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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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