in  c o e f f i c i e n t s  (SF) have been der ived for t h i s  

c l imate .  

(*) See descr ip t ions :  c o e f f i c i e n t  values are no t  adapted t o  t h e  

Lugano c l imate;  

(**) See t e x t  for d e f i n i t i o n ;  

(l  ) Value for October 1  - A p r i l  30; 

(') Heat ing season frun November 1  - A p r i l  30; 

( 3 )  Heating season from October 1  - May 31; 
4 ( ) Heat ing season fron September 1  - May 31. 



Table 2 :  Net heat demand and use fu l  so la r  gains. Selected Lugano case; 

values i n  MJ. 

method net  heat demand usefu l  so la r  gains 
(whole dwe l l ing)  
over the 
heat ing  season 

idem 

hea t i ng  season January March I I Oct. t h r u  
A p r i l  

TWH 

TPD (*) 

S I A  180/3 

LESO-A 

LESO-SAI 

Impuls 

Notes: See page 35. - 



Table 3: Heat l o s s  and u s e f u l  s o l a r  ga in  per u n i t  area o f  window. 

Selected Lugano case, south o r i e n t a t i o n .  

Values i n  [MJ/I~?] . 

method 

TWH 

TPD (*) 

EFB1 (*) 

S I A  180/3 

LESO-A 

LESO-SAI 

Impuls 

heat l o s s  through window (**) 

March lctober 

u s e f u l  s o l a r  ga in  
through window (**) 

i e a t i n g  January 
jeason I March lctober 

* ) - : See page 35. 

(**) : D e f i n i t i o n  depends on method, see t e x t .  



Table 4: Heat l o s s  and use fu l  s o l a r  ga in  per u n i t  window area. 

Selected Lugano case, no r th  o r i e n t a t i o n .  

Values i n  [MJ /~? ] .  

method 

TWH 

TPO (*) 

EFEl (*) 

S I A  180/3 

LESO-A 

LESO-SAI 

Irnpuls 

heat l oss  throuah window (**) I use fu l  s o l a r  pa in  

eason 

(*) ,  ( I  ) - ( : See page 35. 

I through window (**) 

March 
season 

lc tober  

(**) : D e f i n i t i o n  depends on method, see t e x t .  
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Figure 5a. Annual heat demand. 

SIA 18013 
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Figure 5b. Heat demand January. 
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Figure 5c. Heat demand March. 

Notes: See page 35. 

Figure 5: Comparison of heat demand, selected Lugano case. 
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Figure 6a. Useful solar gains over the heating season. 

0 - 5 10 15 GJ 

Figure 6b. Idem, for fixed period October 1-April 30. 

Notes: See page 35. - 

Figure 6: Useful s o l a r  ga ins  f o r  the  dwelling, s e l ec t ed  Lugano case. 
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Notes: See page 35. - 

F i g u r e  8: N o r t h  window, h e a t  l o s s  and u s e f u l  s o l a r  g a i n  per  u n i t  o f  window area .  

Se lec ted  Lugano case. 



9. DISCUSSION OF THE RESULTS 

9.1 Re la t i ve  importance o f  r e l a t i v e  e r r o r s  

When d iscussing the  resu1t.s i t  should be noted ~t dem and 

and the  net  heat f low through a window are i n  f ac t  d i f f e rences  o f  two 

opposing suns o f  heat flows, t he  sum o f  heat losses (e.g. by 

v e n t i l a t i o n  and/or t ransmiss ion)  and the  sum o f  heat gains (e.g. by 

i n t e r n a l  sources and/or so la r  r a d i a t i o n ) .  

I n  a number of methods presented i n  t h i s  repor t  t he  sub t rac t i on  of the 

opposing heat flows can be recognized e x p l i c i t l y .  

This  i m p l i e s  t h a t  a  small r e l a t i v e  e r r o r  i n  one o f  the l a t t e r  heat 

f lows may r e s u l t  i n  a l a rge  relat . ive e r r o r  i n  the net  r e s u l t .  

For instance f o r  t he  heat demand the r e l a t i v e  e r r o r  can be der ived  

from: 

when QHD : XL - XG, t he  d i f fe rence o f  losses XL and gains XG. 

When e.g. t.he losses and gains d i f f e r  by 30%, a r e l a t i v e  e r r o r  i n  XL 

o r  XG t u r n s  up roughly  th ree  t imes as h igh  i n  the net  r e s u l t .  

However, i n  p rac t i ce ,  t h i s  phenomenon i s  well-known too: 

t he  actual  heat demand i n  we l l - i nsu la ted  houses o f t e n  shows extreme 

f l u c t u a t i o n s  i n  r e l a t i v e  terms, due t o  e.g. v a r i a t i o n s  i n  occupants' 

behaviour . 



9.2 Heat demand and usefu l  s o l a r  gains 

F igure  5  shows tha t  the annual heat demand v a r i e s  w i t h  20 percent 

around the mean value o f  the presented r e s u l t s .  

As mentioned i n  the prev ious paragraph t h i s  e r r o r  i s  a  r e s u l t  of 

smal ler  r e l a t i v e  e r r o r s  i n  the opposing heat l oss  and g a i n  f lows. 

I n  the select.ed case the r a t i o  of losses and gains over the heat ing  

season i s  roughly 5/2. 

For autumn and s p r i n g  months t h i s  r a t i o  i s  c loser  t o  one, i n  which 

case the re la t - i ve  e r r o r  i n  heat demand - or net. heat f low through a  

window - i s  even more magnif ied. I n  mid-winter the s i t u a t i o n  i s  

reverse. The r e s u l t s  i n  f i gu re  5  for  January and March show t h i s  

e f f e c t :  fo r  January the r a t i o  o f  maximum over minimum a v a i l a b l e  value 

i s  1.1, f o r  March t h i s  va lue i s  already 1.5. 

However, a  more p rec i se  look  a t  the f i g u r e  reveals  t h a t  even i n  

absolute terms the d i f fe rences  i n  heat demand f o r  March are l a rge r  

than for January; January c o n t r i b u t e s  about + 1.5 percent t o  the 

unce r ta in t y  i n  annual heat. demand, March almost 3  percent.  

This i s  a  c l e a r  ind icat . ion t h a t  the unce r ta in t y  i n  so la r  gains p lays  

an import.ant. r o l e .  I n  January the usefu l  so la r  gains compensate for 

o n l y  10 t o  15 percent of the heat losses, i n  March t.his f i g u r e  has 

increased t o  roughly 30 percent.. 

Once again: i n  the se lec ted  case the so la r  gains are no t  the 

predominant f a c t o r  i n  the heat balance over the heat.ing season. 

Therefore, the d i f fe rences  i n  ca l cu la ted  heat demand are not. so l a rge  

as could be expected i r i  case o f  a  b u i l d i n g  t.ype w i t h  h igher  thermal 

i n s u l a t i o n  l e v e l  and e.g. l a r g e r  window areas. 

This means on the one hand t h a t  the ca lcu lat . ion models f o r  the windows 

( l o s s  and ga in  components) are no t  teased t o  t h e i r  l imit-s,  on the  

other  hand t h i s  a lso  means t h a t  the ca l cu la ted  heat gains and losses 

for the windows are b e t t e r  comparable, because they are l e s s  s e n s i t i v e  

now t o  the ca l cu la ted  heat demand. 

F igu re  6  shows for the whole dwe l l i ng  ( w i t h  0.a. a  South and a  Nor th 

o r i e n t e d  window) the use fu l  so la r  gains over the heat.ing season. The 

length  o f  the heat ing  seasot) d i f f e r s  from one method t o  another 

( f i g u r e  6a).  



The "SIA-180/3" method i s  no t  su i t ed  f o r  the d e r i v a t i o n  o f  the u s e f u l  

s o l a r  gains. 

The use fu l  so la r  gains vary t 20 percent around the mean value. 

The d i f ferences are somewhat l a rge r  when the use fu l  s o l a r  gains are 

considered over t he  f i xed  pe r i od  October 1  - A p r i l  30 ( f i g u r e  6b). 

Th is  i m p l i e s  t h a t  the d i f fe rences  i n  leng th  o f  heat ing season i n  f a c t  

s l i g h t l y  canpensate f o r  o ther  dev ia t ions .  

One p r i n c i p a l  d i f f i c u l t y  i n  comparing seasonal use fu l  so la r  gains i s  

t he  fo l low ing :  i n  spr ing  or autumn months the heat demand may be low 

o r  zero. Some methods de le te  such months. Other methods do not,  and i n  

t h a t  case t.he use fu l  so la r  gains from these months c o n t r i b u t e  

s i g n i f i c a n t l y  t o  t he  seasonal value, desp i te  t he  low u t i l i z a t i o n  

fac to r .  The increased value f o r  the seasonal use fu l  so la r  gains does 

no t  show t h a t  f o r  t h a t  p a r t i c u l a r  month about the sane anount o f  heat 

losses have t o  be added when c a l c u l a t i n g  the heat demand. 

This  problem i s  solved when the - net heat ga in  i s  used instead.  

9.3 Net heat qa in  o f  a  window 

One could expect t o  de r i ve  the net  heat ga in  o f  the window by 

subtract. ing i t s  heat l oss  from i t s  so la r  gains, because t h e  thermal 

conduct o f  the windows i s  an inseparable p a r t  of the i n t e g r a l  thermal 

balance o f  the b u i l d i n g ,  as shown i n  f i gu re  1. 

However, t h i s  i s  not  the case. 

Two extremes tha t  are re levant  op t ions  t o  def ine the "net heat ga in"  

can be i d e n t i f i e d  . 

1. the mean value f o r  a  g iven window area under s p e c i f i c  cond i t ions .  - 
This  value i s  equal t o  t he  d i f f e r e n c e  i n  heat demand w i t h  and heat 

demand wi thout  the s p e c i f i c  window, d i v i ded  by the window area. 

For many models t h i s  value can be found by a c t u a l l y  c a l c u l a t i n g  the 

heat demand w i t h  and wi thout  t he  window. For other models, however, 

w i t h  the c a l c u l a t i o n  o f  heat demand w i th  "no window" v i o l a t e s  the 

v a l i d i t y  r e s t r i c t i o n s .  



2. the marginal va lue for  a  g i ven  window area under s p e c i f i c  

cond i t ions .  This  value i s  equal t o  t.he d i f fe rence i n  heat demand 

w i t h  t he  s p e c i f i c  window w i t h  increased area A, + dAw (dAw 

smal l )  and heat. demand w i t h  t he  window w i t h  g iven  area A,, 

d i v i d e d  by dAw. 

For a l l  c a l c u l a t i o n  methods i t  should be poss ib le  t o  de r i ve  t h i s  

value by comparing two heat demands ca l cu la ted  as described. 

Usua l l y  - and a l so  i n  t h i s  r e p o r t  - t h e  ne t  heat ga in  according t o  t h e  

f i r s t  d e f i n i t i o n  i s  used, al though too o f t e n  the absence o f  a c l e a r  

d e f i n i t i o n  g ives room for confusion. 

F igures 7 and 8 present the net  heat g a i n  for  the south r e s p e c t i v e l y  

n o r t h  fac ing window for t he  se lec ted  Lugano case, as a  net  r e s u l t  o f  

t.wo opposing heat flows. 

F igure  7 c l e a r l y  shows t h a t  the ne t  heat ga in  for  the south o r i en ted  

window i s  extremely s e n s i t i v e  t.o the chosen method. 

The n o r t h  window, f i g u r e  8, shows s i g n i f i c a n t l y  less  v a r i a t i o n ,  

al though the r a t i o  between minimum and maximum value i s  s t i l l  1.60. 

One ev ident  reason for t he  d i f f e rences  i n  net  heat ga in  f o r  the south 

window being so l a rge  i s ,  t h a t  the values are a  r e l a t i v e l y  smal l  

d i f f e rence  of two r e l a t i v e l y  l a rge  flows. Nevertheless, t h e  

d i f fe rences  are too l a rge  for  even a  g loba l  impress ion o f  the e f f ec t  

o f  windows on the  energy consumption for space heat ing. 



10. CONCLUSIONS AND RECOMMENDATIONS 

A l i m i t e d  number o f  s i m p l i f i e d  models have been compared i n  t h e  way 

t h e y  dea l  wi th t h e  e f f e c t  of t h e  heat  l osses  and s o l a r  g a i n s  th rough  

windows on t h e  energy consumption fo r  space hea t ing .  

From f i r s t  r e s u l t s  o u t  o f  10 c a l c u l a t i o n  cases i t  appeared that.: 

- t h e r e  was no case which f u l f i l l e d  a l l  v a l i d i t y  r e s t r i c t i o n s  o f  - a l l  

t h e  methods. T h i s  had t o  be t a k e n  i n t o  account when compar ing 

r e s u l t s ;  

- t h e  r e s u l t s  showed a  v e r y  wide s c a t t e r .  I t  appeared t h a t  t h e  

d e f i n i t i o n s  f o r  t h e  v a r i o u s  types of heat  f lows d i f f e r e d  from one 

method t o  another  and t h a t  t h e  s p e c i f i c a t i o n s  f o r  t h e  c a l c u l a t i o n  

cases were n o t  always met; 

- f o r  t.hese reasons two measures were taken: 

1. a  d e t a i l e d  comparison o f  t h e  c a l c u l a t i o n  procedures was st.arted; 

2. o n l y  one c a l c u l a t i o n  case was select.ed f o r  f u r t h e r ,  d e t a i l e d ,  

a n a l y s i s .  

The r e s u l t s  from t h e  s e l e c t e d  case showed: 

- V a r i a t i o n s  i n  t h e  hea t  demand a re  i n  t h e  o r d e r  o f  t 20 p e r c e n t  

around t h e  mean va lue  o f  t h e  p resen ted  r e s u l t s .  

D i f f e r e n c e s  a re  due t o  t h e  f o l l o w i n g  f a c t o r s :  

. f o r  some methods t h e  c o e f f i c i e n t  va lues  a re  not. a v a i l a b l e  f o r  t h e  

Lugano c l i m a t e  i n  which case va lues  v a l i d  f o r  o t h e r  c l i m a t e s  have 

been used; 

. f o r  some methods s p e c i f i c  c o n d i t i o n s  a re  assumed o r  r e q u i r e d  

which d e v i a t e  from t h e  g i v e n  s p e c i f i c a t i o n s  f o r  t h e  s e l e c t e d  

c a l c u l a t i o n  case; 

t h e  v a l i d i t y  o f  most methods i s  a l s o  r e s t r i c t e d  b y  i m p l i c i t  

assumpt ions concern ing  c l i m a t e  (see  above), b u i l d i n g  t y p e  o r  

occupants '  behav iour ;  

. t h e  i n f l u e n c e  o f  c o r r e c t i o n s  f o r  unsteady s t a t e  e f f e c t s ,  e.g. t h e  

a c t u a l  l e n g t h  o f  t.he heat.ing season and t h e  amount o f  o v e r h e a t i n g  

b y  t h e  s o l a r  r a d i a t i o n ,  d i f f e r s  from one method t o  another;  



. b e c a u s e  i n  t h e  s e l e c t e d  c a l c u l a t i o n  c a s e  t h e  s o l a r  g a i n s  a r e  n o t  

dominant  i n  t h e  t h e r m a l  b a l a n c e  i t  is e x p e c t e d ,  t h a t  t h e  

d i f f e r e n c e s  i n  h e a t  demand w i l l  be much l a r g e r  i n  c a s e s  w i t h  

h i g h e r  i n s u l a t i o n  l e v e l s  and e.g.  l a r g e r  window a r e a s ;  

- The s e a s o n a l  u s e f u l  s o l a r  g a i n  i s  ve ry  s e n s i t i v e  t o  t h e  assumed o r  

c a l c u l a t e d  d u r a t i o n  o f  t h e  h e a t i n g  p e r i o d .  Al though an  e x t r a  month 

l a t e  i n  s p r i n g  o r  e a r l y  i n  autumn h a s  a  low u t i l i z a t i o n  f a c t o r  f o r  

t h e  s o l a r  g a i n s ,  t h e  t o t a l  s e a s o n a l  g a i n s  may s t i l l  b e  i n c r e a s e d  

s i g n i f i c a n t l y .  The u s e f u l  s o l a r  g a i n s  do  n o t  show t h a t  a t  t h e k a m e  

time e x t r a  h e a t  l o s s e s  a r e  i n t r o d u c e d  i n  t h e  c a l c u l a t i o n  o f  t h e  h e a t  

demand which a r e  compensa ted  by t h e s e  e x t r a  g a i n s .  

- The n e t  h e a t  g a i n  o f  a  window is - i f  p r o p e r l y  d e f i n e d  - an  

e f f e c t i v e  way t o  q u a n t i f y  t h e  e f f e c t  o f  a  window on t h e  e n e r g y  

consumpt ion  f o r  s p a c e  h e a t i n g  i n  a  c e r t a i n  s i t u a t i o n .  

Only some methods p r o v i d e  t h i s  q u a n t i t y  e x p l i c i t l y .  

D i s c r e p a n c i e s  i n  t h e  n e t  h e a t  g a i n  a r e  very  l a r g e  f o r  t h e  s o u t h  

o r i e n t e d  window and s t i l l  l a r g e  f o r  t h e  n o r t h  f a c i n g  window, though 

less d r a m a t i c .  

O b v i o u s l y ,  t h e  d i s c r e p a n c i e s  a r e  blown up t o  h i g h  v a l u e s  f o r  s o u t h  

o r i e n t a t i o n  due  t o  t h e  f a c t  t h a t  t h e  n e t  g a i n  t h e n  is t h e  

s u b t r a c t i o n  o f  two o p p o s i n g  r e l a t i v e l y  l a r g e  h e a t  f l ows .  

The s o u r c e s  f o r  d e v i a t i o n  a r e  t h e  same a s  d e s c r i b e d  above f o r  t h e  

h e a t  demand. 

I n  p a r t i c u l a r ,  however,  t h e  i n f l u e n c e  is f e l t  from t h e  way i n  which 

c o r r e c t i o n s  f o r  phenomena l i k e  t h e  a c t u a l  l e n g t h  o f  t h e  h e a t i n g  

s e a s o n  and t h e  amount o f  o v e r h e a t i n g  by s o l a r  r a d i a t i o n  a r e  t a k e n  

i n t o  a c c o u n t  ( u n s t e a d y  s t a t e  e f f e c t s ) .  

The v a r i o u s  models  a r e  based  on d i f f e r e n t  p r i n c i p l e s  i n  t h i s  

r e s p e c t .  T h i s ,  however,  d o e s  n o t  a u t o m a t i c a l l y  mean t h a t  t h e  r e s u l t s  

a r e  o f  a  d i f f e r e n t  k i n d ,  b e c a u s e  somet imes  a  m a t h e m a t i c a l  

t r a n s f o r m a t i o n  is p o s s i b l e .  

I n  o t h e r  cases, however ,  t h e  k i n d  o f  r e s u l t s  a r e  i ncomparab le ;  e .g .  

t h e  i n t e r n a l  h e a t  g a i n s  have  an  assumed c o r r e c t i o n  ( =  u t i l i z a t i o n )  

f a c t o r  o f  1 .0 ;  t h i s  means t h a t  t h e  s o l a r  g a i n s  t a k e  a l l  t h e  blame 

f o r  t h e  "was ted"  h e a t .  I n  many c o n d i t i o n s  t h i s  means an  

o v e r - e s t i m a t i o n  o f  t h e  u t i l i z a t i o n  of  t h e  i n t e r n a l  h e a t  s o u r c e s  a t  

t h e  c o s t  o f  an  u n d e r - e s t i m a t i o n  o f  t h e  u t i l i z a t i o n  ( " e f f i c i e n c y w )  o f  

s o l a r  g a i n s .  



- With s e l e c t e d  s e n s i t i v i t y  s t u d i e s  wi th  an unsteady s t a t e  model t h e  

v a r i o u s  e f f e c t s  can be q u a n t i f i e d .  Most of  t h e  models d e s c r i b e d  

have indeed been d e r i v e d  by c o r r e l a t i o n  t e c h n i q u e s  u s i n g  r e s u l t s  

from parameter  c a l c u l a t i o n s  wi th  a  complex computer model. 

- A monthly h e a t  ba lance  is p r e f e r r e d  over  a  b a l a n c e  p e r  h e a t i n g  

season;  

t h e  v a l i d a t i o n  of  t h e  model o r  f i t t i n g  of  t h e  c o e f f i c i e n t s  can be 

c a r r i e d  o u t  wi th  h i g h e r  accuracy ,  because  a  m u l t i t u d e  of d a t a  is 

a v a i l a b l e ,  wi th  s t r o n g l y  va ry ing  c o n d i t i o n s ;  

t h i s  a l s o  i m p l i e s  t h a t  t h e  model is l e s s  s t r i c t l y  bound t o  a  

s p e c i f i c  c l i m a t e :  some c l i m a t e  v a r i a t i o n s ,  namely v a r i a t i o n s  over  

t h e  h e a t i n g  s e a s o n ,  a r e  a v a i l a b l e  t o  c r e a t e  o r  v a l i d a t e  t h e  model. 

A much s h o r t e r  p e r i o d  is adv i sed  a g a i n s t ,  a t  l e a s t  f o r  heavy weight 

b u i l d i n g s ,  because  h e a t  accumulated i n  one p e r i o d  might be r e l e a s e d  

i n  t h e  fo l lowing  p e r i o d ,  t h e  s o - c a l l e d  "carry-over"  e f f e c t .  

- The c o e f f i c i e n t s  ( u t i l i z a t i o n  f a c t o r s )  a r e  l i k e l y  t o  depend on 

d w e l l i n g  t y p e  (e .g .  mass) and h e a t i n g  i n s t a l l a t i o n  ( t y p e  o f  

c o n t r o l ! ) .  The c o e f f i c i e n t s  a r e  a l s o  some kind of  f u n c t i o n  of  t h e  

(monthly)  g a i n / l o s s  r a t i o  of  t h e  dwel l ing  under c o n s i d e r a t i o n .  

Already some of  t h e  methods d e s c r i b e d  use  t h i s  r a t i o  a s  parameter .  
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APPENDIX 2 

DETAILED SPECIFICATIONS OF THE SELECTED LUGANO CASE 

GENERAL CHARACTER1 ST1 CS: 

S i n g l e  f a m i l y  house i n  a row, 
masonry type,  24 hours  h e a t i n g  

- w i d t h  : 6.0 m 
- dep th  : 8.0 m 
- n e t  volume : 280 m3 
- g ross  volume : 326 m3 
- hea t  l o s s  area : 171.4 IT? 

- weighted mean U-value:  0.97 w / ~ ~ K  
- s p e c i f i c  mass : 385 kg/m3 g r o s s  v o l m e .  

THERMAL PROPERTIES: 

I HEAT LOSS AREAS: 

CONSTRUCTlON 

ground f l o o r  

s o u t h  f a ~ a d e  
( opaque p a r t s )  

n o r t h  fayade 
(opaque p a r t s )  

MATERIAL 

I s o u t h  windows 

U-VALUE 

( w/m2K ) 

AREA 

( m2 ) 

/ n o r t h  windows 

s l o p i n g  r o o f  L 

THERMAL 
CAPACl T Y  
( M J / ~ ~ K  ) 

c o n c r e t e  

REMARKS 

masonry 
c a v i t y  w a l l  

masonry 
c a v i t y  w a l l  

doub le  pane* 

doub le  pane* 

wood + t i l e s  

I CONSTRUCTIONS WITHOUT HEAT LOSS: 

i n s u l a t i o n  under 
f l o u r  s lab;  
ground temp. 
under  i n s u l a t i o n  
l a y e r  = 10 O C  

i n s u l a t i o n  i n  
w a l l  c a v i t y  

i n s u l a t i o n  i n  
w a l l  c a v i t y  

n u  shading 

no shading 

s e p a r a t i o n  w a l l s  
(betw.dwe1 l i n g s )  

i n t e r m e d i a t e  
f l o o r s  

i n t e r n a l  w a l l s  

c o n c r e t e  

c o n c r e t e  

l i g h t  
c o n c r e t e  

105.6 

92.0 

53.0 

1.67 

1.67 

2.17 

0.360 

0.320 

0.084 



Window s p e c i f i c a t i o n :  
r a t i o  o f  t o t a l  s o l a r  heat through window 
( s h o r t  wave + long wave + convect ive) 
t o  i n c i d e n t  so la r  r a d i a t i o n  : 0.70. 

Note: Absorpt ion of so la r  heat by opaque cons t ruc t ions  may be omit ted: - 
if not :  use an absorpt.ion factor  : 0.70 for a l l  surfaces. 

CONDI TIONS: 

Indoor  temperature : 19OC (24 hours, thermostat set  p o i n t  f o r  t h e  
whole dwel l ing) .  

I n f i l t r a t i o n  : 230 kg/h (24 hours, no other  n a t u r a l  o r  mechanical 
v e n t i l a t i o n ) .  

I n t e r n a l  heat sources: 625 W (24 hours) .  

CLIMATE DATA FOR LUGANO: 

Monthly average a i r  temperature (OC) and 
monthly t o t a l  so la r  r a d i a t i o n  (~~ /mz .mon th ) .  

L a t i t u d e  Longitude 
46.00 N 8.57 E 

Radiation 

- hor izonta l  4681 148 - south 3662 238 

I 
- ~ 

- east / *est  2436 83 
- nor th  11032 1 47 

A l t i t u d e  

- 
'eb. 
8 - 
3.9 - 

216 
2 74 
112 

59 - 




