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PREFACE 

lnternational Energy Agency 

In order to strengthen cooperation in  the vital area of energy policy, an Agreement on an 
lnternational Energy Program was formulated among a number of industrialised countries in 
November 1974. The lnternational Energy Agency (IEA) was established as an autonomous body 
within the Organisation for Economic Cooperation and Development (OECD) to administer that 
agreement. Twenty-one countries are currently members of the IEA, with the Commission of the 
European Communities participating under a special arrangement. 

As one element of the lnternational Energy Program, the Participants undertake cooperative 
activities in energy research, development, and demonstration. A number of new and improved 
energy technologies which have the potential of making significant contributions to our energy 
needs were identified for collaborative efforts. The IEA Committee on Energy Research and 
Development (CUD), assisted by a small Secretariat staff, coordinates the energy research, 
development, and demonstration programme. 

Energy Conservation in Buildings and Community Systems 

The lnternational Energy Agency sponsors research and development in a number of areas 
related to energy. In one of these areas, energy conservation in buildings, the IEA is sponsoring 
various exercises to predict more accurately the energy use of buildings, including comparison 
of existing computer programs, building monitoring, comparison of calculation methods, etc. 
The difference and similarities among these comparisons have told us much about the state of 
the art in  building analysis and have led to further IEA sponsored research. 

Annex V Air Infiltration Centre 

The IEA Executive Committee (Building and Community Systems) has highlighted areas where 
the level of knowledge is unsatisfactory and there was unanimous agreement that infiltration 
was the area about which least was known. An infiltration group was formed drawing experts 
from most progressive countries, their long term aim to encourage joint international research 
and to increase the world pool of knowledge on infiltration and ventilation. Much valuable but 
sporadic and uncoordinated research was already taking place and after some initial ground- 
work the experts group recommended to their executive the formation of an Air Infiltration 
Centre. This recommendation was accepted and proposals for its establishment were invited 
internationally. 

The aims of the Centre are the standardisation of techniques, the validation of models, the 
catalogue and transfer of information, and the encouragement of research. It is intended to be a 
review body for current world research, to ensure full dissemination of this research and based 
on a knowledge of work already done to give direction and a firm basis for future research in the 
Participating Countries. 

The Participants in this task are Belgium, Canada, Denmark, Finland, Netherlands, New Zealand, 
Norway, Sweden, Switzerland, United Kingdom and the United States. 

( i i i )  









This document is a supplement to  the AIC's 5th Conference Proceedings AIC-PROC-5-84. 
It contains two  additional papers presented at the Conference, together with a discussion 
record based on written questions and answers prepared by conference participants and 
authors, and a report on the final discussion period. Amendments to papers published in 
AIC-PROC-5-84 are also included in this Supplement. 
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THE ROLE OF A I R  INFILTRATION I N  ENERGY CONSERVATION 

INTRODUCTION 

The importance o f  t h e  sub jec t  you w i l l  be d iscussing d u r i n g  t h e  
next  few days can be dramatized by the  k i n d  of mathematics t h a t  
ge ts  a t t e n t i o n  here i n  Reno, 

The Un i ted  States spends about $500 b i l l  i o n  do1 1 ars  on energy, 
B u i l d i n g s  consume about 36% of t h i s  energy. O f  t h i s  share, 
roughly ha1 f i s  used t o  heat and cool bu i l d ings .  And one- th i  r d  
o f  t h i s  energy i s  used t o  c o n d i t i o n  i n f i l t r a t i o n  and v e n t i l a t i o n  
a i r .  As a r e s u l t ,  a reduc t ion  of i n f i l t r a t i o n  and v e n t i l a t i o n  
ra tes  by  a mere 1% would reduce annual U.S. energy cos ts  by about 
300 m i l l i o n  d o l l a r s .  

We're p l a y i n g  f o r  h igh  stakes here. 

I n  iny remarks, I ' l l descr ibe h o ~  we' r e  t r y i n g  t o  save t h i s  
energy. I n f i l t r a t i o n  and v e n t i l a t i o n  a c t i v i t i e s  are  an impor tan t  
p a r t  o f  t h e  comprehensive energy conservat ion research p o l i c y  o f  
t he  U.S. Department of Energy. The s t a r t i n g  p o i n t  f o r  t h i s  
p o l i c y  i s  an ana lys i s  o f  how energy i s  used i n  t h e  n a t i o n ' s  
b u i l d i n g s .  This  begins w i t h  an examination o f  t he  b u i l d i n g s  
t hemsel ves . 

2 . U.S. BUILDING ENERGY USE 

The Un i ted  States has more than 81 m i l l i o n  occupied r e s i d e n t i a l  
b u i  l d i  ngs ; 69:; odner-occupi ed, 31% occupied by renters.  Single-  
f a m i l y  residences c o n s t i t u t e  69% of these residences; m u l t i -  
fdmi ly ,  25%; and mobi le  homes, 6%- 

The U.S. commercial b u i l d i n g  sec tor  qakes up 44.6 b i l l i o n  square 
feet  o f  f l o o r  space, This i s  d i v i d e d  among d i f f e r e n t  b u i l d i n g  
types, t h e  major ones being: o f f i ce ,  18.4%; r e t a i l ,  17.2%; 
warehouse, 13,6%; education, 13.1%; and assembly, 11,3%, 

Ne then consider  h o ~  these b u i l d i n g s  use energy, The r e s i d e n t i a l  
sector  us 16 quads; the  commercial sector ,  10 quads ( 1  quad 
equals l oeS  Btu) .  The pr imary uses i o  t h e  r e s i d e n t i a l  sec to r  
are: space heat ing  (47,7%), water heat ing  (14.4%), and 
r e f r i g e r a t o r s  and freezers (13.2%), The pr imary uses i n  t h e  
com~nerci a1 sec tor  are: space heat ing  (44%), 1 i g h t i n g  (22,5%), a i  r 
c o n d i t i o n i n g  (21,12), and water heat ing  (10.1%). 

This shows us where t h e  B tu ' s  are. But i t ' s  a l so  use fu l  t o  l ook  
a t  what has been happening t o  t h i s  energy consumption, Here, 
t h e r e ' s  good news and t h e r e ' s  bad news, L e t ' s  dispense w i t h  the  





bad news f i r s t ,  Although progress has been made, t h e  U,S, energy 
use i s  h igher  per  c a p i t a  than t h a t  o f  o ther  IEA coun t r i es  and we 
have a great  deal more t o  do t o  use our energy e f f i c i e n t l y ,  

The good news i s  t h a t  the  Uni ted States has made enormous 
progress i n  c o n t r o l l i n g  i t s  once ravenous a p p e t i t e  f o r  energy. 
Last  year we used 45 fewer quads o f  energy than we would have 
i f  the  pre-1972 t rends  had continued. A p o r t i o n  o f  t h i s  dmount 
- - I 9  quads-- is due t o  a lower gross na t i ona l  product.  The 
l a r g e r  amount--26 quads--is due t o  energy conservat ion, de f i ned  
as an increased l e v t l  o f  energy e f f i c i e n c y .  Twenty-six quads 
i s  a s tagger ing amount--as much o i l  as a l l  t h e  o the r  IEA na t i ons  
use i n  a year...or as much as the  power generated by 870 1000MW 
e l e c t r i c a l  p l  ants. 

The energy consumption i n  r e s i d e n t i  a1 and commercial b u i l  d ings 
con t r i bu ted  t o  t h i s  record. This  energy use remained f a i r l y  
s t a b l e  dur ing  t h e  past decade. It s t a r t e d  t h e  decade a t  24.1 
quads, rose s lowly  t o  peak a t  26.1 quads i n  1978, and has s ince 
dec l ined t o  25.5 quads i n  1983. I f  i t  had cont inued a t  i t s  
pre-1972 t rend,  i t  would have passed 42 quads, 

During t h i s  per iod,  t he re  have been some i n t e r e s t i n g  s h i f t s  i n  
t he  sources o f  energy. Natura l  gas use changed l i t t l e ,  
Petroleum use decl ined r a p i d l y ,  almost by one-ha1 f. El e c t r i c i  t y  
use increased s i g n i f i c a n t l y ,  r i s i n g  from l e s s  than 50% t o  more 
than 50% o f  t h e  e n ~ r g y  used i n  bu i l d ings .  (Th i s  i s  m ~ a s u r i n g  
e l e c t r i c i t y  i n  terms o f  t h e  B t u ' s  o f  t he  generat ing fuels , )  

The pas t  t rends are  i n t e r e s t i n g ,  h u t  i t  a l so  i s  important  t o  t r y  
t o  peer i n t o  the  enzrgy uses i n  the  fu tu re ,  The energy end-use 
p r o j e c t i o n s  show some s h i f t s  by the  year  2000. 

Table 1 Energy End-Use Pro jec t ions*  
Resident i  a1 and Commerci a1 Bui 1 d ings 

Resi den t i  a1 Comrnerci 31 
Percentage Percentage 

Space Heat i ng 
space Cool i ng 7.0 12.7 20,9 32,5 
L i g h t i n g  7.5 5.7 27.4 20,2 
Water Heating 14.2 17.0 2.0 2.7 
Other 

* Year 2000 p r o j e c t i o n s  from Energy End-Use Model, Oak Ridge 
Nat ional  Laboratory 

The end-use p r o j e c t i o n s  show t h a t  space heat ing  and coo l i ng - - the  
uses a f f e c t e d  by i n f i l t r a t i o n  and v e n t i l a t i o n - - a r e  expected t o  be 
even more important  i n  t h e  year  2000 than they are  today, The i r  
share o f  r e s i d e n t i a l  energy use w i l l  increase from 52% t o  54%, 
The i r  share o f  commercial energy use w i l l  increase even more, 





from 50.72 t o  67.2%. Tne reason f o r  these increases i s  t h e  
increased energy us2 f o r  space coo l ing ,  which i s  expected t o  more 
than o f f s e t  a d e c l i n e  i n  t he  energy requ i red  f o r  space heat ing,  

I ' m  a f r a i d  t h a t  t h e  numbers have been coming about as f a s t  a5 
they do a t  t i l e  green f e l t  t a b l e s  t h a t  some o f  us v i s i t e d  l a s t  
n igh t ,  b u t  they make an important  po in t .  The 940 t h a t  you do 
on t h e  i n f i l t r a t i o n  and v e n t i l a t i o n  o f  b u i l d i n g s  i s  ex t rene ly  
impor tan t  t o  your  coun t r i es  a i d  ours and they  w i l l  be even 
more impor tan t  i n  t he  fu tu re ,  

Next I would l i k e  t o  t u r n  t o  03E1s s t ra tegy  f a r  conduct ing t h i s  
research. 

U.S. POLICY APPROACH 

The c l e a r e s t  4nd most comprehensive s t a t ~ r n e n t  o f  t he  U.S. 
conservat ion pol i c y  i s  conta ined i n  th9  1 a t e s t  Nat ional  Energy 
Po l i cy  Plan submit ted t o  Congress by DOE. Energy conservat ion 
i s  s i n g l e d  ou t  f o r  spec ia l  emphasis i n  t h i s  l a t e s t  plan, 
r e f 1  e c t i n g  the  personal i n t e r e s t  o f  Secretary Dona1 d P. tlodel . 
The p lan  i d e n t i f i e s  th ree  a r l a s  o f  energy programs and ac t i ons  
t h a t  a re  p d r t i c u l a r l y  i v p o r t a n t :  conservat ion, research and 
development, and energy secu r i t y ,  

Tbe goal of t he  U.S. p o l i c y  i s  t o  f os te r  an adequate supply o f  
energy a t  reasonable costs, Imp1 i c i  t i n  t h i s  goal i s  a balanced 
3nd mixed energy resource system--one ~ h i s h  r e l i e s  upon a number 
o f  energy resources, i n c l  uding f o s s i  l f u e l s ,  so l  ar and o the r  
renewables, and energy conservat ion. 

"Energy conservat ion," the p o l i c y  s tates,  "ought t o  be viewed by 
po l icynakers ,  producers, and consumrs  as a s i g n i f i c a n t l y  
important  energy resource. That i s ,  energy conservat ion should 
b? seen as a se t  o f  ac t ions  t h a t  i n d i v i d u a l s  and businesses can 
tak.2 t h a t  are c o s t - e f f e c t i v e  a l t e r n a t i v e s  t o  new supply 
developinent. Energy conservat ion ac t ions  are o f t e n  cheaper and 
eas ier  t o  undertake, and they o f ten  1nak5 good business sense. I t  
need n o t  be viewed as an a1 t r u i s t i c  a c t i v i t y  o r  as a 
sacr i  f i ce . 'I 1 

Expanding on t f i i s  theme, t h e  p o l i c y  s ta tes :  "Conservation has 
shown i t s e l f  t o  be a unique, economic, and h i g h l y  f l e x i b l z  energy 
resource appl i cab1 e t o  a1 1 energy techno1 o g i . 3 ~  and f u e l  types. 
I t  i s  n o t  l i m i t e d  Sy geography o r  indigenous na tu ra l  resources, 
and i t  may o f f e r  s i g n i f i c a n t  onvi ronmental advantages, qo o ther  
ensrgy resource can be t a i l o r e d  t o  i n d i v i d u a l  needs o r  employed 
i n  increments as e f f e c t i v e l y  as conservat ion, 3nd each a d d i t i o n a l  
i ncrement r e s u l t s  i n  im~nedi a t e  energy savings, thus prornptl y 
reducing cos ts  dnd o f f e r i n g  r e t u r n  on c a p i t a l  investment. I n  
shor t ,  conservat ion ac t ions  i n  response t o  chdnging market 
i ncen t i ves  have a degree o f  f l e x i b i l i t y  unequaled by any o the r  





energy resource op t i on ,  and they w i l l  cont inue t o  be an i inpor tant  
component o f  our  enzrgy resource choices l~lade by consulners and 
businesses ." 
I n  t h e  consa-vdt ion area, t h e  broad ob jec t i ves  o f  t h i s  n a t i o n a l  
p lan  are  p u t  i n  p lace through the "Energy Conservation Mul t i -Year  
PI an, FY 1986-FY 199fl." Tne p l  an assesses the  R%r) rleads i n  each 
o f  t he  end-use sec tors :  b u i l d i n g s ,  t r?nspor ta t i on ,  i ndus t r y ,  and 
systems research--a c ross -cu t t i ng  sec tor  t h a t  inc ludes  energy 
storage, e l  e c t r i  c  energy systems and bas ic  energy c o n v ~ r s i  on and 
u t i  l i z d t i o n  techno1 ogi  2s. 

I n  t h e  p lan ,  f i r s t  p r i o r i t y  i s  given t o  i m p l e m n t i n g  t h e  
s t a t u t o r y  r e s p o n s i b i l i t i e s  contained i n  U.S. laws, Thess i nc lude  
the  development o f  gu ide l i nes  and standards f o r  the  energy- 
e f f i c i e n c y  o f  neN r e s i d e n t i  31 dnd co~mnercial bu i l d ings .  Tha 
standards are t o  be vo ldn tary  f o r  t he  p r i v a t e  sec tor  and 
manddtory f o r  nerJ Feder3l b u i  ld i r lgs.  

Tbe p lan  then then disaggregates each o f  the  end use sec tors  i n t o  
speci f i  c  research areas, The bu i 1  d ing  sec tor  i ncl  udes 38 
research technologies.  Exalnpl es are v~al 1 systems, i n f i  l t r a t i o n  
and v e n t i l a t i o n ,  and condensing coqbust ion systeqs. Then the  
r e l a t i v e  p r i o r i t y  o f  tfiese research areas are ranked according t o  
seven major  c r i t e r i a ,  These c r i t e r i a  are: 

o  Con t r i bu t i on  t o  the  e ~ e r g y - r e 1  ated ob jec t i ves  i n  t h e  na t i ona l  
p lan;  

o  C o n t r i b u t i o n  t o  r t la int3ining o r  enhancing !I.S. 1 eadership i n  
technology and i n t e r n a t i o n a l  t radz ;  

o  Con t r i bu t i on  t o  na t i ond l  defense; 

o  Other s o c i e t a l  b e n e f i t s ,  i n c l u d i n g  economic, envi ronmental , 
s c i e n t i f i c ,  h e a l t h  and sa fz t y ;  

o Federal costs,  3nd the  degree o f  p r i va te -sec to r  cos t  shar ing;  

o Tne degree o f  r i s k  associated w i t h  t h 2  cost  o f  p r o j e c t  f 3 i l  ure, 
as compared t o  the  ne t  p r e s x t  v3lue o f  m t i c i p a t e d  b e n e f i t s ;  
and, i lnpor tan t l  y, 

o  The appropr iateness o f  Federal involvegent,  

Edch of  the  35 b u i l d i n g  technologies i s  g iven a  score, based upon 
i t s  p ? r c e i l ~ e d  c o n t r i b u t i o n  t o  these ob jec t ives .  

I n  t h i s  p r i o r i t y  s e t t i n g  , i n f i l  t r a t i o n  3n3 vent i  1  a t i o n  research 
i s  ranked 21st , tqhich may appear i ncons i s ten t  v ~ i  t h  t $ e  i!nportance 
I a t t r i b u t e d  i t  e a r l i e r .  The e x p l d n a t i o ~  i s  t h a t  i n f i l t r a t i o n  
dnd v e n t i l a t i o n  research i s  a l so  i n t e r t ~ i n e d  i n t o  o ther  reszarch 
a c t i v i  t i e s ,  For ?%ample, pol  1 u t i o n  c h a r x t e r i  za t ion ,  m i t i g a t i o n  
and c o n t r o l  i s  ranked 7th, 





The f i r s t  p r i o r i t y  i s  given t o  commercial bu i  1 dir lg systems 
i n t e g r a t i o n  , which invo lves  an ana lys is  of  how energy-eff  i c i  ent  
components can be i n teg ra ted  t o  op t im ize  t h e i r  pefornance i n  rea l  
bu i l d ings .  A sirni 1  a r  a c t i v i t y  i n v o l  d ing r e s i d e n t i a l  b u i l d i n g s  i s  
ranked 9 th .  Research on t h e  r e t r o f i t  of e x i s t i n g  b u i l d i n g s  i s  
ranked 5 th .  Fenest ra t ion  ma te r i  a1 s ,  components, systems and 
perforrndnce i s ranked 12th. Perforinance simul at. i o n  through 
computer models i s  ranked 16th. Home energy r a t i n g  s y s t m s  i s  
ranked 15th. Advanced conc;lpts f o r  coinm?rcial 3u i  l d i n g  HVAC 
systems i s  ranked 25th. 3 iagnos t i cs  i s  ranked 27th. Energy 
~nanagemmt c o n t r o l  sys terns i s rankt?d 29th. F i  e l  3 qoni t o r i  ng and 
mon i to r i ng  i s  ranked 39th. Const ruc t ion  q u a l i t y  i s  ranked 33rd. 
4s you can see, a1 1 o f  these research a c t i v i t i e s  depend Q e a v i l y  
on i n f i  1 t r a t i o n  dnd v e n t i  1  a t i o n  research. I be1 ieve  t h i s  p a t t e r n  
i s  impor tan t  and want t o  r e t u r n  t o  i t  i n  my concluding remarks, 
b ~ l t  f i r s t  I dant t o  t e l l  you about DOE 'S  cur rer l t  a c t i v i t i e s .  

CURREflT DOE ACTIVITIES - - 

The lead 1 aboratory f o r  i n f i  l t r d t i o q ,  v e n t i l  a t i on ,  and indoor  3 i  r 
q u a l i t y  research f o r  DOE i s  t he  L d ~ r e n c e  Rerkzley Laboratory i n  
Serkeley, Cal i f o r n i a .  Current  research e f f o r t s  ?t LRC i n c l u d e  
the dzval  oplnent o f  :neasurement techn i  qlues and model s f o r  
i n f i l  t r d t i o n ,  a i r  leakdge, and v e n t i l a t i o n  i n  b u i l d i n g s .  4 
companion e f f o r t  i s  devoted t o  i d e n t i f y i n g  important  i ~ d o o r  
p o l l u t a n t s  and c h a r a c t e r i z i n g  t h e  dependence of indoor  p o l l u t a n t  
concentrat ions on b u i l d i n g  fac to rs  r e l a t e d  t o  energy use. 
Spec i f i c  exdmples o f  cu r ren t  research ob jec t i ves  i r lc lude:  

o Dev?lopment o f  techniques t o  f~nders tand indoor radon 
concent ra t ions  . ~ n d  b u i l d i r l g  e n t r y  mechanisns; 

o Dev.21 opment of energy-ef f i  c i  ent  techniques t o  c o n t r o l  excess 
p o l l u t a n t  concent ra t ions  i n  b u i l d i n g s ;  

o Design e f f o r t s  f o r  a na t i ona l  indoor  a i r  q u a l i t y  survey; 

o Devel oplnent a f  neH  leth hods f o r  ~ne.?sur-i ng who1 ?-house 3 i  r 
le3kago; 

o Development o f  3 rnul t i zone  i n f i l t r a t i o n  mode1 ; and 

o Determinat ion r3f the  energy e f fec ts  o f  na tu ra l  v e n t i l a t i o n  
and comfor t  requ i  remerlts. 

The Departinent a l so  supports work a t  t he  Srookhaven Nat ional  
Laboratory oq Long Is land,  N e j ~  York; a t  t h?  Nat ional  Rureag 
o f  S tmdards  3 t  Gaithersbury , Mdryl and; and 3 t  Pr ince ton 
U n i v e r s i t y  d t  Pr inceton,  qew Jersey. 

A t  Brook9aven, research i s  being funded t o  apply the  use o f  
per f1  urocdrbon t r a c e r s  (PFT) t o  perform mu1 t i  zone a i r  fled 
~neasurernents i n  bo th  mechanicdl l y  and na tu ra l  l y  ven t i  1  ated 
b u i l d i n g s ,  The concentrat ions lnejsured us ing t h i s  r 3 1 a t i v ~ l y  





inexpensive passive sampling technique a l l ow  t h e  de terminat ion  
o f  bo th  a i r  i n f i l t r a t i o n  and e x f i l  t r a t i o n  ra tes  from each 
b u i l d i n g  zone and t h e  a i r  exchdnge ra tes  aaong zones, 

A t  t h?  Nat ional  Bur2au o f  Standards, DOE i s  funding the  
development o f  t e s t  methods fo r  eva lua t i ng  the  movernent o f  a i r  
i n t o  and w i t q i n  1  arge com~nerci a1 bu i l d ings ,  The o b j e c t i v e s  o f  
t h i s  research i nc lude  de te r~n ina t i ng  ven t i  1  a t i o n  e f f i c i e n c i e s  i n  
co~nrnerci a1 b u i  l d i  ngs and t h e i  r impdct on b u i  1 d ing  energy cos ts  
and indoor  a i r  q u a l i t y .  

A t  Pr inceton,  t h e  DOE-funded research i s  devoted, i n  pa r t ,  t o  
s tudying the  r 2 l a t i o n s h i p  between p ressu r i za t i on  t e s t i n g  fo r  a i r  
leakage and t r a c e r  gas medsure~nents o f  i n f i l t r a t i o n  and t h e  
accuracy o f  models based upon these lneasurements t o  p r e d i c t  
r e t r o f i t  energy savings i n  s ing le -  and mu1 t i  - f a m i l y  residences. 
This  work inc ludes  the  development o f  a  constant  concent ra t ion  
t r a c e r  gas device t o  measure ~nu l  t i  zone na tu ra l  v e n t i l a t i o n ,  
which w i  11 5e used i n  mu1 t i -c9amber experiments. 

5, FUTURE DIRECTION OF DOE ACTIVITIES - 

As Re look  i n t o  the  fu tu re ,  1 a n t i c i p a t e  a  c o n t i w i n g  major 
emphasis on i n f i l t r a t i o n  and v e n t i l a t i o n  K&D, a l though t h e r e  
prob3bly w i l l  be sonu changes i n  focus f o r  t h e  I1.S. program. 
These c ~ a n g e s  i nc lude :  

o T9e a t t e n t i o n  w i l l  be l e s s  on i n f i l t r a t i o n  and v e n t i l a t i o n ,  i f  
those areas a rz  i n t e r p r e t e d  nar rod ly ,  and more on c l o s a l y  
re1 ated sub jec ts  such as "who1 z" b u i l d i n g  perforaance, 
d i s t r i b u t i o n  losses i n  heat ing,  v e n t i l a t i o n  and a i r  
c o n d i t i o n i n g  (HVAC) systems, indoor d i  r qua1 i t y  , 4nd a i  r 
inovement w i  t q i n  bu i l d ings ,  

o  T9ere w i  11 be a s h i f t  o f  emphasis from a i r  novelnent i n  
s i n g l e - f a m i l y  residences t o  a i r  movement i n  mu1 t i - f a m i l y  
h i g h - r i s e  and m i d - r i  se apartments, and coln~nerci a1 bu i l d ings .  

o There w i l l  be a  s h i f t  o f  emphasis from how t o  save heat ing  
energy i n  c o l d  c l imates  t o  how t o  save coo l i ng  energy i n  
Narm c l  imates, w i t h  imp1 i c a t i o n s  f o r  re1 ated i n f i l t r a t i o n  
and ven t i  1 a t i o n  rpsearch. 

o TLrere w i l l  be more emphdsis on the  r e t r o f i t  o f  e x i s t i n g  
b u i l d i n g s  and l e s s  on the  design and cons t ruc t i on  o f  QeN 
b u i l d i n g s .  This  w i l l  have i m p l i c a t i o n s  on i n f i l t r a t i o n  a w l  
v e n t i l a t i o n  research, 31 though there  w i  1 1  be con t i nu ing  
support f o r  t he  dwelopment of gu ide l i nes  and mmuals f ~ r  
new b u i l d i n g  designs. 

o  Toe rese3rch v ~ i  1 1  i n v o l v e  the use o f  mu1 t i p l e  t r a c ? r  gases t o  
increase our understanding of more complex a i r  movement 
quest ions, such as i n f i l t r a t i o n  and i n te rzone  a i r  novewn ts  
under dynamic weather and HVAC opera t ing  cond i t ions .  





o Iqcreased a t t e n t i o n  w i l l  be g iven t o  technology t r a n s f e r ,  
which w i l l  r e q u i r e  t h a t  research r e s u l t s  a re  i n t e r p r e t e d  
i n t o  handbooks and gu ide l i nes  t h a t  p r a c t i c i n g  a r c h i t e c t s  
and engineers can us2 i n  t be  design and opera t ion  o f  rea l  
5ui  1 d i  ngs. 

CONCLUSION - 

These f u t u r e  d i r e c t i o n s  suggest we 3re en te r i ng  i n t o  a neN 
phase of b u i l d i n g  energy research a c t i v i t i e s ,  I n  t he  pas t ,  we 
have focused on t h ?  energy features o f  t h e  components o f  
bu i  ld ings--wal  1 s , fenes t ra t i on ,  roc~fs  , HVAC systems. Because o f  
i t s  gener ic  nature,  much o f  t he  resedrch on i n f i l  t r d t i o n  and 
v e n t i l a t i o n  has escaped t h i s  segmented approach. Dur ing t h e  past 
10 years, we bdve made great  advances i n  understanding h o ~  
b u i l d i n g  co~nponents perform, a1 though such work r e m i n s  t o  be 
done. 

Now t h a t  t h i s  component m r k  i s  we l l  engaged, t h e  nex t  phas? of 
research needs t o  focus on a range o f  i n t e g r a t i v e  s tud ies  t h a t  
d i l l  show hod t h i s  new knodledge can be used t o  design, b u i l d ,  
and operate energy-miser ly  b u i l d i n g s  t h a t  o f f e r  heal thy,  
p roduct ive ,  and a t t r a c t i v e  environlnents f o r  t h e i r  occupants. 
The cha l lenge t o  you r2sedrckers i n  t he  i n f i l t r a t i o n  and 
v e n t i l a t i o n  f i e l d s  w i l l  be t o  recds t  your research p lans i n t o  
the p r i o r i t i 2 s  o f  t h i s  nex t  phase o f  b u i l d i n g  research. 
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ABSTRACT 

This survey describes how external walls and joints a r e  constructed in 
practice. The paper gives you an opportunity t o  compare how successful 
the  implementation of airtightness has  been in Sweden in comparison 
with t he  results presented in the  report  D2:1983 "Air infiltration control ..." by A Elmroth and P Levin. 

The survey covers the  majority of a l l  Swedish prefabricated single family 
houses constructed in 1984. All big prefabrication companies a r e  
included in t h e  survey. 

The following issues a r e  presented: 
- Wall sections 
- Sealing systems 
- Measured airt ightness and method 
- Number of houses measured 
- Distribution between different  heating and ventilation systems 
- The demand from the  customers t o  measure t he  value of airtightness 

The conclusions a r e  that:  
- t he  majority of the  houses has an airt ightness of 2-2,7 ach/h 
- t h e  airt ightness is easy t o  decrease t o  less than 1,O ach/h 
- i t  is recommended t o  control 5-10 % of the  production of each 

housetype 
- air t i th tness  is  easy t o  control with t he  exhaust fan 
- only the  big customers  carry out  control 

1. INTRODUCTION 

In Sweden 113 of a l l  dwellings a r e  prefabricated houses. These a r e  single- 
family dwellings built a s  detached houses and constructed of timber. 

The companies have during the  las t  4 years developed well insulated and 
airt ight houses with a low demand of hea t  power. 

Three different  types of element a r e  used in house production: small  
e lements  (L < 2,5 m) 20 %; large e lements  (L 5-11 m) 60% and volume 
elements 20%. 

The main pa r t  of t he  population in Sweden lives under the  condition of 
4 100 degree days, 

2, METHOD 

14 companies participated in the  survey. They represent 213 of the  to ta l  
production (12 000 houses) of prefabricated houses in Sweden today. A 
questionnaire was sen t  t o  each company. The answers were collected by 
telephone and drawings were sent in t o  t h e  author. 

Test  results were received from each company. The tests were carried 
out  by consultants or  official test institutes. 





RESULTS 

3.1 Thermal insulation 

Prefabricated houses in Sweden have bet ter  insulation than required in 
the  Swedish Building Code. 

Table 1 House production and different k-values 

Number of Houses/ k-value 
companies year wall roof window 

Swedish Building Code 0.25-0.30 0.17-0.20 2.0 
Swedish Building Code 
Electric resistance 
heating 0.17 0.12 2.0 

The conclusion t o  be drawn from this is tha t  the  k-value and the  
insulation in the prefabricated houses a re  15% be t te r  than required in 
t he  Building Code. The trend still shows a reduction of the k-value t o  
very thick insulation. 

3.2 Heating and ventilation systems 

With very t ight and well insulated houses the demand for a good designed 
ventilation system increases. With the  introduction of thick insulation 
and heat recovery systems the power required for heating the  house has 
decreased. To save oil for  heating, Sweden has turned to  electricity. In 
order t o  save both energy and electricity Sweden has developed systems 
with heat pumps connected t o  exhaust air  producing hot t ap  water  and 
heating the  supply air  o r  heating the  water in a hydronic system. 





Table 2 Heating systems in prefabricated single family houses in 
Sweden 

Direct  e lectr ic  resistance heating 20 % 
Air heated 60 % 
Electric boiler, hydronic system 5 % 
District  heating, hydronic system 5 % 
Wood boiler, hydronic system 5 % 
Misc. 5 % 

Table 3 Ventilation systems and hea t  recovery systems in prefabricated 
single family houses in Sweden 

Mechanical exhaust ventilation 22 % 
Mechanical exhaust ventilation - hea t  pump - hot t ap  water 9 % 
Mechanical exhaust ventilation - hea t  pump - hot tap  water - 
heating supply air  52 % 
Mechanical exhaust ventilation - hea t  pump - hot t ap  water - 
preheating hydronic system 10 % 
Mechanical supply and exhaust air-heat exchanger 7 % 

This investigation showed tha t  natural ventilation has totally vanished 
from the market. Not a single house was reported, 

3.3 Airtightness 

All companies included in the survey had carried out some kind of 
measuring with a view of convincing themselves tha t  the  end product 
(the house) and i ts  detail  solutions came  up to  standard. 

One company considered tha t  this result could be achieved by measuring 
a couple of exterior walls. Furthermore the detail  solutions give the  
impression of being extremely good. Five companies have controlled t ha t  
the  various types of houses function with a satisfactory degree of 
tightness. Three companies control every year a selection of houses a t  
various building s i tes  in Sweden with a view of checking that  the  
erecting is properly done, Four companies carry out routine test of 
various types of houses all over the country. Finally, there  is one 
company tha t  is measuring ail their houses and guarantees the tightness 
of these houses. 





Table 4 Measured houses. Value of airtiqhtness 

Com- Production Measured Measured/ Value 
pany houses/year since -82 year 

Checked some 
housetypes and/ 
or e lements  6 3 100 60  

Checking 
sometimes 3 2 500 110 30 2.5 

Good quality 
control 4 1 700 780 170 2.0-2.5 

Guarantee 1 300 450 300 0.7 

The Swedish Building Code 3-0 

All houses were measured with the  blower-door method except  houses 
with provided guarantee. All these houses a re  measured by means of the  
exhaust fan. People from t h e  company measure the  air  tightness and 
some of the  results a r e  then checked by the  Swedish Testing Institute. 
All other measurements have been carried out by consultants. 

Companies marked with "good quality control1' usually have professional 
customers measuring 10-20 % of the  houses. Sometimes also 
thermography tes t s  a r e  being carried out. 

The differences in ach/h a re  not high between 1-storey hauses and 1i 
storey houses. Usually the  airtightness is between 1110-2/10 ach/h lower 
in 1-storey houses. 

Sealinq 

The results from the 1 4  companies participating in the  survey have been 
compared in order t o  discover if there  is a solution tha t  will give a 
significantly bet ter  airtightness. 

The following tables and figures give an idea of how the Swedish houses 
a re  constructed. 

Table 5 Wind barrier 

Material Number of Houses/year 
companies % 

Particleboard 
Asphalt impregnated board 
Gypsum board 
Fibre board 
Paper 





Table 6 The place fqr  vapour barrier 

Vapour barrier Number of Houses/year 
companies % 

Behind inner sheet. Wall 
Behind inner sheet. Ceiling 
50 mm in insulation. Wall 
50 mm in insulation. Ceiling 
Secret  

Table 7 Ceiling joints 

Houses/ year Air tightness 
YO ach/h 

Vapour barrier clamped 3 8 
Vapour barrier overlapping + tape 5 5 
No overlapping 3 
Secret  4 

no 
significant 
differences 

Table 8 Element joints 

Houses/year Air tightness 
YO ach/h 

Glass fibre in plastic film 26 
EPDM rubber s t r ip  63 
EPDM rubber strip + polyethylene film 5 
EPDM rubber s t r ip  + mastic  2 
Secret  4 

Table 9 Window joints 

Housesfyear Airtightness 
YO ach/h 

Mineral wool 32 2.3-2.7 
Mineral wool + mastic  18  
Mineral wool + EPDM-rubber 20 2.0-2.5 
EPDM-rubber 18 2-2-3.0 
Glass fibre in plastic film 5 2.0 
Glued construction + foam strip 3 2.0 
Secret  4 0.7 





4, CONCLUSIONS 

Most of the prefabricated single family houses in Sweden seem t o  have 
an airtightness of 2-2.7 ach/h. With good control and constructions i t  is 
easy t o  get  less than 1,0 ach/h. With all the  constructions presented in 
this paper i t  is possible tha t  the companies can ge t  an even bet ter  
airtightness than shown above. It  is very important that  the  houses a r e  
submitted t o  a control. I t  seems t o  be enough t o  control 5-10 % of the 
production. But then i t  is important t o  have a proper distribution 
between different house types and different locations in t h e  country. The 
las t  depending on the construction workers skill. 

Only one company used the fan in the  house for measuring the  
airtightness, All the other used the blower-door method. 

It is easier t o  ge t  a wide-spread control if the fan in t he  house is used for 
measuring. This method is also possible because all t he  houses a re  
equipped with a t  least  one fan. 
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This paper discusses the situation in the Netherlands with respect to 

air tightness of dwellings and reflects discussions about this in the 

Dutch Standard Committee on Air Tightness of Buildings. 

Results of measurements and calculations are given and the considerations 

of different groups in the discussion are included. 

Finally an attempt is made to produce a model for the prediction of 

- air flow rates 

- infiltration losses 

- seasonal gas consumption 

on the basis of air leakage measurements. 
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1. INTRODUCTION 

This report can be seen as a reflection of the discussions in the Dutch 

Committee on Air Tightness of Buildings. 

Other publications [ I ] ,  [2] and [3] bring forward that measurements of 

air leakage by pressurization or depressurization of the building will not 

always simply correlate to the air infiltration. 

This is a problem any standard committee on air tightness of buildings 

will have to deal with. 

In most countries standards or proposed standards have the aim to save 

energy by making buildings more air tight. 

The last few years we have also realized that indoor air quality problems 

may occur due to our endeavour to make buildings more air tight. 

There will be probably two standards in the Netherlands 

- one treating the measurement method 

- one treating the requirements for buildings. 

In the standard "Measurement method for the air leakage of buildingsy', 

which will be published soon, it is stated that this standard applies to: 

- dwellings or partsthereof 

- other buildings with a volme of about 

ten times a nomal dwelling. 

In this paper we only focus on dwellings. If not specified the dwellings 

have natural ventilation provisions. Some attention is paid to mechanical 

exhaust and balanced ventilation systems. 





2. OVERVIEW 

2.1 TWE SITUATION IN 1981 

The best information available at that time were the results of pressuri- 

zation tests on 130 dwellings. The mean air leakage of these dwellings was 

0.1 m 3 / s  at 1 Pa pressure difference equaling to an a of about 12 (Fig- 
5 0 

ure 1 ) .  One should realize that this was measured with open ducts and 

flues . 
With the aid of the IMG calculation model for ventilation of buildings 141 

and some estimates on the distribution of air leakage over the building 

envelope - the pressure distribution - the air flow versus wind speed 

characteristics of the dwelling can be calculated (Figure 2). 

As can be seen from Figure 2 the air flow through the dwellings will be 

almost 65 dm3/s at mean weather conditions during the heating season 

(i.e. a wind speed of 5 m/s and an outdoor temperature of 5 O C )  and a nor- 

mal shielding. 

According to the basis of the Dutch Standard for ventilation of dwellings 

(7 h3/s per person) this flow is enough for about nine persons. 

There is no doubt that energy savings can be made by improving the air 

tightness of the house. 

2.2 TWE IMPROVED SITUATION OF 1983 

A reasonable improvement of the dwelling as we have seen from measurements 

and calculations can lead to a flow rate versus wind speed characteristic 

as shown in Figure 3. But even then during about 15 % of the time the flow 
rate is larger than the maximum requirements of the ventilation standard. 

2.3 THE DESIRABLE C 

The Standard Committee decided to reach a flow rate versus wind speed 

characteristic with at zero wind speed and an outside temperature of 5 OC 





a minimum flow rate of about 21 dm3/s and at 10 m/s wind speed which will 

be exceeded about 5 % of the time a minimum flow rate of 42 dm3/s. 

This seems to be possible by reducing the ground floor leakage to about 

zero and to give little attention to faqade leakages and improve the roof 

leakage again with about a factor 2 (see Figure 4). 

2 . 4  THE UNDESIRABLE SITUATION OF 1984 

During the last eight mounths infiltration rate measurements were made in 

mappartment. The results are shown roughly in Figure 5 .  

According to the builders, the houses (appartments) had been built by 

"nomal" building techniques for 1984. The appartments had leakage values 

up to ten times better than the present Swedish standard E61. These ap- 

partments had natural ventilation. No body made any attempt to deliver 

the occupants information how and when they had to use their ventilation 

provisions. A lot of moisture and back (flue) drafting problems occurred. 

In an attempt to save energy people living in dwellings with mechanical 

exhaust systems, switched off their system during the heating season or 

at the best case they switched the system on only during too short periods 

(i.e. only while cooking and bathing). 

Again moisture problems occurred. 





3. CONSIDERATIONS 

At this point the Standard Committee was divided into two groups, realiz- 

ing that : 

- building practice sometimes goes faster than expected 

- occupants' behaviour had to be changed in better air 

tight houses. 

The first group who might be called the loosers does not want a standard 

on air tightness requirements. They argued to go over to the following 

actions. 

- Produce some publications in which it is stated that: 

normal building practice have not to be improved for facades 

except for houses with balanced ventilation systems 

* floors above ventilated crawl spaces must be as air tight as 

possible 

roofs must be air tight to such degree that no cross ventilation 

will occur under mean weather conditions during the heating 

season. 

- To ensure that minimum ventilation requirements are reached, a good 

education and instruction to occupants is necessary. 

The second group (who might be called the tighters) wants a standard with 

requirements. They considered the situation as follows: 

- Do not improve the 1984 building practice too much. 

- Try to reach reasonable leakage values as shown in Figure 4. As a 

minimum desirable value, take 75 % of the curve in Figure 4. 

- When designers or builders want to build better air tight dwellings 

they are obliged to: 

install at least a mechanical exhaust system with exhaust in 

W.C., bathroom and kitchen or install a balanced ventilation 

system with air supply to livingrooms and bedrooms and exhaust 

in W.C., bathroom and kitchen. 





This means that a builder has to know about the air tightness 

of his constructions before building a house. If he makes the 

house more air tight than the standard he has to plan a mechan- 

ical ventilation system. 

- Make instructions for occupants. 





4. MODELING 

I f  t h e  Standard Committee decides on requirements they w i l l  make an a t -  

tempt t o  produce a model with which any user  can estimatewhat consequences 

the  leakage o r  t igh tness  has i n  terms o f :  

- a i r  flow r a t e s  

- i n f i l t r a t i o n  hea t  losses  

- seasonal  gas o r  f u e l  consumption. 

Some attempts i n  o the r  countr ies  were a s t imula t ion t o  do so  ( [I ] ,  [7 ] ) .  

4.1 MODEL FOR LLU VENTILATED DWELLINGS 

The model f o r  n a t u r a l l y  v e n t i l a t e d  dwellings c o n s i s t  of t h r e e  b a s i c  equa- 

t i o n s  : 

q~ = ( A + B x C x v + D x A T ) I  (1) 

i n  which: 

% = t o t a l  volume flow r a t e  through t h e  dwelling [dm3/sI 

A = constant  f o r  t h e  e f f e c t  of turbulence 

A = 0.05 

B = sh ie ld ing  c o e f f i c i e n t  

B1 = 0.75 shielded a reas  

B2 = 1.00 normal surroundings 

Bg = 1.25 open t e r r a i n  

C = c o e f f i c i e n t  f o r  t h e  d i s t r i b u t i o n  of a i r  leakage 

C1 = 0.070 normal d i s t r i b u t i o n  

C2 = 0.080 high r e l a t i v e  f l o o r  and fagade leakage 

Cg = 0.060 low r e l a t i v e  f l o o r  and fagede leakage 





v = meteorological wind speed [m/s 1 

D = constant for the temperature effect, with three values 

for different heights: 

D = 0.020 5 m height 

D2 = 0.010 2 m height 

Dg = 0.050 10 m height 

AT = mean weighted difference [Kl 

L = measured air leakage [dm3/s at 1 pa] 

Qv = ventilation heat losses [wl 

p = air density [kg/ m3 1 

c = specific heat of air [ J/kgKI 

E = coefficient for the temperature distribution 
over the dwelling 

El = 0 .9  normal temperature distribution 
livingroom 18 O C ,  bathroom 15 OC 

E2 = 1.0 uniform distribution 
(bedrooms heated) 

G = seasonal natural gas consumption [m3] 

due to ventilation 

1: = length of the heating season [sl 

C = specific heat of the natural gas [J/m3] 
gas 

Q = seasonal boiler efficiency 1-1 

4.2 MODELS FOR DWELLINGS WITH MECWAMICAL VENTIMTION 

Attempts have been made to correct equation (1) for mechanical exhaust 

systems. So far no satisfactory approach can be reported. 

In the case of balanced ventilation simply adding the mechanical flow rate 

to the "naturalw rate seems to be succesfull. 

The coefficient and constants quoted in this paper may be modified, be- 

cause a calculation study to verify these values is being carried out at 

the moment. The goal is to predict the flow rate with this model in com- 

parison with the multicel model results within a range of about 10 %. 
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Figure  1 D i s t r i b u t i o n  o f  a i r  l e a k a g e  f o r  130 
d w e l l i n g s  in t h e  N e t h e r l a n d s  





Figure  2 Flow ra te  VCrEUE windsprod 
S i t u a t i o n  1981 





Figure 3 Fkaw ra te  versus windspeed 
Situat ion 1983 





Figure  & F l o w  r o t e  versus windrpacrd 
Der i rab ls  s i tua t ion  





Figure 5 Flow r a t r  versus windrpccd 
The undrr i rablr  si tuat ion 





AMENDMENTS TO PAPERS 

Paper No : 

Ti t l e  : A standard fo r  minimum ventilation 

Amendment: The equations given on page 3,8 should be numbered as  
fo1 1 ows : 

The ventilation efficiency, n ,  can be defined as: 





Paper No : 4 

T i t l e  : A i r t i g h t n e s s  s t anda rds  f o r  bu i ld ings  - t h e  Canadian 
expe r i ence  and f u t u r e  p lans  

Amendments: Page 4.3,  1 s t  paragraph,  2nd l i n e .  

- change 1982 t o  1981 

Page 4 .6 ,  l a s t  l i n e  should be: 

Q = Cap f i  

Page 4 .7 ,  3rd l i n e  should read:  

a p  = i n t e r i o r / e x t e r i o r  p r e s su re  d i f f e r e n c e  (Pa)  

Page 4 .7 ,  13 th  l i n e  should read:  

ELA = 0.001157 6. C . 1 0 n - ~ e  5 

Page 4.7,  15 th  l i n e  should read: 

P o  = d e n s i t y  o f  t h e  e x t e r i o r  a i r  (kg/m3) 

Paper No : 6 

T i t l e  : Energy performance s t anda rds  regard ing  a i r  i n f i l t r a t i o n  
o f  b u i l d i n g s  i n  Swi tzer land  

Amendments: Page 6 .4 ,  Table  1  

o f f i c e s  with deep spaces  (<6m2) should read 

Of f i ce s  w i t h  deep spaces  (>6m) 





Paper No : 10 

T i t l e  : Development of occupancy-related ventileation control f o r  
Brunel University 1 i brary 

Amendment : Acknowledgement 

The co-operation of the Librarian Mr. N .  Childs and a l l  the 
Brunel Library s t a f f  during the work i s  grateful ly  
ac know1 edged. 

Paper No : 16 

T i t l e  : Constancy of a ir t ightness  in buildings 

Amendment : Units of ELA should be dm2 and not cm2 as printed. 

Paper No : 20 

T i t l e  : Verification of calculation models of a i r  i n f i l t r a t i o n  using 
three types of t e s t  houses 

Amendments: Equation 17, page 20.15, should read: 

B = 2 TgH/(T + 273) v2 = 2Ar  

Equation 20, page 20.16, should read: 

Q = Q , ( P v ~ / A P , )  . F ( A r 9 @ )  









DISCUSSION 

R .  Grot  
( USA ) 

D .  Grimsrud 
( USA 

P. Jachan 
(UK) 

C .  Eberdt 
( USA 

P. Jachan 
(UK) 

'Review o f  bu i ld ing  a i r t i g h t n e s s  and v e n t i l a t i o n  s t a n d a r d s '  
p resen ted  by P e t e r  Jackman (UK) 

The USA ASTM p r e s s u r i z a t i o n  method s tandard  s t a t e s  t h a t  
t h e  p re s su re  v a r i a t i o n  a c r o s s  t h e  envelope should n o t  be 
more t h a t  a  c e r t a i n  pe rcen t  and a  s t r i c t  a p p l i c a t i o n  of 
t h e  method would r e q u i r e  t h a t  t h i s  be v e r i f i e d .  The 
phi losophy o f  t h e  US has been t h a t  a  bu i ld ing  should be 
t e s t e d  i n  t h e  c o n d i t i o n  i n  which i t  is used and t h a t  
openings f o r  flues and exhaus t s  a r e  ho les  t h a t  normally 
e x i s t  and should n o t  be  taped  o r  s e a l e d  u n l e s s  t h i s  i s  t h e  
way they  a r e  normally used. The on ly  except ion  i s  when a  
s a f e t y  hazard could e x i s t  dur ing  t h e  tes t  if  t h e  opening 
was no t  s ea l ed  - f o r  example a  f i r e p l a c e  i n  which ashes  
would be blown i n t o  t h e  bu i ld ing  by t h e  f an .  The b i g g e s t  
d i f f i c u l t y  we have exper ienced  wi th  the s tandard  i s  t h e  
d e f i n i t i o n  o f  t h e  condi t ioned  space  and p a r t i c u l a r l y  i f  
t h e  basement volume i s  t o  be inc luded .  In  US d a t a ,  t h e  
basement is  excluded unless i t  i s  f i n i s h e d ;  i n  Canada the 
basement i s  included.  

Two comments: 

1 .  The Nordic s t anda rd  should be added t o  your  v e n t i l a t i o n  
r a t e  s t anda rds  l i s t .  

2. I t  should be po in ted  o u t  t h a t  v e n t i l a t i o n  r a t e  s t anda rds  
i n  the US a r e  des ign  s t anda rds ,  i . e .  t hey  do no t  apply  
t o  t h e  a c t u a l  o p e r a t i o n  of t h e  bu i ld ing .  I s  t h e  same 
s i t u a t i o n  true i n  Europe ? 

1. Yes, I agree. That i s  an important and relevant 
standard. 

2. My impression i s  tha t  a l l  of the vent i lat ion rate  
standards are design specifications and that  there i s  
no obligation t o  demonstrate that  they are actually 
achieved i n  the completed building. Whether or  not 
action could be taken against a designer i f  a building 
were shown t o  fa22 short of the specified ventiZation 
rates  would depend on the legal status of the standard 
i n  the country concerned. 

Your d i s c u s s i o n  showed t h r e e  ( b a s i c a l l y )  d i f f e r e n t  ways t o  
p l o t  t h e  r e s u l t s  of  p r e s s u r i z a t i o n  t e s t i n g  (Norway & Sweden, 
Canada, USA). Are t h e r e  any s i g n i f i c a n t  advantages o r  
d i sadvantages  t o  each o f  t h e s e  ? 

The advantages or disadvantages of alternative ways of 
expressing t e s t  resu l t s  depends Largely on the purpose for 
which the data are required. From a research viewpoint, 
the  most suitable presentation would be the figures 
actuallp recorded during the t e s t .  A l l  other methods of 
are l i ke l y  t o  modify the data i n  some way, e.g. averaging. 





D. Kehrli 
( USA 

C .  Uglow 
( U K )  

P. Jackman 
( U K )  

W.R. Jones 
(Canada) 

P. Jackman 
( U K )  

Paper 2: 

E .  S te r l  i ng 
(Canada) 

I f  the intent ion were t o  convey some impression of the 
extent of the leakage problem, then it can be argued that  
equivalent leakage area i s  a parameter the magnitude of 
which i s  easiest  t o  visual ise .  I f  the main purpose i s  t o  
provide a parameter that  simply defines a l i m i t  of 
acceptabili ty andthatcan easi ly  be related t o  the 
measurements made on s i t e ,  then the leakage rate  a t  a given 
pressure dif ference i s  appropriate. 

Of what value a r e  the  current  t e s t  methods f o r  component 
a i r  leakage a t  standard atmospheric condit ions,  when 
fenes t ra t ion  products a r e  probably in an open condit ion a t  
these  temperatures when i n s t a l l ed  in  an envelope ? Should 
we be concentrat ing our e f f o r t s  i n  standards t h a t  more c lose ly  
simulate f i e l d  condit ions ? 

The t e s t s  a t  or near standard atmospheric conditions provide 
a basis for the general assessment of  component quality and 
for the comparison of performance from one product t o  another. 
I agree that  a ZogicaZ extension of the requirements would 
be a t e s t  under ternperature/humidity conditions that  represent 
more severe s i t e  conditions. 

Do the  four  national standards on whole building a i r  leakage 
specify a t  precise ly  what s tage  of building construction 
the  pressur iza t ion t e s t  should be ca r r i ed  out  ? For example, 
a r e  the  t e s t s  ca r r i ed  out  a f t e r  a l l  the  se rv ice  connections 
have been completed ? 

iVo, the stage a t  which leakage t e s t s  are t o  be carried out 
i s  not specified.  

Are the  Swedish/Norwegian whole house a i r t i gh tne s s  
requirements mandatory ? I f  so ,  what happens t o  houses 
t h a t  do not meet the  requirement ? Are a l l  houses t e s ted  
o r  just a sample ? 

( a )  No - except when made so by local authorit ies.  

( b )  Sealing treatment i s  applied and house re-tested. 

( c )  Just a statistieally-based sample, again prescribed by 
the local authority. 

'IEA Annex IX - "Minimum ven t i l a t ion  r a t e s " .  Survey and 
outlook' 
presented by Lutz Trepte (Federal Republic of Germany) 

Regarding use of C02 a s  a surrogate ind ica to r  f o r  overall  
indoor a i r  qua l i ty :  

1 .  C02 does not respond t o  ven t i l a t ion  in  the  same way as  
o ther  common indoor contaminants, i . e .  CO and pa r t i cu l a t e s ,  

2 .  Level of acceptable exposure i s  unclear (we have recent ly  
recommended t o  Health and Welfare Council t h a t  an exposure 
l im i t  of 600-1000ppm be adopted f o r  residences,  based on a 
de ta i  1 ed review of heal t h  and comfort 1 i t e r a t u r e )  . 





L. Trepte Carbon dioxide i s  only one of the factors influencing indoor 
f Germany) a i r  quality,  although one o f  the most investigated and under 

consideration for many years. Therefore, it was obvious t o  
use, i n  an i n i t i a l  approach, C02 as an indicator. However, 
it was also found from investigations that  there can be 
considerable variations i n  C02 between rooms and within 
rooms. There are, for example, no correlations between CO, 
and factors such as formaldehyde,' so defining indoor a i r  
qual i ty  only by the C02 content i s  unsatisfactory and 
genera ZZy inahissabZe. 

The proposed C02 l im i t s  for European countries for example, 
range from 2000 t o  1500 ppm based on the relationship 
between odour and C02 concentrations. Other standards 
specify a limit of 2500 ppm. We would recommend the lower 
leve ls .  

Paper 3 : ' A  standard fo r  minimum vent i la t ion '  
presented by David Harrje (USA) 

W.R. Jones Do you believe tha t  the revision t o  ASHRAE Standard 62-1981 
(Canada) will  include outdoor a i r  requirements ? 

D. Harrje The final version of 62-1981R w i l l  depend on the careful 
(USA) weighing of  a l l  the factors discussed i n  t h i s  paper, plus 

other factors that  we are sure w i l l  be raised a t  future 
meetings of the committee. Certainly a nwnber of factors 
would point towards increased outside a i r  requirements. 
However, we believe the revised standard will have more 
f l e x i b i l i t y  t o  respond t o  the variety  of v e n t i k t i o n  
requirements and that  the consequence of various actions 
w i l l  be be t ter  outlined i n  that  standard. 

E.M. Sterling 1 ,  Prediction of tobacco-related indoor a i r  quality 
(Canada ) constituents modelled with data obtained in chamber 

studies,  as well as measurement studies undertaken 
with inadequate and often faul ty instrumentation (TSI 
piezo balance), does not correspond with measurements 
obtained in buildings measured under conditions of 
real occupancy and use. Particulate levels,  even where 
smoking occurs, never reach those levels tha t  would be 
expected judging from chamber studies. Therefore, the 
expressed requirement fo r  42 cfm to  control tobacco 
smoke i s  probably unwarranted. 

2. Are resu l t s  of fan pressurization t e s t s  for  a i r  leakage 
appropriate as the basis fo r  design standards/guidelines ? 
We do not design f o r  50 pascals. Buildings have 
d i f fe rent  1 eakage character is t ics  under normal conditions 
(respond to  seasonal var iat ion);  fan pressurization masks 
th is .  

D . Harrj e 1.  We agree that  chamber studies o f ten  cannot predict the 
(USA ) ent ire  'real l i f e '  s i tuat ion i n  an actual building. 

However, the error i s  not necessarily i n  one direction. 





D.T. Grimsrud 
(USA) 

D. Harrje 
(USA) 

D. Saum 
( USA 

D, Harrje 
(USA) 

W. de Gids 
(Nether1 ands) 

D. Harrje 
(USA) 

2. The use of an elevated pressure, such as  50 Pa, i s  
useful i n  the comparison of individual building 
tightness as well  as an aid t o  pinpointing a i r  leakage 
s i t e s .  Seasonal variations, with a l l  the associated 
complexities such as wind speeds and direction, 
temperature differences, hwnidity level  and occupancy 
behaviour, can only be ascertained using tracer gas 
methods which measure the a i r  flow direct ly .  

Please comment on t h e  e f f e c t s  t h a t  occupancy would have on 
the  seasonal i n f i l t r a t i o n  measurements made in  the  two study 
houses i n  Gai thersburg, Maryland. 

The experiments i n  the two unoccupied houses i n  Gaithersburg 
were generally free from occupant e f f e c t s  such as opening 
and closing doors, except where technician a c t i v i t i e s  
necessitated door openings. O n  average, door openings were 
made during one out of eight hours. Comparisons were made 
with the same AT and wind speed categories. Those brief  
door openings had no measurable e f f e c t  on the hourly a i r  
exchange rate. Cooking a c t i v i t i e s  and other occupant 
in ter ior  a c t i v i t i e s  also had no measz;rabZe e f f ec t .  Clearly 
the opening of windows, even s l ight  amounts, would have been 
immediately noticed, but they were not part of the research 
agenda. 

Have you t r i e d  t o  model the  seasonal var ia t ions  in  
i n f i l t r a r i o n  using models such a s  t h a t  of LBL ? If so,  
what cor re la t ion  was found between models and measurements. 

The modelling e f for t s  by the researchers a t  Geomet involved 
the use of the Reeves/EMPS model and regression models t o  
estimate seasonal variations i n  a i r  in f i l t ra t ion .  General 
trends were certainly evident i n  themodels.  For the 
Reeves model t o  more closely simulate the measured a i r  
i n f i l t r a t i o n  rates,  it was necessary t o  make adjustments 
t o  account for the individual houses (bringing the 
explanation of variation t o  almost go%),  This necessity 
for individual building corrections i s  not that  unusual 
(based upon other modelling experience) and it represents 
the l imitations i n  the modeZZing approach. Factors such 
as where i n f i l t r a t i o n  i s  taking place and the nature of the 
openings (or i f i ce  us small crack flow) can d irec t ly  influence 
the f ie ld vs  theory comparisons. 

Arethe numbers i n  Figure 5 reasonable, when you have 
s u f f i c i e n t  a i r  flow f o r  a room and proper design of the  
system ? In addi t ion,  in  an occupied room people 
themselves a r e  a l s o  mixing the  a i r .  

A 'proper design of the system' implies that  return and 
supply systems are adequately mixing the room a i r .  This 
i s  best achieved i f  they are Zocated a t  di f ferent  room 
heights. I f  supply and return are Zocated i n  the ceiling 
as shown i n  Figure 4, then a l l  too o f ten  short circuiting 
can occur above the dashed l ine.  Depending on the level 
of that  Zine i n  the room, occupant movements can 'mixv the 
room a i r  'more or less  ' as you point out. 





R. Rothman 1 . The standard (ASHRAE 62-81 ) refers  to  f i  1 t e r i  ng 
(USA) efficiency as a possible means of reducing fresh a i r  

intake. A formula i s  provided (based on f i l t e r  
efficiency) to  calculate  required ventilation r a t e .  
Except fo r  par t ic le  removal, there i s  no f i l t e r i n g  
process tha t  will give a predictable removal efficiency. 
Therefore, a1 though i t  i s  good procedure in theory, i t  
i s  not practicable from an implementation point-of-view. 

2. I t  i s  a1 so important t o  establ ish a procedure t o  
determine when f i l t e r i n g  i s  necessary. W i t h  the exception 
of par t ic les  (smoking), i t  i s  not c lear  which pollutants 
a re  of r e a l i s t i c  concern and how they can be mitigated. 
The standard proposes an a i r  pollution screening 
procedure b u t  i t  does not seem to apply t h i s  very well 
to  indoor sources. 

While I r ea l i se  there i s  no easy answer, I believe the 
standard should attempt to  deal with t h i s  problem in a more 
d i r ec t  manner. ( I f  we do not have a good system to  analyse 
existing indoor a i r  quality and a r e a l i s t i c  means t o  
mitigate,  the standard should acknowledge t h i s  defficiency) 

A fur ther  note on implementing ASHRAE 62-81. BPA has 
adopted cer tain portions of ASHRAE 62-81, i n  par t icular  the 
table  prescribing ventilation rates .  We have not adopted, - 
in f u l l ,  other portions dealing d i rec t ly  with a i r  quality - 
primarily because, as indicated below, there does not appear 
t o  be a r e a l i s t i c  means of implementing the recommendations 
nor does i t  address what we see as  potential indoor a i r  
qua1 i ty problems. 

I am curious to  know i f  ( a )  you agree w i t h  my concern - i f  
so what plans are  being made t o  address the issue and (b)  
others have made similar comments. 

Recommendation: Because each building will have a potential 
f o r  unique sources of a i r  pollutants and because i t  i s  not 
reasonable to  monitor a11 possible pollutant types, ASHRAE 
should consider simply prescribing: 

1 .  Ventilation rates  tha t  typical ly  provide acceptable a i r  
quality (define acceptable a i r  qual i ty) .  BPA i s  carrying 
out some work in t h i s  area now. 

2 .  Outline a l l  measures/procedures t o  avoid source problems. 

D. Harrje Your comments point out perceived deficiencies i n  the standard 
(USA) as  it i s  now constituted. However, as stated i n  our paper, 

each aspect of the standard i s  being studied by a group o f  
subcommittees t o  review comments such as those you have 
expressed. WG quite agree that  each building has unique 
sources of a i r  pollution and the Ventilation Rate Procedure 
i s  the approach that  speci f ies  a i r  exchange ra tes  that  
typicaZly provide acceptable indoor a i r  quality.  The A i r  
Quali ty  Procedure i s  an al ternat ive approach which, i f  used 
properly, can provide even be t ter  assurances o f  appropriate 





indoor a i r  quality.  For example, i f  monitoring were 
carried out for particulates because they presented the 
indoor a i r  qual i ty  problem i n  the building i n  question, 
then urnt i la t ion  rates  would be adjusted t o  solve tha t  
problem (which might not have been addressed by the  
Ventilation Rate Procedure). We also agree that  source 
control would be the preferred route, but i s  it feasible 
t o  prescribe comprehensive source control within the  standard ? 

Paper 4 : 'Airtightness standards for  buildings - the Canadian 
experience and future plans' 
presented by John Haysom (Canada) 

R .  Grot Do you have any data to  support the statement tha t  the 
( USA typical pressure difference of a Canadian house is  10 Pa ? 

How does the Canadian pressurization standard d i f f e r  from 
the existing ASTM standard ? 

J .  C. Haysom The 10 Pa figure was chosen for use i n  calculation of ELA 
(Canada) not because it was assumed t o  be typical of cross-envelope 

pressures on Canadian houses* but because it i s  the  lowest 
pressure used i n  the t e s t .  As we are not seeking a 
correlation between the resul t s  of the air t ightness  t e s t  
and actual a i r  leakuge and because the ELA figure obtained 
i s  seen as a re la t ive  measure of  envelope quality rather 
than an absolute "real" parameter, the choice of Ap for 
use i n  the ELA equation i s  not c r i t i c a l .  Also, the form 
of the equation, i n  which the Ap value i s  raised t o  a 
power of 0.5 or less ,  makes it re la t ive ly  insensi t ive  t o  
the Ap value chosen. However, since the Committee i s  now 
planning t o  drop the 10 Pa t e s t  pressure t o  make the  t e s t  
l e s s  sensi t ive  t o  wind, we should perhaps consider using 
4 Pa rather than 10 Pa i n  the ELA formula for the sake of 
internationa 2 uniformity. 

I am not familiar enough with the ASTM standard t o  comment 
on the dif ferences.  

J .  Kronvall How are you planning to  make i t  possible to  re la te  the 
(Sweden) t e s t  resul t  expressed in equivalent leakage area to  the 

house tested and thus enable the comparison of air t ightness  
levels fo r  d i f ferent  types of houses ? 

J.C. Haysom A t  the meeting of the CGSB Committee i n  July 1984, it was 
(Canada 1 decided t o  add t o  the standard the coneept of "Normalisad 

Leakuge Area". NLA i s  equal t o  ELA divided by the exterior 
surface area of the building envelope. This l a t t e r  parameter 
i s  intended t o  include the area of exterior below-grade walls 
and floors. I n  introducing the NLA concept, the Cornittee 
intended t o  fac i l i t a t e  comparison of airtightness among 
houses of d i f f e ren t  s i ze s  and t o  encourage building code 
authorit ies,  who might be considering the introduction of 
air t ightness  c r i t e r ia ,  t o  use t h i s  format. 

* This i s  recognised t o  be considerably lower than 10 Pa 





C .  Uglow Does t h e  d r a f t  Canadian s t anda rd  (CGSB 149.10) i nc lude  any 
(UK) adv ice  o r  i n s t r u c t i o n  on t h e  c a l i b r a t i o n  of  t h e  f an  used 

i n  t h e  de -p re s su r i za t i on  r i g  ? I f  s o ,  i s  t h e  fan  c a l i b r a t e d  
i n  i s o l a t i o n  o r  is  t h e  complete p i ece  of  equipment 
c a l i b r a t e d ,  i .e.  f a n  p l u s  duc t ing  ? 

J.C. Haysom CGSB 149.10 includes calibration procedures for: 
(Canada) 

- a i r  flow measuring devices which can be calibrated 
separately from the driving fan, e. g .  o r i f i ce  plate i n  
entrance duct. 

- calibrated fans which are used without entrance ducts. 

- devices for measuring the indoor/outdoor pressure 
difference. 

A separate CGSB-standard, just  beginning t o  be developed, 
deals with cer t i f ica t ion  of airtightness tes t ing  contractors. 
it addresses such considerations as: 

- means by which a c l i e n t  can be assured that the equipment 
has indeed been calibrated i n  accordance with 149.10. 

- assurance that  the contractor's personnel are qualif ied 
t o  use it. 

Paper 6 : 'Energy performance s t anda rds  regard ing  a i r  i n f i l t r a t i o n  
o f  bu i ld ings  i n  Swi t ze r l and '  
p resen ted  by Conrad Brunner (Swi tzer land)  

J .P .  Mill  hone How do you determine whether the des ign  o f  a  new bu i ld ing  
( USA) i s  i n  compliance wi th  your  recommendations ? 

C. Brunner Design values are to  be checked by the authorities during 
(Switzerland) the process of getting a building permit. Because the 

caZculation i s  t o  a standard format, the regular s t a f f  are 
thought t o  be able t o  do the cheeking. 

Actual energy performance i s  checked by the owner a f t e r  two 
fu l l  years of operation. I f  the values exceed 20-30% of the 
previously planned figures, a thorough check of actual user 
conditions w i l l  be carried out by the architects and engineers. 
L iabi l i ty  for deviation w i l l  be cleared. However, t h i s  
procedure w i l l  only be brought in to  e f f e c t  by the authorities 
i f  there i s  evidence of malpractice. 

H .  Feus te l  Who c o n t r o l s  whether t h e  c a l i b r a t e d  d a t a  and t h e  measurement 
(USA) d a t a  ag ree  ? Who c a r r i e s  o u t  t h e  measurements ? 

C. Brunner (See reply t o  question by J .  MiZlhone). Also: 
(Switzerlandl 

I f  a major deviation (> +30%) and an intention t o  defraud 
the building administration authorities i s  found, a detailed 
cheek of the energy balance w i l l  be made. Standard test ing 
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procedures and tes t ing  f a c i l i t i e s  ( l i k e  EMPA) w i l l  be asked 
t o  take the measurements. We anticipate t h i s  w i l l  be 
necessary only i n  1% of cases. 

The measurements o f  energy consumption are taken by the owner 
himself or h i s  representative. 

Do home builders (not archi tects)  object t o  the performance 
standard, and what has been done t o  help them adopt i t  ? 

No. Home builders are a minority i n  the Swiss buiZding 
market. The small house (below 500m2 gross floor area) i s  
t o  be designed t o  an easier component standard (with s t r i c t  
values) but without complicated energy computations. 

'Description of ASHRAE's proposed a i r  t ightness standard' 
presented by Max Sherman (USA) 

In the establishment of ASHRAE proposed air t ightness  
standard, have there been any other considerations in the 
establishment of the tightness levels other than energy 
usage o r  cost ,  i . e .  factors  such as indoor a i r  quality or 
the potential for  moisture damage ? 

Standard 11 9 serves as  a l ink between two other ASHRAE 
standards - Standard 90 which i s  an overall energy standard 
and Standard 62 which covers indoor a i r  quulity.  Standard 
119 i s  speci f ical ly  designed t o  economically minimise energy 
use due t o  i n f i l t r a t i o n ,  but speci f ical ly  s ta tes  that  it i s  
up t o  the user of the standard t o  separately assure adequate 
indoor a i r  quality.  Issues such as  moisture damage are not 
addressed i n  the standard because they are far more complex 
than a i r  tightness considerations. For example, a building 
that  i s  t i g h t  on the warm side may have no moisture problem 
while the  same may not be true for a building that  i s  t i g h t  
on the  cold side. Furthermore, it i s  the intent ion of the 
standards committee that guidelines or a manual of acceptable 
practice be produced i n  parallel with 119 which would o f f e r  
recommendations on the design and construction of houses 
that  would meet the standard and thus address the issue you 
have raised. 

The US military currently uses heating and cooling degree 
days as  an imperfect basis fo r  calculating energy conservation 
investments. Can the IDD described be used on an equivalent 
basis ? 

' ' In f i l t ra t ion  degree days" i s  a concept which bears exactly 
the same relationship t o  infiltration-induced load that  
conventional degree days have t o  conduction-induced load, 
i .e .  a quantitative measure of the severity of the climate. 
Factors other than temperature, i. e. wind and humidity, 
have a s igni f icant  impact on i n f i l t r a t i o n  load and are 
included i n  the de f in i t ion  of I D D .  I would hope that  
i n f i l t r a t i o n  degrees would get the same treatment that  i s  
currently given t o  heating degree days. Furthermore, I D D  
solves many of the problems associated with using degree 
day concepts i n  cooling climates. 
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'Air  qua l i t y  issues i n  ven t i l a t ion  standards '  
presented by David Grimsrud (USA) 

I f  we base concentration levels  on health considerat ions,  
what respons ib i l i ty  do we have t o  include micro-organisms 
in our 1  i s t  of po l lu tan t s  ? Many i l l ne s se s  and losses  on 
productivi ty a r e  caused not by  inorganic o r  non-living 
po l lu tan t s ,  b u t  by micro-organisms. These may have a  
higher " r e l a t i v e  r i sk "  than those current ly  included i n  
ASHRAE 62-1 981 . 
That i s  an excellent point. The pollutants covered i n  
62-1981 are not a complete l i s t  and only include those 
that  have been ident i f ied  as problems. The standard w i l l  
continue t o  be incomplete un t i l  the relat ive r i s k  of each 
of  the major pollutants i s  understood and used as the basis 
for set t ing l imi t s .  

Of the 44,000 ju r i sd ic t ions  in the  USA t h a t  adopt building 
codes, how many have adopted ASHRAE Standard 62, how i s  i t  
enforced and what i s  the  level of compliance ? 

Standard 62-81 was not adopted by ANSI because of the 
formaldehyde issue. As a resu l t  it has qot been put into 
local building codes. Instead these codes continue t o  use 
some variation of Standard 62-1973. This has caused ASHRAE 
t o  move t o  an early revis ion of 62-1982. 

You mention a  c r i t e r i o n  based on morta l i ty ,  but comfort 
has been an important f a c to r  in es tabl ishing Standard 
62-1981. How do you handle t h a t  aspect ,  e.g. HCOH ? 

That i s  an important issue. The problem that  we see with 
the present standard i s  i t s  lack of consistency i n  sett ing 
l imi t s .  A l i m i t  s e t  on the basis of l i fe t ime r i s k  of 
mortality should not be used for one poZ2utant while a 
Z i m i t  based on comfort i s  used for another. Perhaps the 
solution w i l l  be a se t  of graduated l imi t s  based upon 
special c r i t e r ia  as health r i sk  and comfort infomation 
becomes available. 

In the  cos t  of using a  building, the  sa lary  cos t s  of the 
occupants a r e  by f a r  the  l a rges t  s ing le  expense. If  the 
poor qua l i t y  of the  indoor a i r  i s  responsible f o r  fac to rs  
which lead t o  reduction i n  worker productivi ty o r  increased 
absenteeism due t o  what may be considered minor complaints 
( increased headaches, colds ,  f a t i gue ,  e t c . ) ,  then these 
cos t s  a r e  probably more s i gn i f i c an t  than the increase i n  
r i sk  due t o  cancer caused by the  pol lu t ions .  I do not 
feel  t h a t  r i sk  analys is  i s  the appropriate method f o r  
determining the level of indoor pol lu tants .  

We agree. Given present knowledge, r i sk  analysis cannot 
produce a se t  of indoor a i r  quality guidelines that  are 
appropriate for a22 pollutants. In  our paper, we do not 
recommend that r i sk  analysis be used to  se t  concentration 
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l imi t s .  What i s  recommended i s  tha t  a consistent basis be 
used i n  choosing concentration l im i t s  for pollutants. The 
present version of the standard does not meet that  criterion. 
Perhaps the ultimate version w i l l  contain values that  take 
in to  account re la t ive  r i sk s  or mortality, morbidity and 
discomfort for each pollutant. Until  that  sort  of information 
i s  available we should recommend vent i lat ion values that  
assure comfort and make every e f f o r t  t o  avoid designing and 
constructing buildings containing major pollutant sources. 

'Air  leakage o r  controlled ven t i l a t ion? '  
presented by Magnus Herrlin (Sweden) 

The work you have done i s  qui te  in te res t ing ,  but I  am 
confused about the  intended appl icat ion.  You have shown 
tha t  i f  chambers a r e  linked i n  s e r i e s  and the  same amount 
of ven t i l a t ion  a i r  i s  used, indoor a i r  qua l i ty  wil l  be 
improved - b u t  t h i s  appears impracticable. In a  s ingle  
dwelling, i t  would be impossible t o  l ink  individual rooms; 
in a  large  building t he  amount of a i r  t ha t  would be 
introduced would be so large a s  t o  make the a i r  velocity 
unacceptable. Could you comment on the  appl icat ions  of 
your work. 

As i s  stated i n  our paper, the "connection i n  series" case 
i s  a mfereneecase, In  figure 5 tha t  value i s  given i n  
order t o  relate  the efficierices of the other cases t o  the 
highest possible ef f ic iency,  with the calculation method 
used. 

I t  was not our intent ion t o  propose that  "connection i n  
ser iesMshould  be used i n  practice but merely t o  i l l u s t ra te  
a possible method of evaluating di f ferent  vent i lat ion schemes. 

'Development of occupancy-related vent i la t ion control fo r  
Brunel University l i b r a r y '  
presented by Bryan Smith ( U K )  

How many GO2 sensors were in the  l ib ra ry  and where were 
they s i tua ted ,  i .e .  more than one, how were they combined ? 

One C02 sensor was positioned i n  one of two library exhaust 
a i r  ducts, More work i s  required to  establish whether or 
not C02  (or other a i r  qual i ty)  sensors should be instal led 
on a l l  or some floors of the library. A reeent survey has 
shown some (re la t ive ly  small) variations between d i f ferent  
floors of the library related t o  occupancy. 

Will the  follow-up monitoring a l so  measure other  
contaminants to  ver i fy  the  hypothesis t ha t  C02 level alone 
i s  an adequate indicator  of ven t i l a t ion  needs ? 

It i s  hoped t o  carry out a follow-up study of the relation- 
ship between C02 and other contaminants which would not 
necessarily be confined to  the Brunel Library building. 



Paper 11 : 'Performance of passive ven t i l a t ion  systems i n  a two-storey 
house' 
presented by Rob Dumont (Canada) 

D. Harrje Mi t h  regard t o  the addit ion of a vent d i r ec t  t o  the  furnace, 
(USA) does th is  r e s u l t  i n  house pressurizat ion and the  pos s ib i l i t y  

of moisture penetrat ion in to  the  upper walls of the  building ? 

R. Dwnont Adding an outside a i r  vent t o  the lower part of the house 
(Canada) does lower the neutral pressure plane and increase the 

posit ive pressure acting on the upper part of the structure. 
However, the increased a i r  change due to  the vent w i l l  resu l t  
i n  lowered re la t ive  hwnidity within the structure, thus 
lessening the uapour pressure drivingpotential and the r i sk  
of condensation. 

The coupling of the outside a i r  vent t o  the return a i r  
plenum on the forced a i r  furnace w i l l  usually increase the 
pressure within the house s l ight ly .  However, the Canadian 
experience has generally been that  the benefits of mixing 
the cold outside a i r  with the return a i r  outweigh the 
possible adverse e f f e c t s  of s l ight ly  increasing the pressure 
within the structure. 

Paper 12: ' Implications and analys is  of a i r t i gh tne s s  and ven t i l a t ion  
standards ' 
presented by Martin Liddament ( U K )  

P.  Wouters Please confirm your published degree day data f o r  Belgium. 
(Be1 gi urn) 

M. Liddament My most recent data for each A I C  participating country, 
(UK) inc Zuding Be lgium, i s  reproduced i n  the fo 2 lowing diagram. 

Degree day ranges f o r  AIC par t i c ipa t ing  countries 

I c o u n t r y  I degree day8 5 10 ( x l o 3 )  1 

[ Canada  
1 

I _ 1 1 

I 

New Zealand 
I I 

United Kingdom fl 
Belgium 

Denmark  
1 0: 

L - +  

Nether lands  

Finland 
I !  
I i 

Swi tzer land  rn 1 Sweden I 
Norway I D 
United S t a t e s  i r- ~-1 



D. Saum You suggest 50 Pa ach ~1 f o r  t h e  use o f  mechanical 
(USA) v e n t i l a t i o n  w i t h  heat  recovery. Was the re  n o t  an a r t i c l e  

i n  A i r  I n f i l t r a t i o n  Review* on Swedish work showing t h a t  
i t  was probably n o t  c o s t  e f f e c t i v e  t o  achieve t h i s  l e v e l  
o f  a i r t i g h t n e s s  ? 

M. Liddament Certainly the ach a t  50 Pa should be <3 and it seems from 
(UK) an energy ef f ic iency point of view even t ighter .  The cost 

e f f ec t i ve  "threshold" w i l l  depend on climate and operating 
costs including the cost  necessary t o  achieve airtightness.  
Inclusion of the cost  data i n  Equations 4 and 5 w i l l  enable 
the severity of climate a t  which cost effectiveness w i l l  be 
achieved t o  be detemnined. 

C. Brunner There seems t o  be a misunderstanding t h a t  i f , i n  Winter, 
(Swi tzer land)  t he  a i r  change r a t e  due t o  a i r t i g h t n e s s  increases, t he  

v e n t i l a t i o n  ra te ,  due t o  the  u s e r ' s  in f luence,  r i s e s  a lso.  
Th is  i s  normal ly  n o t  t h e  case i f  t h e  heat ing  system i s  
1 i m i t i n g  the  heat supply t o  a nominal load depending on 
outdoor temperatures. We observed t h a t  people were more 
l i k e l y  t o  c lose  windows i n  Winter  than i n  Spr ing o r  F a l l .  

M. Liddament The reactions of occupants are very important and it i s  
(UK) essential t o  docwnent and disseminate the resul t s  of 

occupant studies. 

S. Flanders Does "SEK" stand f o r  Swedish Kroner ? I f  so, can one 
(USA) conver t  you r  nomogram ( f i g u r e  6 )  i n t o  a currency o f  choice, 

simply, i . e .  sca l i ng  according t o  the  r a t i o  o f  t he  exchange 
ra tes ,  o r  i s  an e labora te  conversion necessary ? 

M. Liddament Yes, any eurrency or un i t s  may be used. Simply f i t  the 
(UK) uni t s  of your choice on the scale i l lustrated.  

D. K e h r l i  Your paper i n d i c a t e s  t h a t  as t h e  c l ima te  changes from 
(USA ) Summer t o  Winter, i .e .  temperature, the  ach increases 

accord ing ly .  What i n f l u e n c e  does t h e  b u i l d i n g  envelope 
and i t s  components have on t h i s  increase ? I s  t he re  an 
increase i n  the  ELA causing increased f l o w  ? I f  so, could 
i t  be poss ib le  t h a t  t h e  envelope and i t s  components are 
expanding and c o n t r a c t i n g  due t o  these temperature changes 
and causing the  increased a i r  leakage ? 

M. Liddament The increase i n  a i r  change rate i n  Winter has been asswned 
(UK) t o  be en t i re ly  due t o  the increase i n  in tens i ty  of the 

driving force - especially due t o  stack e f f ec t .  

Paper 13 : 'The i n f l u e n c e  o f  c l i m a t e  and v e n t i l a t i o n  system on 
a i r t i q h t n e s s  requi rements '  
presented by ~ k e  B l  omsterberg (Sweden) 

C.  Brunner The des i red  l e v e l  o f  0.5 ach f o r  t he  n a t u r a l l y  v e n t i l a t e d  
(Swi tzer land)  house means something l i k e  50 m3/h average f r e s h  a i r  over 

the  whole Winter per iod .  This  i s  n o t  des i rab le  and i s  
much too  high. Where does t h e  user  come i n t o  t h e  p i c t u r e  
i n  these f i g u r e s  ? 

*The A i r  In f i l t ra t ion  Centre's quarterly newsletter. 



A. Blomsterberg The desired Zevel of 0.5 ach actually means 55 m3/h. 
(Sweden) The leve l  which was achieved was 0.25 ach for the Winter 

period. For most conditions t h i s  may be su f f ic ien t  for 
t h i s  particular house. The 0.5 ach i s  what i s  required 
i n  the  Swedish Building Code and considered adequate to  
control most pollutants. The Zevel i s  what the vent i lat ion 
system (mechanical or non-mechanical) should be able to  
supply. The user can of course raise  or lower the 
vent i lat ion rate by opening or closing vents, windows, 
e tc .  

Paper 14: ' A  consequence ana lys i s  o f  new Norwegian b u i l d i n g  
regu la t i ons  on a i r  i n f i l t r a t i o n '  
presented by Jdrn Brunse l l  (Norway) 

J.R. Armstrong Norway appears t o  have adopted a i r t i g h t n e s s  requirements 
(USA) w i t h o u t  corresponding v e n t i l a t i o n  requirements. Th is  

would seem t o  be a  very  r i s k y  r e g u l a t o r y  approach. 
Would i t  not  be b e t t e r  f o r  coun t r i es  t o  adopt v e n t i l a t i o n  
requirements before or ,  a t  most, i n  concomitance w i t h  
a i r t i g h t n e s s  standards ? 

J .  Brunsell In  Norway we had vent i lat ion requirements for several 
(Norway) years before we acquired quantitative airtightness 

requirements. For single family houses and f la t s  there 
i s  a choice between natural and mechanical ventilation. 
I f  you choose natural vent i lat ion you have t o  use a certain 
s i ze  of pipe from each rruetroom'r. I f  you use mechanical 
vent i lat ion you have t o  vent i la te  a t  a specified rate of 
m3/h from each "wetroom". 

P. Jackman I s  t h e r e  a  s p e c i f i c  reason why t h e  Norwegian a i r t i g h t n e s s  
( UK) standards were s e t  a t  a  l e s s  s t r i n g e n t  l e v e l  than those 

o f  Sweden ? 

J .  BrunseZZ I think the reason i s  tha t  the Government did not want 
(Nomay) t o  push mechanical vent i lat ion i n  new detached houses i n  

order t o  keep the building costs  dom. With a leakage 
rate  a t  50 Pa of 4 ach the vent i lat ion rate i s  high 
enough on average with natural ventilation. 

P. Hartmann Norwegian regu la t i ons  demand good values f o r  wa l l  and 
(Swi tzer land)  r o o f  t igh tness .  

1. I s  i t  worthwhi le  t e s t i n g  these values i n  t h e  
l abo ra to ry  w i thou t  having any idea about a i r t i g h t n e s s  
values on s i t e  ? 

2. I s  i t  worthwhi le  t o  have t i g h t  components and then 
t o  a l l ow  h igh  i n f i l t r a t i o n  through gaps and j o i n t s ,  
e.g. wa l l  leakage lo%,  gap leakage 90%, ? 



J .  Brunsell 1. Laboratory t e s t s  of building components w i l l  gave an 
(Nomay) idea of the t ightness level obtainable i n  s i tu .  

Besides the speci f ic  a i r  leakages, allowanrns are made 
t o  cover prefabricated e Zements. 

2 .  1 partly agree, but s i t e  measurements made on windows 
and walls etc.  up t o  15 years old correspond 
approximately t o  the new requirements. 

Paper 15: 'Measured and b u i l d i n g  code values o f  a i r  change r a t e s  i n  
r e s i d e n t i a l  b u i l d i n g s '  
presented by Carl-Axel Boman (Sweden) 

C. Brunner Do you have energy consumption da ta  on t h e  600 houses you 
(Swi tzer land)  have surveyed ? 

C-A. Boman We have data from fewer than 100 buildings i n  t h i s  
(Sweden) database. This i s  divided between single and muZti family 

houses constructed betueen 1980-84. 

R. Durnont Please comment on t h e  Swedish standard f o r  v e n t i l a t i o n  
(Canada) ( 0 , 5  a i r  changes per  hour) .  I s  i t  based on cons idera t ions  

o f  d i l u t i n g  t h e  p o l l u t a n t  genera t ion  from occupants, i .e .  
C O 2 ,  body odour, mo is tu re  generat ion, o r  on d i l u t i n g  the  
p o l l u t i o n  from the b u i l d i n g  m a t e r i a l s  and surrounding s o i l ,  
i . e ,  formaldehyde, radon, o f f - gas ing  from b u i l d i n g  m a t e r i a l s  ? 

C-A , Boman The Swedish code for vent i lat ion requires 0.5 ach t o  take 
(Sweden) care of most pollutants. Ten t o  f i f t een  years ago, the 

required value of 0.5 ach was dependent upon moisture 
conditions i n  bathrooms, kitchens, etc.  Recently we have 
added radon and formaldehyde. The level i s  tha t  which the 
vent i lat ion system (mechanical or non-mechanical) should 
be able t o  supply. 

M. L u b l i n e r  1. What type o f  b u i l d i n g  inspec t ion ,  i f  any, i s  requ i red  
(USA) t o  ensure t h a t  t h e  mechanical v e n t i l a t i o n  system 

prov ides  3 ach (avg, annual)  and t h a t  even mix ing  
occurs f rom room t o  room ? 

2 .  Does the  b u i l d i n g  code r e q u i r e  t e s t i n g  and/or gu ide l i nes  
and, i f  so, I would l i k e  a copy. Washington Sta te  i s  
i n v e s t i g a t i n g  t h i s  f o r  our  b u i l d i n g  code development. 

C-A. Boman 1.a.For n m  buildings the c i t y  administration are 
(Sweden) responsible for inspections. They are not able to  

control a l l  new buildings or determine whether uniform 
mixing occurs from room t o  room, 

b.Every c i t y  and town i n  Sweden has an o f f i c i a l  health 
committee. Occupiers can complain t o  the committee 
i f ,  for example, the a ir  change rate i s  too low, The 
committee can then investigate the complaint themselves 
or instruct  a consultant t o  act on the ir  behalf, 
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c,Some of the manufacturing companies make t e s t s  while 
the larger property owners sometimes make a i r  change 
measurements, especially i f  they are attempting t o  
save energy. 

2. No. 

'Constancy of a i r t igh tness  i n  buildings '  
presented by Anders Carlsson (Sweden) 

The i n i t i a l  measurements of a i r t igh tness  were made during 
the  months of November t o  March, whereas the second 
measurements were made during May and June. I s  i s  possible 
t ha t  there  a re  seasonal var ia t ions  in a i r t igh tness  which 
a r e  hidden i n  the  r e s u l t s  ? 

I t  may well be so. However, as you mention, there i s  only 
one combination winter ( 1 s t )  - summer (2nd) i n  the material. 
We hope t o  also be able t o  folZow up the seasonal variation 
i n  future work. 

'Baseline data:  Health and comfort i n  modern o f f i c e  buildings '  
presented by Elia S te r l ing  (Canada) 

Did you consider noise a s  a f ac to r  in your study and, i f  
not, wil l  i t  be included in fu ture  studies ? 

Noise was not considered as a factor i n  the study reported 
here. Questions related to  noise and sound level  have been 
included i n  the revised questionnaire now being administered 
i n  Ca?zada and Great Britain. 

1 .  I s  there  a corre la t ion between perceived symptoms and 
actual medical symptoms ? 

Will not the data on energy-efficient  o f f ices  in Canada 
and UK be influenced t o  a s ign i f ican t  degree by d i f fe ren t  
cul tura l  factors  i n  those locat ions  eg the New York 
o f f i c e ,  i . e ,  many people in t he  UK do not l i v e  i n  
centrally-heated homes which may a f f ec t  t h e i r  perception 
of comfort ? Might not the data a l so  be influenced by 
d i f f e r en t  ambient outdoor environmental conditions t ha t  
e x i s t  in the d i f f e r en t  locat ions ,  i . e  identical  indoor 
a i r  qua l i ty  in smog-bound Los Angeles will be perceived 
d i f f e r en t l y  than i n  non smog-bound Los Angeles o r  Grand 
Rapids, Michigan ? 

1. The survey did not include a c l in ica l  examination so 
there i s  no actual medical veri f icat ion of symptoms. 
However, symptoms noted are primarily chronic and non- 
specific,  such as headache, eye i r r i ta t ion  and fatigue 
and are thus known t o  be rel iably  assessed by interview 
techniques. 



D .  Grimsrud 
(USA) 

E. Ster Zing 
(Canada 

R .  Derickson 
(USA) 

E. Ster ling 
(Canada) 

2. The data collected i n  the UK and Canada could be 
influenced by cultural factors such as central forced 
a i r  heating and type of fuel used for heating and cooking. 
Data may also be influenced by ambient outdoor environments 
conditions. We have observed previously that  outdoor 
a i r  quality has a much greater influence on indoor a i r  
quality than do many building and occupancy factors such 
as vent i lat ion and smoking. 

The questionnaire has been designed t o  cater for both 
cultural and locational factors and w i l l  be evaluated 
t o  determine the significance of such e f f ec t s .  However, 
even i f  such e f f e c t s  ex is t ,  they are probably too small 
t o  emerge through analysis of interuiews as neither 
cultural dif ferences nor dif ferences i n  the quality of 
ambient a i r  are very large among urban areas of the US, 
UK and Canada (including smog incidents).  

What measurements would you add to  these surveys which 
could be used to  characterise the physical conditions in 
the building, e.g. temperature, re la t ive  humidity, 
ventilation ra te  or l ighting level ? 

O m  surveys indicate that  there are a variety of problem 
conditions occurring i n  exis t ing buildings. However, 
routine measures of physical conditions, including a ir  
quality,  ventilation, temperature, humidity and illumination, 
have failed t o  enable investigators t o  ident i fy  speci f ic  
causes of occupant complaints. By experimentally 
manipulating both vent i lat ion and lighting, we have shown 
that  reducing the antecedent conditions for photochemical 
smog production indoors s igni f icant ly  reduces symptoms of 
Tight Building Syndrome, particularly the ever-present 
eye i r r i t a t i o n  (Canadian Journal of Public Health 74:385- 
392, 1983; ASHRAE Transactions 89 (28) : 198-207, 1983). To 
explore t h i s  more ful ly ,  i n  addition t o  routine measures 
of  physical conditions, oxidation measures should also be 
made of antecedents of photochemica2 reactions including 
ultra-violet  radiation (from fluorescent lamps, photocopiers 
and video display terminals), ozone (lower leve ls  indoors 
than out may indicate increased chemical reac t iv i ty  indoors) 
and organic constituents such as aldehydes and hydrocarbons 
and others. 

With regard to  reduction in reportedhealth problems when 
occupants have control of the i r  indoor environment, have 
you explored possible "placebo" effects ,  i .e. i s  real 
control necessary to  produce positive health e f fec ts  ? 

There i s  substantial jus t i f ica t ion  i n  the Zitarature t o  
assume that  occupants can accurately judge variation i n  
both thermal conditions and odom. In addition, we 
reported previously (Canadian Journal of Public Health, 
Vol. 74,  pp385-392) that  occupants responded i n  a "blindff  
experiment t o  changes i n  both l ighting and the percent of 
outdoor a i r  supplied t o  the ir  o f f i c e  environment. O n  the 



other hand, the Ziterature i s  replete  with demonstrations 
of a ffplacebo" e f f ec t .  There i s ,  however, evidence that  
the ffpZacebo" e f f e c t  occurs primariZy when discomfort (or 
pain) i s  smaZl and does not persist  over extended time 
periods. Based on our-findings and the available Ziterature 
it i s  very l i ke l y  that  reaZ control i s  necessary t o  produce 
posit ive e f f e c t s  on occupant health and comfort, 

P. Hartmann Did you measure the  ven t i l a t ion  r a t e  in these buildings o r  
(Switzerland) did you carry out  o ther  checks t o  see i f  these buildings 

comformed to  "normal standards" ? 

E, Sterling We did not measure physicaZ parameters i n  t h i s  study. 
(Canada) However, the ventiZation systems were evaluated and found 

t o  be operating normally. 

Paper 18 : ' F i r s t  phase occupant reaction t o  well-sealed indoor 
environments ' 
presented by Gunnar Lundqvi s t  (Denmark) 

D, Kehrli 1 .  The exis t ing windows appeared to  be of wooden 
( USA construction and of the  casement type. What were the 

d e t a i l s  of the r e t r o f i t t e d  windows, i . e ,  mater ia l ,  mode 
of operation, glazing,  e tc .  ? 

2 .  Did you make any measurements of the f i e l d  leakage of 
the  ex i s t ing  windows ? 

3 .  What type of weatherstripping was i n  use i n  the  old 
windows and what condition was i t  in ? 

4. Did the  replacement windows have any a i r  leakage and 
sound transmission c l a s s  ra t ing on them ? 

5. Were re-weatherstripping, caulking and storm windows 
considered a s  a l t e rna t ives  t o  replacement prime windows ? 

6,  What was the  cos t  of the  replacement windows and 
i n s t a l l a t i on  ? 

G. Lundqvist I t  was initiaZZy decided that the study should be 
(Denmark) epidemioZogicaZ and not deal with building component 

de ta i l s .  NevertheZess, from a practicaZ point of vieu a l l  
the questions raised are very reZevant and should be 
covered by data from a foZlow-up study deaZing with 
vent i lat ion measurements i n  a random selection of the 
dweZZings recruited from the main study material. 

D.  Harrje Your char t s  showing reduction of complaints of cold f loors  
( USA and low temperatures and the  probabi l i ty  of increased 

humidity l eve l s ,  together with subs tan t ia l ly  reduced j o in t ,  
neck/back pains point out very posi t ive  e f fec t s  t o  both the  
general and especia l ly  older population of your t e s t  
buildings. Recommendations from your study a s  t o  what 
cons t i tu tes  a preferred indoor environment represents a 



very important and perhaps unexpected resul t  of your studies. 
A1 though one would wish for  additional temperature and 
moisture measurements, the use of "human sensors" i s  
c lear ly the only way to measure the symptom improvements 
in t h i s  important study. 

G. Lundqvist This comment agrees with our own evaluation of the  resul ts  
(Denmark) obtained. 

P. Hartmann The study shows exactly the impact on human behaviour and 
(Switzerland) health. Could you give some estimates of a i r  change rates  

and temperature conditions in rooms before and a f t e r  r e t r o f i t  ? 

G. Lundqvist 
(Denmark) 

Room a i r  temgerature has been found t o  be raised on an 
average by 2 C and indoor window surfaces by a t  least  7 ' ~  
i n  the winter months, while absolute humidity was increased 
by 1-2 g/kg i n  the re t ro f i t t ed  duellings. Measurements on 
changes i n  vent i lat ion rates are being carried out a t  the 
moment. 

Paper 19: 'Contaminant build-up in houses' 
presented by Richard Helmeste (Canada) 

J.  Armstrong Was the relationship between radon daughter concentration 
(USA) and ventilation ra te  s t a t i s t i c a l l y  significant ? 

R. HeZmeste A monthly variation i n  overall radon concentrations was 
(Canada) evident. This coincided with the monthly variations i n  

i n f i l t r a t i o n  rates i n  a manner that  indicates exceZZent 
corre lation. 

The data also showed expected variation i n  individual 
samples taken a t  the smne house on di f ferent  sampling days. 
This can be explained by the e f f e c t s  of various meteorological 
parameters that  have been shown i n  other studies t o  be 
s t a t i s t i c a l l y  significant,  including barometric pressure, 
a i r  and so i l  temperature, re la t ive  humidity and wind speed. 

Using analysis of variance t e s t s ,  it was determined that  
there were significant differences among the houses 
regarding radon and radon daughter concentrations. 

B. Smith I s  the local soi l  radioactivity above or below normal ? 
(UK) 

R. Helmeste The s o i l  i n  t h i s  area exhibi ts  normal background radium 
(Camda) and uranium concentrations. 

Paper 20: 'Verification of calculation models of a i r  i n f i l t r a t ion  
using three types of t e s t  houses' 
presented by Hiroshi Yoshino (Japan) 



J .  Kronvall Your measured wind pressure coefficients seem t o  be very 
(Sweden) low. I would have expected such low values only i f  your 

reference wind speed had been measured on f l a t  ground 
~1Om above ground level.  Do you have any comment on th i s  ? 

H .  Yoshino I n  the f i r s t  year, we were of the same opinion. So, i n  the 
(Japan) second year, we veri f ied tht? wind pressure coef f ic ient .  

The reason i s ,  I think, that  the area t o  the south of the 
t e s t  houses i s  covered with t rees  of 2-3 m high and these 
t rees  make the approach wind prof i le  highly sheared. 

M ,  Modera The over-prediction of the LBL model a t  low in f i l t r a t ion  
(USA ra tes  shown in figure 9 i s  probably due both to  the 

separation and superposition of wind and stack-induced 
in f i l t r a t ion ,  and the use of 0.5 as  the flow exponent. 
The errors  to  be expected from these assumptions a re  
described in a paper presented a t  the ASHRAE Semi-Annual 
Meeting in June 1983. 

H. Yoshino Thankyou for your comment. I w i l l  review the paper you 
f Japan1 have mentioned. 

Paper 21 : 'Air flow calibration of building pressurization devices' 
presented by Andrew Persi ly (USA) 

W .  de Gids Why did you f ina l ly  choose the t racer  gas technique instead of 
(Netherlands) o r i f i c e  plates and what i s  the difference in accuracy ? 

A. PersiZy I did not choose o r i f i c e  plates i n  a pipe because of the 
(USA) pressure drop across such a meter and my wish t o  avoid 

the need for an exhaust fan, I did not real i ze  that  I 
would s t i l l  require an exhaust fan with the tracer gas 
technique. The accuracy of the tracer measurement depends 
on the accuracy of the inject ion flow rate measurement, 
the accuracy of the concentration measurement and the 
uniformity of mixing a t  the tracer and the a i e o w .  I f  
careful procedure i s  followed, both techniques should be 
capable of comparable accuracy, i. e. i n  the order of +2%. 

P. Hartmann If you compare the following arrangements, what disadvantages 
(Switzerland) does the second bring in comparison with the f i r s t  ? 

or i f ice  
I I 

ROOM J - 
I? 

I j b l  ower door I 

L L  channel 

fin ,. I - 
i 

blower door 



A. Persily The second technique may lead t o  inaccuracies because the 
(USA) blower door i s  blowing in to  a channel or pipe instead of 

a larger chamber. When used i n  tes t ing  a house, a blower 
door i n  e f f e c t  blows in to  a larger chamber. The a i r  flow 
patterns associated with the channel w i l l  be d i f ferent  
than for a chamber and t h i s  may a f f e c t  the flow rate.  The 
existence and amount of the associated errors are not known. 
Even with a chamber, it i s  not clear how large such a 
chamber needs t o  be. 

D. Saum Your comparison of d i f ferences  between the  two equations 
( USA assumes no e r ro r  i n  ap and w. I f  you assume a Ap e r ro r  

of +2Pa, I think you wil l  f ind  q e r ro r s  t h a t  a r e  s imi lar  
t o  the  di f ferences  between the  two equations. 

A. Persily The table below l i s t s  the percentage errors i n  q caused 
(USA) by a +2Pa uncertainty i n  4 using both equations 9 and 11. 

Comparing these values t o  the errors i n  Table 3, we see 
that  the differences between the curve f i t  and the straight 
l ine  are larger than the errors associated with uncertainty 
i n  the pressure dif ference, Also, the pressure difference 
errors are of a random nature while the dif ference between 
the straight l ine  and the curve f i t  represents a bias i n  
one direct ion only. I t  i s  interesting that  the pressure 
dif ference errors dominate the difference i n  the  two 
calibration fomulae a t  high fan speed. 

Percentage e r ro rs  i n  a i r  flow r a t e  caused by +2Pa 
uncer ta inty  i n  pressure di f ference 

Fan speed Equation 9 Equation 11 
( S  - l  Curve f i t  S t r a igh t  Line 

13.33 + 9% rt: 32% 

14.17 rt: 7% + 17% 

15.00 + 6% + 10% 

15.83 + 6% rt: 8% 

16.67 2 5% rt: 6% 

1 7.50 rt: 5% + 5% 

18.33 rt: 4% 2 4% 

Paper S.2: 'Air t ightness  and wall construction i n  prefabricated 
Swedish s ing le  family houses, 1984' 
presented by Lars-Goran Mansson (Sweden) 

D. Harrje Please describe fu r t he r  the s ignif icance of moving t o  
( USA a i r  heating (60%, Table 1 )  and a i r  exhaust heat pumps 

(71%, Table 3)  w i t h  regard t o  ven t i l a t ion  performance in 
individual rooms and energy savings f o r  the house a s  a 
who1 e .  



L-G. Mansson A i r  heating i s  new i n  Sweden. I n  some houses e lec tr ic  
(Sweden) radiators i n  each room are instal led to  be used dwing the 

coldest days. However, t h i s  innovation has happened 
rapidly - within l e s s  than 12 months. 

The use of heat punips i s  favoured compared with a heat 
exchanger. 

Supply a i r  i n  each room. Energy savings with the heat pump. 
Only half  of the recovered energy i s  used for hot tap water. 
Therefore we can use the other half for preheating supply 
a i r  or preheating the hydronie system. 

Companies have learned the hard way that  proper vent i lat ion 
systems must be instal led i n  single family houses. With 
well insulated houses, the energy demand has been reduced. 
As they s t r i ve  t o  minimise the cost,  so they combine heating 
and vent i lat ion i n  one system. 

P. Hartmann We have heard about t h e  design o f  energy e f f i c i e n t  new 
(Swi tzer land)  houses i n  Sweden: 

1. I s  t h e r e  a  programme on r e t r o f i t t i n g  e x i s t i n g  bu i l d ings ,  
ma in l y  m u l t i - f a m i l y  houses ? 

2. Are the re  c o n s t r u c t i o n  guides f o r  these houses ? 

L-G. Mansson 1. Yes. Sweden has a big programme for re t ro f i t t i ng  
(Sweden) exis t ing buildings. By 1990 50% of a l l  Swedish homes 

w i l l  be more than 30 years old which corresponds t o  the time 
interval  for large scale re t ro f i t t i ng ,  i . e. extra 
insulation, p Zwnbing, carpets, waZ lpaper, new kitchen 
f i t t i n g s  (cupboards, cookers, refrigerator, freezer), 
vent i la t ion  system, reduction of water consumption etc. 

2. I f  you mean exis t ing buildings, the answer i s  no. In 
Sweden it i s  thought fa t  least  by some of u s )  that  a l l  
single buildings must be inspected before re t ro f i t t i ng  
because so many d i f ferent  things can a f f ec t  the problem. 

A. Wilson With regard  t o  very  low values f o r  wa l l  and r o o f  K-val ues, 
(UK) i s  t h e r e  a  maximum % o f  g laz ing  i n  w a l l s  and r o o f l i g h t s  ? 

L-G. Mansson There i s  a minimum glazing area of 7% floor area and a 
(Sweden) maximum glazing area of 15% floor area. 

D. Kehrl  i 1. Are t h e  seals f o r  t h e  window j o i n t s  f o r  t he  frame/ 
( USA envelope i n t e r f a c e ,  o r  f o r  t he  operable sash as we l l  ? 

2. I s  t h e  ach f o r  t he  window, i .e .  sash and frame, f o r  
the  i n s t a l l a t i o n ,  o r  both ? 

L-G. Mansson 2 .  The paper refers  t o  frame/envelope sealing. For the 
(Sweden) sash/frame interface EPDM-tube rubber s t r ips  are always 

used. 

2. The ach data i s  for the whole house using the pressure 
method. I have, however, some data for wall elements 
inc luding windows. 



C .  Brunner 1 ,  Do you have energy consumption data f o r  the  10,000 
(Switzerland) houses you have surveyed f o r  a i r  i n f i l t r a t i o n  ? 

2 .  What i s  the cos t /benef i t  f e a s i b i l i t y  of lowering: 

a .  K-values from around 0.2 t o  0.1 ? 

b. ach from 3 t o  1 in 1986 ? 

L-G. Mansson 1. No. 
(Sweden) 

2.a. Pol i t ical  decisions have been made t o  get a low 
in t e res t  rate on the money for financing a new house. 
I t  i s  also cheaper t o  transport cei l ing elements than 
wall elements. I t  i s  only a matter of material cost, 
i. e. the cost  for Zabow i s  the same. 

2.b. From 3 t o  1 ach, I would say, w i l l  not cost anything. 

M .  Modera 1 .  I s  the re  a s imi la r  ve r i f i ca t ion  scheme f o r  K-values 
(USA) as  f o r  a i r t i gh tne s s  ? 

2. How does i t  operate ? 

L-G. Mansson 1. Yes. 
(Sueden) 

2. I am not sure. Some organisations carry out only 
indirect  measurements with a thermographic came,na. 

Helmut Feustel Could you please explain why the  level of i n f i l t r a t i o n  
(USA) w i t h  an exhaust fan might be lower than t h a t  of natural 

ven t i l a t ion  ? How much i s  this  phenomena dependent on 
the  exponent of the  pressure di f ference of the  s t ruc tu re  ? 

W. de Gids The reason for t h i s  i s  the dif ference i n  pressure 
(Netherlands) distribution. A t  higher windspeeds from about 5 m/s and 

up, the fan i s  more or  less  s tabi l iz ing the flow (see 
figure below). 

WIND 0 m/s 



m o  comments have t o  be made here: 

1. The fan flow i s  also wind-dependent. This e f f e c t  has 
been neglected i n  the figure above, 

2. This e f f e c t  i s  not dependent on the flow exponent. 

G .  Lundqvist Are internal openings such as doors supposed to be 
(Denmark) closed or open during the measurements or modelling 

shown ? 

W, de Gids The internal doors are supposed t o  be closed, but 
(Netherlands) neverthezess the a i r  leakage of normal intemaZ doors 

exceeds the value of facades by a Tactor of 5. 



FINAL DISCUSSION (Report compiled by Martin Liddament - AIC) 

An informal discussion session on standards was chaired by David Harrje 
from Princeton University , USA. 

The discussion centred on: 

1.  Other standards in progress w i t h  p a r t i cu l a r  emphasis on 

- disagreement between standards. 

- comparison of standard concepts including t he  needs of d i f f e r en t  
ven t i l a t ion  s t r a t eg i e s .  

2. Calibrat ion methods t o  achieve uniformity. 

3 .  Avoiding confusion over de f in i t ions .  

4. Standardisation of pressure t e s t  reporting. 

5. The problems of t i g h t  buildings 

- vent i l a t ion  requirements. 

- sources of pol lu t ion .  

6. Economics of ven t i l a t ion  s t r a t e g i e s  f o r  

- exis t ing buildings.  

- new buildings. 

- non-residential buildings. 

7.  Future tasks  f o r  the  AIC. 

With respect  t o  item 1.  Hiroshi Yoshino from Japan took t h i s  opportunity 
t o  describe the  development and implementation of standards i n  Japan. 
The f i r s t  r e la ted  t o  the  National Building Code on a i r  qua1 i t y  in 
aircondit ioned o f f i c e  spaces. This code i s  mandatory and demands the  
maintenance of the  following environmental conditions: 

- co2 < 1000 ppm 

- CO < 10 ppm 

- Par t i cu la tes  < 0.15 mg/m3 

- Temperature 17-28 O C  

- Humidity 40-70 % 

- A i r  veloci ty  < 0.5m/s  

The second standard re la ted  t o  t h a t  of ven t i l a t ion  which i s  due f o r  
revision t h i s  year.  This demands a i r  ven t i l a t ion  requirements i n  
occupied rooms of >35m3/h/person (9.7 1  i t res /sec/person)  . Several 
Japanese Indust r ia l  Standards ( J IS )  r e l a t e  t o  measurement 
methods. These include: 



- measurement o f  a i r  i n f i l t r a t i o n  us ing  C02 t r a c e r  gas. 

- measurement o f  a i r  i n f i l t r a t i o n  i n  two zones us ing  two t r a c e r  gases 
( d r a f t ) .  

- measurement o f  a i r t i g h t n e s s  i n  r e s i d e n t i a l  b u i l d i n g s  ( d r a f t ) .  

- measurement o f  t h e  heat  l o s s  c o e f f i c i e n t  o f  a  house ( d r a f t ) .  

The proposed s tandard  on t h e  measurement o f  a i r t i g h t n e s s  covers:  

- whole house leakage. 

- s i n g l e  room measurement. 

- component 1  ea kage. 

- p r e s s u r i z a t i o n  and d e p r e s s u r i z a t i o n  t e s t i n g  method. 

- measurements i n  3-30 Pa range. 

- e f f e c t i v e  leakage area t o  be s p e c i f i e d  a t  10 Pa. 

- ELA / f l oo r  area f o r  whole house s p e c i f i e d .  

Cont inu ing  w i t h  standards, Pe te r  Hartmann o f  EMPA, Swi tzer land,  made 
re fe rence  t o  t h e  I n t e r n a t i o n a l  Standards Organ i sa t i on  (ISO) who a r e  
embarking on t h e  p r e p a r a t i o n  o f  a  p r e s s u r i z a t i o n  a i r  leakage standard. 

Fo l l ow ing  on f r om these d iscuss ions  on s p e c i f i c  standards, David H a r r j e  
asked why s tandards a r e  i n  apparent disagreement and i n  p a r t i c u l a r  what 
c o n s t i t u t e s  comfo r t  and h e a l t h  problems. The f e e l i n g  from some 
p a r t i c i p a n t s  was t h a t ,  as regards comfor t ,  d i f f e r e n t  c o u n t r i e s  have 
d i f f e r e n t  comfor t  c r i t e r i a ,  w h i l e  f rom t h e  r i s k  p o i n t  o f  v iew i t  was 
suggested t h a t  a  measure o f  agreement i s  r equ i red .  Pe te r  Jackman f rom 
t h e  AIC i n  t h e  UK suggested t h a t  t h e  background t o  t h e  var ious  standards 
must be unearthed and d isseminated.  

The c a l i b r a t i o n  and u n i f o r m i t y  o f  measurement methods was regarded as 
impor tan t .  P e t e r  Hartrnann p o i n t e d  o u t  t h a t  i n  much o f  Europe no 
commercial i n s t r u m e n t a t i o n  i s  a v a i l a b l e  f o r  a i r t i g h t n e s s  t e s t i n g  b u t  
when such i n s t r u m e n t a t i o n  does become a v a i l a b l e ,  some s o r t  o f  p o r t a b l e  
c a l i b r a t i o n  method would be requ i red .  

It was w ide l y  agreed t h a t  a  p o r t a b l e  check ing method, which i t s e l f  was 
c a l i b r a t e d  a t  some c e n t r a l  agency, would be a  good idea  and was f e a s i b l e .  

There was much d i s c u s s i o n  on t h e  l a c k  o f  u n i f o r m i t y  over  t h e  d e f i n i t i o n s  
r e l a t i n g  t o  e f f e c t i v e  leakage area and a i r  leakage i n  genera l .  D e f i n i t i o n s  
concern ing a i r  i n f i  1  t r a t i o n  and e x f i  1  t r a t i o n  were a1 so quest ioned. It 
d i d  n o t  appear p o s s i b l e  t h a t  u n i v e r s a l  agreement on t h e  cho ice  o f  
te rmino logy  w i l l  be p o s s i b l e  i n  t h e  fo reseeab le  f u t u r e .  

Problems r e l a t i n g  t o  t i g h t  b u i l d i n g s  were d iscussed a t  l eng th .  David 
H a r r j e  po in ted  o u t  t h a t  ve ry  o f t e n  excep t i ona l  e f f o r t  was p u t  i n t o  
measuring contaminant l e v e l s ,  whereas no r e a l  e f f o r t  was p u t  i n t o  



measuring the fresh a i r  ventilation ra te .  Robert Dumont from the 
National Research Council in Canada pointed out t h a t  the problem was not 
jus t  related to  air t ightness  or  inadequacies in the apparent fresh a i r  
change rate.  Recirculation of exhaust a i r  into the fresh a i r  stream i s  
a common problem. David Harrje c i ted poor controls and poorly balanced 
HVAC systems as also being culpr i t s .  

The need for  cost effect ive ventilation approaches was emphasised. Peter 
Hartmann said tha t  an immediate way of improving a i r  quality in the 
existing building stock - especially in non-residential buildings - was 
necessary. Other speakers agreed and the general concensus was tha t  
HVAC systems should be introduced to sa t i s fy  standards a t  the minimum 
cost. Clearly cost benefit studies need also to  include comfort and 
heal t h  requirements. 

Proposed future tasks for  the AIC in the area of standards included 
recommendations on measurement techniques, units and definit ions.  I t  was 
suggested that  information on energy consumption and the influence of 
occupants on a i r  change rates could be usefully researched. Researching 
the impact of occupants on the effectiveness of a ir t ightness  standards 
was thought to  be part icular ly important. 
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