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EXECUTIVE SUMMARY 

Background 

A workshop was h e l d  t o  p r o v i d e  a forum f o r  r e p r e s e n t a t i v e s  o f  i n d u s t r y ,  
academia, and government agencies t o  recommend research on acceptable 
a l t e r n a t i v e s  t o  t h e  c u r r e n t l y  used CFC i n s u l a t i o n s .  The scope o f  t h e  
research d iscussed focused on f i n d i n g  a l t e r n a t i v e s  f o r  p l a s t i c  foam 
i n s u l a t i o n  c u r r e n t l y  c o n t a i n i n g  p r i m a r i l y  CFC-11 and CFC-12. CFC-11 and 
CFC-12 a r e  used as b lowing agents i n  t h e  p r o d u c t i o n  o f  p l a s t i c  foam 
i n s u l a t i o n s  f o r  b u i l d i n g s  and appl iances. 
r e p r e s e n t a t i v e s  f rom p r i v a t e  i n d u s t r y ,  academia, and government agencies 
t o  develop d r a f t  research p r o j e c t s  p r i o r  t o  t h e  June 9-10, 1988 workshop. 
A d r a f t  research menu and sample b a l l o t s  were sent  t o  86 p o t e n t i a l  
a t tendees f o r  rev iew a month be fore  t h e  workshop. 
r e p r e s e n t i n g  43 o r g a n i z a t i o n s  at tended t h i s  workshop. 

ORNL s t a f f  worked w i t h  

S i x t y  n i n e  p a r t i c i p a n t s  

Ob j e c t i  ve 

The purpose of t h i s  r e p o r t  i s  t o  document t h e  p r i o r i t i z e d  research p r o j e c t  
rank ing  produced by t h e  J o i n t  P u b l i c / P r i v a t e  Workshop on A l t e r n a t i v e s  f o r  
I n s u l a t i o n s  Conta in ing  Chlorof luorocarbons (CFCs). The major  goal  was t o  
have t h e  at tendees represent ing  a l l  o f  t h e  major  i n s u l a t i o n  i n d u s t r i e s  
a f f e c t e d  by CFC r e s t r i c t i o n s  produce a l i s t  o f  research needs t h a t  i s  
r e l e v a n t ,  comprehensive, and p r i o r i t i z e d .  A secondary goal  o f  t h e  
workshop was t o  p r o v i d e  t h e  o p p o r t u n i t y  f o r  a d e s c r i p t i o n  o f  c u r r e n t  
t e c h n i c a l  a c t i v i t y  t h a t  i s  o c c u r r i n g  i n  b o t h  t h e  p r i v a t e  and p u b l i c  
sectors .  Another m o t i v e  behind t h e  workshop was t o  prompt coopera t ive  
p u b l i c / p r i v a t e  i n t e r a c t i o n s  t o  develop CFC a l t e r n a t i v e s ,  and p r o v i d e  
guidance on t h e  r o l e  o f  t h e  f e d e r a l  government. I n  t h e  long term i t  i s  
hoped t h i s  document w i l l  h e l p  a c c e l e r a t e  t h e  r e s o l u t i o n  o f  CFC i n  
i n s u l a t i o n  issues and min imize bo th  t h e  economic and t h e  energy impact o f  
CFC r e s t r i c t i o n s .  

Approach 

The methodology was t o  develop severa l  d r a f t  vers ions  o f  t h e  A l t e r n a t i v e s  
f o r  I n s u l a t i o n s  Conta in ing  CFCs Research P r o j e c t  Menu (Appendix C ) ,  and 
c i r c u l a t e  t h e  d r a f t s  D r i o r  t o  h o l d i n s  t h e  workshop. Each p r o j e c t  was then 
d iscussed a t  t h e  
ass ign  an impor t  
p r o j e c t .  The ba 
and presented t o  

Resu l ts  

More than 75% o f  
j o i n t  p r i v a t e / p u  

workshop and voted on 
nce rank ing,  and i n d i  
l o t i n g  r e s u l t s  were e 
t h e  attendees. 

t h e  research p r o j e c t s  
l i c  s e c t o r  research e 

by t h e  at tendees o f ’ t h e  workshop t o  
a t e  who should do t h e  research 
e c t r o n i c a l l y  compi led immediately.  

were i d e n t i f i e d  as candidates f o r  
f o r t .  The p r i o r i t i z e d  l i s t  o f  29 

research p r o j e c t s  generated from a l l  t h e  b a l l o t  r e s u l t s  i s  shown below 
grouped in, c a t e g o r i e s  o f  above average, average, and below average 
importance . 
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Execut ive  Sumary  ( c o n t ' d )  

Above average importance 

C.4.1 P u b l i d p r i v a t e  Research Menu 
C.4.2 DOE/ORNL/Industry Workshop 
C.1.12 Data Base o f  Phys ica l  P r o p e r t i e s  
C . l . l l  P ro toco l  t o  P r e d i c t  Thermal Performance 
C.1.4 I d e n t i f y  New Blowing Agents 

Average importance 

C.1.6 
C.2.6 
c.4.5 
C.3.1 
c. 1.2 
C.1.3 
c.1.1 
c.2.2 
C.2.3 
C.1.5 
c.2.1 
c.4.4 
c.3.4 
C. 1.8 
c.4.3 
C.3.2 
C.3.6 
c.3.5 

Env i ronmenta l l y  Acceptable Blowing Agents 
New Facing M a t e r i a l s  
Energy Impact f o r  Wal ls  and Roofs 
CFC Manufactur ing Recovery Processes 
Low k Standard Reference M a t e r i a l  
Data Base f o r  A l t e r n a t e  Blowing Agents 
Acce le ra ted  Foam Aging f o r  Design R-values 
Evacuated Panel "Super I n s u l a t i o n "  
Components f o r  Super I n s u l a t i o n s  
F i e l d  Tes t  P r o j e c t  
Composites w i t h  High Thermal Resis tance 
E s t a b l i s h  E s s e n t i a l  M a t e r i a l  P r o p e r t i e s  
CFC D e s t r u c t i o n  
Thermal Resis tance Measurements 
C r i t i c a l  Assessment o f  Product P r o p e r t y  Tests  
CFC I n c i n e r a t i o n  
CFC Adsorbents 
CFC Recapture a t  R e f r i g e r a t o r / F r e e z e r  Ret i rement  

C.1.10 Manufacture o f  Env i ronmenta l l y  Acceptable Foams 

Below average importance 

C.1.9 Thermal C o n d u c t i v i t y  o f  Expanded Polymers 
C.2.4 Non CFC Systems 
C.2.5 Non CFC Foundat ion I n s u l a t i o n  
C.3.3 Recyc l ing  Panels 
C.1.7 C a l c u l a t i o n  Methodology - F l a m m a b i l i t y  T e s t i n g  

. .  

The t o p  two i tems a r e  t h e  development o f  t h i s  research menu and cont inued 
workshops on a l t e r n a t i v e s  f o r  i n s u l a t i o n s  c o n t a i n i n g  CFCs. Other  t o p  
p r i o r i t y  research p r o j e c t s  a r e  development o f  a da ta  base o f  p h y s i c a l  
p r o p e r t i e s  o f  s u b s t i t u t e  b lowing  agents; p r o t o c o l  t o  p r e d i c t  thermal 
performance o f  foam i n s u l a t i o n  products ;  i d e n t i f y  new chemical b lowing 
agents;  e n v i r o n m e n t a l l y  acceptable b lowing  agents and a means t o  achieve 
e q u i v a l e n t  e f f i c i e n c y ;  new f a c i n g  m a t e r i a l s ;  energy impact f o r  w a l l s  and 
r o o f s ;  CFC manufactur ing recovery processes; and low k s tandard re fe rence 
m a t e r i a l .  Based on t h e  da ta  base produced b y  a l l  t h e  b a l l o t s ,  t h e  t o p  f i v e  
research p r o j e c t s  shown i n  t h e  above l i s t  have s t a t i s t i c a l l y  above average 
importance and t h e  l a s t  f i v e  have below average importance. The remainder 
have average importance. 
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ABSTRACT 

S i x t y  n i n e  i n d i v i d u a l s  f rom 43 o rgan iza t i ons  impacted by CFC 
r e s t r i c t i o n s  i n  t h e  p roduc t i on  of i n s u l a t i o n s  met f o r  t w o  days t o  produce 
a re levan t ,  comprehensive and p r i o r i t i z e d  l i s t  o f  research needs. Of t he  
29 one page research p r o j e c t  d e s c r i p t i o n s ,  about 75% a r e  candidates f o r  
j o i n t  p r i v a t e / p u b l i c  s e c t o r  research ventures. Top p r i o r i t y  research 
p r o j e c t s  are: development o f  a da ta  base of  phys i ca l  p r o p e r t i e s  O f  
s u b s t i t u t e  b lowing  agents; p r o t o c o l  t o  p r e d i c t  thermal performance of 
c e l l u l a r  foam i n s u l a t i o n  products;  i d e n t i f y  new b lowing  agents; 
env i ronmen ta l l y  acceptab le  b lowing  agents and means t o  achieve equ iva len t  
e f f i c i e n c y ;  new f a c i n g  m a t e r i a l s ;  CFC manufac tur ing  recovery  processes; 
and low k standard reference m a t e r i a l .  Based on t h e  data base produced by 
b a l l o t i n g ,  f i v e  research p r o j e c t s  have s t a t i s t i c a l l y  above average 
importance, f i v e  have below average importance, and t h e  remainder have 
average imp0 rtance. 

C l e a r l y  t h e  d e s i r e  i s  t o  f i r s t  t r y  t o  f i n d  an acceptab le  a l t e r n a t i v e  
s e t  of b lowing  agents and develop p r o t o c o l  f o r  p r e d i c t i n g  l ong  term 
thermal performance o f  p l a s t i c  foam i n s u l a t i o n .  There was cons iderab le  
i n t e r e s t  f rom the  p u b l i c  sec to r  at tendees t o  develop evacuated panel 
i n s u l a t i o n s .  There was ve ry  modest i n t e r e s t  by t h e  p r i v a t e  i n d u s t r y  
p a r t i c i p a n t s  t o  cons ider  evacuated volumes i n  p l a s t i c  foam boards. 
i n s u l a t i o n  manufacturers most impacted by CFC r e s t r i c t i o n s  i n d i c a t e d  by 
t h e i r  b a l l o t i n g  t h a t  they  do n o t  have as much t o  g a i n  by development o f  
a l t e r n a t i v e  i n s u l a t i o n  techno log ies  t o  p l a s t i c  foam i n s u l a t i o n  w i t h  
env i ronmen ta l l y  acceptab le  b lowing  agents. 

The p r i o r i t i z e d  research l i s t  presented i n  t h i s  r e p o r t  should be 
considered as o n l y  one o f  a number o f  i n p u t s  f o r  a l l o c a t i n g  research and 
development resources. 
t h i s  r e p o r t  and t h i s  m a t e r i a l  should be u s e f u l  i n  developing research 
p lans  and f o r m u l a t i n g  research work statements. I t  i s  obvious t h a t  t he re  
a r e  numerous areas were coopera t ive  research ventures cou ld  be 
es tab l i shed.  H o p e f u l l y  t h i s  document w i l l  form a s t a r t i n g  p o i n t  i n  
a c c e l e r a t i n g  the  s o l u t i o n  t o  the  CFC problem f o r  i n s u l a t i o n s .  

Those 

There a r e  many promis ing  a c t i v i t i e s  o u t l i n e d  i n  

*Research sponsored by t h e  O f f i c e  o f  B u i l d i n g s  and Community Systems, 
U.S. Department o f  Energy, under c o n t r a c t  DE-AC05-840R21400 w i t h  M a r t i n  
M a r i e t t a  Energy Systems, Inc.  
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1. INTRODUCTION 

1.1 OBJECTIVES 

The purpose o f  t h i s  r e p o r t  i s  t o  p resen t  t h e  p r i o r i t i z e d  research 
p r o j e c t  rank ing  produced by t h e  J o i n t  P u b l i c / P r i v a t e  Workshop on 
A l t e r n a t i v e s  f o r  I n s u l a t i o n s  Conta in ing  Ch loro f luorocarbons  (CFCs) t h a t  
was h e l d  on June 9-10, 1988, i n  Washington, DC. F u l l y  halogenated CFCs 
have a l l  chemical bonds w i t h  f l u o r i n e ,  c h l o r i n e ,  bromine, o r  iod ine .  
They a r e  p a r t i c u l a r l y  harmful  t o  t h e  s t r a t o s p h e r i c  ozone because they  
have such a l ong  I11 i fe t ime1 ’  i n  the  atmosphere. The HCFCs a r e  n o t  f u l l y  
halogenated. 
atom. The HCFCs a r e  n o t  as i n e r t  as t h e  f u l l y  halogenated species, and 
they  break down i n  t h e  lower l e v e l s  o f  t he  atmosphere due t o  t h e  weak 
hydrogen-carbon bonds. 

Th is  workshop was a t tended by 69 rep resen ta t i ves  f rom p u b l i c  and 
p r i v a t e  o rgan iza t i ons  t h a t  a r e  impacted by t h e  CFC issue. The at tendees 
represented manufacturers o f  i n s u l a t i n g  foam systems as w e l l  as t h e i r  
chemical c o n s t i t u e n t s ,  and b u i l d i n g  researchers f rom t h e  U.S. and 
Canada. The main o b j e c t i v e  o f  t h e  workshop was t o  p e r m i t  an on-the-spot 
c r i t i q u e  and p r i o r i t i z a t i o n  o f  29 research p r o j e c t s .  
meet t h i s  goal  i nc luded  p resen ta t i ons  o f  t h e  scope, approach, and 
produc ts  o f  each p r o j e c t ;  a review o f  each p r o j e c t  by a d i scuss ion  
l eader  w i t h  s o l i c i t a t i o n  o f  ques t ions  and comments f rom t h e  workshop 
at tendees; and v o t i n g  by each at tendee on each p r o j e c t  t o  determine a 
workshop rank ing  o f  t e c h n i c a l  importance and who should do the  research. 
The b a l l o t  r e s u l t s  were p rov ided  t o  each a t tendee a t  t h e  meet ing andlare 
analyzed i n  Chapter 4 o f  t h i s  repo r t .  

A second goal  o f  t h e  workshop was t o  p r o v i d e  the  o p p o r t u n i t y  f o r  a 
d e s c r i p t i o n  o f  c u r r e n t  t e c h n i c a l  a c t i v i t y  t h a t  i s  o c c u r r i n g  i n  bo th  t h e  
p r i v a t e  and p u b l i c  sectors.  These progress r e p o r t s  p rov ided  t e c h n i c a l  
r e s u l t s  and i d e n t i f i e d  research needs, t he  p r imary  CFC-related concerns, 
and areas f o r  coopera t i ve  p u b l i d p r i v a t e  i n t e r a c t i o n s .  

They a r e  d i s t i n g u i s h e d  by as few as a s i n g l e  hydrogen 

The procedure t o  

1.2 SCOPE 

T h i s  a c t i v i t y  focused on the  development o f  a research menu f o r  
f i n d i n g  a l t e r n a t i v e s  f o r  p l a s t i c  foam i n s u l a t i o n  c u r r e n t l y  c o n t a i n i n g  
p r i m a r i l y  e i t h e r  CFC-11 o r  CFC-12. 
b low ing  agents i n  t h e  p roduc t i on  o f  p l a s t i c  foam i n s u l a t i o n s  f o r  
b u i l d i n g s ,  app l iances ,  r e f r i g e r a t e d  t r a n s p o r t a t i o n ,  and c o l d  storage 
f a c i l i t i e s .  The research p r o j e c t s  covered a r e  grouped i n t o  f o u r  
ca tegor ies ;  foam i n s u l a t i o n  w i t h  a l t e r n a t i v e  b lowing  agents; a l t e r n a t i v e  
i n s u l a t i o n s ,  which may i n c l u d e  some m a t e r i a l s  used f o r  i n s u l a t i o n  o t h e r  
than p l a s t i c  foam; recovery/recycling/disposal o f  CFCs, and p o t e n t i a l  
a l t e r n a t i v e s ;  and implementat ion and i n f o r m a t i o n  exchange t o  acce le ra te  
t h e  development o f  acceptab le  i n s u l a t i o n s  which do n o t  depend on CFCs. 

CFC-11 and CFC-12 a r e  used as 

1 
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1.3 PROBLEM SIGNIFICANCE 

S t r a t o s p h e r i c  ozone a c t s  as a s h i e l d  aga ins t  harmful  s o l a r  
u l t r a v i o l e t  (UV) r a d i a t i o n .  A s i g n i f i c a n t  reduc t i on  i n  ozone i n  t h e  
upper atmosphere cou ld  r e s u l t  i n  long- term increases i n  s k i n  cancer and 
ca ta rac ts ,  and probab ly  damage t h e  human immune system. Evidence a l s o  
suppor ts  t h e  conc lus ion  t h a t  reduc t i ons  i n  t h e  t o t a l  abundance o f  
s t r a t o s p h e r i c  ozone cou ld  reduce c rop  y i e l d s  and a l t e r  t e r r e s t r i a l  and 
aqua t i c  ecosystems (Perry ,  A.M., 1986). 

Ch lo r ine  f rom t h e  fu l l y -ha logena ted  ch lo ro f l uo roca rbons  (CFCs) 
and bromine f rom halons have been found t o  be t h e  p r imary  cause f o r  
decreas ing s t r a t o s p h e r i c  ozone. CFCs a r e  used as b lowing  agents i n  
p l a s t i c  foam produc ts  (cushion ing,  i n s u l a t i o n ,  and packaging),  as 
r e f r i g e r a n t s ,  as so lvents ,  as s t e r i l a n t s ,  and i n  aeroso l  a p p l i c a t i o n s .  
Halons a r e  used as f i r e  e x t i n g u i s h i n g  agents. 
l a y e r ,  t h e  Un i ted  States,  23 o t h e r  na t i ons ,  and t h e  European Economic 
Community s igned t h e  Pro toco l  on Substances t h a t  Deplete t h e  Ozone Layer 
on September 16, 1987, i n  Montreal ,  Canada. Th is  agreement c o n t r o l s  the  
p roduc t i on  and consumption o f  f i v e  CFCs and t h r e e  halons (EPA, 1988). 

The Montreal  Pro toco l  c a l l s  f o r  a f reeze  i n  CFC-11 and CFC-12 
b lowing  agents a t  1986 consumption l e v e l s  beg inn ing  i n  J u l y  1989; and 
reduc t ions  o f  20 percent  f rom 1986 l e v e l s  o f  b lowing  agents by  J u l y  1, 
1993, w i t h  reduc t i ons  o f  50 percent  requ i red  by J u l y  1, 1998. Since t h e  
p l a s t i c  foam i n s u l a t i o n  has exper ienced phenomenal growth s ince  1986, 
t h e  impact i n  go ing  back t o  1986 CFC usage i n  J u l y  1989 t o  t h i s  segment 
o f  CFC users w i l l  a c t u a l l y  be about a 10-25% cutback (Putnam, Hayes, and 
B a r t l e t t ,  Inc., 1988). To i l l u s t r a t e  t h e  problem s i g n i f i c a n c e  even 
f u r t h e r ,  t h e  most t e c h n i c a l l y  p romis ing  a l t e r n a t i v e s  t o  CFC b lowing  
agents, i f  found n o t  t o  be t o x i c ,  w i l l  n o t  be a v a i l a b l e  i n  commercial 
q u a n t i t i e s  u n t i l  1992-93. 
i n d u s t r y  w i l l  l ose  more than $500 m i l l i o n  i n  annual revenue and 4000 
jobs.  However, EPA's economic impact es t imates  a r e  n o t  as severe as 
those found i n  t h e  Putnam, Hayes, and B a r t l e t t  r e p o r t  (Putnam, Hayes, 
and B a r t l e t t ,  Inc., 1988). 

Foam i n s u l a t i o n s  us ing  t h e  r e l a t i v e l y  low thermal c o n d u c t i v i t y  
b lowing  agents such as CFC-11 and CFC-12 t h a t  a r e  p a r t i a l l y  r e t a i n e d  i n  
t h e  f i n a l  p roduc t  o f f e r  t h e  h ighes t  commerc ia l ly  a v a i l a b l e  R-value pe r  
inch. I n d u s t r y ,  and p a r t i c u l a r l y  t h e  i n s u l a t i o n  i n d u s t r y ,  has made 
remarkable improvements i n  energy e f f i c i e n c y  by us ing  CFCs. R e s t r i c t i n g  
t h e  use o f  these m a t e r i a l s  w i t h o u t  develop ing a l t e r n a t i v e s  w i l l  remove a 
h i g h l y  successfu l  and h i g h l y  v i s i b l e  energy conserva t ion  measure. 

The impacts o f  CFC r e s t r i c t i o n s  on t h e  energy e f f i c i e n c y  o f  foam 
i n s u l a t i o n s  c u r r e n t l y  us ing  CFC-11 and 12 a r e  s i g n i f i c a n t .  The wors t  
case scenar io  o f  t h e  l ong  range e f f e c t  on b u i l d i n g  a p p l i c a t i o n s  
assoc ia ted  w i t h  t h e  \ e l i m i n a t i o n  o f  these CFCs i s  an inc rease i n  energy 

To p r o t e c t  t h e  ozone 

By 1998 i t  i s  es t imated  t h a t  t h e  p l a s t i c  foam 
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consumption o f  0.65 quads/yr(a). 
impacts i n  r e f r i g e r a t o r s  and f reezers ,  water  heaters ,  beverage 
vending-machines, and r e f r i g e r a t e d  t r a n s p o r t  adds another  0.95 quads/yr. 
The t o t a l  w o r s t  case scenar io  o f  t h e  l ong  range e f f e c t  on b u i l d i n g  and 
app l i ance  a p p l i c a t i o n s  i s  1.6 quads/yr (F i sche r  1988). Based on $18 per  
b a r r e l  o f  o i l ,  t h i s  energy impact i s  about $5 b i l l i o n  p e r  year (b) .  

(a). lo1* j o u l e s  i s  0.947 x 1015 B t u  o r  0.947 QBtu o r  0.947 quad. 
(b). The energy c a p a c i t y  o f  one g a l l o n  i s  1.3 x lo5 Btu, so 1.6 

quads i s  e q u i v a l e n t  t o  293 m i l l i o n  b a r r e l s  o f  o i l .  

Taking i n t o  account t h e  i n s u l a t i o n  

1.4 MERITS OF PUBLIC/PRIVATE COOPERATIVE PROGRAMS 

Ozone d e p l e t i o n  has r e s u l t e d  i n  g l o b a l  CFC r e s t r i c t i o n s .  

The CFC problem i s  enormous. 

I f  
technology can produce c o s t - e f f e c t i v e  i n s u l a t i o n  a l t e r n a t i v e s  w i t h o u t  
CFCs, t h e  e n t i r e  p l a n e t  gains. 

so l ve  t h e  e n t i r e  problem on i t s  own. Many o f  t h e  foam p l a s t i c  
i n s u l a t i o n  manufacturers us ing  CFCs had been preoccupied w i t h  t h e  
thermal ag ing  issues  u n t i l  t h e  s i g n i n g  o f  t h e  Montreal  Pro toco l .  Now 
b o t h  CFC s u b s t i t u t e s  and thermal ag ing  must be addressed simultaneously.  
Thermal ag ing  r e f e r s  t o  the  R-value dropping over t ime, depending on 
p roduc t  and a p p l i c a t i o n .  An accepted p r o t o c o l  f o r  de te rm in ing  l i f e - t i m e  
des ign  R-values i s  needed. A l t e r n a t i v e  produc ts  w i l l  a l s o  be i n t roduced  
i n t o  t h i s  u n c e r t a i n  environment, s ince  they  t o o  w i l l  l i k e l y  have some 
thermal d r i f t .  

A n a t i o n a l  goal  i s  t o  use energy resources e f f i c i e n t l y  and i n  an 
env i ronmen ta l l y  safe manner. Energy conserva t ion  has been one o f  t h e  
endur ing s h i n i n g  s t a r s  i n  t h e  acce le ra ted  energy technology development 
e f f o r t  over t h e  l a s t  severa l  decades. Desp i te  a temporary r e l a x i n g  o f  
energy c o s t  esca la t i on ,  conserva t ion  cont inues  t o  g a i n  market acceptance 
i n  t h e  b u i l d i n g  and app l iance i n d u s t r i e s .  Many " lead"  b u i l d e r s  and 
almost a l l  app l iance manufacturers a r e  us ing  more CFC i n s u l a t i o n  
produc ts  than ever b e f o r e  t o  o b t a i n  c o s t  e f f e c t i v e  energy e f f i c i e n c y .  A 
s i g n i f i c a n t  inc rease i n  c o n s t r a i n t s  t o  ach iev ing  energy e f f i c i e n c y  i s  
t a k i n g  place. An e f f e c t i v e  inc rease i n  R&D resources needs t o  be 
a p p l i e d  t o  develop equ iva len t  a l t e r n a t i v e s  w i t h i n  t h e  new s e t  o f  
c o n s t r a i n t s .  

CFC r e s t r i c t i o n s  have transformed the  l a r g e l y  " c o m o d i  ty"  o r i e n t e d  
i n s u l a t i o n  market i n t o  one o f  acce le ra ted  produc t  development. Many new 
approaches w i l l  be t r i e d .  Product development i s  c o s t l y  and t ime  
consuming. The t ime  p e r i o d  f o r  b r i n g i n g  new produc ts  t o  market must be 
k e p t  t o  a minimum. Yet, t h e  market c o n d i t i o n s  f o r  accep t ing  new 
produc ts  a r e  more demanding than ever. C l e a r l y  some element o f  
coopera t i ve  programs w i l l  enhance t h e  acce le ra ted  in-house p roduc t  
development e f f o r t s  c u r r e n t l y  under way. 

Foam i n s u l a t i o n  research a t  t he  Massachusetts I n s t i t u t e  o f  
Technology under the  l eadersh ip  o f  Dr. L. R. Glicksman has b e n e f i t e d  
f rom c l o s e  coopera t ion  w i t h  i ndus t r y .  Dr. Glicksman (Glicksman 1987) 
has i n d i c a t e d  t h e  f o l l o w i n g :  

No one company has t h e  resources t o  
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"From i t s  i ncep t ion ,  t h i s  work has been c a r r i e d  o u t  i n  c l o s e  
a s s o c i a t i o n  and w i t h  f i n a n c i a l  support  f rom numerous companies ac , t i ve  i n  
t h e  r i g i d  foam i n d u s t r y .  The i n i t i a l  phase o f  t h i s  work was sponsored 
by t h e  Urethane D i v i s i o n  o f  t h e  Soc ie ty  o f  t h e  P l a s t i c s  Indus t r y .  The 
n e x t  phase was supported by t h e  Energy Conservat ion and U t i l i z a t i o n  
Technology Program; and t h e  most r e c e n t l y  completed phase has been 
sponsored by t h e  O f f i c e  o f  B u i l d i n g  Energy Research and Development, 
Department o f  Energy. Dur ing  t h i s  phase, severa l  companies have 
p rov ided  d i r e c t  ass i s tance  by a l l o w i n g  s tudents  access t o  t h e i r  
l a b o r a t o r y  f a c i l i t i e s ,  p r o v i d i n g  spec ia l  foam samples ( i n  some cases 
made t o  ou r  s p e c i f i c a t i o n s )  and per fo rming  t e s t s  o f  t h e  sample m a t e r i a l s  
us ing  spec ia l  t e s t  f a c i l i t i e s .  Th i s  coopera t ion  has assured t h a t  t h e  
goa ls  o f  t h e  research a r e  s e t  t o  meet i n d u s t r y ' s  needs and t h a t  t h e  
r e s u l t s  o f  t h i s  program a r e  r a p i d l y  disseminated and used by i ndus t r y . "  
Appendix A i s  an example o f  p r i v a t e  i n d u s t r y  i n t e r e s t  i n  coopera t i ve  
p r o j e c t s .  

There i s  o n l y  one s e t  o f  b a s i c  fundamental heat  t r a n s f e r  p r i n c i p l e s  
i n v o l v e d  i n  understanding t h e  thermal performance o f  p l a s t i c  foam 
i n s u l a t i o n s .  The d e t a i l e d  understanding o f  t h i s  process i s  n o t -  
complete. A b e t t e r  understanding o f  t h e  l ong  te rm performance o f  foam 
i n s u l a t i o n s  w i l l  reduce c o s t l y  t r i a l  and e r r o r  exper imentat ion.  Every 
i n s u l a t i o n  manufacturer dependent on CFCs needs t h i s  i n f o r m a t i o n ,  now 
even more than b e f o r e  September 16, 1987. 

1.5 BACKGROUND 

The workshop was h e l d  t o  p r o v i d e  a forum f o r  r e p r e s e n t a t i v e s  o f  
i n d u s t r y  and government agencies t o  recomnend research on acceptab le  
a l t e r n a t i v e s  t o  t h e  c u r r e n t l y  used CFC i n s u l a t i o n s .  

On March 28, 1988, ORNL s t a f f  p rov ided  DOE (HQ) s t a f f  a b r i e f i n g  o f  
BTESM Program a c t i v i t i e s  r e l a t e d  t o  t h e  CFC issue. Th is  i n c l u d e d  a 1977 
t o  1988 chronology t h a t  i s  g i v e n  i n  Appendix E ,  and a d r a f t  research 
menu which suggested the  J o i n t  P u b l i c / P r i v a t e  Workshop on A l t e r n a t i v e s  
f o r  CFC I n s u l a t i o n s  as a p r o j e c t .  Subsequently, DOE (HQ) s t a f f  approved 
the  h o s t i n g  o f  t h i s  workshop. A key reason f o r  t h e  workshop was t o  
prompt coopera t i ve  p u b l i d p r i v a t e  i n t e r a c t i o n s  t o  develop a l t e r n a t i v e s .  

r e p r e s e n t a t i v e s  f rom p r i v a t e  i n d u s t r y ,  academia, and government agencies 
t o  develop t h e  d r a f t  research menu o f  p r o j e c t s ;  hosted a meet ing o f  a 
p lann ing  team f o r  t h e  workshop; and organized and arranged t h e  workshop 
agenda. The f i r s t  l e t t e r  o f  i n v i t a t i o n  was d i s t r i b u t e d  on A p r i l  29, 
1988 t o  78 p o t e n t i a l  at tendees t o  announce t h e  workshop and inc luded  
D r a f t  3 o f  t h e  research menu (22 p r o j e c t s ) .  A second l e t t e r  sent t o  86 
p o t e n t i a l  at tendees on June 1, 1988 inc luded  t h e  workshop agenda, a 
sample b a l l o t ,  and D r a f t  4 o f  t h e  research menu (28 p r o j e c t s ) .  Those 
i n t e r e s t e d  i n  a t t e n d i n g  the  workshop on June 9 and 10, 1988, had 
s u f f i c i e n t  t ime  t o  prepare f o r  p a r t i c i p a t i o n .  

Dur ing  the  p e r i o d  A p r i l  t o  June 1988, ORNL s t a f f  worked w i t h  
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The agenda i s  shown below. The l i s t  o f  a t tendees i s  shown i n  Appendix B. 

June 9 and 10, 1988 

June 9, 1988 

F i r s t  Session: P u b l i c / P r i v a t e  Progre’ss Reports on Cur ren t  and Planned 
Research 

l:oo 
1:25 

1:30 

1:45 

2: 00 

Agenda 
J o i n t  P u b l i c / P r i v a t e  Workshop on 

A l t e r n a t i v e s  f o r  I n s u l a t i o n s  Conta in ing  CFC 

Days I n n  Downtown, Washington, DC 

2:45 

3:OO 

5:30 

R e g i s t r a t i o n  (Pat Love and Gabr ie l  l e  Coleman) 

C a l l  t o  Order D. L. McElroy, ORNL 

We 1 come J. P. M i l l h o n e  
D i r e c t o r ,  OBCS, DOE 

Workshop Goals and Methodology G. E. C o u r v i l l e ,  ORNL 

P u b l i c  Sector  Progress R e p o r t s .  

ORNL/DOE 
NBS/ORNL 
E PA 
NRC-C 

J.  C h r i s t i a n  
H. Fanney 
D. Smith 
8 .  Bomberg 

Cof fee  Break 

P r i v a t e  Sec tor  Progress Reports 

A l l i e d  S igna l  
DuPont 
Po ly i soc ianu ra te  - Dow Chemical 
Spray-Foam - S P I  
SP I 
PIMA 
Hol omet r i  x 
Drexel  
ORNL 
DeGussa 
SERI  
Extruded Po lys ty rene - Dow Chemical 
AACHEN (September 1987) Symposium Summary 

I a n  Shankland 
Joe Creazzo 
D. Bhat tachar jee  
R. S e l l e r s  
F. L i  chtenberg 
J. C l i n t o n  
R. P. Tye 
H. Lorsch 
S .  K. F ischer  
K. Cwick 
T. P o t t e r  
D. K e e l e r  
Leon Glicksman, M I T  

Research Menu and B a l l o t i n g  Procedure J. C h r i s t i a n ,  ORNI. 
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I ( ,  

Agenda ( c o n t ' d )  

June 10, 1988 

Second Session: 

8:30 C . l  I n s u l a t i o n  w i t h  A l t e r n a t i v e  Blowing Agents (12 p r o j e c t s )  

Research Menu D iscuss ion  and Ranking. 
I - <  

Presenter:  R. P. Tye 
D iscuss ion  Leader: G. Bauman 

C.2 A l t e r n a t i v e  I n s u l a t i o n s  (6 p r o j e c t s )  
Presenter:  A. F ine  
D iscuss ion ,  Leader: R. W. B a r i  t o  

10:30 Cof fee Break 

10:45 C.3 Recovery/Recycling/Disposal (6  p r o j e c t s )  
Presenter :  J. C h r i s t i a n  
D iscuss ion  Leader: Tom Nelson 

C.4 Implementat ion and I n f o r m a t i o n  Exchange (5  p r o j e c t s )  
Presenter :  G. C o u r v i l l e  
D iscuss ion  Leader: Fran L ichtenberg,  S P I  

12: 15 C o l l e c t i o n  o f  B a l l o t s  

12:45 Lunch 

T h i r d  Session: Recommended Future  A c t i v i t y  - D. L. McElroy 

1:45 Future  A c t i v i t i e s  
Usefu l  Technica l  I n t e r a c t i o n s  
Suggest ions 
Plans f o r  Next Workshop 

2: 15 Workshop B a l l o t  Resu l ts  and D iscuss ion  L J .  C h r i s t i a n  

3: 15 Depar ture 
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2. CFC INSULATION RESEARCH PROJECTS 

The d e t a i l e d  d e s c r i p t i o n s  o f  t h e  research p r o j e c t s  a r e  g i v e n  i n  
Appendix C. The format.used t o  desc r ibe  each research p r o j e c t  c o n s i s t s  
o f :  

Research p r o j e c t  t i t l e  
Scope 
Problem s i g n i f i c a n c e  
Technical  importance rank ing  

who should do i’t 
Technical  approach 
Major i n p u t s  ( i nc ludes  techn 

p o t e n t i a l  c o s t  sha r ing  and 
Research produc ts  
Cost and t ime  es t ima te  (when 

by workshop at tendees 

c a l  re fe rences  as we1 
use fu l  f a c i  1 i t i  es) 

ava i  lab1  e) 

and 

as 

The research p r o j e c t  d e s c r i p t i o n s  evolved f rom d i scuss ions  w i t h  
numerous i n d i v i d u a l s  f a m i l i a r  w i t h  t h e  p l a s t i c  foam i n s u l a t i o n  i ndus t r y .  
The DOE/ORNL B u i l d i n g  Thermal Envelope Systems and M a t e r i a l s  (BTESM) 
Program had about a dozen p r o j e c t s  i n  t h i s  a rea  i n  p rogress  o r  i n  t h e  
p lann ing  stages i n  e a r l y  1988. T h i s  l i s t  was expanded severa l  t imes 
a f t e r  a p r e s e n t a t i o n  t o  DOE Headquarters i n  March 1988, d r a f t  review by 
t h e  workshop p lann ing  team, d r a f t  d i s t r i b u t i o n  t o  workshop i n v i t e e s  
p r i o r  t o  t h e  June 1988 workshop, and f i n a l l y ,  d i scuss ions  a t  t h e  
workshop t o  fo rm t h e  f i n a l  29 p r o j e c t s .  

Some of t h e  research p r o j e c t  d e s c r i p t i o n s  a r e  n o t  complete. 
a r e  considered a s t a r t i n g  p o i n t  f o r  deve lop ing  d e t a i l e d  research p r o j e c t  
work statements. 

The research p r o j e c t s  have been grouped i n t o  f o u r  ca tegor ies .  The 
ca tegor ies  a r e  t i t l e d :  

They 

C . l  I n s u l a t i o n  w i t h  A l t e r n a t i v e  Blowing Agents (Table 2.1), 
C.2 A l t e r n a t i v e  I n s u l a t i o n s  (Table 2.2), 
C.3 Recovery/Recycling/Disposal (Table 2.3), and 
C.4 Implementat ion and I n f o r m a t i o n  Exchange (Table 2.4). 

I n  t h e  workshop d i scuss ion  pe r iod ,  a number o f  t h e  p r o j e c t s  were 
c ross  c u t  w i t h i n  each ca tegory  accord ing  t o  gener i c  research top i cs .  
T h i s  c ross  c u t t i n g  i s  a l s o  descr ibed i n  t h i s  chapter  and i n  Chapter 3. 

2.1 INSULATION WITH ALTERNATIVE BLOWING AGENTS 

Table 2.1 shows the  t i t l e s  o f  twe lve  research p r o j e c t s  i n  t h i s  
category. Three o f  these p r o j e c t s  cover thermal aging: 
C . l . l  Acce le ra ted  foam ag ing  f o r  de te rm ina t ion  o f  des ign  R-values, 
C.1.5 Design and implement a r e l i a b l e  f i e l d  t e s t  p r o j e c t ,  and 
C . l . l l  P ro toco l  t o  p r e d i c t  l ong  term (5 y r )  thermal performance’of  
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c e l l u l a r  foam i n s u l a t i o n  products. 
thermal ag ing  should cons ider  combining t h e  most a t t r a c t i v e  f e a t u r e s  
from a l l  t h r e e  o f  these d e s c r i p t i o n s .  

Three o f  these twe lve  p r o j e c t s  cover t h e  development o f  an accura te  
da ta  base o f  p r o p e r t i e s  o f  s u b s t i t u t e  b lowing  agents: C.1.3 Develop an 
accu ra te  da ta  base o f  t h e  thermal p r o p e r t i e s  o f  t h e  more p romis ing  
a l t e r n a t i v e  b low ing  agents, C.1.4 I d e n t i f y  new b low ing  agents, and 
C.1.12 Develop accura te  da ta  base o f  p h y s i c a l  p r o p e r t i e s  o f  s u b s t i t u t e  
b low ing  agents. The implementat ion steps t o  develop p h y s i c a l  p r o p e r t y  
da ta  on s u b s t i t u t e  b lowing  agents should F i r s t  be t o  c a r e f u l l y  determine 
what t h e  c r i t i c a l  p r o p e r t i e s  a r e  and emphasize t h e  c o l l e c t i o n  e f f o r t  on 
those p r o p e r t i e s  determined t o  be most important.  

C.1.6 Env i ronmenta l l y  acceptab le  b lowing  agents i n  foam i n s u l a t i o n :  
Means t o  achieve e q u i v a l e n t  e f f i c i e n c y  i s  a p r o j e c t  which employs , 

d e t a i l e d  hea t  t r a n s f e r  models o f  foam i n s u l a t i o n  t o  h e l p  gu ide  t h e  
development o f  e q u i v a l e n t l y  per fo rming  a1 t e r n a t i v e s  which do n o t  use 
CFCs; such as t h e  use o f  sma l le r  c e l l  s i ze ,  more opaque c e l l  w a l l s  and 
i n c l u s i o n  o f  small  vacuum volumes. P r o j e c t  C.1.10 Manufacture o f  
env i ronmen ta l l y  acceptab le  p l a s t i c  foam i n s u l a t i o n s  addresses 
a l t e r n a t i v e  concepts f o r  development o f  a CFC foam-in-place i n s u l a t i o n  
a l t e r n a t i v e .  C.1.9 Thermal c o n d u c t i v i t y  o f  expanded polymers w i t h  
chemica l l y  i n a c t i v e  f i l l  gases pursues r e l i a b l e  i n p u t  d a t a  f o r  a l l  
fundamental heat  t r a n s f e r  models o f  heat  conduct ion  th rough t h e  s o l i d  
polymer i n  foam i n s u l a t i o n .  P r o j e c t s  C.1.7 Develop a c a l c u l a t i o n  
methodology f o r  f l a m n a b i l i t y  t e s t i n g  o f  new i n s u l a t i o n s  i n tended  f o r  
s i n g l e - p l y  r o o f i n g  a p p l i c a t i o n s ,  and C.1.8 Thermal r e s i s t a n c e  
measurements o f  c u r r e n t  CFC - i n s u l a t i o n s  and reduced o r  non CFC 
a l t e r n a t i v e s  as they  become a v a i l a b l e ,  bo th  focus  on f i n a l  p roduc t  
performance. C.1.7 p e r t a i n s  t o  f l a m n a b i l i t y  and C.1.8 t o  thermal 
res is tance.  F i n a l l y ,  p r o j e c t  C.1.2 Develop a low k Standard Reference 
M a t e r i a l  (SRM) f o r  c a l i b r a t i o n  o f  thermal c o n d u c t i v i t y  measuring 
devices,  w i l l  enhance t h e  accuracy o f  t h e  t e s t i n g  equipment f o r  
measuring h i g h  r e s i s t i v e  i n s u l a t i o n  samples. 

The implementat ion o f  research on 

Table 2.1 Research P r o j e c t  Category 1. I n s u l a t i o n  w i t h  A l t e r n a t i v e  

Code T i t l e  

C . l . l  Acce le ra ted  foam ag ing  f o r  de te rm ina t ion  o f  des ign  R-values 

C.1.2 Develop a low k Standard Reference M a t e r i a l  (SRM) f o r  
c a l i b r a t i o n  o f  thermal c o n d u c t i v i t y  measuring dev ices  

C.1.3 Develop an accura te  da ta  base o f  t h e  thermal p r o p e r t i e s  o f  t he  
more promis ing  a l t e r n a t i v e  b lowing  agents 

C.1.4 I d e n t i f y  new b lowing  agents 

Blowing Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C.1.5 Design and implement a r e l i a b l e  f i e l d  t e s t  p r o j e c t  
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Table 2.1 ( c o n t ' d )  

C.1.6 Env i ronmenta l l y  acceptable b lowing  agents i n  foam i n s u l a t i o n :  
Means t o  achieve equ iva len t  e f f i c i e n c y  

C.1.7 Develop a c a l c u l a t i o n  methodology f o r  f l a m m a b i l i t y  t e s t i n g  o f  
new i n s u l a t i o n s  in tended f o r  s i n g l e - p l y  r o o f i n g  a p p l i c a t i o n s  

C.1.8 Thermal r e s i s t a n c e  measurements o f  c u r r e n t  CFC - i n s u l a t i o n s  
and reduced o r  Non CFC a l t e r n a t i v e s  as they  become a v a i l a b l e  

C.1.9 Thermal c o n d u c t i v i t y  o f  expanded polymers w i th  chemica l l y  
i n a c t i v e  f i l l  gases 

C.1.10 Manufacture o f  env i ronmenta l l y  acceptab le  p l a s t i c  foam 
i n s u l a t i o n s  

C . l . l l  P ro toco l  t o  p r e d i c t  l ong  term ( 5  yr)  thermal performance o f  
c e l l u l a r  foam i n s u l a t i o n  produc ts  

2.2 ALTERNATIVE INSULATIONS 

Table 2.2 shows t h e  t i t l e s  o f  t he  s i x  research p r o j e c t s  i n  t h i s  
category. The f i r s t  t h r e e  p r o j e c t s  i n v o l v e  t h e  development o f  vacuum 
i n s u l a t i o n :  
thermal res i s tance ,  C.2.2 Evacuated panel "super i n s u l a t i o n s "  f o r  
b u i l d i n g s  and appl iances, and C.2.3 Eva lua t i on  o f  components f o r  super 
i n s u l a t i o n s .  How t h e  concept i s  a p p l i e d  t o  t h e  f i n a l  i n s u l a t i o n  
p roduc ts  var ies .  Two o f  t h e  s i x  p r o j e c t s  i n  t h i s  ca tegory  focus on t h e  
b u i l d i n g  envelope system performance: C.2.4 Non CFC Systems, and C.2.5 
Non CFC founda t ion  i n s u l a t i o n  a p p l i c a t i o n  v e r i f i c a t i o n .  The u n d e r l y i n g  
goal  i s  t o  add va lue  t o  i n s u l a t i n g  produc ts  by enhancing p r o p e r t i e s  o f  
t h e  system o t h e r  than R-value, such as wa te rp roo f i ng ,  s t r u c t u r a l  
i n t e g r i t y ,  and r e f l e c t i v i t y .  The l a s t  p r o j e c t ,  C.2.6 Develop f a c i n g  
m a t e r i a l s  t h a t  e l i m i n a t e  out-gassing o f  CFC s u b s t i t u t e s ,  has t h e  
o b j e c t i v e  t o  develop even b e t t e r  b a r r i e r s  t o  b o t h  b lowing  agent and a i r  
permeabi 1 i ty. 

C.2.1 Produc t ion  and demonstrat ion o f  composites w i t h  h i g h  

C.2.2 Evacuated panel "super i n s u l a t i o n s "  f o r  b u i l d i n g s  and 
app l iances  
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Table 2.2 ( c o n t ' d )  

C.2.3 E v a l u a t i o n  o f  components f o r  super i n s u l a t i o n s  

C.2.4 Non-CFC systems 

C.2.5 Non-CFC foundat ion  i n s u l a t i o n  a p p l i c a t i o n  v e r i f i c a t i o n  

2 e 3 RECOVERY /RECYCLING/DISPOSAL 

Table 2.3 conta ins  t h e  t i t l e s  o f  t h e  s i x  research p r o j e c t s  i n  t h i s  
category. Four of these p r o j e c t s  c o n s i s t  o f  recovery o r  r e c y c l i n g :  
C.3.1 CFC manufactur ing recovery process, C.3.3 Recyc l ing  panels ,  C.3.5 
Recapture o f  CFCs a t  r e f r i g e r a t o r / f r e e z e r  r e t i r e m e n t ,  and C.3.6 CFC 
adsorbents. These a r e  a l l  w r i t t e n  s p e c i f i c a l l y  f o r  CFCs, b u t  w i t h  t h e  
c o s t  o f  s u b s t i t u t e  b lowing  agents be ing  t h r e e  t o  f i v e  t imes more than 
CFC-11 and CFC-12, t h e  economics may a c t u a l l y  be more a t t r a c t i v e  f o r  
f u t u r e  a l t e r n a t i v e s .  Two o f  t h e  p r o j e c t s  address e n v i r o n m e n t a l l y  
acceptable methods o f  d e s t r o y i n g  CFCs, w i t h  t h e  i n t e n t i o n  b e i n g  t o  
extend t h e  Montreal  Pro toco l  l i m i t e d  p r o d u c t i o n  q u a n t i t i e s  a v a i l a b l e  i n  
t h e  s h o r t  term: C.3.2 CFC i n c i n e r a t i o n ,  and C.3.4 CFC d e s t r u c t i o n  by 
methods o t h e r  than i n c i n e r a t i o n .  

C.3.2 CFC i n c i n e r a t i o n  

C.3.3 Recyc l ing  panels  

C.3.4 CFC d e s t r u c t i o n  by methods o t h e r  than i n c i n e r a t i o n  

C.3.5 Recapture o f  CFCs a t  r e f r i g e r a t o r / f r e e z e r  r e t i r e m e n t  

2.4 IMPLEMENTATION AND INFORMATION EXCHANGE 

Table 2.4 shows t h e  l i s t  o f  f i v e  research p r o j e c t s  i n  t h i s  
category.  
p r o d u c t i o n  o f  a p r i o r i t i z e d  l i s t  o f  research p r o j e c t s  t h a t  can be 
p u b l i c l y  d iscussed a d  fo rmula ted  i n t o  coopera t ive  research e f f o r t s  t o  

The f i r s t  two a c t u a l l y  have t h e  same u l t i m a t e  goa l ,  t h e  
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. 

reduce dependence on CFCs i n  foam i n s u l a t i o n s .  
a p p r o p r i a t e  P u b l i d p r i v a t e  research p l a n  f o r  a l t e r n a t i v e s  t o  CFC 
I n s u l a t i o n ,  and C.4.2 i s  f u t u r e  workshops on a l t e r n a t i v e s  f o r  
i n s u l a t i o n s  c o n t a i n i n g  CFCs. 
m a t e r i a l  p roper t i es :  C.4.3 C r i t i c a l  assessment o f  p roduc t  p r o p e r t y  
t e s t s ,  and C.4.4 E s t a b l i s h  e s s e n t i a l  thermal i n s u l a t i o n  m a t e r i a l  
p r o p e r t i e s  by type  o f  a p p l i c a t i o n .  They d i f f e r  s l i g h t l y  i n  scope b u t  
have t h e  same u l t i m a t e  purpose t o  develop needed p r o p e r t i e s  f o r  
de termin ing  produc t  acceptance. The l a s t  p r o j e c t  i n  t h i s  category,  
C.4.5 Develop energy impact da ta  r e l a t e d  t o  CFC r e s t r i c t i o n s ,  was 
submi t ted a t  t he  workshop a f t e r  i t  became apparent t h a t  t he  t o t a l  energy 
impact o f  r e s t r i c t i n g  CFCs i n  b u i l d i n g s  was n o t  uncer ta in .  

C.4.1 i s  t o  produce an 

Two o f  these p r o j e c t s  cover i n s u l a t i o n  

C.4.1 Prepare an appropr , ia te  p u b l i c / p r i v a t e  research p l a n  f o r  
a l t e r n a t i v e s  t o  CFC i n s u l a t i o n  

C.4.2 DOE/ORNL/Industry workshops on a l t e r n a t i v e s  f o r  CFC i n s u l a t i o n  

C.4.3 C r i t i c a l  assessment o f  p roduc t  p r o p e r t y  t e s t s  

C.4.4 E s t a b l i s h  e s s e n t i a l  thermal i n s u l a t i o n  m a t e r i a l  p r o p e r t i e s  by 
type  o f  a p p l i c a t i o n  

C.4.5 Develop energy impact da ta  r e l a t e d  t o  CFC r e s t r i c t i o n s  

3. WORKSHOP SUMMARY 

3.1 INTRODUCTION 

The purpose o f  t h i s  chapter  i s  t o  sumnarize the  workshop. 
S i x t y - n i n e  p a r t i c i p a n t s  represent ing  43 o rgan iza t i ons  met t o  d iscuss  
p u b l i c  and p r i v a t e  views on research needed t o  meet the  chal lenges 
f a c i n g  i n s u l a t i o n s  con ta in ing  CFC. The f i r s t  sessions i nc luded  
p resen ta t i ons  o f  t e c h n i c a l  s tud ies  and in fo rma l  progress r e p o r t s  by some 
o f  t he  attendees. 
d iscussed i n  the  second session. The second sess ion ended w i t h  
at tendees v o t i n g  on two issues f o r  each p r o j e c t :  t echn ica l  importance, 
and whether the  p r o j e c t  should be done by the  p u b l i c  sec tor ,  t he  p r i v a t e  
sec tor ,  o r  coopera t ive ly .  The b a l l o t  r e s u l t s  d e f i n e  a p r i o r i t i z e d  I 

research menu t h a t  i d e n t i f i e s  p r o j e c t s  f o r  coopera t ive  i n t e r a c t i o n s .  

The research menu p r o j e c t s  were presented and 
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3.2 GOALS AND METHODOLOGY 

The major  goal  o f  t h i s  workshop was t o  have t h e  a t tendees 
rep resen t ing  a l l  t h e  major  i n s u l a t i o n  i n d u s t r i e s  a f f e c t e d  by  CFC 
r e s t r i c t i o n s  produce a re levan t ,  comprehensive, and p r i o r i t i z e d  l i s t  o f  
research  needs. The workshop a l s o  served t o  p r o v i d e  guidance on t h e  
r o l e  o f  t h e  f e d e r a l  government. I n  t h e  l ong  term, i t  was t h e  goal  o f  
t h e  workshop t o  a c c e l e r a t e  t h e  r e s o l u t i o n  o f  CFC i n  i n s u l a t i o n  issues  
and min imize  t h e  energy impact o f  CFC r e s t r i c t i o n s .  

A l t e r n a t i v e s  f o r  I n s u l a t i o n s  Con ta in ing  CFCs Research P r o j e c t  Menu, 
c i r c u l a t e  t h e  d r a f t s  p r i o r  t o  t h e  workshop, s o l i c i t  a d d i t i o n a l  research 
d e s c r i p t i o n s ,  d i scuss  t h e  research a t  t h e  workshop, have each o f  t h e  
workshop at tendees f i l l  o u t  a b a l l o t  ass ign ing  an importance rank ing  t o  
each research p r o j e c t ,  and dec ide  who should do t h e  p r o j e c t .  The 
b a l l o t i n g  r e s u l t s  were imned ia te l y  compiled and presented t o  t h e  
workshop attendees. The b a l l o t  and a d e t a i l e d  d e s c r i p t i o n  o f  t h e  
b a l l o t i n g  process i s  g i ven  i n  Appendix D. 

The methodology was t o  develop severa l  d r a f t  ve rs ions  of t h e  

3.3 FIRST SESSION: PUBLIC/PRIVATE PROGRESS REPORTS ON CURRENT AND 
PLANNED RESEARCH 

T h i s  session i nc luded  p resen ta t i ons  o f  t e c h n i c a l  a c t i v i t y  and 
informal p rogress  r e p o r t s  by some o f  t he  attendees. The i n t e n t  o f  t h i s  
session was t o  exchange r e s u l t s  and t o  i d e n t i f y  areas f o r  i n t e r a c t i o n s .  
The P lann ing  Team suggested t h a t  at tendees from i n d u s t r y  would be more 
responsive i f  d e t a i l e d  proceedings were n o t  recorded f o r  p u b l i c a t i o n .  
Consequently, t h e  proceedings focus  on t h e  p u b l i c  agency progress  
r e p o r t s  and i n c l u d e  p r i v a t e  i n d u s t r y  r e p o r t s  o n l y  when permiss ion  t o  do 
so was g ran ted  by t h e  presenter.  

D. L. McElroy, ORNL, c a l l e d  the  meet ing t o  o rder ,  thanked t h e  
at tendees, i d e n t i f i e d  DOE r e s p o n s i b i l i t i e s ,  and expressed hope t h a t  
f r u i t f u l  p u b l i c / p r i v a t e  i n t e r a c t i o n s  would r e s u l t ' f r o m  t h i s  workshop. 
John M i l l hone ,  D i r e c t o r ,  U.S. Department o f  Energy O f f i c e  o f  B u i l d i n g s  
and Community Systems, encouraged t h e  p a r t i c i p a n t s  o f  t h e  workshop t o  
"work c o o p e r a t i v e l y ,  e n e r g e t i c a l l y ,  and w i t h  imag ina t i on  t o  develop a 
success fu l  approach t o  r e s o l v i n g  t h e  CFC issues." G. E. C o u r v i l l e ,  ORNL, 
desc r ibed  t h e  workshop goa ls  and methodology as desc r ibed  i n  Sec t i on  
3.2. 
research on CFC by  an agreement on a p r i o r i t i z e d  research menu w i t h  
a p p r o p r i a t e  pub1 i c  and p r i v a t e  ro les .  

remarks. F i r s t ,  J e f f  C h r i s t i a n ,  ORNL, desc r ibed  t h e  d e t a i l e d  a n a l y s i s  
o f  t h e  "Impact o f  CFC R e s t r i c t i o n s  on U.S. B u i l d i n g  Foundat ion Thermal 
Performance,Il ORNL/CON-245 (December 1987). The execu t i ve  summary f rom 
t h i s  r e p o r t  i s  i n c l u d e d  i n  Appendix F.: The use o f  ex t ruded p o l y s t y r e n e  
f o r  below grade i n s u l a t i o n s  i s  pos tured  f o r  acce le ra ted  growth, i f  
a l t e r n a t i v e  b lowing  agents t o  CFC-12 can be found. Second, Hunter 
Fanney, NBS-Gaithersburg, descr ibed the  a n a l y s i s  he and Steve Petersen 
d i d  on t h e  Impact o f  CFC R e s t r i c t i o n s  on R e s i d e n t i a l  and Commercial 

He desc r ibed  t h e  workshop as an o p p o r t u n i t y  f o r  coopera t i ve  

Four p u b l i c  s e c t o r  p rogress  r e p o r t s  f o l l o w e d  these i n t r o d u c t o r y  
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B u i l d i n g  Wal ls  and Roofs on U.S. B u i l d i n g  Thermal Performance (NBSIR 
88-3829). Th i rd ,  Dean Smith, EPA, descr ibed t h r e e  p r o j e c t s :  P u r i t y  
Standards f o r  Recycled Mob i le  A i r  Cond i t i on ing  R 2 f r i g e r a n t ;  
I n v e s t i g a t i o n s  o f  New CFC and Halon A l t e r n a t i v e  Chemicals; and Means t o  
Obta in  Improved Foams. EPA goa ls  a r e  t o  reduce CFC consumption, t o  
min imize  s o c i a l  and i n d u s t r i a l  impact, t o  min imize energy pena l t y ,  and 
t o  s t i m u l a t e  p r i v a t e  indus t ry .  A t  t he  t ime o f  t h i s  workshop EPA was 
a l s o  a t tempt ing  t o  p r i o r i t i z e  RAD needs. F i n a l l y ,  Mark Bomberg, NRC-C, 
descr ibed research t o  p r e d i c t  long- term R-values c o n t r o l l e d  by gas 
d i f f u s i o n  and research on dimensional  changes. A t h i n  specimen 
technique i s  be ing  used f o r  t h e  former. 

A ma jor  ques t ion  f rom t h e  at tendees d u r i n g  t h i s  sess ion was "What 
i s  t h e  energy impact o f  t h e  CFC r e s t r i c t i o n s  t o  t h e  b u i l d i n g  and 
app l iance indus t r y? "  Th is  ques t ion  l e d  t o  t h e  development o f  an 
a d d i t i o n a l  p r o j e c t  f o r  t h e  Research Menu, C4.5: Develop Energy Impact 
Data Re la ted  t o  CFC R e s t r i c t i o n s .  

Nine p r i v a t e  sec to r  progress r e p o r t  p resenters  and t h e i r  t o p i c s  a re  
b r i e f l y  sumnarized below: 

I a n  Shankland, A l l i e d  S igna l ,  descr ibed phys i ca l  and chemical p r o p e r t i e s  
o f  HCFC 123 and HCFC 141b and con t ras ted  these t o  those o f  CFC-11. 

J. Creazzo, DuPont, descr ibed t h e  s teps and t h e  schedule t o  d e l i v e r  
commercial a l t e r n a t i v e s  t o  CFC-11 and CFC-12. 

D. Bhat tachar jee,  Dow, descr ibed p r o p e r t i e s  of board s tock  produced w i t h  
va r ious  gases i n c l u d i n g  HCFC-123, b lends o f  HCFC-123 and CFC-11, 
HCFC-l4lb, and C0,-CFC-11 blends. 

G. S i e v e r t ,  S P I ,  emphasized the  l o s s  o f  1400-1800 smal l  businesses i f  no 
s u b s t i t u t e s  a r e  found f o r  t he  CFC-11 c u r r e n t l y  used i n  t h e  f i e l d  a p p l i e d  
spray polyurethane. 

F. L ichtenberg,  S P I ,  i n d i c a t e d  they  had sponsored forums a t  t h e i r  annual 
meet ings i n  1986 and 1987. She suggested t h e  second workshop cou ld  be 
h e l d  p r i o r  t o  t h e  nex t  annual meeting, October 18-20, 1988, i n  
Ph i l ade lph ia .  S P I  sponsored an Economic Ana lys i s  (Putnam, Hays, and 
B a r t l e t t )  t h a t  shows a 1989 f reeze a t  1986 l e v e l s  i s  a c t u a l l y  a 30% c u t  
i n  a v a i l a b l e  m a t e r i a l .  

John C l i n t o n ,  PIMA, expressed concern about be ing  i n  business f i v e  years 
f rom now. 
research program on p roper t i es .  

PIMA has p e t i t i o n e d  t h e  Department o f  J u s t i c e  f o r  a j o i n t  

R. P. Tye, Holometr ix ,  descr ibed s tud ies  on ag ing  o f  foams i n  r o o f s  and 
w a l l s ,  p a r t i c i p a t i o n  i n  round r o b i n  t e s t s ,  i n - s i t u  t e s t s  a t  t h e  Roof 
Tes t  Research Apparatus (RTRA), and a b i b l i o g r a p h y  con ta in ing  more than 
200 ag ing  a r t i c l e s  i n  t h e  Journal  o f  Thermal I n s u l a t i o n  (January 1988). 
Th i s  b i b l i o g r a p h y  i s  i nc luded  i n  Appendix F by  permiss ion o f  C. G i lbo ,  
E d i t o r ,  Journal  o f  Thermal I n s u l a t i o n .  
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K. Cwick, DeGussa, descr ibed s i l i c a  powders made by  DeGussa as an 
a l t e r n a t i v e  i n s u l a t i o n .  

D. Keeler,  Dow, no ted  that.Dow had e recen t  p ress  re lease  i n d i c a t i n g  
they  have a non-CFC s o l u t i o n  f o r  ex t ruded p o l y s t y r e n e  foam. A copy o f  
t h i s  i s  i nc luded  i n  Appendix F by permiss ion  o f  D. Kee ler ,  Dow. 

Four a d d i t i o n a l  p u b l i c  s e c t o r  r e p o r t s  were given, i n c l u d i n g :  

H. Lorsch, Drexel  U n i v e r s i t y ,  descr ibed i n - s i t u  t e s t s  on r o o f  and w a l l  
spray-app l ied  systems. 
rang ing  from 3 / 4  t o  1% inches. Some i n - s i t u  t e s t s  o f  foams show no 
change i n  R-value w i t h  age. 

S. K. F ischer ,  ORNL, descr ibed a r e p o r t  be ing  prepared f o r  DOE t h a t  
shows t h e  energy impact i s  l a r g e s t  f o r  b u i l d i n g  equipment, p o s s i b l y  1.8 
quad/year and minimal f o r  b u i l d i n g  i n s u l a t i o n ,  l e s s  than 0.2 quad/year. 
Th i s  sparked a cont roversy  f rom t h e  audience. 
meet ing have r e s u l t e d  i n  m o d i f i c a t i o n s  t o  h i s  impact f i g u r e s  f o r  
b u i l d i n g s .  The new execu t i ve  summary i s  g i v e n  i n  Appendix F. 

..-< p' 

These showed va r ious  R-values due t o  th icknesses 

Conversat ions a f t e r  t h e  

T. P o t t e r ,  S E R I ,  descr ibed compact vacuum i n s u l a t i o n  (CVI) t h a t  o b t a i n s  
R-15 f o r  0.1 inch. A demonstrat ion i n  P o r t l a n d  i s  planned i n  1989. 

L. Glicksman, M I T ,  summarized t h e  Aachen Symposium (September 1987) and 
descr ibed research i n  progress a t  MIT. Dr. Glicksman i n d i c a t e d  t h a t  i t  
was c l e a r  t h a t  U.S. near term problems due t o  CFC r e s t r i c t i o n s  w i l l  be 
more severe than i n  Europe, because t h e  U.S. r e s t r i c t e d  p r o p e l l e n t s  i n  
the  1970's. 

D iscuss ion  f rom t h e  at tendees emphasized t h e  need f o r  a d d i t i o n a l  
energy impact a n a l y s i s  on w a l l s  and roo fs .  L. A u l i s i o ,  Celotex,  
i n d i c a t e d  t h i s  was needed now f o r  a Senate hear ing.  

The l a s t  p r e s e n t a t i o n  i n  t h e  f i r s t  session was a rev iew o f  t h e  
Research Menu and the  b a l l o t i n g  procedure by  J. E. C h r i s t i a n ,  ORNL. He 
d i s t r i b u t e d  a s e t  o f  b a l l o t s  t o  each attendee. Appendix D con ta ins  a 
sample b a l l o t  and a d e s c r i p t i o n  o f  t h e  b a l l o t  p rocess ing  by H. A. F ine  
o f  t h e  U n i v e r s i t y  o f  Kentucky, and R. M. Acevedo o f  Na t iona l  Computer 
Systems. 
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3.4 SECOND SESSION: RESEARCH MENU PROJECT PRESENTATION, DISCUSSION AND 
RANKING 

The second session p rov ided  t h e  o p p o r t u n i t y  f o r  each o f  t h e  29 
p r o j e c t s  t o  be presented t o  the  at tendees and discussed by t h e  
attendees. Each p resen te r  covered the  p r o j e c t s  i n  h i s  ca tegory  
consecut ive ly ,  us ing  viewgraphs t o  g i v e  t h e  p r o j e c t  t i t l e ,  scope, 
approach, and product.  
l eader  l ead  a d i scuss ion  o f  each top i c .  Th i s  fo rmat  a l lowed each t o p i c  
t o  be p laced  be fo re  t h e  at tendees twice.  

C . l  I n s u l a t i o n  With A l t e r n a t i v e  Blowing Agents (12 p r o j e c t s ) .  

Fo l l ow ing  t h e  p resen ta t i on ,  t h e  d i scuss ion  

Mr. R. P. Tye, Holometr ix,  presented t h e  12 p r o j e c t s  l i s t e d  i n  
Table 3.1. Dr .  G. Baumann, Mobay, was t h e  d i scuss ion  l eader  and 
regrouped s i m i l a r  p r o j e c t s  as l i s t e d  i n  Table 3.1, which i nc ludes  some 
o f  t h e  comnents made by t h e  at tendees f o r  each p r o j e c t  o r  group o f  
p r o j e c t s .  
p r o j e c t  d e s c r i p t i o n s  shown i n  Appendix C. 
under l i ned  i n  t h e  t e x t .  

Most o f  t h e  comnents were i nco rpo ra ted  i n t o  t h e  research 
The added changes a r e  

C.2 A l t e r n a t i v e  I n s u l a t i o n s  (6 p r o j e c t s ) .  

l i s t e d  i n  Table 3.2. Mr.  R. W. B a r i t o ,  R. W. B a r i t o  and Associates,  l e d  
t h e  d i scuss ion  and showed t h e  at tendees an evacuated p o w d e r - f i l l e d  panel 
t h a t  was produced i n  December 1986. 

Dr .  H. A. Fine, U n i v e r s i t y  o f  Kentucky, presented t h e  6 p r o j e c t s  

C.3 Recovery/Recycling/Disposal (6  p r o j e c t s ) .  

J. E. C h r i s t i a n ,  ORNL, descr ibed the  6 p r o j e c t s  l i s t e d  i n  Table 3.3. 
Tom Nelson, Radian Corp., l e d  t h e  d i scuss ion  and suggested t h a t  a 30% 
r e d u c t i o n  cou ld  be achieved by recyc l i ng / recove ry .  John C l i n t o n ,  PIMA,  
desc r ibed  an opera t i ng  CFC recovery process t h a t  i s  recove r ing  7 o r  8% 
o f  t h e  t o t a l  i npu t .  

C.4 Implementat ion and I n f o r m a t i o n  (5  p r o j e c t s ) .  

G. E. C o u r v i l l e ,  ORNL, presented 5 p r o j e c t s  l i s t e d  i n  Table 3.4. 
The new t o p i c ,  C.4.5, d e a l t  w i t h  energy impact ana lys i s .  F. L ich tengerg ,  
S P I ,  l e d  the  d iscuss ion .  

The second session ended w i t h  at tendees marking t h e i r  b a l l o t s  t o  
vo te  on two issues, t e c h n i c a l  importance, and who should do t h e  research 
on each p r o j e c t .  
us ing  equipment and f a c i l i t i e s  p rov ided  tiy Na t iona l  Computer Systems. 

The b a l l o t s  were c o l l e c t e d  and counted e l e c t r o n i c a l l y  

3.5 T h i r d  Session: Workshop B a l l o t  Resu l ts  and D iscuss ion  

The r e s u l t s  o f  t h e  b a l l o t i n g  were presented t o  t h e  attendees. A 
hard  copy o f  t h e  r e s u l t s  g i ven  i n  Table 4.1< (see n e x t  sec t i on )  was g i ven  
t o  each attendee. T h i s  t a b l e  p rov ides  t h e  o v e r a l l  r ank ing  o f  29 
p r o j e c t s  by t e c h n i c a l  m e r i t  by a l l  voters.  



Tab le  3.1 Research P r o j e c t  Category 1. I n s u l a t i o n  w i t h  A l t e r n a t i v e  B low ing  Agents - Comnents by A t tendees  

Code T i t l e  Comnents by A t tendees  

C . l . l  

C.1.5 

C . l . l l  P r o t o c o l  t o  p r e d i c t  l o n g  t e r m  (5  yr )  the rma l  per formance o f  T h i n  t e s t s  a r e  w o r t h  p u r s u i n g .  

A c c e l e r a t e d  foam a g i n g  f o r  d e t e r m i n a t i o n  o f  d e s i g n  R-values 

Des ign  and implement  a r e l i a b l e  f i e l d  t e s t  p r o j e c t  

c e l l u l a r  foam i n s u l a t i o n  p r o d u c t s  P roduc t  l i f e t i m e s  need t o  be d e f i n e d .  

Outdoor  exposures a r e  needed f o r  many c o n d i t i o n s .  
Lab t e s t s  do n o t  i n c l u d e  enough v a r i a b l e s .  
A s i n g l e  R-value i s  p r o b l e m a t i c .  
P roduc ts  do d i f f e r  i n  responses. 

I n d u s t r y  needs a method f o r  2 and 5 y e a r  a g i n g  t e s t  
p r e d i c t i o n .  

Need an SRM w i t h  s i m i l a r  d e n s i t y .  

0.0214W/m.K and 0.0216 W h K  a t  two labs.  
Heat  f l o w  m e t e r  t e s t s  u s i n g  SRM 1450b were 
(600 mn: 0.0219 and 300 mn: 0.0220) w i t h i n  3%. 

Manu fac tu re rs  a r e  d o i n g  t h i s  and f i n d i n g  2077 
v a r i a b i l i t y  f o r  HFC 134a. 

C.1.2 Develop a l o w  k s tandard  r e f e r e n c e  m a t e r i a l  SRM f o r  c a l i b r a t i o n  
o f  t he rma l  c o n d u c t i v i t y  measur ing d e v i c e s  Guarded h o t  p l a t e  r e s u l t s  on new SRM a r e  

C.1.3 Deve lop  a n  a c c u r a t e  d a t a  base o f  t h e  the rma l  p r o p e r t i e s  o f  t h e  
more p r o m i s i n g  a l t e r n a t i v e  b l o w i n g  agents 

C.1.12 Develop a c c u r a t e  d a t a  base o f  p h y s i c a l  p r o p e r t i e s  o f  s u b s t i t u t e  

C.1.4 I d e n t i f y  new chemical  b l o w i n g  agents D e l e t e  t h e  word "chemica l "  b e f o r e  b l o w i n g  agent .  

b l o w i n g  a g e n t s  

C.1.6 E n v i r o n m e n t a l l y  a c c e p t a b l e  b l o w i n g  agents i n  foam i n s u l a t i o n :  Need new concep ts  and new models. 

C.1.7 Develop a c a l c u l a t i o n  methodology f o r  f l a m n a b i l i t y  t e s t i n g  o f  D i f f i c u l t  i f  n o t  i m p o s s i b l e  task .  

C.1.8 Thermal r e s i s t a n c e  measurements o f  c u r r e n t  CFC - i n s u l a t i o n s  Few comnents. 

means t o  a c h i e v e  e q u i v a l e n t  e f f i c i e n c y  

new i n s u l a t i o n s  i n t e n d e d  f o r  s i n g l e - p l y  r o o f i n g  a p p l i c a t i o n s  

and reduced o r  non CFC a l t e r n a t i v e s  as t h e y  become a v a i l a b l e  

\ 

C.1.9 Thermal c o n d u c t i v i t y  o f  expanded polymers w i t h  c h e m i c a l l y  Few comnents. 
i n a c t i v e  f i l l  gases 

C.1.10 Manu fac tu re  o f  e n v i r o n m e n t a l l y  accep tab le  p l a s t i c  foam 
i n s u l a t i o n s  

00 n o t  r e s t r i c t  t o  p h e n o l i c  foams o n l y .  

. . I 
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Tab le  3.2 Research P r o j e c t  Category 2. A l t e r n a t i v e  I n s u l a t i o n s  -.Comnents b y  A t tendees  

Code T i t l e  Comnents by A t tendees  

C.2.1 P r o d u c t i o n  and demons t ra t i on  o f  composi tes w i t h  h i g h  thermal  
r e s i s t a n c e  

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

C.2.2 Evacuated pane ls  "super  i n s u l a t i o n s "  f o r  b u i l d i n g s  and Do paper  s t u d i e s  f i r s t .  Concern e x i s t s  about  panel  
a p p l i a n c e s  l i f e t i m e ,  and p a r a l l e l  h e a t  t r a n s f e r .  

C.2.3 E v a l u a t i o n  o f  components f o r  super  i n s u l a t i o n s  O t h e r s  a r e  s t u d y i n g  v a r i o u s  t y p e s  o f  s i l i c a .  

C.2.4 Non CFC systems O t h e r s  a r e  d o i n g ,  why d e p l e t e  CFC e f f o r t .  
Composi tes may m e e t  more needs t h a n  j u s t  thermal  
r e s i s t a n c e .  

C.2.5 Non CFC f o u n d a t i o n  i n s u l a t i o n  a p p l i c a t i o n  v e r i f i c a t i o n  Was n o t  d i s c u s s e d  by p r e s e n t e r .  

C.2.6 Develop f a c i n g  m a t e r i a l s  t h a t  e l i m i n a t e  o u t - g a s s i n g  o f  
CFC s u b s t i t u t e s  

Can food packages ach ieve  20 y e a r  l i f e t i m e ?  
Design t a r g e t  seems t o  be 1-2 yea rs .  



T a b l e  3.3 Research P r o j e c t  Category 3. Recovery/Recycling/Disposal - Comments b y  A t tendees  

Code - T i t l e  Comments by A t tendees  

C.3.1 CFC m a n u f a c t u r i n g  r e c o v e r y  process 

C.3.2 CFC i n c i n e r a t i o n  

C.3.3 R e c y c l i n g  p a n e l s  

Recovery processes a r e  new t o  t h e  i n d u s t r y .  
D i s p o s a l  o f  spen t  ca rbon  may r e q u i r e  s p e c i a l  
h a n d l i n g  under  RCRA. 
Dus t  r e s t r i c t s  g r e a t e r  recove ry .  
Costs  v a r y  b y  f a c t o r  o f  f i v e .  
Requirement f o r  g r e a t e r  a i r  v e n t i l a t i o n  d u r i n g  
summer months f o r  worke r  c o m f o r t  i n  f a c t o r y  d i l u t e s  
sou rce  s t r e n g t h .  

Commercial i n c i n e r a t o r s  o p e r a t e  a t  h i g h  tempera tu res  
t o  a v o i d  phosgenes. Shredders l e a v e  50% o f  t h e  
p r o d u c t  unre leased.  B u r n i n g  can y i e l d  HCP and 
c o r r o s i o n  problems. 

Can t h i s  be done? Sweden w i l l  have a t o t a l  ban i n  
1994. 

C.3.4 

C.3.5 Recap tu re  o f  CFCs a t  r e f r i g e r a t o r / f r e e z e r  r e t i r e m e n t  

C.3.6 CFC Adsorben ts  C o s t l y  o p e r a t i o n .  

CFC d e s t r u c t i o n  by methods o t h e r  than  i n c i n e r a t i o n  I f  r e c a p t u r e d  and impure may be h a r d  t o  reuse. 

Economics o f  r e c a p t u r e  may be poor .  

. , 



. . . . 

T a b l e  3.4 Research P r o j e c t  Category 4. Imp lemen ta t i on  and I n f o r m a t i o n  Exchange - Comnents b y  At tendees 

Code - T i t l e  C o n e n t s  b y  A t tendees  

C.4.1 P r e p a r e  an a p p r o p r i a t e  pub1 i c / p r i v a t e  r e s e a r c h  p l a n  f o r  Menu w i  11 a c c e l e r a t e  research.  

C.4.2 DOE/ORNL/Industry workshops on a l t e r n a t i v e s  f o r  CFC L e t  s t e e r i n g  c o m n i t t e e  d e c i d e  t i m e  u n t i l  n e x t  meet ing.  

a l t e r n a t i v e s  t o  CFC i n s u l a t i o n  

i n s u l a t i o n  A g r e a t  d e a l  o f  r e s e a r c h  i s  o c c u r r i n g  now. 

C.4.3 C r i t i c a l  assessment o f  p r o d u c t  p r o p e r t y  t e s t s  

C.4.4 E s t a b l i s h  e s s e n t i a l  thermal  i n s u l a t i o n  m a t e r i a l  
p r o p e r t i e s  by t y p e  o f  a p p l i c a t i o n  

I d e n t i f y  c r i t i c a l  t e s t s  as i n  DTR 9774 
(Appendix F). 

No comnent. 

C.4.5 Develop energy impac t  d a t a  r e l a t e d  t o  CFC r e s t r i c t i o n s  Energy impact  s ta temen t  i s  key issue.  

J 
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4. RESEARCH PROJECT RANKING ANALYSIS 

4.1 OVERALL 

The i n t e n t  o f  t h i s  s e c t i o n  i s  t o  show t h e  r e s u l t s  o f  t h e  b a l l o t i n g .  
The i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  i s  i n  t h e  eye o f  t h e  beholder.  
number o f  observa t ions  a r e  made b y  t h e  authors.  
should o n l y  be one o f  a h o s t  o f  i n p u t s  used p r i o r  t o  making R&D resource 
a1 l o c a t i o n s .  

F i g u r e  4.1 i s  a p l o t  o f  a l l  t h e  averaged votes,  b o t h  t h e  t e c h n i c a l  
m e r i t  and t h e  i n d i c a t o r  o f  who should do t h e  work. One o f  t h e  
observa t ions  f rom F i g u r e  4.1 i s  t h a t  t h e r e  appear t o  be numerous 
o p p o r t u n i t i e s  t o  cooperate on t h e  m a j o r i t y  o f  research p r o j e c t s  
d iscussed i n  t h i s  menu. More than 75% o f  t h e  research p r o j e c t s ,  24 o f  
29, were i d e n t i f i e d  as research p r o j e c t  candidates which c o u l d  be 
accomplished by a j o i n t  p r i v a t e / p u b l i c  s e c t o r  research e f f o r t .  
a t tendees were i n s t r u c t e d  t o  ass ign  a 0 i f  t h e y  f e l t  t h e  research was 
b e s t  conducted by t h e  p u b l i c  s e c t o r  and a 5 i f  by t h e  p r i v a t e  s e c t o r ,  
and those areas which cou ld  be done by b o t h  i n  t h e  m i d d l e  ranges. A 
somewhat a r b r i t r a r y  d i v i s i o n  o f  p r i v a t e ,  p u b l i c ,  and j o i n t  e f f o r t s  t o  
f u l f i l l  t h e  research was made p r i o r  t o  t h e  vo t ing .  The v o t e r s  were 
in formed t h a t  a va lue  g r e a t e r  than 3.33 would be considered p r i v a t e ,  
below 1.6 would be considered p u b l i c ,  and e v e r y t h i n g  i n  between would be 
considered j o i n t .  S i x  research p r o j e c t s  were i d e n t i f i e d  as most l i k e l y  
t o  be addressed by t h e  p r i v a t e  sec tor ;  C1.10 Manufactur ing o f  
Env i ronmenta l l y  Acceptable Foams, C3.1 CFC Manufactur ing Recovery 
Processes, C1.4 I d e n t i f y  New Blowing Agents, C2.6 New Facing M a t e r i a l s ,  
C1.3 Data Base f o r  A l t e r n a t e  Blowing Agents, and C1.12 Data Base o f  
Phys ica l  Proper t ies .  The o n l y  research p r o j e c t  f e l t  t o  be c l e a r l y  
w i t h i n  t h e  p u b l i c  s e c t o r  i s  C1.2 Low k Standard Reference M a t e r i a l .  

F i g u r e  4.2 shows t h e  means a long w i t h  t h e  95% conf idence i n t e r v a l  
o f  each research p r o j e c t  i n  t h e  menu o f  t h e  suggested s e c t o r  t o  do t h e  
research. The 95% conf idence i n t e r v a l  suggested t h a t  i f  another  group 
o r  a l a r g e r  group w i t h  s i m i l a r  i n t e r e s t s  and backgrounds were t o  v o t e  on 
these research p r o j e c t s ,  t h e  mean va lue  o f  t h e  group would, w i t h  95% 
p r o b a b i l i t y ,  s t i l l  f a l l  w i t h i n  t h e  i n d i c a t e d  range. The h o r i z o n t a l  dash 
"-I1 represents  t h e  mean, and t h e  v e r t i c a l  l i n e  through each dash 
represents  t h e  95% conf idence i n t e r v a l .  

b a l l o t  r e s u l t s  f rom a l l  t h e  workshop at tendees. The t o p  two i tems a r e  
t h e  development o f  t h i s  research menu and cont inued workshops on 
a l t e r n a t i v e s  f o r  i n s u l a t i o n s  c o n t a i n i n g  CFCs. 
research p r o j e c t s  a r e  development o f  a da ta  base o f  p h y s i c a l  p r o p e r t i e s ,  
p r o t o c o l  t o  p r e d i c t  thermal performance, i d e n t i f y  new b lowing  agents,  
e n v i r o n m e n t a l l y  acceptable b lowing agents, new f a c i n g  m a t e r i a l s ,  
energy impact f o r  w a l l s  and r o o f s ,  CFC manufactur ing recovery processes 
and low k s tandard re fe rence m a t e r i a l .  Histograms o f  t h e  t o p  t e n  

A 
These b a l l o t  r e s u l t s  

The 

Table 4.1 shows t h e  o v e r a l l  rank ing  by t e c h n i c a l  m e r i t  us ing  the  

Other t o p  p r i o r i t y  

. 
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C.4.1 
C.4.2 
c.1.12 
c.1.11 
C.1.4 
C.1.6 
C.2.6 
c.4.5 
C.3.1 
c i1.2 
C.1.3 
c.1.1 
c.2.2 
C.2.3 
C.1.5 
c.2.1 
c.4.4 
c.3.4 
C.1.8 
c.4.3 
C.3.2 
C.3.6 
c.3.5 
c.1.10 
c.1.9 
C.2.4 
C.2.5 
c.3.3 
C.1.7 

P u b l i c / P r i v a t e  Research Menu 
DOE/ORNL/ I n d u s t  ry Workshop 
Data Base o f  Phys ica l  P r o p e r t i e s  
P ro toco l  t o  P r e d i c t  Thermal Performance 
I d e n t i f y  New Blowing Agents 
Env i ronmenta l l y  Acceptable Blowing Agents 
New Facing M a t e r i a l  s 
Energy Impact f o r  Wal ls and Roofs 
CFC Manufac tur ing  Recovery Processes 
Low k Standard Reference M a t e r i a l  
Data Base f o r  A l t e r n a t e  Blowing Agents 
Acce le ra ted  Foam Aging f o r  Design R-values 
Evacuated Panel "Super I n s u l a t i o n "  
Components f o r  Super I n s u l a t i o n s  
F i e l d  Tes t  P r o j e c t  
Composites With High Thermal Resistance 
E s t a b l i s h  Essen t ia l  M a t e r i a l  P r o p e r t i e s  
CFC D e s t r u c t i o n  
Thermal Resistance Measurements 
C r i t i c a l  Assessment o f  Product P roper t y  Tests 
CFC I n c i n e r a t i o n  
CFC Adsorbents 
CFC Recapture a t  R/F Ret i rement 
Man. o f  Env i ronmenta l l y  Acceptable Foams 
Thermal C o n d u c t i v i t y  o f  Expanded Polymers 
Non CFC Systems 
Non CFC Foundation I n s u l a t i o n  
Recyc l ing  Panels 
C a l c u l a t i o n  Methodology - F l a m n a b i l i t y  Tes t i ng  

4.3 
4.13 
4.04 
3.8 
3.7 
3.66 
3.59 
3.53 
3.51 
3.39 
3.24 
3.23 
3.11 
3.05 
3.02 
3.02 
2.91 
2.84 
2.79 
2.74 
2.71 
2.64 
2.55 
2.51 
2.2 
2.18 
2.02 
1.82 
1.145 

2.16 
1.87 
3.29 
1.96 
3.51 I 

2.5 
3.46 
1.72 
3.51 
0.98 
3.27 
2.41 
2.94 
2.78 
1.98 
2.91 
2.8 
2.25 
2.31 
2.22 
2.43 
1.75 
2.5 
3.86 
2.04 
2.57 
1.98 
2.39 
1.98 
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C.41 RESEARCH MENU 
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Figure 4.3 Histograms of t o p  ten research project importance ranking 
ballot results from a l l  voters. 



25 

ORNL-DWG 88- 1 0 7 4 3  
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C4.5 ENERGV IMPACT OF WALLS AND ROOFS 

I A V E R f G E S C Y E  3.: . ,. 
3s , , 

0 2 t o  

4 

0 

16 

z 10 

5 

n 
0 1 ' 2 .  3 4 5  

IMPORTANCE .RANKING 

C2.6 N E W  FACING MATERIALS 
AVERAGE SCORE 3.6 

n 2 5  
30 1 1 

0 1 2 3 4 5  
IMPORTANCE RANKIIYG 

C 7.1 CFC MANUFACTURING RECOVERV PROCESS 
AVERAGE SCORE 3.5 

3s -1 I I I I  

ea 25 w c 
0 

la. 
0 
a t;f 1s 

a 10 

5 

0 

0 1 2 3 4 5  

IMPORTANCE RANKING 

C1.2 L O W  K STANDARD REFERENCE MATERIAL 

AVERAGE SCORE 3.4 

2 6  J0 1 R W b 1 
? 2 0  i- i . 
Y 
0 3 15 

s 'z 10 

5 

0 
0 1 2 3  4 5  

IMPORTANCE RANKING 

Figure 4 . 3  ( c o n t ' d )  



IMPORTANCE RANKING MEAN 
AND 95% CONFIDENCE INTERVAL 

0 95% conf. interval 0 mean 

F i g u r e  4.4 Impor tance r a n k i n g  mean and 95% c o n f i d e n c e  i n t e r v a l  u s i n g  a l l  v o t e r  b a l l o t s .  
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research p r o j e c t  importance rank ing  b a l l o t  r e s u l t s  a r e  shown i n  F igu re  
4.3. 
4 o r  h igher .  
each research p r o j e c t  as w e l l  as t h e  95% conf idence i n t e r v a l .  The 
average t e c h n i c a l  m e r i t  va lue  o f  a l l  v o t e r s  across a l l  29 research 
p r o j e c t s  i s  3.012. 
F i g u r e  4.4 and Table 4.1, o v e r a l l  rank ing  by a l l  vo te rs ,  i s  t h a t  t he  top  
16 research p r o j e c t s  have above average t e c h n i c a l  m e r i t  and importance. 
Twenty-three o f  t h e  research p r o j e c t s  have conf idence i n t e r v a l s  t h a t  a t  
l e a s t  p a r t i a l l y  extend above a t e c h n i c a l  m e r i t  o f  3.0. 
p u b l i d p r i v a t e  s e c t o r  va lue  o f  a l l  v o t e r s  across a l l  p r o j e c t s  i s  2.52. 

A n a l y s i s  of va r iance  i s  a s t a t i s t i c a l  technique used t o  d i v i d e  a l l  
t h e  research p r o j e c t s  i n t o  meaningful ca tegor ies ,  w i t h  s t a t i s t i c a l  
s i g n i f i c a n c e  f o r  above average, average, and below average importance 
rankings. T h i s  a n a l y s i s  takes the  o v e r a l l  average importance va lue  
across  a l l  research p r o j e c t s  and, us ing  t h e  var iances  w i t h i n  each 
research p r o j e c t ,  c a l c u l a t e s  t h e  pooled es t ima te  o f  t h e  var iance. A 
conf idence i n t e r v a l  i s  then c a l c u l a t e d  f o r  which t h e  mean va lue  o f  a l l  
importance rank ing  va lues  i s  95% c e r t a i n  t o  f a l l  w i t h i n ,  i f  t h e  s i m i l a r  
group were t o  r e b a l l o t  t he  same research issues. 
t h e  s t a t i s t i c a l l y  (95% p r o b a b i l i t y )  represents  an average mean 
importance was found t o  be from 2.33 t o  3.69 w i t h  95% confidence. Th is  
i n t e r v a l  leads  t o  t h e  statement t h a t  t he  t o p  5 research p r o j e c t s  l i s t e d  
i n  Table 4.1 have above average importance, t h e  nex t  19 have 
s t a t i s t i c a l l y  average importance, and t h e  l a s t  f i v e  have below average 
i mpo r t a n  ce . 

Table 4.2 i s  t h e  same o v e r a l l  rank ing  by t e c h n i c a l  m e r i t  f rom the  
p r i v a t e  s e c t o r  workshop at tendees only.  
represented 70% o f  t h e  t o t a l  vo te rs ,  t he  two rank ings  should be s i m i l a r .  
However, two s i g n i f i c a n t  s h i f t s  occurred. The f i r s t  i s  t h a t  two o f  t h e  
research p r o j e c t s  (C2.2 Evacuated Panel "Super I n s u l a t i o n "  and C2.1 
Composites w i t h  High Thermal Resistance) which d e a l t  s t r o n g l y  w i t h  t h e  
development o f  evacuated i n s u l a t i o n  dropped 5 o r  6 p laces  when ranked by 
p r i v a t e  s e c t o r  v o t e r s  only.  The second major  d i f f e r e n c e  i s  t h a t  t h e  
p r i v a t e  s e c t o r  ranked C.3.4 CFC D e s t r u c t i o n  and C.3.2 I n c i n e r a t i o n  
h i g h e r  than t h e  o v e r a l l  group ranking. Both o f  these d i f f e r e n c e s  
i l l u s t r a t e  t h e  u rgen t  need f o r  p r i v a t e  i n d u s t r y  t o  s u r v i v e  t h e  s h o r t  
term, so they  w i l l  be around f o r  t h e  l ong  term. 

Table 4.3 shows t h e  o v e r a l l  rank ing  by t e c h n i c a l  m e r i t  o f  t h e  
v o t e r s  i n d i c a t i n g  they  were f rom t h e  p u b l i c  sector.  The most 
s i g n i f i c a n t  d i f f e rence  between the  p u b l i c  and p r i v a t e  s e c t o r  rank ing  i s  
t h a t  t h e  p r i v a t e  s e c t o r  ranked C.2.2 evacuated panels n ine teen th  
compared t o  t h e  p u b l i c  sec tors  number one. A second major  d i f f e r e n c e  i s  
C.1.3 Data Base f o r  A l t e r n a t e  Blowing Agents was ranked t w e l f t h  by the  
p r i v a t e  s e c t o r  and second by t h e  p u b l i c  sec to r  vo ters .  T h i s  may r e f l e c t  
t h a t  p a r t i c i p a n t s  f rom the  p u b l i c  sec to r  a r e  n o t  f u l l y  aware o f  t he  
e x t e n t  of p r i v a t e  i n d u s t r y  research i n  t h i s  area. Another s i g n i f i c a n t  
d i f f e r e n c e  between t h e  p r i v a t e  and p u b l i c  s e c t o r  rank ings  i s  C.1.8 
Thermal Resistance Measurements, which was ranked number 23 by the  

The t o p  p r o j e c t s  accumulated around 70% t e c h n i c a l  m e r i t  values o f  
F i g u r e  4.4 shows t h e  importance rank ing  mean va lue  f o r  

One ve ry  s imple statement t h a t  can be made about 

The average 

The i n t e r v a l  f o r  which 

" 

S ince t h e  p r i v a t e  s e c t o r  
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C.4.1 
C.4.2 
c.1.12 
C.1.4 
C.1.6 
c.1.11 
c.4.5 
C.3.1 
C.2.6 
c.1.2 
c.1.1 
C.1.3 
C.2.3 
C.1.5 
c.3.4 
c.4.4 
C.3.2 
c.4.3 
c.2.2 
C.3.6 
c.2.1 
c.3.5 
C. 1.8 
c.1.10 
c.1.9 
C.2.4 
C.2.5 
c.3.3 
C.1.7 

P u b l i c / P r i v a t e  Research Menu 
DOE/ORNL/Industry Workshop 
Data Base o f  Phys ica l  P r o p e r t i e s  
I d e n t i f y  New Chemical Agents 
Env i ronmenta l l y  Acceptable Blowing Agents 
Pro toco l  t o  P r e d i c t  Thermal Performance 
Energy Impact f o r  Wal ls  and Roofs 
CFC Manufactur ing Recovery Processes 
New Facing M a t e r i a l  s 
Low k Standard Reference M a t e r i a l  
Acce le ra ted  Foam Aging f o r  Design R-values 
Data Base f o r  A l t e r n a t e  Blowing Agents 
Components f o r  Super I n s u l a t i o n s  
F i e l d  Tes t  P r o j e c t  
CFC D e s t r u c t i o n  
E s t a b l i s h  E s s e n t i a l  M a t e r i a l  P r o p e r t i e s  
CFC I n c i n e r a t i o n  
C r i t i c a l  Assessment o f  Product P r o p e r t y  Tests  
Evacuated Panel "Super I n s u l a t i o n "  
CFC Adsorbents 
Composites Wi th High Thermal Resistance 
CFC Recapture a t  R/F Ret i rement  
Thermal Resistance Measurements 
Man. o f  Env i ronmenta l l y  Acceptable Foams 
Thermal C o n d u c t i v i t y  o f  Expanded Polymers 
Non CFC Systems 
Non CFC Foundat ion I n s u l a t i o n  
Recyc l ing  Panels 
C a l c u l a t i o n  Methodology - F l a m m a b i l i t y  T e s t i n g  

4.32 
4.24 
3.92 
3.74 
3.64 
3.63 
3.58 
3.56 
3.54 
3.36 
2.85 
2.82 
2.77 
2.74 
2.67 
2.63 
2.62 
2.6 
2.54 
2.53 
2.51 
2.46 
2.1 
2.1 
1.95 
1.7 
1.56 
1.46 
0.9 

2.22 
1.86 
3.37 
3.3 
2.59 
2.05 
1.76 
3.54 
3.36 
1 
2.4 
3.52 
2.13 
2.18 
2.08 
2.73 
2.16 
2.21 
3.3 
1.53 
3.03 
2.39 
3.77 
3.77 
2 
2.64 
2.08 
2.2 
1.65 
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c.2.2 
C.1.3 
C.4.1 
c.1.11 
c.1.12 
c.4.5 
c.1.1 
C.4.2 
C.1.4 
C.2.3 
C.1.8 
c.2.1 
C.1.5 
C.2.6 
C.3.1 
C.1.6 
c.1.2 
c.4.4 
c.1.10 
C.2.4 
c.3.4 
c.4.3 
C.2.5 
C.3.2 
c.3.5 
c.1.9 
C.3.6 
c.3.3 
C.1.7 

Evacuated Panel "Super I n s u l a t i o n "  
Data Base f o r  A l t e r n a t e  Blowing Agents 
P u b l i c / P r i v a t e  Research Menu 
Pro toco l  t o  P r e d i c t  Thermal Performance 
Data Base o f  Phys ica l  P roper t i es  
Energy Impact f o r  Wal ls and Roofs 
Acce le ra ted  Foam Aging f o r  Design R-values 
DOE/ORNL/ I ndust  ry Workshop 
I d e n t i f y  New Blowing Agents 
Components f o r  Super I n s u l a t i o n s  
Thermal Resis tance Measurements 
Composites Wi th High Thermal Resis tance 
F i e l d  Tes t  P r o j e c t  
New Facing M a t e r i a l  s 
CFC Manufactur ing Recovery Processes 
Env i ronmenta l l y  Acceptable Blowing Agents 
Low k Standard Reference M a t e r i a l  
E s t a b l i s h  Essen t ia l  M a t e r i a l  P roper t i es  
Man. o f  Env i ronmenta l l y  Acceptable Foams 
Non CFC Systems 
CFC D e s t r u c t i o n  
C r i t i c a l  Assessment o f  Product P roper t y  Tests  
Non CFC Foundat ion I n s u l a t i o n  
CFC I n c i n e r a t i o n  
CFC Recapture a t  R/F Ret i rement  
Thermal C o n d u c t i v i t y  o f  Expanded Polymers 
CFC Adsorbents 
Recycl i ng Panel s 
C a l c u l a t i o n  Methodology - F lammabi l i t y  Tes t i ng  

4.4 
4.36 
4.36 
4.33 
4.33 
4.17 
4.07 
3.86 
3.8 
3.8 
3.77 
3.75 
3.73 
3.69 
3.67 
3.6 
3.53 
3.5 
3.36 
3.. 33 
3.33 
3.25 
3.13 
3.13 
3.07 
2.86 
2.86 
2.67 
1.86 

2.36 
3.07 
2.14 
1.8 
3.33 
1.83 
2.53 
1.86 
4 
1.93 
1.92 
2.63 
1.2 
3.69 
3.8 
2.47 
0.8 
2.93 
4.07 
2.33 
2.67 
1.92 
1.67 
3.13 
2.86 
1.93 
2.14 
2.93 
3 

AVERAGE SCORE 3.57 2.52 

p r i v a t e  and e leven th  by  t h e  p u b l i c  sector.  A l i k e l y  r o l e  des i red  by the  
p u b l i c  s e c t o r  research i s  t o  eva lua te  the thermal performance o f  p r i v a t e  
i n d u s t r y  produced a l t e r n a t i v e  products.  

The p u b l i c  and p r i v a t e  sec to r  independent ly  chose 6 o f  t h e  same 
research p r o j e c t s  i n  t h e  top  10. C4.1 P u b l i c / P r i v a t e  Research Menu, 
C4.2 DOE/ORNL/Industry Workshop, C1.12 Data Base o f  Phys ica l  P roper t i es ,  
C1.4 I d e n t i f y  New Blowing Agents, C . l l  P ro toco l  t o  P r e d i c t  Thermal 
Performance and C4.5 Energy Impact f o r  Wal ls  and Roofs. 
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4.2 RESEARCH CATEGORIES 

Table 4.4 l i s t s  the  rank ing  w i t h i n  ca tegor ies  based on t e c h n i c a l  
m e r i t  f o r  a l l  o f  t he  voters .  The o v e r a l l  h ighes t  ranked p r o j e c t  i n  t h e ,  
category C . l  I n s u l a t i o n  w i t h  A l t e r n a t i v e  Blowing Agents i s  t o  produce a 
da ta  base o f  phys i ca l  p roper t i es .  The o v e r a l l  h ighes t  ranked p r o j e c t  i n  
t h e  category C.2 A l t e r n a t i v e  I n s u l a t i o n s  i s  t o  develop new f a c i n g  
ma te r ia l s .  The h ighes t  ranked p r o j e c t  i n  t h e  category C.3 
Recovery/Recycling/Disposal i s  t o  develop b lowing  agent recovery 
processes d u r i n g  the  i n s u l a t i o n  manufactur ing.  The two h i g h e s t  p r o j e c t s  
i n  the  l a s t  category C.4 Implementat ion and I n f o r m a t i o n  Exchange a r e  the  
p u b l i s h i n g  o f  t h i s  research menu and f u t u r e  workshops on a l t e r n a t i v e s  
f o r  i n s u l a t i o n s  c o n t a i n i n g  CFCs. 

Tables 4.5 and 4.6 show the  rank ing  w i t h i n  ca tegor ies  based on 
t e c h n i c a l  m e r i t  f o r  t h e  p r i v a t e  and p u b l i c  sec tor ,  r e s p e c t i v e l y .  There 
a r e  l e s s  s i g n i f i c a n t  d i f f e rences  between the  p r i v a t e  and p u b l i c  sec to r  
rank ings  w i t h i n  ca tegor ies  than i n  t h e  o v e r a l l  rank ings  compared i n  
Sec t ion  4.1 

CCDE RESEARCH PROJECT TITLE SCORE' 
TECH. P U B / P R I  

4.04 
3.8 
3.7 
3.66 
3.39 
3.24 
3.23 
3.02 
2.79 
2.51 
2.2 
1'. 15 

New Fac ing  M a t e r i a l s  3.59 
Evacuated Panel "Super I nsu 1 a t  i on" 3.11 
Components f o r  Super I n s u l a t i o n s  3.05 
Composites With High Thermal Res is tance 3.02 
Non CFC Systems 2.15 
Non CFC Foundat ion I n s u l a t i o n  2.02 

Recovery/Recycling/Disposal 

CFC Manufac tur ing  Recovery Processes 3.51 
CFC D e s t r u c t i o n  2.84 
CFC I n c i n e r a t i o n  2.71 
CFC Adsorbents 2.64 
CFC Recapture a t  RIF Ret i rement  2.55 
Recyc l i ng  Panels 1.82 

Imp lementa t ion  and I n f o r m a t i o n  Exchange 

P u b l i c / P r i v a t e  Research Menu 4.3 
DOEIORNLIIndustry Workshop 4.13 
Energy Impact f o r  Wal ls  and Roofs 3.53 
E s t a b l i s h  Essen t ia l  M a t e r i a l  P r o p e r t i e s  2.91 
C r i t i c a l  Assessment o f  Produc t  P roper t y  Tests 2.74 

c. 1 

c.1.12 
c.1.11 
C.1.4 
C.1.6 
c.1.2 
C.1.3 
c.1.1 
C.1.5 

. C.1.8 
c.1.10 
c.1.9 
C.1.7 

c.2 

C.2.6 
c.2.2 
C.2.3 
c.2.1 
C.2.4 
C.2.5 

c.3 

C.3.1 
c.3.4 
C.3.2 
C.3.6 
c.3.5 
c.3.3 

c.4 

C.4.1 
C.4.2 
c.4.5 
c.4.4 
c.4.3 

I n s u l a t i o n  w i t h  A l t e r n a t i v e  B lowing  Agents 

Data Base o f  Phys ica l  P r o p e r t i e s  
P ro toco l  t o  P r e d i c t  Thermal Performance 
I d e n t i f y  New B lowing  Agents 
Env i ronmen ta l l y  Acceptable B lowing  Agents 
Low k Standard Reference M a t e r i a l  
Data Base f o r  A l t e r n a t e  B lowing  Agents 
Acce le ra ted  Foam Aging f o r  Design RSValues 
F i e l d  Tes t  P r o j e c t  
Thermal Res is tance Measurements 
Man. o f  Env i ronmenta l l y  Acceptable Foams 
Thermal C o n d u c t i v i t y  o f  Expanded Polymers 
C a l c u l a t i o n  Methodology - F l a m n a b i l i t y  T e s t i n g  

A l t e r n a t i v e  I n s u l a t i o n s  

3.29 
1.96 
3.51 
2.5 
0.98 
3.27 
2.41 
1.98 
2.31 
3.86 
2.04 
1.98 

3.46 
2.94 
2.78 
2.91 
2.57 
1.98 

3.51 
2.25 
2.43 
1.75 
2.5 
2.39 

2.16 
1.87 
1.72 
2.8 
2.22 
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. 
c. 1 

c.1.12 
C. 1.4 
C.1.6 
c.1.11 
c.1.2 
c.1.1 
C.1.3 
C.1.5 
C.1.8 
c.1.10 
c.1.9 
C.1.7 

c.2 

C.2.6 
C.2.3 
c.2.2 
c.2.1 
C.2.4 
C.2.5 

c.3 

C.3.1 
c.3.4 
C.3.2 
C.3.6 
c.3.5 
c.3.3 

c.4 

C.4.1 
C.4.2 
c.4.5 
c.4.4 
c.4.3 

I n s u l a t i o n  w i t h  A l t e r n a t i v e  Blowing Agents 

Data Base o f  Phys ica l  P r o p e r t i e s  
I d e n t i f y  New Blowing Agents 
Env i ronmenta l l y  Acceptable Blowing Agents 
P ro toco l  t o  P r e d i c t  Thermal Performance 
Low k Standard Reference M a t e r i a l  
Acce le ra ted  Foam Aging f o r  Design R-values 
Data Base f o r  A l t e r n a t e  Blowing Agents 
F i e l d  Tes t  P r o j e c t  
Thermal Resistance Measurements 
Man. o f  Env i ronmenta l l y  Acceptable Foams 
Thermal C o n d u c t i v i t y  o f  Expanded Polymers 
C a l c u l a t i o n  Methodology - F lammab i l i t y  T e s t i n g  

A l t e r n a t i v e  I n s u l a t i o n s  

New Facing M a t e r i a l s  
Components f o r  Super I n s u l a t i o n s  
Evacuated Panel "Super I n s u l a t i o n "  
Composites With High Thermal Resistance 
Non CFC Systems 
Non CFC Foundation I n s u l a t i o n  

Recovery/Recycling/Disposal 

CFC Manufactur ing Recovery Processes 
CFC D e s t r u c t i c n  
CFC I n c i n e r a t i o n  
CFC Adsorbents 
CFC Recapture a t  R/F Ret i rement 
Recyc l ing  Panels 

Implementat ion and I n f o r m a t i o n  Exchange 
p 

P u b l i c / P r i v a t e  Research Menu 
DOE/ORNL/Industry Workshop 
Energy Impact f o r  Walls and Roofs 
E s t a b l i s h  Essen t ia l  M a t e r i a l  P r o p e r t i e s  
C r i t i c a l  Assessment o f  Product P roper t y  Tests 

3.92 
3.74 
3.64 
3.63 
3.36 
2.85 
2.82 
2.74 
2.37 
2.1 
1.95 
0.9 

3.54 
2.77 
2.54 
2.51 
1.7 
1.56 

3.56 
2.67 
2.62 
2.53 
2.46 
1.46 

4.32 
4.24 
3.58 
2.63 
2.6 

3.37 
3.3 
2.59 
2.05 
1 
2.4 
3.52 
2.18 
2.5 
3.77 
2 
1.65 

3.36 
3.13 
3.3 
3.03 
2.64 
2.08 

3.54 
2.08 
2.16 
1.53 
2.39 
2.2 

2.22 
1.86 
1.76 
2.73 
2.21 



c. 1 

C.1.3 
c.1.11 
c.1.12 
c.1.1 
C. 1.4 
C. 1.8 
C.1.5 
C.1.6 
c.1.2 
c.1.10 
c.1.9 
C. 1.7 

c.2 

c.2.2 
C.2.3 
c.2.1 
C.2.6 
C.2.4 
C.2.5 

c.3 

C.3.1 
c.3.4 
C.3.2 
c.3.5 
C.3.6 
c.3.3 

c.4 

C.4.1 
c.4.5 
C.4.2 
c.4.4 
c.4.3 

I n s u l a t i o n  w i t h  A1 t e r n a t i v e  Blow'ing Agents 

Data Base f o r  A l t e r n a t e  Blowing Agents 
Pro toco l  t o  P r e d i c t  Thermal Performance 
Data Base o f  Phys ica l  P r o p e r t i e s  
Acce le ra ted  Foam Aging f o r  Design R-values 
I d e n t i f y  New Blowing Agents 
Thermal Resistance Measurements 
F i e l d  Tes t  P r o j e c t  
Env i ronmenta l l y  Acceptable Blowing Agents 
Low k Standard Reference M a t e r i a l  
Man. of Env i ronmenta l l y  Acceptable Foams . 
Thermal C o n d u c t i v i t y  o f  Expanded Polymers 
C a l c u l a t i o n  Methodology - F lammabi l i t y  T e s t i n g  

A l t e r n a t i v e  I n s u l a t i o n s  

Evacuated Panel "Super I n s u l a t i o n "  
Components f o r  Super I n s u l a t i o n s  
Composites Wi th High Thermal Resistance 
New Facing M a t e r i a l  s 
Non CFC Systems 
Non CFC Foundat ion I n s u l a t i o n  

Recovery/Recycling/Disposal 

CFC Manufactur ing Recovery Processes 
CFC D e s t r u c t i o n  
CFC I n c i n e r a t i o n  
CFC Recapture a t  R/F Ret i rement  
CFC Adsorbents 
Recycl i ng Panel s 

Implementat ion and I n f o r m a t i o n  Exchange 

P u b l i c / P r i v a t e  Research Menu 
Energy Impact f o r  Wal ls  and Roofs 
DOE/ORNL/Industry Workshop 
E s t a b l i s h  E s s e n t i a l  M a t e r i a l  P r o p e r t i e s  
C r i t i c a l  Assessment o f  Product P r o p e r t y  Tests  

4.36 
4.33 
4.33 
4.07 
3.8 
3.77 

3.6. 
3.53 
3.36 
2.86 
1.86 

3.73 

4.4 
3.8 
3.75 
3.69 
3.33 
3.13 

3.67 
3.33 
3.13 
3.07 
2.86 
2.67 

4.36 
4.17 
3.86 
3.5 
3.25 

3.07 
1.8 
3.33 
2.53 
4 
1.92 
1.2 
2.47 
0.8 
4.07 
1.93 
3 

2.36 
1.93 
2.63 
3.69 
2.33 
1.67 

3.8 
2.67 
3.13 
2.86 
2.14 
2.93 

2.14 
1.83 
1.86 
2.93 
1.92 
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5. CONCLUSIONS 

Overa l l ,  j u d  i n g  f rom t h e  f a c t  t h a t  more than 80% o f  those i n v i t e d  
t o  t h i s  workshop at tended and t h a t  complet ion o f  t h i s  research menu 
ranked number one suggested t h a t  t he re  i s  a d e s i r e  t o  fo rmu la te  the  
means i n  which t o  a t t a c k  the  CFC issue. The w i l l i n g n e s s  t o  cooperate 
and i n t e r e s t  i n  hav ing the  p u b l i c  sec to r  i n v o i v e d  i s  supported by the  
f a c t  t h a t  75% o f  t h e  research p r o j e c t s  a r e  suggested t o  be completed by 
e i t h e r  o r  b o t h  the  p r i v a t e  and p u b l i c  sector .  A d d i t i o n a l  evidence t h a t  
t h e r e  i s  i n t e r e s t  i n  research cooperat ion i s  supported by  the  second 
h ighes t  ranked menu i tem, Future  P r i v a t e / P u b l i c  Workshops on 
A l t e r n a t i v e s  f o r  CFC I n s u l a t i o n .  

Above average importance i s  a l s o  assigned to :  

(1) The da ta  base o f  phys i ca l  p r o p e r t i e s  o f  p romis ing  a l t e r n a t i v e  
b lowing  agents, which i s  n o t  complete. These da ta  a r e  needed n o t  
o n l y  t o  b e t t e r  understand techn ica l  s u i t a b i l i t y ,  b u t  a l s o  t o  b e t t e r  
p l a n  f o r  process mod i f i ca t i ons .  

(2) A p r o t o c o l  t o  p r e d i c t  thermal performance i s  needed. The k -va lue  o f  
p l a s t i c  foams w i t h  a l t e r n a t i v e  b lowing agents i s  s t i l l  l i k e l y  t o  
d r i f t .  A procedure i s  needed t o  p r e d i c t  long- term performance i n  a 
s h o r t  t ime per iod .  

(3)  New b lowing  agents n o t  y e t  thought  o f  as l ead ing  a l t e r n a t i v e s  t o  
CFC-11 and CFC-12. There i s  some b e l i e f  t h a t  even a b lowing  agent 
w i t h  h ighe r  thermal c o n d u c t i v i t y  cou ld  produce a b e t t e r  f i n a l  
p roduc t  by reducing c e l l  s i z e  o r  having lower  p e r m e a b i l i t y  i n  the  
polymer . 
About 70% o f  t h e  workshop at tendees v o t i n g  on the  importance o f  

each research p r o j e c t  were f rom p r i v a t e  i ndus t r y .  The p u b l i c  and 
p r i v a t e  s e c t o r  v o t e r s  independent ly  chose s i x  o f  t h e  same research 
p r o j e c t s  i n  t h e  t o p  ten. C4.1 P u b l i d p r i v a t e  Research Menu, C4.2 
DOE/ORNL/Industry Workshops, C1.12 Data Base o f  Phys ica l  P roper t i es ,  
C1.4 I d e n t i f y  New Blowing Agents, C1.11 Protoco l  t o  P r e d i c t  Thermal 
Performance, and C4.5 Energy Impact f o r  Wal ls and Roofs. 
s i g n i f i c a n t  d i f f e r e n c e  between the  p u b l i c  and p r i v a t e  sec to r  rank ing  i s  
t h a t  t h e  p r i v a t e  sec to r  ranked C2.2 Evacuated Panels n ine teen th  compared 
t o  t h e  p u b l i c  s e c t o r ' s  number one. There was some i n t e r e s t  by the  
p r i v a t e  i n d u s t r y  p a r t i c i p a n t s  t o  cons ider  evacuated volumes i n  p l a s t i c  
foam boards, b u t  c l e a r l y  the  d e s i r e  i s  f i r s t  t o  t r y  t o  f i n d  an 
acceptab le  a l t e r n a t i v e  s e t  o f  b lowing agents and develop a p r o t o c o l  f o r  
p r e d i c t i n g  long- term thermal performance. 
manufacturers  most impacted by CFC r e s t r i c t i o n s  i n d i c a t e  by t h e i r  
b a l l o t i n g  t h a t  they  do n o t  have as much t o  g a i n  by development of 
a l t e r n a t i v e  i n s u l a t i o n  techno log ies  as compared t o  p l a s t i c  foam 
i n s u l a t i o n .  

One 

Those i n s u l a t i o n  
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The p r i o r i t i z e d  research l i s t  presented i n  t h i s  r e p o r t  should be 
considered o n l y  as one o f  a number o f  i n p u t s  f o r  a l l o c a t i n g  research and 
development resources. There a r e  many promis ing  a c t i v i t i e s  o u t l i n e d  i n  
t h i s  r e p o r t  and they  should be use fu l  i n  develop ing research p lans  and 
f o r m u l a t i n g  research work statements. I t  i s  obvious t h a t  t h e r e  a r e  
numerous areas where coopera t ive  research ventures cou ld  be es tab l i shed.  
H o p e f u l l y  t h i s  document w i l l  form a s t a r t i n g  p o i n t  t o  a c c e l e r a t i n g  the  
s o l u t i o n  t o  t h e  CFC problem. 
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APPENDIX A 

P r i v a t e  I n d u s t r y  I n t e r e s t  i n  DOE Cost Shar ing Development 
o f  A l t e r n a t i v e s  f o r  I n s u l a t i o n s  Conta in ing  CFCs 
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Mr. Michael McCabe 
U.S.  Department of Energy 
Office of Conservation 
F un GF 217 
Ma 1 Stop GH 068 
100>1 Independence Ave., S . W .  
Washington, 0. C. 20585 

A S S  0 C I A  T I  0 N 0 F H 0 M E  A P P L  / A  PIC E M A  N U FA C 1 U R E 9 I 
2 0  N O R T H  W A C K E R  D R I V E  CHICAGO I L L I N O I S  6 0 6 0 6  

T E L E P H O N E  3 1 2  984  5800 

June 15, 1988 

Dear Mi ke : 

On February 9 ,  1988, a g roup  of AHAM members vis i ted 
Oak Ridge National Laboratory (ORNL) t o  review the appliance 
research projects in progress o r  under consideration. This 
v i s i t  was followed on February 10, 1988, with a t r i p  t o  the 
Solar Energy Research Ins t i t u t e  (SERI) t o  review t h e i r  work 
on metal vacuum panel insulation., The work we reviewed has 
i n  the past been funded by the Department of Energy ( D O E )  
although there was an indication t h a t  the present funding level 
was s ignif icant ly  less  than original fund ng levels .  

As a r e su l t  of those meetings and fur ther  
AHAM, i t  has been agreed t h a t  AHAM should 

discussions by 

1 .  Encourage DOE t o  continue funding of generic 
type research on evacuated panels, advanced 
insulation materials,  refr igerant  mixtures and 
chlorofluorocarbon ( C F C )  subs t i tu tes  I 

2 .  Volunteer AHAM's Refrigerator-Freezer 
Engineering Committee t o  serve as an 
advisory committee t o  ORNL artd SERI i f  
called upon by these organizations. 

AHAM believes t h a t  the vacuum panel research i s  s igni f icant  
because i t  could lead to  reduction of CFCs used as 
polyurethane foam insulation blowing agents a n d  a t  the 
same time contribute t o  reduced energy consumption t h r o u g h  
improved insulation. 
t o  develop the basic d a t a  and material charac te r i s t ics  
tha t  will allow manufacturers to  se lec t  proper combinations 

However, much work needs t o  be done 



49 

ASSOCIATION OF H O M E  APPLIANCE IvlANUFACTUREF1S 

Mr. Michael McCabe 
June 15, 1988 -2 - 

of materials fo r  t h e i r  applications.  
t e s t  t o  predict  r e l i a b i l i t y  of evacuated panels would 
also be o f  benefit  t o  a l l  manufacturers. 

A short  term 

The metal panels using a "ha rd"  vacuum presents, an 
interest ing concept b u t  AHAM believes tha t  application 
of tha t  concept i s  fur ther  out not l ike ly  t o  be of 
immediate assistance i n  the energy program. 

In summary, AHAM urges DOE to  continue funding generic 
type research tha t  will benefit the industry as  a whole. 
However, application type research i s  s t i l l  an area 
tha t  should be done by each manufa'cturer fo r  i t s  own uses. 

I f  you wish t o  discuss th i s  fur ther  or  need addtional 
information, please contact me. 

By copy of th i s  l e t t e r  ' to  Phil Fairchild,  ORNL, and 
Tom Potter,  SERI, I am advising them o f  AHAM's readiness 
t o  provide advice on matters t ha t  they believe warrant, 
i t .  Their contact f o r  this advisory committee ac t iv i ty  
should be through me a t  AHAM headquarters. 

Sincerely yours, 

JTW : ms 

cc: Phil Fairchild,  ORNLW- 
Tom Potter,  SERI 
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M ALBERS 
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PO BOX 5108 
DENVER CO 80217 

M R ASCOUGH 
DUPONT CANADA I N C  
PO BOX 26 
TORONTO DOMINION CENTER 
TOTONTO 
ONTARIO CANADA M5K 1 B 6  

L A U L I S I O  
CELOTEX CORPORATION 
1500 N DALE MABRY 
TAMPA F L  33607 

V A BANGE 
TECHNICAL PRODUCTS MANAGER 
AMOCO FOAM PRODUCTS CO 
2100 POWERS FERRY RD 
ATLANTA GA 30099 

R W BARITO 
R W BARITO AND ASSOCIATES 
9011 CARDIFF ROAD 
L O U I S V I L L E  KY 40242 

G F BAUMAN 
MOBAY CORP 
MOBAY ROAD 
PITTSBURGH PA 15205 

S BEACH 
WHITE CONSOLIDATED .INDUSTRIES 
635 WEST CHARLES ST 
GREENEVILLE M I  48838 

D BHATTACHARJEE 
DOW CHEMICAL USA 
410 SACKETT POINT RD 
NORTH HAVEN CT 06473 

R BISPLINGHOFF 
RAYTHEON CO 
NEW PRODUCTS D I V I S I O N  
63 SECOND AVENUE 
BURLINGTON MA 01803 

R BOHMAN 
AMANA REFRIGERATION I N C  
AMANA I L  55204 

M BOMBERG 
NATIONAL RESERARCH COUNCIL 

OTTAWA ONTARIO K1A OR6 
CANADA 

BUILDING M-24 MONTREAL ROAD 

R W BROWN 
AP 4 ROOM 104 
GE COMPANY 
APPLIANCE PARK 
L O U I S V I L L E  KY 40225 

R A BUDGE 

REFRIGERATION D I V I S I O N  
635 WEST CHARLES STREET 
GREENVILLE M I  48838 

wcr 

R CAMPBELL 
US GENERAL ACCOUNTING OFFICE 

J E CHRISTIAN 
OAK RIDGE NATIONAL LABORATORY 
PO BOX 2008 
BUILDING 3 1 4 7  
OAK RIDGE TN 37831-6070 

J L CLINTON 
POLYISOCYANURATE INSULATION 

MANUFACTURERS ASSOCIATION 
THERMAL SYSTEMS I N C  
5772 BOLSA AVENUE 200 
HUNTINGTON BEACH CA 92649 
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G E COURVILLE 
OAK RIDGE NATIONAL LABORATORY 
PO BOX 2008 
BUILDING 3147 
OAK RIDGE TN 37831-6070 

J A CREAZZO 
DUPONT 
FREON PRODUCERS LAB 
BUILDING 711 
CHESTNUT RUN 
WILMINGTON DE 19898 

K CWICK 
DEGUSSA CORP 
65 CHALLENGER ROAD 
RIDGEFIELD PARK N J  07660 

R M DALSIN  
PRESIDENT MRCA 
JOHN A DALSIN  & SONS I N C  
2830 SOUTH 20TH AVE 
MINNEAPOLIS MN 55407 

K T DISHART 
DUPONT 
FREON PRODUCERS LAB 
BUILDING 711 
CHESTNUT RUN 
WILMINGTON DE 19898 

R R D I V I S  
UC INDUSTRIES I N C  
TECHNOLOGY CENTER 
137 EAST AVENUE 
PO BOX 423 
TALLMADGE OH 44278 

K L DOWNS 
AP 35 ROOM 1113 
GE COMPANY 
APPLIANCE PARK 
L O U I S V I L L E  KY 40225 

A A DUBE 
J M HUBER CORPORATION 
CHEMICAL D I V I S I O N  
PO BOX 310 
HAVRE-DE-GRACE MD 21078 

F J DWYER 

20 PEABODY STREET 
BUFFALO NY 14220 

ALLIED-SIGNAL I N C  

A H FANNEY 
NATIONAL BUREAU OF STANDARDS 
BUILDINGS RESEARCH 
ROOM 8306 
GAITHERSBURG MD 20899 

H A F I N E  
UNIVERSITY OF KENTUCKY 
METALLURGICAL ENGINEERING 
LEXINGTON KY 40502 

S K FISCHER 
OAK RIDGE NATIONAL LABORATORY 
PO BOX 2008 
BUILDING 3147 
OAK RIDGE TN 3 7 8 3 1 - 6 0 7 0  

J GALBRAITH 
I C 1  POLYURETHANE 
MANCEIA GROVE RD 
WEST DEPTFORD N J  08066 

R GLICKSMAN 
MASSACHUSETTS I N S T I T U T E  

DEPT OF ARCHITECTURE 

CAMBRIDGE MA 02139 

T GRETHER 
OWENS CORNING FIBERGLAS 
FIBERGLASS TOWER 
TOLEDO OH 43659 

OF TECHNOLOGY 

ROOM 3-433 

J R HAGAN 
RESEARCH ASSOCIATE 
J I M  WALTER RESEARCH CORP 
10301 NINTH STREET NORTH 
ST PETERSBURG F L  33716 



43 

L HICKEY 
22 W FRONTAGE ROAD 
NORTHFIELD I L  60093 

W J E L I N  
NRG BARRIERS 
61 EMERY ST 
SANFORD ME 04073 

B JOHNSON 
WHIRLPOOL CORP 
US HIGHWAY 41  NORTH 
EVANSIVLLE I N  47727 

D KEELER 
DOW CHEMICAL USA 
GRANVILLE RESEARCH CENTER 
BUILDING D 
PO BOX 515 
GRANVILLE OH 43023 

R KRUCK 
WHIRLPOOL CORP 
THE EL ISHA GRAY I 1  RESEARCH 

AND ENGINEERING CENTER 
MONTE ROAD 
BENTON HARBOR M I  49022 

DR KUMARAN 
NATIONAL RESEARCH COUNCIL 

OF CANADA 
OTTAWA ONTARI 0 
CANADA K1A OR6 

D LARRATT 
MANVILLE SERVICE CORP 
RESEARCH AND DEVELOPMENT CENTER 
PO BOX 5108 
DENVER CO 90217 

G LAUGHLIN 
PENWALT CORPORATION 
ISOTROM DEPARTMENT 
3 PARKWAY 
PHILADELPHIA PA 19102 

F LICHTENBERG 
S P I  
355 LEXINGTON AVENUE 
NEW YORK NY 10017 

H G LORSCH 
DREXEL UNIVERSITY 
MEM DEPARTMENT 
PHILADELPHIA PA 1 9 1 0 4  

J LUPINACCI 
ENVIRONMENTAL PROTECTION AGENCY 
ANR 4 5 5  
401 M STREET SW 
WASHINGTON DC 2 0 4 6 0  

J LYNCH 
I C 1  

D MADINABEIT IA  
DUPONT 
C AND P DEPARTMENT 
BUILDING 13224 
WILMINGTON DE 19898 

D L M c E l r o y  
OAK RIDGE NATIONAL LABORATORY 
PO BOX 2008 
BUILDING 4 5 0 8  
OAK RIDGE TN 3 7 8 3 1 - 6 0 9 2  

E J McINERNEY 
AP 35 ROOM 1101 
GE COMPANY 
APPLIANCE PARK 
LOUSVILLE KY 40225 

J P MILLHONE 
DEPARTMENT OF ENERGY 
CE 131 FORSTL 
WASHINGTON DC 2 0 5 8 5  

J MINSKER 
DOW CHEMICAL USA 

BUILDING D 
PO BOX 5 1 5  
GRANVILLE OH 4 3 0 2 3  

GRANVILLE RESEARCH CENTER 

T NELSON 
RADIAN CORP 
PO BOX 201088 
AUSTIN TX 78720-1088 
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R E OLIVER 
BUILDING ENERGY SCIENCES 
DEPARTMENT OF ENERGY 
CE 131.1 FORSTL 
WASHINGTON DC 20585 

T POTTER 
SOLAR ENERGY RESEARCH INSTITUTE 
1617 COLE BLVD 
GOLDEN CO 80401 

R E R I L E Y  
BASF WYANDOTTE CORPORATION 
1609 B IDDLE AVENUE 
WYANDOTTE M I  48192 

M ROGERS 
SOCIETY OF THE PLASTICS INDUSTRY 
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SOCIETY OF THE PLASTICS INDUSTRY 
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J M HUBER CORP 
CHEMICAL D I V I S I O N  
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P 0 BOX 310 
GAVRE DE GRACE ND 2 1 0 7 8  

D SMITH 
ENVIRONMENTAL PROTECTION AGENCY 
A I R  AND ENERGY ENGINEERING 

MD 628 
RESEARCH TRIANGLE PARK NC 2 7 7 1 1  

RESEARCH LABORATORY 

D R SMITH 
NATIONAL BUREAU OF STANDARDS 
325 BROADWAY 
BOULDER CO 80303 

J A SMITH 
DEPARTMENT OF ENERGY 
CE 131 FORSTL 
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B SMOYER 
ALLENTOWN PA 

H STRACK 
DEGUSSA 
WEST:GERMP 

S TAGORE 
DEPARTMENT OF ENERGY 
CE 131 FORSTL 
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R P TYE 
THERMATEST D I V I S I O N  
HOLOMETRICS I NC 

CAMBRIDGE MA 02139 
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G WILSON 
WHIRLPOOL CORP 
THE EL ISHA GRAY I 1  RESEARCH 

AND ENGINEERING CENTER 
MONTE ROAD 
BENTON HARBOR M I  49022 
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MOBAY CORPORATION 
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R R ZARR 
NATIONAL BUREAU OF STANDARDS 
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APPENDIX C* 

D e t a i l e d  A l t e r n a t i v e s  f o r  I n s u l a t i o n s  Con ta in ing  CFCs 
Research P r o j e c t  Menu 

There a r e  f o u r  ca tegor ies  i n  which t h e  research p r o j e c t s  a r e  grouped. 
The ca tegor ies  a r e  e n t i t l e d  C . l  I n s u l a t i o n  w i t h  A l t e r n a t i v e  Blowing 
Agents; C.2 A l t e r n a t i v e  I n s u l a t i o n s ;  C.3 Recovery/Recycling/Disposal; 
and C.4 Implementat ion and I n f o r m a t i o n  Exchange. 
a r e  presented below by category. 

The s p e c i f i c  p r o j e c t s  

c. 1 

c.1.1 

c.1.2 

C.1.3 

C. 1.4 

C. 1.5 

C.1.6 

C.1.7 

C.1.8 

c.1.9 

c.1.10 

c.1.11 

c.1.12 

I n s u l a t i o n  w i t h  A l t e r n a t i v e  Blowing Agents 

Acce le ra ted  Foam Aging f o r  Determinat ion  o f  Design R-values 

Develop a Low k Standard Reference M a t e r i a l  (SRM) f o r  C a l i b r a t i o n  
o f  Thermal C o n d u c t i v i t y  Measuring Devices 

Develop an Accurate Data Base o f  t h e  Thermal P r o p e r t i e s  o f  t h e  
More Promising A l t e r n a t i v e  Blowing Agents 

I d e n t i f y  New Blowing Agents 

Design and Implement a R e l i a b l e  F i e l d  Tes t  P r o j e c t  

Env i ronmenta l l y  Acceptable Blowing Agents i n  Foam I n s u l a t i o n :  
Means t o  Achieve Equ iva len t  E f f i c i e n c y  

Develop a C a l c u l a t i o n  Methodology f o r  F lammab i l i t y  T e s t i n g  o f  
New I n s u l a t i o n s  Intended f o r  S ing le -P ly  Roof ing  A p p l i c a t i o n s  

Thermal Resistance Measurements o f  Cur ren t  CFC - I n s u l a t i o n s  and 
Reduced o r  Non CFC A l t e r n a t i v e s  as They Become A v a i l a b l e  

Thermal C o n d u c t i v i t y  o f  Expanded Polymers With Chemical ly 
I n a c t i v e  F i l l  Gases. 

Manufacture o f  Env i ronmenta l l y  Acceptable P l a s t i c  Foam 
I n s u l a t i o n s  

P ro toco l  t o  P r e d i c t  Long Term ( 5  yr) Thermal Performance o f  
C e l l u l a r  Foam I n s u l a t i o n  Products 

Develop Accurate Data Base o f  Phys ica l  P r o p e r t i e s  o f  S u b s t i t u t e  
Blowing Agents 

*Under l ined words o r  sentences a r e  a d d i t i o n s  t o  t h e  document r e s u l t i n g  
f rom workshop d iscuss ions .  
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C.1.1 Acce lera ted  Foam Aging f o r  Determinat ion  o f  Design R-values 

Scope. To develop, w i t h i n  two years  o r  l ess ,  r e a l i s t i c  l i f e t i m e  R- 
va lues  f o r  c e l l u l a r  p l a s t i c  i n s u l a t i o n  m a t e r i a l s  o r  p roduc ts  which have 
thermal p r o p e r t i e s  t h a t  a r e  dependent on t ime  and o t h e r  parameters. 

Problem s i g n i f i c a n c e .  
t e s t  procedures f o r  m a t e r i a l s  a lone bare  l i t t l e  resemblance t o  t h e  
environment i n  which t h e  produc ts  w i l l  e v e n t u a l l y  be used. 
performance o f  i n s u l a t i o n  products,  which v a r y  w i t h  f ime, cannot be 
adequately p r e d i c t e d  s o l e l y  f rom shor t - te rm measurements made on 
systems under r e a l - l i f e  cond i t i ons .  As a r e s u l t ,  t h e r e  a r e  c o n f l i c t i n g  
c la ims rega rd ing  "agedll thermal performance c h a r a c t e r i s t i c s  o f  c e l l  u l a r  
p l a s t i c  i n s u l a t i o n s .  These c o n f l i c t s  a r i s e  due t o  t h e  d i f f e r e n c e s  i n  
approach; on t h e  one hand, r e l i a n c e  on t h e  r e s u l t s  o f  l a b o r a t o r y  t e s t s  
on a r t i f i c i a l l y  aged specimens versus those d e r i v e d  f rom i n  s i t u  
s t u d i e s  o f t e n  on p o o r l y  cha rac te r i zed  m a t e r i a l s .  An acce le ra ted  ag ing  
technique i s  needed t o  a c c u r a t e l y  p r e d i c t  des ign  R-values i n  t h e  
1 abo r a  t o  ry . 

Curren t  l a b o r a t o r y  c o n d i t i o n i n g  and exper imental  

The thermal 

An improved, acce le ra ted  ag ing  t e s t  technique, such as t h e  t h i n  s l i c e d  
specimen technique c u r r e n t l y  be ing  s t u d i e d  i n  Europe as a b a s i s  f o r  an IS0 
Test  Method i s  needed i n  o rde r  t o  p rov ide  a d d i t i o n a l  p o i n t s  on t h e  curve 
i n  a much reduced t ime  p e r i o d  (Tye 1987). 

Tye r e p o r t s  c o r r e l a t i o n s  o f  va r ious  ag ing  c o n d i t i o n s  and t imes were 
p o s s i b l e  i n  o rde r  t o  i l l u s t r a t e  t h a t  e leva ted  temperature acce le ra ted  
ag ing  f o r  up t o  n i n e t y  days was e q u i v a l e n t  t o  room temperature ag ing  f o r  
two years  o r  more. 

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

Technical  Approach. Th is  p r o j e c t  should i n c l u d e  t a k i n g  i n s u l a t i o n  samples 
f rom t h e  same batch, and ag ing  t h e  samples i n  t h e  l a b o r a t o r y  under several  
p romis ing  cond i t i ons .  The thermal c o n d u c t i v i t y ,  k, o f  these samples w i l l  
be measured. I n  a d d i t i o n ,  k f o r  these samples w i l l  be compared t o  the  
k-values o f  f i e l d  samples f rom roo fs ,  w a l l s  (severa l  o r i e n t a t i o n s ) ,  and 
foundat ions.  

Major inpu ts .  Holometr ix,  Inc., DOE/ORNL 

Research Products. Acce le ra ted  ag ing  t e s t s  t o  s imu la te  i n s u l a t i o n  
performance over t ime  f o r  non CFC foam i n s u l a t i o n .  



49 

. C.1.2 Develop a Low k Standard Reference M a t e r i a l  (SRM) f o r  C a l i b r a t i o n  
o f  Thermal C o n d u c t i v i t y  Measuring Devices. 

Scope. 
M a t e r i a l  (SRM) hav ing  a low thermal c o n d u c t i v i t y  (k )  o f  0.023 W/m.k 
(0.16 Btu* in /h . f t * . "F ,  R-6 p e r  inch).  

Complete t h e  development o f  a Thermal Standard Reference 

Problem s i g n i f i c a n c e .  Low k SRM i s  needed f o r  accura te  de te rm ina t ion  
o f  thermal p r o p e r t i e s  o f  m a t e r i a l s  having low k values, such as CFC- 
i n s u l a t i o n s .  A low thermal c o n d u c t i v i t y  SRM i s  needed f o r  use i n  
c a l i b r a t i o n  o f  heat  f l o w  meter apparatuses and t o  c e r t i f y  guarded h o t  
p l a t e  apparatuses. 

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 3.39; Average f o r  29 P r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  0.98; Average f o r  29 P r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking Out o f  29 P ro jec ts :  10 
4. Comnent: Th i s  i s  a c l e a r  s i g n a l  t h a t  t h i s  should be completed by the  

pub1 i c  sector.  

Technical  approach: An industry-government a d v i s o r y  group suggested 
fumed-s i l i ca  i n s u l a t i o n  produc ts  were low k SRM candidates (Tye, 1977). 
NBS-Gaithersburg eva lua ted  l o t s  f rom f o u r  manufacturers and se lec ted  one 
m a t e r i a l  f o r  f u r t h e r  SRM development. The apparent thermal c o n d u c t i v i t y  
o f  t h e  m a t e r i a l  depends on t h r e e  independent parameters - m a t e r i a l  
d e n s i t y ,  baromet r ic  pressure,  and mean-specimen temperature, 0 t o  1OOOF. 
Measurements w i l l  be made t o  q u a n t i f y  t h e  e f f e c t  o f  these parameters on 
the  apparent thermal c o n d u c t i v i t y  o f  f umed-s i l i ca  i n s u l a t i o n .  A f t e r  the  
measurements a r e  completed, regress ion  a n a l y s i s  w i l l  be used t o  f i t  the  
apparent thermal c o n d u c t i v i t y  da ta  t o  a l i n e a r  model dependent on these 
t h r e e  parameters. Th is  i n f o r m a t i o n  w i l l  be used t o  develop c e r t i f i e d  
va lues  o f  thermal r e s i s t a n c e  f o r  t h e  SRM. About 70 specimens w i l l  be made 
a v a i l a b l e  f o r  d i s t r i b u t i o n  t o  the  p u b l i c  d u r i n g  1988. 

Major inpu ts .  DOE/ORNL, NBS-G, Department o f  Comerce /Of f i ce  o f  SRM 

Research products. 

1. 70 low-k SRM specimens, 0 t o  100°F f o r  d i s t r i b u t i o n  t o  t h e  p u b l i c  
i n  FY 1988. 

2. A p o s s i b l e  h i g h  temperature SRM a f t e r  f u r t h e r  t e s t i n g .  
above 1 O O O F .  

None e x i s t  

3. An improved guarded h o t  p l a t e  a t  NBS-G (automated da ta  a c q u i s i t i o n  
system f o r  round t h e  c lock  unmanned opera t ion) .  

4. Technical  reports/papers.  



50 

C.1.3 Develop an Accurate Data Base o f  t h e  Thermal P r o p e r t i e s  o f  t h e  
More Promising A l t e r n a t i v e  Blowing Agents 

Scope. CFC-123, FC-l34a, CFC-l4lb, and o t h e r  i d e n t i f i e d  s u b s t i t u t e  
f l u i d s  i n c l u d i n g  m ix tu res  needed f o r  use as a r i g i d  i n s u l a t i o n  b lowing  
agent. 

Problem s i g n i f i c a n c e .  
A l t e r n a t e  b lowing  agents a re  needed t h a t  n o t  o n l y  reduce o r  e l i m i n a t e  
p o t e n t i a l  ozone d e p l e t i o n  b u t  a l s o  r e s u l t  i n  i n s u l a t i o n s  w i t h  the  
equ iva len t  R/$ .  

The c u r r e n t  da ta  base shows some v a r i a b i l i t y .  

There i s  now an urgent  need f o r  b e t t e r  i n f o r m a t i o n  on eng ineer ing  
p r o p e r t i e s  o f  s u b s t i t u t e  b lowing agents. 
t r a d i t i o n a l l y  depended upon s u p p l i e r s  f o r  m a t e r i a l s  and i n f o r m a t i o n  on 
t h e i r  p r o p e r t i e s ,  b u t  s u p p l i e r s  a r e  n o t  always p r o v i d i n g  as much 
suppor t  as i n  t h e  pas t  (Creswick 1988). 

Importance rank ing  (va lue  f r o m  0 t o  5, 5 be ing  most impor tan t )  

I n s u l a t i o n  manufacturers  have 

1. Technica l  Importance: 3.24; Average f o r  29 P ro jec ts :  3.01 
2. P u b l i c / P r i v a t e  Sector :  3.27; Average f o r  29 P r o j e c t s :  2.52 
3. Technica l  M e r i t  Ranking Out o f  29 P ro jec ts :  11 

Technica l  approach. 

1. Develop i n f o r m a t i o n  on l a b o r a t o r y  determined v i s c o s i t y ,  s p e c i f i c  heat,  

2. Evaluate m a t e r i a l s  c o m p a t i b i l i t y  w i t h  o t h e r  foamed i n s u l a t i o n  

and thermal c o n d u c t i v i t y .  

cons t i t uen ts .  

Major  i npu t s. 

Research products .  Expanded da ta  base on eng ineer ing  p r o p e r t i e s  o f  m o s t  
p romis ing  a l t e r n a t i v e  b lowing agents. 
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C.1.7 Develop a C a l c u l a t i o n  Methodology f o r  F l a m n a b i l i t y  Tes t i ng  o f  
New I n s u l a t i o n s  In tended f o r  S ing le -P ly  Roof ing  A p p l i c a t i o n s  

Scope. A r e l i a b l e  c a l c u l a t i o n  methodology should be developed which 
m igh t  l ead  t o  a reduc t i on  i n  combustion t e s t i n g  cost.  

Problem s i g n i f i c a n c e .  One o f  t he  most c o s t l y  s e t  o f  t e s t s  f o r  
manufacturers  i n t r o d u c i n g  a new i n s u l a t i o n  i s  t o  g a i n  UL f i r e  r a t i n g  by 
t e s t i n g  t h e  new i n s u l a t i o n  w i t h  a l a r g e  number o f  va r ious  p o t e n t i a l  
system con f igu ra t i ons .  Reducing produc t  i n t r o d u c t i o n  cos ts  w i t h o u t  
compromising h e a l t h  and s a f e t y  migh t  l ead  t o  more a l t e r n a t i v e  
i n s u l a t i o n s  i n  t h e  fu tu re .  Th is  i s  an ext remely d i f f i c u l t  problem t o  
solve.  A number o f  p a r t i c i p a n t s  i n  the  June 1988 Workshop on A l t e r n a t i v e s  
f o r  I n s u l a t i o n s  Conta in ing  CFCs f e l t  t h i s  may n o t  be doable w i t h  todays 
knowledge. 

Importance rank ing  (va lue  f r o m  0 t o  5, 5 be ing most impor tan t )  

1. Technica l  Importance: 1.15; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector :  1.98; Average f o r  29 p r o j e c t s :  2.52 
3. Technica l  M e r i t  Ranking ou t  o f  29 p r o j e c t s :  29 

Technica l  Approach. Review c u r r e n t l y  a v a i l a b l e  c a l c u l a t i o n  methodologies. 
Se lec t  most promising. Enhance and va l i da te .  

Ma jor  inpu ts .  

Research product.  
p r e d i c t i n g  r e s u l t s  f rom f l a m n a b i l i t y  t e s t i n g .  

Va l i da ted  c a l c u l a t i o n  methodology f o r  a c c u r a t e l y  
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C.1.4 I d e n t i f y  New Blowing Agents 

Scope. I n  genera l ,  r i g i d  foams have a c e l l u l a r  s t r u c t u r e  t h a t  i s  
c rea ted  by an expanding gas, o r  b lowing  agent, p resen t  d u r i n g  t h e  
foaming process. The b lowing  agent can e i t h e r  be an i n e r t  v o l a t i l e  
compound t h a t  i s  added t o  t h e  r e a c t i v e  p l a s t i c  m i x t u r e  -- a p h y s i c a l  
b low ing  agent -- o r  i t  can be a p roduc t  o f  t h e  po lymer i z ing  r e a c t i o n  
i t s e l f  -- a chemical b lowing  agent. CFCs a r e  c l a s s i f i e d  as phys i ca l  
b low ing  agents. A uni form, c losed-ce l l  s t r u c t u r e  i s  formed f rom t h e  
expanding gas, t r a p p i n g  t h e  CFC gas i n  the  t i n y  c e l l .  The CFC gas has 
a v e r y  low thermal c o n d u c t i v i t y ,  which he lps  make t h e  foam an e x c e l l e n t  
m a t e r i a l  f o r  i n s u l a t i o n  a p p l i c a t i o n s .  I n  a d d i t i o n ,  t h e  c e l l u l a r  
s t r u c t u r e  p rov ides  s t r u c t u r a l  r i g i d i t y  and s t reng th ,  which i s  d e s i r a b l e  
i n  many i n s u l a t i n g  a p p l i c a t i o n s .  I f  a d e s i r a b l e  chemical b low ing  agent 
cou ld  be developed which produced ve ry  small  c e l l s  and y e t  a s t r u c t u r a l l y  
s t r o n g  board, CFCs would n o t  be needed. 
explored. 

Th is  a rea  should be f u l l y  

Should n o t  i n c l u d e  CFC-123, CFC-14lbY FC-134a. Could i n c l u d e  CO, and 
f l o u r i n e - c o n t a i n i n g  compounds. Should have t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

low ozone d e p l e t i o n  p o t e n t i a l  
s a t i s f a c t o r y  b o i l i n g  p o i n t ,  u n i f o r m  c l o s e d - c e l l  fo rmat ion ,  
d i f f u s i o n  r a t e ,  s o l u b i l i t y  i n  fo rma t ion  and f i n a l  p roduc t ,  
thermal c o n d u c t i v i t y  
low t o x i c i t y  and f l a m m a b i l i t y  
c o s t - e f f e c t i v e  

Problem S ign i f i cance .  Thermal c o n d u c t i v i t y  va lues  o f  foams can be 
improved by reduc ing  c e l l  s i ze ,  which would h e l p  o f f s e t  t h e  f a c t  t h a t  
t h e  a l t e r n a t i v e  b lowing  agent cou ld  have a h i g h e r  c o n d u c t i v i t y .  

Importance rank ing  (va lue  from 0 t o  5, 5 be ing  most impor tan t ) .  

1. Technical  Importance: 3.7; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  3.51; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  5 
4. Comment: Suggests s t rong  p a r t i c i p a t i o n  f rom p r i v a t e  i n d u s t r y .  

Technical  Approach. 

1. S e l e c t  most p romis ing  s e t  which p r i v a t e  i n d u s t r y  i s  n o t  a l r e a d y  
work ing  on. 

2. Obta in  o r  syn thes ize  compounds. 

3. Determine p r o p e r t i e s  

4. 

Major i npu ts .  EPA 

I d e n t i f y  process which produces acceptab le  r i g i d  boards. 

. 

Research products.  
a l t e r n a t i v e s .  

Expanded da ta  base on p o t e n t i a l  CFC b low ing  agent 
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C.1.5 Design and Implement a R e l i a b l e  F i e l d  Tes t  P r o j e c t  

Scope. Develop p r o t o c o l  f o r  f i e l d  t e s t i n g  long- te rm performance o f  
i n s u l a t i o n s .  
ins t rumented f a c i l i t y  f o r  o b t a i n i n g  f i e l d  performance.data on 
i n s u l a t i o n  systems f o r  r o o f ,  w a l l s ,  and foundat ions.  The second phase 
w i l l  cover c o n s t r u c t i o n  o f  severa l  u n i t s .  Th i s  w i l l  i n v o l v e  
performance o f  foam i n s u l a t i o n  i n  combinat ion w i t h  o t h e r  c o n s t r u c t i o n  
m a t e r i a l s  under exposure t o  dynamic thermal,  mo is tu re  and mechanical 
s t r e s s  cond i t i ons .  E s t a b l i s h  a da ta  base o f  t h e  thermal p r o p e r t i e s  a t  
d i f f e r e n t  c o n d i t i o n s  f o r  foam produc ts  c u r r e n t l y  on t h e  market and most 
i m p o r t a n t l y  f o r  new foam produc ts  as they  a r e  introduced. 

Problem s i g n i f i c a n c e .  
needed f o r  r e a l i s t i c  p roduc t  comparisons. A r c h i t e c t s  and b u i l d i n g  
owners l a c k  i n f o r m a t i o n  on t h e  r e a l  thermal p r o p e r t i e s  o f  foamed board 
i n s u l a t i o n  produc ts  a f t e r  be ing  i n s t a l l e d  f o r  extended t ime  per iods.  
F i e l d  t e s t i n g  i s  a complex sub jec t ,  b u t  successful  u n i t s  e x i s t ,  such as 
t h e  Roof ing Thermal Research Apparatus (RTRA) and i n c l u d e  f r u i t f u l  
a n a l y s i s  methodology. The r e s u l t s  f rom t h i s  p r o j e c t  would p e r m i t  a 
more i n f o r m a t i v e  cho ice  o f  i n s u l a t i o n  products. F i e l d  r e s u l t s  o f t e n  
d i f f e r  f rom l a b o r a t o r y  r e s u l t s ;  r e s o l v i n g  t h i s  d i f f e r e n c e  i s  c r i t i c a l  
t o  e s t a b l i s h i n g  design R-values f o r  e x i s t i n g  and new products. 

T h i s  i n c l u d e s  a d e t a i l e d  des ign  and c o s t  es t ima te  f o r  an 

F i e l d  performance o f  i n s u l a t i o n  systems i s  

F i e l d  measurements on b u i l d i n g  envelope components i s  a complex sub jec t  
s t i l l  i n  t h e  e a r l y  stages o f  development. What t ype  and placement o f  
va r ious  sensors should be used? How should t h e  sensors be c a l i b r a t e d ?  
What should be the  m o n i t o r i n g  p e r i o d  f o r  t h e  da ta  c o l l e c t i o n ?  What 
a n a l y s i s  method should be used f o r  t he  da ta  f o r  d i f f e r e n t  types o f  
components? I t  i s  most impor tan t  t h a t  CFC a l t e r n a t i v e s  g e t  i n t o  t h e  f i e l d  
a t  l e a s t  on an exper imental  b a s i s  imned ia te l y  t o  assure energy conscious 
b u i l d e r s  t h a t  t h e i r  b u i l d i n g  p r a c t i c e s  i n v o l v i n g  p l a s t i c  foams w i l l  
con t i nue  t o  be acceptab le  i n  t h e  fu tu re .  

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t ) .  

1. Technical  Importance: 3.02; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  1.98; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  15 
4. Comment: Good p r o j e c t  f o r  j o i n t  p u b l i c / p r i v a t e  sec to r  e f f o r t .  

Technical  approach. The design would i n c o r p o r a t e  the  b e s t  f e a t u r e s  o f  
e x i s t i n g  f i e l d  demonstrat ions. Th is  would be t h e  i n i t i a l  phase o f  a 
f i e l d  t e s t  program f o r  va r ious  c l ima tes  w i t h  un i fo rm f a c i l i t i e s  f o r  
da ta  a c q u i s i t i o n  and ana lys i s .  A p r e s c r i b e d  s e t  o f  p re-  and p o s t  
exposure l a b  t e s t s  would compliment t h e  f i e l d  t e s t s .  

Major inpu ts .  DOE/ORNL 

Research products.  

1. F i e l d  performance f o r  products:  design R-values 
2. Un i fo rm r e l i a b l e  t e s t  f a c i l i t i e s  f o r  roo f ,  w a l l ,  and foundat ions  

3. 
envelope performance. 
The c l e a r  message t o  b u i l d e r s  t h a t  a l t e r n a t i v e s  t o  CFC-insulat ions 
w i  11 be ava i  lab1  e. 
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C.1.8 Thermal Resistance Measurements o f  Cur ren t  CFC - I n s u l a t i o n s  and 
Reduced o r  Non CFC A l t e r n a t i v e s  as They Become A v a i l a b l e  

Scope. 
f o r  c u r r e n t  and f u t u r e  foam i n s u l a t i o n  products.  

E s t a b l i s h  a p r o p e r t i e s  da ta  base a t  d i f f e r e n t  mean temperatures 

Problem s i g n i f i c a n c e .  A thermal c o n d u c t i v i t y  da ta  base f o r  t h e  
e x i s t i n g  CFC foam produc ts  and p o t e n t i a l  f u t u r e  p roduc ts  i s  needed as a 
base f o r  comparison o f  thermal p r o p e r t y  measurements, comparison o f  
d i f f e r e n t  agents i n  t h e  foam c e l l s ,  and a f t e r  d i f f e r e n t  t imes a t  24°C: 
28 days, 90 days, and 180 days. I t  has been proposed t h a t  these 
measurements be made on a 1 x 1 meter c a l i b r a t e d  h o t  p l a t e .  The l a r g e r  
measurement areas w i l l  reduce v a r i a b i l i t y  ob ta ined w i t h  commonly used 
sma l le r  samples. 

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 2.79; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i d p r i v a t e  Sector:  2.31; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  19 

Technical  approach. A survey w i l l  e s t a b l i s h  what thermal c o n d u c t i v i t y  
da ta  i s  a v a i l a b l e  f o r  c u r r e n t  foam i n s u l a t i o n  products.  I n d u s t r y  w i l l  
h e l p  s e l e c t  r e p r e s e n t a t i v e  foam i n s u l a t i o n  produc ts  o f  f o u r  types  
[ex t ruded p o l y s t y r e n e  EXPS (R-12), P I  ( R - 1 1 ) ,  Pheno l ic  ( R - 1 1 1  and R-113) , 
and expanded p o l y s t y r e n e  EPS ( a i r ) ]  a t  a v a i l a b l e  d e n s i t i e s .  Tes ts  w i l l  
be conducted a t  10, 24, and 38"C, and a t  24°C a f t e r  28 days, 90 days, and 
180 days. 

Major inpu ts .  DOE/ORNL, NBS 

Research Products. 

1. Accurate measurements o f  thermal c o n d u c t i v i t y  o f  c u r r e n t l y  a v a i l a b l e  
foam products.  . . 

2. Accurate measurements o f  thermal c o n d u c t i v i t y  o f  p o t e n t i a l  new foam 
products.  

3. A b a s i s  f o r  extended ag ing  t e s t s .  
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. C.1.9 Thermal Conduct iv i ty o f  Expanded Polymers w i t h  Chemically 
I n a c t i v e  F i l l  Gases 

Scope. 
polymers w i t h  gases o f  known behavior  t o  e s t a b l i s h  da ta  base f o r  models 
t o  analyze d i f f e r e n t  modes o f  heat  t r a n s f e r  as a f u n c t i o n  o f  
temperature . 

Determine thermal c o n d u c t i v i t y  f rom 100 t o  350 K o f  expanded 

Problem s i g n i f i c a n c e .  Data base over a broad temperature range 
suppor ts  and extends analyses and models used f o r  a l i m i t e d  temperature 
range. Using d i f f e r e n t  gases o f  known behavior  he lps  i d e n t i f y  
q u a n t i t a t i v e l y  modes o f  heat  t r a n s f e r ,  nomina l l y  t o t a l  k i s  20% 
r a d i a t i o n ,  30% s o l i d  conduct ion,  and 50% gas conduct ion.  Component 
knowledge i s  needed t o  gu ide produc t  eva lua t ion .  

Importance rank ing  (va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technica l  ImDortance: 2.2: Averaae f o r  29 Dro iec ts :  3.01 
2. 
3. Technica l  M e r i t  Ranking ou t  o f  29 p r o j e c t s :  25 

P u b l i d p r i v a t e  Sector :  2.04; AveFage f o r  29 p;ojects: 2.52 

Technical  approach. Use e x i s t i n g  low temperature guarded h o t  p l a t e  
apparatus a t  NBS-Boulder t o  t e s t  t h ree  expanded polymers con ta in ing  
d i f f e r e n t  gases f rom 100 t o  350 K. Analyze r e s u l t s  and compare t o  data 
f o r  CFC-blown polyurethane o f  va r ious  dens i t i es .  

Major  inpu ts .  DOE/ORNL, NBS 

Research products.  
a t  temperatures f rom 100 t o  350 K. 

Thermal c o n d u c t i v i t y  da ta  base o f  expanded polymers 

Cost and t ime est imate.  $35K, 1 year. 
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C.1.10 Manufacture o f  Env i ronmenta l l y  Acceptable P l a s t i c  Foam I n s u l a t i o n s  

Scope. Pheno l ic  foam i n s u l a t i o n s  a r e  c la imed t o  n o t  age. I n  a d d i t i o n ,  
c la ims have been made t h a t  these i n s u l a t i o n s  can be made w i t h  CFC- 
s u b s t i t u t e s  and/or non-CFCs, such as CO, b lowing  agents. The 
r e s u l t i n g  produc ts  a r e  a l s o  c la imed t o  have thermal p r o p e r t i e s  b e t t e r  
than aged po lyure thane foams. 
appears t o  be i n  board stock. 
a p p l i c a t i o n s .  T h i s  research cou ld  be expanded t o  foam produc ts  o t h e r  than 
pheno l ics .  

Most i n t e r e s t  f o r  t h e  p h e n o l i c  foams 
Some work has been done on foam-in-place 

Problem S ign i f i cance .  
l o s s  o f  GFCs f o r ' t h e  p roduc t i on  o f  i n s u l a t i o n  and t h e  r e s u l t i n g  l o s s  
o f  thermal performance. A t  l e a s t  one end-use i n d u s t r y ,  t h e  app l i ance  

. i n d u s t r y ,  i s  a l s o  faced w i t h  mandated inc reases  i n  energy e f f i c i e n c y .  
As foamed i n  p lace  i n s u l a t i o n s  a r e  e s s e n t i a l  t o  t h e  manufacture o f  many 
app l iances ,  a l t e r n a t i v e  foaming agents must be found. 

The foam i n s u l a t i o n  users  a r e  faced w i t h  the  

' 

Importance rank ing  (va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 2.51; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  3.86: Averaae f o r  29 Dro iec ts :  2.52 
3. Technical  M e r i t  Ranking o u t ' o f  29 p r o j e c t s :  24 " 

Technical  Approach. Aid i n  the  development o f  foam i n  p l a c e  pheno l i c  
i n s u l a t i o n s .  Work w i t h  a manufacturer o f  these m a t e r i a l s  and have 
samples made. Work w i t h  a t e s t i n g  l a b o r a t o r y  t o  g e t  thermal t e s t i n g  
and ag ing  t e s t s  done. Supply r e s u l t s  t o  i n d u s t r y ,  and o t h e r  
researchers t o  v a l i d a t e  models, etc.  

Major Inputs .  Koppers, F ine  ( U n i v e r s i t y  o f  Kentucky) 

. 

Research Products. Samples o f  pheno l i c  foams made w i t h  non-CFC and 
env i ronmen ta l l y  acceptable CFC b lowing  agents. 
r e s u l t s  on pheno l i c  foams. 

New and aged t e s t  
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C.1.11 P ro toco l  t o  P r e d i c t  Long Term (5 yr) Thermal Performance o f  
C e l l u l a r  Foam I n s u l a t i o n  Products 

Scope. To develop a p r o t o c o l  which would p r e d i c t  long  term (5 yr)  thermal 
performance f o r  c e l l u l a r  foam i n s u l a t i o n  products.  

Problem S ign i f i cance .  
(k-va lue)  o f  c e l l u l a r  foam i n s u l a t i o n  products.  
t h e  R-value o f  these produc ts  versus time. 
agents f rom CFC 11 t o  CFC 12 t o  new compounds, t he  l u x u r y  o f  t a k i n g  5 
years  t o  assemble 5 year  t e s t  da ta  i s  no longer  ava i l ab le .  
necessary which would p r e d i c t  long  term (5 yr)  thermal performance i n  a 
s h o r t  " r e a l  t ime per iod.  

Standard methods a l ready  e x i s t  f o r  R-value 
I t  i s  a l s o  easy t o  t r a c k  

A p ro toco l  i s  

Wi th  the  change i n  b lowing 

Importance Ranking (va lue  f r o m  0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 3.8; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  1.96; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking ou t  o f  29 p r o j e c t s :  4 

Technical  Approach. Th is  p r o j e c t  should eva lua te  the  a b i l i t y  o f  severa l  
proposed methods t o  p r e d i c t  long  t e r m  thermal performance such as, b u t  no t  
l i m i t e d  to ,  the  t h i n  s l i c e d  specimen technique c u r r e n t l y  under study; the  
technique o f  e leva ted  temperature aging; t he  model ing technique under 
development a t  MIT ,  and/or  a combinat on o f  t he  above. P r o j e c t  should no t  
be l i m i t e d  t o  e x i s t i n g  technique as a s o l u t i o n  b u t  as a s t a r t i n g  po in t .  

Major  inpu ts .  DOE/ORNL; va r ious  t e s t  
i n d u s t r y ;  MIT. 

Research Products. 

ng agencies/companies; p r i v a t e  

1. Pro toco l  t o  p r e d i c t  long- term performance o f  c e l l u l a r  foam i n s u l a t i o n  
produc ts  . 
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C.1.12 Develop Accura te  Data Base o f  Phys ica l  P r o p e r t i e s  o f  S u b s t i t u t e  
Blowing Agents 

Scope. A l l  proposed s u b s t i t u t e  b lowing  agents f o r  r i g i d  i n s u l a t i o n  
i n c l u d i n g ,  b u t  n o t  l i m i t e d  t o ,  HCFC-123, HCFC-l34a., HCFC-14lb. 

Problem s i g n i f i c a n c e :  There i s  a need f o r  p h y s i c a l  p r o p e r t i e s  i n f o r m a t i o n  
on s u b s t i t u t e  b low ing  agents. Phys ica l  p r o p e r t i e s  i nc lude :  

ozone d e p l e t i o n  p o t e n t i a l  (a’ctual t e s t  r e s u l t )  
p o t e n t i a l  f o r  c l a s s i f i c a t i o n  as a v o l a t i l e  o rgan ic  compound 
waste d i sposa l  program 
f l a r r r n a b i l i t y  da ta  
thermal c o n d u c t i v i t y  vs temperature 
s a f e t y  i n f o r m a t i o n  f o r  manufac tur ing  s a f e t y  programs 
toxidci t y  program - i n t e r i m  r e p o r t s  

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 4.04; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  3.29; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking ou t  o f  29 p r o j e c t s :  3 

Technical  approach. Conduct a p p r o p r i a t e  p h y s i c a l  p r o p e r t y  t e s t s  on 
s u b s t i t u t e  b lowing  agents. 

Major i npu ts .  CFC producers; o t h e r  chemical supp l i e rs .  

Research products.  
use s u b s t i t u t e  b low ing  agents. 

Necessary da ta  base t o  p l a n  process m o d i f i c a t i o n s  t o  



. 
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C.2 A l t e r n a t i v e  I n s u l a t i o n s  

C.2.1 P roduc t i on  and Demonstrat ion o f  Composites w i t h  H igh  Thermal 
Resistance 

C.2.2 Evacuated Panels "Super I n s u l a t i o n s "  f o r  B u i l d i n g s  and Appl iances 

C.2.3 Eva lua t i on  o f  Components f o r  Super I n s u l a t i o n s  

C.2.4 Non CFC Systems 

C.2.5 Non CFC Foundation I n s u l a t i o n  A p p l i c a t i o n  V e r i f i c a t i o n .  

C.2.6 Develop Facing M a t e r i a l s  t h a t  E l i m i n a t e  Out-Gassing o f  CFC 
S u b s t i t u t e s  
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C.2.1 Produc t ion  and P i l o t  Study of Composites w i t h  High Thermal 
Resistance 

Scope. 
inch. Composites o f  these have a v a r i e t y  o f  a p p l i c a t i o n s  t h a t  cou ld  
e l i m i n a t e  CFC i n s u l a t i o n s .  Automated p r o d u c t i o n  i s  r e q u i r e d  t o  show 
p i l o t  s tudy  a p p l i c a b i l i t y .  T h i s  work should i n c l u d e  t h e  p r o d u c t i o n  o f  
p r e l i m i n a r y  au tomat ic  p roduc t i on  designs and u n i t  c o s t  est imates.  

Problem s i g n i f i c a n c e .  
a l t e r n a t i v e  f o r  many a p p l i c a t i o n s .  
t imes a r e  issues  t o  be resolved. 
p roduc t ion .  
equipment. 

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

Evacuated powder panels have a thermal r e s i s t a n c e  over  R-20 pe r  

Produc t ion  o f  composites cou ld  y i e l d  a non CFC 
Economics, m a t e r i a l s ,  and l i f e -  

I n d u s t r y  has i n i t i a t e d  non-automated 
A wide v a r i e t y  o f  a p p l i c a t i o n s  e x i s t  f o r  b u i l d i n g s  and 

1. Technical  Importance: 3.02; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  2.91; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  16 

Technical  approach. Develop a p lan ,  schedule, and c o s t  es t ima te  f o r  an 
i n i t i a l ,  b u t  p r o t o t y p i c a l  a p p l i c a t i o n ,  t h a t  i n c l u d e s  automated 
p roduc t i on ,  i n c o r p o r a t i o n  i n t o  u n i t s ,  and an i n d u s t r i a l  p i l o t  s tudy  o f  
thermal performance. Do f i r s t  p r o d u c t i o n  and p i l o t  s tudy  w i t h  
i n d u s t r y .  Extend example t o  o t h e r  a p p l i c a t i o n s .  Release t o  i n d u s t r y .  

Major Inputs .  DOE/ORNL 

Research products. 

1. L e t t e r  r e p o r t  i n  FY,1988 t o  p l a n  i n i t i a l  p r o d u c t i o n  and p i l o t  study. 
2 .  F i r s t  p r o t o t y p e  i n  FY 1989. 
3. Extend P i l o t  Study t o  o t h e r  areas. 



61 

C.2.2 Evacuated Panels "Super I n s u l a t i o n s m 8  For  B u i l d i n g s  and Appl iances 

Scope. I n  t h e  vacuum/powder f i 11 concept , evacuated panel s a r e  f i 11 ed 
w i t h  fumed, u l t r a f i n e  s i l i c a  powders o f  va ry ing  p a r t i c l e  s i z e s  (much 
l i k e  t h e  vacuum-packed c o f f e e  c u r r e n t l y  a v a i l a b l e  i n  t h e  supermarket). 
The success o f  t h i s  technology i s  dependent on deve lop ing  a membrane 
t h a t  sea ls  t h e  panel p reven t ing  a i r  f rom permeating t h e  panel degrading 
t h e  R-value. Another concept i s  t o  use evacuated ceramic spheres f o r  
s t r u c t u r a l  i n t e g r i t y .  One o t h e r  concept i s  metal  vacuum panels as i n  
t h e  unbreakable thermos. 

The o b j e c t i v e  i s  t o  conceive and develop a l t e r n a t i v e  i n s u l a t i o n  systems 
n o t  dependent upon t h e  use o f  CFCs t h a t  have thermal performance super io r  
t o  c u r r e n t l y  used i n s u l a t i o n s .  P o t e n t i a l  a p p l i c a t i o n s  a r e  appl iances, 
r e f r i g e r a t e d  storage, r e f r i g e r a t e d  t rucks ,  p o r t a b l e  coo le rs ,  and b u i l d i n g  
envelopes. 

Problem s i g n i f i c a n c e .  A l t e r n a t i v e  i n s u l a t i o n  systems have been i d e n t i f i e d  
t h a t  o f f e r  t h e  p o t e n t i a l  o f  much h ighe r  R-values p e r  i n c h  than i s  
p r e s e n t l y  a f f o r d e d  by CFC-blown foam. These a r e  m a i n l y  evacuated panels 
us ing  e i t h e r  a m e t a l l i c  envelope o r  a p l a s t i c  j a c k e t  and a powder f i l l e r .  
The p o s s i b i l i t y  o f  ve ry  h i g h  R-values has been conf i rmed i n  t h e  
l abo ra to ry ;  low-cost c o n f i g u r a t i o n s  and manufac tur ing  methods need t o  be 
developed. Other novel systems may be conceived i n  t h e  f u t u r e .  The 
development o f  p r a c t i c a l  s u p e r i n s u l a t i o n  systems cou ld  r e s u l t  i n  
substan t i a1 energy sav i  ngs. 

Importance rank ing  (va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 3.11; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i d p r i v a t e  Sector:  2.94; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking ou t  o f  29 p r o j e c t s :  13 
4.  P u b l i c  s e c t o r  v o t e r s  ranked t h i s  number one. comDared t o  13 D r i v a t e  

s e c t o r  v o t e r s  who ranked i t  number 19. 

Technical  Approach. 

1. A paper s tudy  d e s c r i b i n g  c o n s t r u c t i o n  and experiments f o r  t e s t i n g  low 
c o s t  c o n f i g u r a t i o n s  o f  i n s u l a t i o n  boards which have some evacuated 
p o r t i o n s  ( v a r i o u s  f i l l e r  m a t e r i a l s  i n c l u d i n g  powders, f i b r o u s  
m a t e r i a l s ,  and laye red  ma te r ia l s . )  Th i s  work should address p a r a s i t i c  
heat t r a n s f e r .  

2. Es t imate  d u r a b i l i t y  and thermal d r i f t .  

3. A s s i s t  i n  the  development o f  manufactur ing processes f o r  advanced 
i n s u l a t i o n  technologies.  

Research products.  

1. I d e n t i f i e d  most p romis ing  evacuated panel c o n f i g u r a t i o n  f o r  near-term 
a p p l i c a t i o n .  

2. Design o f  an automated manufactur ing f a c i l i t y  
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C.2.3 E v a l u a t i o n  o f  Components f o r  Super I n s u l a t i o n s  

Scope. M a n u f a c t u r a b i l i t y  and r e l i a b i l i t y  o f  super i n s u l a t i o n s  remain 
t h e  road b locks  t o  t h e  emergence o f  t h i s  technology. Many a l t e r n a t i v e s  
e x i s t  f o r  u l t r a  h i g h  r e s i s t a n c e  (UHR) c e l l s  t h a t  may be i nco rpo ra ted  i n  
foams t o  augment t h e  thermal r e s i s t a n c e  o f  t h e  foam. The i n c o r p o r a t i o n  
o f  t h e  UHR c e l l s  migh t ,  f o r  example, be a b l e  t o  compensated f o r  a l o s s  
o f  thermal performance due t o  a change i n  b low ing  agent. 

Problem S ign i f i cance .  UHR c e l l s  may be i nco rpo ra ted  i n t o  foam 
i n s u l a t i o n s  t o  augment t h e  thermal performance o f  t h e  foams. These 
c e l l s  can take  many f o r i  s f rom l a r g e  s labs  t o  smal l  l e n t i c u l a r  c e l l s .  
Many f a c t o r s ,  i n c l u d i n g  edge losses, m a n u f a c t u r a b i l i t y ,  r e l i a b i l i t y  and 
cos t ,  must be eva lua ted  i n  de termin ing  t h e  op t ima l  design. A d e t a i l e d  
a n a l y s i s  o f  t h e  UHR c e l  concept ,shou ld  be undertaken t o  e s t a b l i s h  t h e  
p r i o r i t i e s  f o r  research i n  t h i s  area. 

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

Technical  approach. A paper s tudy  based on con tac ts  w i t h  rep resen ta t i ves  
o f  t h e  foam i n d u s t r y ,  t h e  packaging i n d u s t r y  and t h e  app l i ance  i n d u s t r y  t o  
e s t a b l i s h  t h e  p r i o r i t i e s  f o r  research i n  t h i s  area. Development o f  t he  
h i g h e s t  p r i o r i t y  UHR c e l l s ,  i n c l u d i n g  sample c e l l  p repa ra t i on ,  sample 
foam/ce l l  composite p r e p a r a t i o n  and development o f  an automated process 
f lowsheet  and c o s t  i n fo rma t ion .  

Major inpu ts .  Packaging and foam i n d u s t r y ,  F ine  ( U n i v e r s i t y  o f  Kentucky) 

Research Products. UHR c e l l  des ign  w i t h  h i g h e s t  p r o b a b i l i t y  f o r  
success fu l  i n c o r p o r a t i o n  i n  foam products.  UHR c e l l  samples and UHR 
c e l l / f o a m  samples f o r  thermal and ag ing  t e s t i n g .  Flowsheet and c o s t  
i n f o r m a t i o n  f o r  automated p roduc t i on  o f  UHR c e l l s .  - 
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C.2.4 Non CFC Systems 

Scope. 
combinat ion w i t h  o t h e r  design f a c t o r s  can lead  t o  e q u i v a l e n t  o v e r a l l  
thermal performance o f  convent ional  systems u s i n g  CFCs. Th is  should 
cons ider  t h e  use o f  o t h e r  i n s u l a t i o n  m a t e r i a l s  such as EPS, i n s u l a t i n g  
b lock ,  and f i b e r g l a s s  boards. 

Taking a systems pe rspec t i ve  o f  a v a i l a b l e  non-CFC produc ts  i n  

Problem s i g n i f i c a n c e .  I f  CFC i n s u l a t i o n s  a r e  n o t  a v a i l a b l e  i n  t h e  
f u t u r e  o r  a r e  r e s t r i c t e d ,  some guidance should be r e a d i l y  a v a i l a b l e  t o  
b u i l d e r s  t o  s p e c i f y  systems which, f o r  about t h e  same c o s t  p e r  R, l ead  t o  
t h e  same degree o f  energy e f f i c i e n c y  w i t h  a l t e r n a t i v e s .  

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 2.18; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  2.57; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  26 

Technical  Approach. The combinations o f  f e a t u r e s  which should be 
considered. One example i s  combining e x t e r i o r  f ounda t ion  i n s u l a t i o n  
drainage, wa te rp roo f i ng  and radon abatement. For ins tances ,  EPS i s  a 
v i a b l e  s u b s t i t u t e  f o r  EXPS i n  s i t u a t i o n s  which have minimal r i s k  o f  
h i g h  m o i s t u r e  absorb t ion .  Can a composite p roduc t  be developed which 
serves as wa te rp roo f  membrane on t h e  o u t s i d e  o f  t h e  i n s u l a t i o n  when 
p laced on t h e  e x t e r i o r  o f  foundat ion  w a l l s  i n  m o i s t  s o i l s ?  
Some o f  t h e  founda t ion  i n s u l a t i o n  drainage boards have t h e  c a p a b i l i t y  
o f  supplementing wa te rp roo f i ng  p r o v i s i o n s  and radon m i t i g a t i o n  
s t r a t e g i e s .  I f  these f e a t u r e s  cou ld  be p o s i t i v e l y  demonstrated t h e  
added dra inage c a p a b i l i t i e s  cou ld  become t h e  p roduc t  o f  choice, d e s p i t e  
occasional  c o s t  p e n a l t i e s  f rom a s imp le  $/R-value perspec t ive .  

Other examples o f  combining m u l t i p l e  f e a t u r e s  i n t o  s i n g l e  systems would 
be: 

w a l l  R-value and v a r i a b l e  e m i s s i v i t y  

r o o f  R-value and r e f l e c t i v e s  

w a l l  R-value and thermal mass 

R-value and s t r u c t u r a l  member- 

Research Products. 
i n s u l a t i o n .  

A b u i l d e r ' s  gu ide  t o  energy e f f i c i e n c y  w i t h o u t  CFC 
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C.2.5 Non CFC Foundat ion I n s u l a t i o n  A p p l i c a t i o n  V e r i f i c a t i o n  

Scope. 
g i v e n  t o  above-grade w a l l s  and roo fs .  However r a p i d  growth i n  t h e  use o f  
f ounda t ion  i n s u l a t i o n  i s  a n t i c i p a t e d  due t o  inc reases  i n  founda t ion  
i n s u l a t i o n  l e v e l s  i n  a number o f  ma jor  codes and standards and inc reas ing  
a v a i l a b i l i t y  o f  energy e f f i c i e n t  c o n s t r u c t i o n  d e t a i l s .  
i n s u l a t i n g  foundat ions  i s  on t h e  e x t e r i o r  sur faces  i n  d i r e c t  con tac t  w i t h  
t h e  e a r t h  and one c o m o n l y  used p roduc t  i s  ex t ruded po lys ty rene.  
scope o f  t h i s  p r o j e c t  i s  t o  determine by independent exper imental  
v e r i f i c a t i o n  i f  founda t ion  i n s u l a t i o n  techniques a r e  a v a i l a b l e  which can 
p rov ide  r e l i a b l e  long- te rm thermal performance i n  bo th  new and r e t r o f i t  
a p p l i c a t i o n s .  Foundation types should i n c l u d e  crawl spaces, 
slabs-on-grade, and basements. 

Foundation i n s u l a t i o n  has lagged behind t h e  i n c r e a s i n g  a t t e n t i o n  

One method o f  

The 

Problem s i g n i f i c a n c e .  EXPS i s  t h e  p l a s t i c  foam p roduc t  w i t h  t h e  l e a s t  
r i s k - o f  mo is tu re  decaying t h e  l i f e  t ime  R-value. 
hGmeOWnerS may n o t  cons ider  i n s u l a t i n g  foundat ions  w i t h  o u t  a r e l i a b l e  
i n s u l a t i n g  produc t  t o  choose from. 
p o t e n t i a l  i s  l o s t ,  as much as 0.8 quads, i f  l a r g e  numbers o f  
foundat ions  a r e  l e f t  un insu la ted .  I n s i d e  i n s u l a t i o n  i s  n o t  always 
p o s s i b l e  no r  d e s i r a b l e  i n  a l l  s i t u a t i o n s  because o f  n o t  o n l y  thermal 
b u t  a l s o  mois tu re ,  i ndoor  a i r  q u a l i t y ,  and s t r u c t u r a l  cons ide ra t i ons .  

Some b u i l d e r s  and 

A s i g n i f i c a n t  energy savings 

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 2.02; Average f o r  29 p r o j e c t s :  3.01 
2. Pub l i c /P r i va te ,Sec to r :  1.98; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  27 

Technical  Approach 

1. Employ t h e  use o f  w e l l - c h a r a c t e r i z e d  t e s t  f a c i l i t i e s  i n  which mo is tu re  
c o n d i t i o n s  a r e  c o n t r o l l a b l e  on b o t h  t h e  i n t e r i o r  and e x t e r i o r  
f ounda t ion  surfaces. Performance v e r i f i c a t i o n  da ta  should be ob ta ined 
on: 

- XEPS w i t h  a l t e r n a t i v e  b lowing  agents 
- Molded expanded po lys ty rene  (MEPS) 
- F i b e r g l a s s  i n s u l a t i o n / d r a i n a g e  board 
- MEPS i n s u l a t i o n / d r a i n a g e  board 
- i n t e r i o r  b a t t  i n s u l a t i o n  
- o t h e r  i n n o v a t i v e  concepts 

2. Develop a methodology f o r  c h a r a c t e r i z i n g  t h e  s o i l  a t  a c o n s t r u c t i o n  
s i t e  r e l e v a n t  t o  foundat ion  thermal and m o i s t u r e  c o n t r o l  measures. 

3. Develop heat and mass balance model t o  e x t r a p o l a t e  exper imental  
r e s u l t s  t o  o t h e r  c l imates .  

4. D r a f t  a proposed ASTM standard and/or a b u i l d e r s  code f o r  f ounda t ion  
i n s u l a t i o n  a p p l i c a t i o n s  based on above data. 

Research product.  Non CFC Foundation I n s u l a t i o n  ASTM Standard. 
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C.2.6 Develop Facing M a t e r i a l s  That E l i m i n a t e  Out-Gassing o f  CFC 
S u b s t i t u t e s  

Scope. A l o t  o f  work has a l ready  been done t o  b e t t e r  understand the  
f a c t o r s  t h a t  a f f e c t  p roduc t  aging, such as t h e  q u a l i t y  o f  t h e  b a r r i e r  
f a c i n g  and t h e  i n t e g r i t y  o f  t h e  bond between t h e  f a c i n g  and the  core 
m a t e r i a l s .  The f a c i n g  i s  t h e  c r i t i c a l  component needed t o  keep the  a i r  
out. 

Problem s i g n i f i c a n c e .  
con t inue  as w e l l  as work t o  i d e n t i f y  and develop new polymers and 
a d d i t i v e s  which improve thermal performance. As d i f f e r e n t  b lowing  agents 
a r e  considered, t h e  gas d i f f u s i o n  and d i l u t i o n  w i l l  remain an issue. 
B e t t e r  f a c i n g  m a t e r i a l s  cou ld  conce ivab ly  p e r m i t  t h e  s a t i s f a c t o r y  use o f  a 
b lowing  agent t h a t  had a h ighe r  d i f f u s i o n  r a t e  i n  polymers than CFC-11 and 

- 
Research on improved b a r r i e r  f a c i n g  needs t o  

CFC- 12 

Importance rank ing  (va lue  from 0 t o  5, 5 be ing  most impor tan t )  

Technical  approach. I d e n t i f y  candidate f a c i n g  m a t e r i a l s  and adhesives. 
Work w i t h  a manufacturer t o  assemble most p romis ing  concepts. Expose 
samples t o  roo f ,  w a l l  and p o s s i b l y  foundat ion  a p p l i c a t i o n s  and measure 
thermal d r i f t .  

Major inpu ts .  
food produc ts  f o r  some t ime  and may have something t o  o f f e r  i n s u l a t i o n  
manufacturers,  a l though i t  i s  recognized t h a t  i n s u l a t i o n  has a u s e f u l  
l i f e  o f  50 p l u s  years,  whereas packaging con ta ine rs  u s u a l l y  a r e  designed 
f o r  1-2 years. 

The packaging i n d u s t r y  has been s t r i v i n g  t o  keep a i r  o u t  o f  

Research product.  
d i l u t i o n  o f  b lowing  agent w i t h  a i r  and d i f f u s i o n  o f  gas f rom t h e  product.  

Foam i n s u l a t i o n  f a c i n g  which s i g n i f i c a n t l y  reduces 
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C.3 Recovery/Recycl i ng/Di sposal 

C.3.1 CFC Manufactur ing Recovery Process 

C.3.2 CFC I n c i n e r a t i o n  

C.3.3 Recyc l ing  Panels 

C.3.4 CFC D e s t r u c t i o n  by Methods Other Than I n c i n e r a t i o n  

C.3.5 Recapture o f  CFCs 

C.3.6 CFC Adsorbents 

a t  R e f r i g e r a t o r / F r e e z e r  Ret i rement  
. .  

. .  

c 
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C.3.1 CFC Manufactur ing Recovery Process 

. 
Scope. From 5 t o  20% o f  the  CFCs c u r r e n t l y  used t o  b low foam i n s u l a t i o n  
i s  re leased w i t h i n  the  p roduc t i on  f a c i l i t y .  I f  t h i s  s u b s t a n t i a l  q u a n t i t y  
cou ld  be recovereci, i t  would he lp  extend the  near term p roduc t i on  
l i m i t a t i o n s .  Th is  o n l y  covers the  CFCs re leased d u r i n g  p roduc t i on  
which i nc ludes  s i t e  cur ing.  Th is  work cou ld  be broadened t o  i n c l u d e  
recovery o f  s u b s t i t u t e  b lowing agents which a r e  l i k e l y  t o  have a recovery 
va lue  2-3 t imes more than CFC-11 and 12 us ing  1988 p r i ces .  A more 
d i f f i c u l t  t ask  would be t o  develop techno log ies  which recover  b low ing  
agents d u r i n g  s i t e  pour ing  o r  spray ing  a p p l i c a t i o n s .  A p p l i c a t o r  s a f e t y  
and h e a l t h  impacts would need t o  be c a r e f u l l y  assessed. Quest ions  remain 
as t o  how t o  s a f e l y  d ispose o f  spent carbon. 

Problem s i g n i f i c a n c e .  Carbon adso rp t i on  recovery systems a r e  c u r r e n t l y  
a v a i l a b l e  f o r  use i n  con ta in ing  o r  recover ing  CFC emissions d u r i n g  the  
foaming process. However, t he  carbon adso rp t i on  process i s  ve ry  
energy- in tens ive,  and research i s  needed t o  develop more e f f i c i e n t  
systems. Carbon adso rp t i on  technology i s  w e l l  developed, b u t  
implementat ion depends on economics on a p lan t -by -p lan t  bas is .  

Importance rank ing  (va lue  f r o m  0 t o  5, 5 be ing  most impor tan t )  

1. Technica l  Importance: 3.51; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i d p r i v a t e  Sector :  3.51; Average f o r  29 p r o j e c t s :  2.52 
3. Technica l  M e r i t  Ranking ou t  o f  29 p r o j e c t s :  9 
4.  Comment: Th is  was the  h ighes t  ranked p r o j e c t  i n  t h i s  group. 

Technica l  approach. Review carbon adsorp t ion ,  reverse  osmosis, and 
o t h e r  p romis ing  recovery techniques. 

S e l e c t  most promis ing,  b u i l d  t e s t  f a c i l i t y  t o  determine recovery 
e f f i c i e n c y .  

Major  inpu ts .  Hagler,  B a i l l y  1987, PIMA, Patent  O f f i c e  under CFC 
recovery.  

Research Products 

1. Assessment o f  p romis ing  CFC recovery techniques 
2. Proo f  o f  concept t e s t  f a c i l i t y  
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C.3.2 CFC I n c i n e r a t i o n  

Scope. Disposal  o f  halogenated hydrocarbons 

Problem s i g n i f i c a n c e .  The sa fe  d i sposa l  o f  CFCs i s  a s i g n i f i c a n t  
t e c h n i c a l  problem t h a t  should be imned ia te l y  addressed. Ord ina ry  
combustion may n o t  be t h e  c o r r e c t  s o l u t i o n  s ince  i t  produces a v a r i e t y  
o f  gas-phase produc ts  many o f  which a r e  t o x i c .  
ve ry  h i g h  temperatures can decompose i n t o  h i g h l y  i r r i t a n t  and t o x i c  
gases: c h l o r i n e ,  hydrogen f l u o r i d e  o r  hydrogen c h l o r i d e ,  and phosgene. 
The p r o t o c o l  f o r  acceptab le  d e s t r u c t i o n  o f  CFCs has n o t  been worked out. 
Shredding o f  foam o r d i n a r i l y  re leases  50% o f  t h e  CFC. 
process would have t o  be coupled w i t h  t h e  i n c i n e r a t o r  t o  assure maximum 
combustion. 

CFCs when exposed t o  

The shredding 

Importance rank ing  (va lue  f rom 0 t o  5, 5 be ing  most impor tan t )  

Technical  approach. A search should be undertaken f o r  p rocess ing  
c o n d i t i o n s  t h a t  min imize  the  fo rma t ion  o f  undes i rab le  compounds. A 
process t h a t  combines combustion and gas-phase scrubb ing  c o u l d  reduce 
the  impact o f  p roduc ing  t o x i c  C1 o r  F compounds. An a p p r o p r i a t e  
chemical / thermal dynamic model should be i d e n t i f i e d  t o  s imu la te  
d i f f e r e n t  CFC i n c i n e r a t i o n  c o n d i t i o n s  t o  p r e d i c t  by-product q u a n t i t i e s .  

A) The r e a c t i o n  produc ts  depend on temperature, pressure,  and feed 
composi t ion w i t h  many species p o t e n t i a l l y  formed. 

B) ,The proper  c a t a l y s t , c o u l d  favor r e a c t i o n s  t h a t  produce harmless 
speci  es. 

C )  Gas-phase scrubbers can be designed t o  remove harmful  combustion 
products.  (Th is  w i l l  reduce volume o f  l i q u i d  f o r  d isposa l . )  

D) Absorp t ion  processes ( a c t i v a t e d )  carbon o r  mo lecu la r  s e r i e s  cou ld  
be used t o  t r a p  harmful  products.  

I tems A and C a r e  a m a t t e r  o f  f ocus ing  e x i s t i n g  technology. 
cou ld  i n v o l v e  a research a c t i v i t y  (Exxon o r  DuPont Labs, f o r  example) 
I t e m  D i s  a m a t t e r  o f  l a b o r a t o r y  work w i t h  e x i s t i n g  m a t e r i a l s .  

Major inpu ts .  D.W. Yarbrough, Ce lo tex  Corp., L o r r a i n e  A u l i s i o  

I t e m  B 

Research products. 
CFCs on the  e a r t h  surface. 

Env i ronmenta l l y  sound p i l o t  p l a n t  f o r  d e s t r o y i n g  

. 
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C.3.3 Recyc l ing  Panels 

Scope. 
t o  develop mechanisms t o  recover  and reuse produc ts  c o n t a i n i n g  CFCs. 
Appl iances c o n t a i n i n g  removable i n s u l a t i o n  panels  would seem t o  h o l d  
t h e  g r e a t e s t  chance o f  be ing  recyc led.  

One shor t - te rm s o l u t i o n  t o  extend the  CFC p roduc t i on  l i m i t s  i s  

Importance rank ing  (va lue  f r o m  0 t o  5, 5 be ing most impor tan t )  

Problem s ign i f i cance .  
p r i c e  o f  CFC i n s u l a t i o n s  w i l l  r i s e  and the  economics o f  r e c y c l i n g  w i l l  
improve. Most l a r g e  appl iances a r e  disposed o f  separate f rom the  b u l k  
o f  t he  refuse stream so i t s  spec ia l  hand l ing  enhances the  p o s s i b i l i t y  
o f  e s t a b l i s h i n g  r e c y c l i n g  centers.  The panels  would have t o  have a 
use fu l  l i f e  g r e a t e r  than t h a t  o f  t he  i n i t i a l  app l iance f o r  t h i s  t o  be 
wor th  consider ing.  The concept i s  a t t r a c t i v e  i n  t h a t  i f  a s u b s t a n t i a l  
f r a c t i o n  of panels  cou ld  be recyc led,  t he  CFC demand cou ld  drop t o  zero 
f o r  app l iance i n s u l a t i o n .  Secondly, i f  an app l iance i n s u l a t i o n  
r e c y c l i n g  i n d u s t r y  cou ld  be es tab l i shed,  then why n o t  i n s t a l l  more 
durab le  advance i n s u l a t i o n  w i t h  some evacuat ion? and i f  appl iances? 
b u i l d i n g  i n s u l a t i o n  panel r e c y c l i n g  migh t  n o t  be t h a t  f a r  o f f ?  

Importance rank ing  (va lue  from 0 t o  5, 5 be ing most impor tan t )  

1. Technical  Importance: 1.82; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  2.39; Average f o r  29 p r o j e c t s :  2.52 
3. Technica l  M e r i t  Ranking ou t  o f  29 p r o j e c t s :  28 

Technical  approach. A concept f e a s i b i l i t y  s tudy should be the  f i r s t  
step. 
Montreal  agreement s igners  w i t h  l i t t l e  i f  no CFC p roduc t i on  quotas. 
Sweden i s  scheduled t o  c a l l  f o r  a t o t a l  ban of CFC p roduc t i on  by 1994. 

I f  a l t e r n a t i v e  i n s u l a t i o n s  a r e  n o t  developed the  

Discuss concept w i t h  West Germans, Scandinavians and o t h e r  

Research product.  I n s u l a t i o n  r e c y c l i n g  concept f e a s i b i l i t y  study. 
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C.3.4 CFC D e s t r u c t i o n  by Methods Other Than I n c i n e r a t i o n  

Scope. Disposal  o f  CFC compounds. 

Problem s i g n i f i c a n c e .  
conve r t  them t o  benign o r  u s e f u l  p roduc ts  w i l l  enhance t h e  l i k e l i h o o d  t h a t  
t hey  a r e  des t royed r a t h e r  than re leased t o  t h e  environment. Combustion 
processes and v a r i a t i o n s  l ead  t o  a - v a r i e t y  o f  noxious and c o r r o s i v e  by- 
p roduc ts  (e.g., phosgene, h y d r o c h l o r i c ,  and h y d r o f l u o r i c  ac id ,  o r  p o s s i b l y  
d i o x i n s ) .  Shredding re leases  about 50% o f , t he  R - 1 1  i n  p l a s t i c  foams o f  
recaptured, i s  impure, and may be hard  t o  reuse. 

The d e s t r u c t i o n  o f  CFCs by a process which w i l l  

Importance rank ing  (La lue  f rom 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 2.84; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i * c / P r i v a t e  Sector:  2.25; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  18 - 
Technical  approach. I d e n t i f y  chemical r e a c t i o n s  o f  CFC type  compounds 
t h a t  have t h e  p o t e n t i a l  t o  conver t  them t o  benign o r  u s e f u l  products.  Use 
a combinat ion o f  a p p r o p r i a t e  thermodynamic model and p o t e n t i a l  p roduc t  
va lue (s )  t o  screen l d k e l y  processes. 
t e s t e d  i n  t h e  l abo ra to ry .  When t h e  b e s t  process i s  i d e n t i f i e d ,  e v a l u a t i o n  
would be performed f o r  use as a b a s i s  f o r  d e c i s i o n  on proceeding t o  a 
p i l o t  scale.  

1. requirements,  e s t a b l i s h e d  by law, f o r  d e s t r u c t i o n  and removal 

2. 

The most l i k e l y  candidates would be 

The f o l l o w i n g  minimum s e t  o f  c r i t e r i a  must be met: 

e f f i c i e n c y  must be achieved; 

p roduc ts  o f  t h e  d e s t r u c t i o n  process should n o t  themselves p resen t  a 
d i sposa l  o r  o t h e r  environment problem; 

3.  t h e  process should be economical compared t o  a l t e r n a t i v e s  such as 
r e c y c l  i ng; 

4. t h e  process should be f l e x i b l e  enough t o  handle m i x t u r e s  o f  CFCs so 
t h a t  process c o n t r o l  i s  n o t  complicated. 

Major inpu ts .  DOE/SERI.  

Research products.  
techno1 ogy. 

P i l o t  p l a n t  t o  demonstrate t h e  e f f e c t i v e n e s s  o f  t he  

3 
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C.3.5 Recapture o f  CFCs a t  R e f r i g e r a t o r / F r e e z e r  Ret i rement  

Scope. S i g n i f i c a n t  amounts o f  CFCs i n  r e f r i g e r a t o r / f r e e z e r s  (R/Fs) a r e  
thought  t o  remain through t h e i r  r e t i r e m e n t  and d isposal .  Recaptur ing them 
f o r  r e c y c l i n g  o r  f i n a l  d e s t r u c t i o n  cou ld  improve t h e  s h o r t -  t o  m i d - t e n  
t r a n s i t i o n  f rom CFCs. 

Problem s i g n i f i c a n c e .  Some reg iona l  programs t h a t  e a r l y - r e t i r e  second 
R/Fs t o  g e t  them o f f  t h e  u t i l i t y  g r i d  cou ld  p r o v i d e  an inexpensive way t o  
t e s t  methods f o r  r e c a p t u r i n g  CFCs. For example, one midwest u t i l i t y  
c o l l e c t e d  20,000 R/Fs i n  s i x  months, b u r y i n g  them a l l  i n  a l a n d f i l l .  A 
cons tan t  and f r e e  stream o f  such u n i t s  cou ld  a l l o w  t e s t s  o f  a l t e r n a t i v e  
methods t o  recapture t h e  CFCs i n  t h e  work ing f l u i d ,  and p o s s i b l y  t h e  foam 
as w e l l .  F i v e  t imes more CFCs a r e  i n  i n s u l a t i o n  than i n  work ing f l u i d .  
Economical recovery i s  u n l i k e l y  un less s i g n i f i c a n t  p r i c e  increases occur. 
C a p i t a l i z a t i o n  w i l l  have t o  pay back r a p i d l y  w i t h  t h e  l i k e l y  t r e n d  o f  - 
us ing  l e s s  CFC i n  f u t u r e  appl iances. 

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 2.55; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i d p r i v a t e  Sector:  2.5; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  23 

. 
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C.3.6 Recovery o f  CFCs 

Scope. Recovery o f  CFCs 

Prob lem.s ign i f i cance .  
i s  an expensive process. Development o f  a l t e r n a t i v e  a d s o r p t i o n  media t h a t  
lowered t h e  o v e r a l l  c o s t  would increase t h e  f r a c t i o n  o f  CFCs t h a t  cou ld  be 
economical ly  recovered d u r i n g  foam blowing and c l e a n i n g  operat ions.  
However, t h e  o p e r a t i o n  cos ts  can be s i g n i f i c a n t ,  and research t o  reduce 
t h i s  c o s t  would a l s o  be b e n e f i c i a l .  

Recovery o f  CFCs by a d s o r p t i o n  on a c t i v a t e d  carbon 

Importance rank ing  ( va lue  from 0 t o  5, 6 be ing  most impor tan t )  

1. Technical  Importance: 2.64; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i d p r i v a t e  Sector:  1.75; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  22 

Technical  approach. I d e n t i f y  p o t e n t i a l  adsorbent m a t e r i a l s  and screen 
them based on a v a i l a b l e  data. measure a d s o r p t i o n  isotherms f o r  t h e  most 
promis ing and those f o r  which inadequate da ta  a r e  a v a i l a b l e  t o  r e j e c t  
them. Based on t h e  r e s u l t s ,  prepare a process c o s t  a n a l y s i s  f o r  a 
conceptual recovery system. T h i s  would p r o v i d e  a b a s i s  f o r  d e c i d i n g  t o  go 
t o  t h e  nex t  stage o f  development. 

Major inputs .  DOE/SERI. 

Research products. Development o f  new CFC recovery process. 
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C.4 Implementat ion and I n f o r m a t i o n  Exchange 

C.4.1 Prepare an Approp r ia te  Pub1 i c / P r i v a t e  Research Menu f o r  
A l t e r n a t i v e s  t o  CFC I n s u l a t i o n  

C.4.2 DOE/ORNL/Industry Workshops on A l t e r n a t i v e s  f o r  CFC I n s u l a t i o n  

C.4.3 C r i t i c a l  Assessment o f  Product P roper t y  Tests 

C.4.4 E s t a b l i s h  E s s e n t i a l  Thermal I n s u l a t i n g  M a t e r i a l  P r o p e r t i e s  by Type 
o f  A p p l i c a t i o n  

C.4.5 Develop Energy Impact Data Related t o  CFC R e s t r i c t i o n s  
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C.4.1 

Scope. C o l l e c t ,  organize,  and rev iew a c o l l e c t i o n  o f  p r o j e c t s  t o  
i n c l u d e  i n  a research menu. 
s e c t o r  r e p r e s e n t a t i v e s  t o  d e l i v e r  a consensus plan. 

Problem S i g n i f i c a n c e .  A c t i v i t i e s  i n ' f i n d i n g $ a l t e r n a t i v e s  t o  i n s u l a t i o n  
c o n t a i n i n g  CFCs a r e  s c a t t e r e d  and fragmented. Secondly, t h e  research 
p r o j e c t  s e l e c t i o n  should be based on a mul t - i tude  o f  i n p u t s  t o  improve 
t h e  l i k e l i h o o d  o f  success and compliment t h e  p roduc t  development 
ongoing i n  p r i v a t e  i ndus t r y .  The research e f f o r t  needs a f o c a l  p o i n t  
t o  i n p u t  research ideas and exchange r e s u l t s  i n  a r a p i d  e f f i c i e n t  
manner. Wi th  f i n i t e  resources a p r i o r i t i z e d  l i s t  o f  research p r o j e c t s  
i s  necessary t o  promote cosponsored research, e f f e c t i v e  funds 
d i s t r i b u t i o n ,  and op t im ize  t h e  use o f  f a c i l i t i e s .  

Prepare an Approp r ia te  Pub1 i c / P r i v a t e  Research Menu f o r  
A l t e r n a t i v e s  t o  CFC I n s u l a t i o n  

I n t e r a c t  w i t h  p r i v a t e  i n d u s t r y  and p u b l i c  

Importance rank ing  ( va lue  from 0 t o  5,  5 be ing  most impor tan t ) .  

1. Technical  Importance: 4.3; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i d p r i v a t e  Sector:  2.16; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  1 

Technical  Approach. 

1. Develop a d r a f t  menu f o r  i n i t i a l  d i s t r i b u t i o n  on A p r i l  17, 1988. 

2. S o l i c i t  a d d i t i o n a l  research p r o j e c t s  f rom p o t e n t i a l  workshop 

3. Request i n p u t s  by May 23, 1988. 

p a r t  i c i  pants  . 

4. Revise d r a f t  menu and add t h e  new p r o j e c t s .  

5. D i s t r i b u t e  second d r a f t  a long w i t h  an "Importance Ranking Ba l lo t . ' '  
The p a r t i c i p a n t s  w i l l  be requested t o  be prepared t o  vo te  on t h e  
p r o j e c t s  a t  t h e  June 10, 1988 workshop. 

6. The b a l l o t  r e s u l t s  w i l l  be compiled a t  t h e  workshop and presented 
i n  t h e  session on Recomnendations f o r  Fu tu re  A c t i v i t i e s .  

7. F i n a l  r e p o r t  w i l l  be compiled, d i s t r i b u t e d ,  and presented a t  a f u t u r e  
workshop. 

Major  Inputs .  DOE, EPA, CFC producers, Foam I n s u l a t i o n  Manufacturers,  
ASTM C-16 members, CFC I n s u l a t i o n  workshop p a r t i c i p a n t s  

Research products.  A consensus research menu 
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C.4.2 DOE/ORNL/Industry Workshops on A l t e r n a t i v e s  f o r  CFC I n s u l a t i o n  

Scope. Organize, host ,  and p u b l i s h  proceedings o f  a semi-annual workshop. 
To h e l p  develop an i n i t i a l  research menu, cont inuous guidance o f  ongoing 
research, and i n p u t  f o r  f u t u r e  s e l e c t i o n  o f  a p p r o p r i a t e  a c t i v i t i e s .  A 
second o b j e c t i v e  i s  t o  p r o v i d e  a forum f o r  exchange o f  r e s u l t s .  

Problem s i g n i f i c a n c e .  I t  i s  i n  t h e  n a t i o n a l  i n t e r e s t  t o  have b u i l d i n g s  
and appl iances t h a t  a r e  energy e f f i c i e n t  y e t  do n o t  cause excessive 
environmental  degradat ion.  The ex tens i ve  use o f  CFCs has been 
proc la imed by t h e  October 1988 Montreal Agreement t o  be env i ronmen ta l l y  
unacceptable. Through government r e g u l a t i o n s  t h e  p r o d u c t i o n  o f  CFCs 
w i l l  be r e s t r i c t e d  i n  t h e  near f u t u r e .  A number of recen t  s t u d i e s  have 
found t h a t  w i t h o u t  an acce le ra ted  research e f f o r t  t h e  CFC r e s t r i c t i o n s  
w i l l  adve rse l y  impact DOE'S m iss ion  t o  cont inue work ing w i t h  i n d u s t r y  t o  
improve energy e f f i c i e n c y .  
government agencies i n t e r a c t  t o  f i n d  acceptable a l t e r n a t i v e s  t o  t h e  
c u r r e n t l y  used CFC i n s u l a t i o n s .  A government-sponsored workshop cou ld  
meet t h i s  need. 

I t  i s  p e r t i n e n t  t h a t  i n d u s t r y  and va r ious  

Importance rank ing  ( va lue  from 0 t o  5, 5 be ing  most impor tan t )  

1. Technical  Importance: 4.13; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  1.87; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  2 

Technical  approach. Form a p u b l i d p r i v a t e  i n d u s t r y  p lann ing  team f o r  
t h e  f i r s t  workshop ( A p r i l  1988), conduct a t i m e l y  workshop (June 1988), 
p u b l i s h  proceedings, and p l a n  nex t  workshop. Discuss ions a t  t h e  June 1988 
CFC Workshop on A l t e r n a t i v e s  f o r  I n s u l a t i o n s  Con ta in ing  CFCs i n d i c a t e d  ' 

t h a t  p e r i o d i c  workshops would be des i rab le .  They should be focused on 
s p e c i f i c  p r o j e c t s  i n  t h e  f u t u r e  and be h e l d  every s i x  months t o  a year. 

Major  i npu t s  . DOE/ORNL , EPA, Polyurethane I nsul  a t  i on Manufacturers 
A s s o c i a t i o n  (PIMA) 

Research products. 

1. Proceedings I 

2. P r i o r i t i z e d  research menu 
3. I d e n t i f y  areas f o r  i n t e r a c t i o n s  

c 
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C.4.3 C r i t i c a l  Assessment o f  Product  P roper t y  Tes ts  

Scope. Product  performance r e q u i r e s  a v a r i e t y  o f  p ro  e r t y  t e s t  , A 
c r i t i c a l  assessment o f  these t e s t s  i s  needed t o  d e f i n e  t h e i r  accuracy, 
p r i o r i t y ,  and p o t e n t i a l  improvements. Th is  would i n c l u d e  t e s t  
sources. The p r o p e r t i e s  should inc lude:  

mo is tu re  abso rp t i on  capac i t y  
l i q u i d  water  t ransmiss ion  
vapor t ransmiss ion  (ASTM E 96-80 takes 10-14 days, t o o  long)  
f reeze-thaw res i s tance  
c o r r o s i o n  p o t e n t i a l  
thermal c o n d u c t i v i t y  ( f u n c t i o n  o f  temperature, mo is tu re  exposure, 

thermal d i f f u s i v i  t y  (measure r a t h e r  than c a l c u l a t e  f rom 

thermal expansion (ASTM D696) 
shr inkage 
flamnability/combustibility 
t o x i c i t y  
fungus res i s tance  
dimensional  s t a b i l i t y  
c a v i t y - f i l l i n g  ( i n  case o f  spray o r  poured i n  p lace )  
c e l l  s t ruc tu re /compos i t i on  
d e n s i t y  
o f fgass ing / re lease  o f  p a r t i c u l a t e s  
compressive s t r e n g t h  

and t ime)  

c o n d u c t i v i t y ,  d e n s i t y  and s p e c i f i c  heat)  

Problem s ign i f i cance .  The acce le ra ted  research e f f o r t  under way t o  f i n d  
s u b s t i t u t e s  f o r  c u r r e n t l y  a v a i l a b l e  CFC i n s u l a t i o n s  w i l l  s t i m u l a t e  a 
number o f  new i n s u l a t i n g  produc ts  t o  e n t e r  t h e  market p lace.  J u s t  which 
a r e  t h e  most r e l e v a n t  p roduc t  p r o p e r t y  t e s t s  needed t o  p r e d i c t  long- term 
performance? How accura te  a r e  t h e  t e s t s ?  Can t e s t  procedures be improved 
t o  screen acceptable p roduc ts  a t  reduced c o s t  and on a s h o r t e r  t ime sDan? 
Discuss ions t h e  t h e  June 1988 CFC workshop seemed t o  conclude t h a t  t he  
thermal p r o p e r t i e s  were most c r i t i c a l .  

Standard performance c r i t e r i a  f o r  va r ious  a p p l i c a t i o n s  need t o  be 
developed t o  h e l p  des ign  engineers s e l e c t  t h e  b e s t  m a t e r i a l  f o r  a g i ven  
a p p l i c a t i o n .  I t  makes sense t h a t  t he  requi rements f o r  a l l  m a t e r i a l s  used 
i n  a g i ven  a p p l i c a t i o n  should be t h e  same. Also,  i t  i s  impor tan t  t o  
ensure t h a t  t h e  performance c r i t e r i a  on which t h e  s e l e c t i o n  i s  based a re  
appropr ia te .  For  example, a comnon c o n d i t i o n  used f o r  measuring 
dimensional  s t a b i l i t y  i s  158°F and 97% r e l a t i v e  humid i ty .  
e n t i r e l y  too  severe f o r  most a p p l i c a t i o n s  and t h e r e f o r e  i s  unduly  
r e s t r i c t i v e  (i.e., foundat ion  i n s u l a t i o n  a p p l i c a t i o n s ) .  

T h i s  i s  

Both c losed c e l l  and open c e l l  board foam p l a s t i c  thermal i n s u l a t i o n s  have 
been known t o  r e t a i n  mo is tu re  under h o t  and c o l d  des ign  s e r v i c e  
c o n d i t i o n s  (NPP 111). 
o f  m o i s t u r e - i s  needed f o r  a p p l i c a t i o n s  such as low s lope b u i l t - u p  roo fs ,  
c o l d  s to rage warehouses, and foundat ions.  

Design i n f o r m a t i o n  as t o  the  amount and d i s t r i b u t i o n  
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Importance rank ing  (va lue from 0 t o  5 ,  5 be ing  most impor tan t )  

1. Technical  Importance: 2.74; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i c / P r i v a t e  Sector:  2.22; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  20 

Technical  approach. The assessment would be i n i t i a t e d  by an RFP t o  
document and c r i t i c a l l y  eva lua te  a v a i l a b l e  l a b o r a t o r y  t e s t  capaci ty .  
Determine r e l e v a n t  p roduc t  p r o p e r t y  tes ts .  A r e p o r t  would be produced, 
f o l l o w e d  by a round-robin t e s t i n g  o f  va r ious  p r o p e r t i e s  t o  e s t a b l i s h  
accuracy, p r e c i s i o n  and suggest improvements. 

Major  inputs .  DOE/ORNL, Thermophysical P r o p e r t i e s  o f  Freons, 
Al tumin,  e t  a l .  

Research products. 

1. 
2. 
3. 

C r i t i c a l  e v a l u a t i o n  o f  c u r r e n t  t e s t  capaci ty .  
L i s t  o f  improvements f o r  enhancing t h e  q u a l i t y  o f  p r o p e r t y  t e s t i n g .  
Aid users i n  t h e  s e l e c t i o n  and s p e c i f i c a t i o n  o f  i n  s i t u  foam 
i n s u l a t i o n s .  
Prov ide a procedure f o r  assessing new i n s u l a t i o n  m a t e r i a l s .  
I n f o r m a t i o n  t o  a s s i s t  development o f  new products. 

4. 
5. 
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C.4.4 E s t a b l i s h  Essen t ia l  Thermal I n s u l a t i n g  M a t e r i a l  P r o p e r t i e s  by Type 

Scope. E f f i c i e n t  p roduc t  development r e q u i r e s  a c l e a r l y  d e f i n e d  s e t  o f  
e s s e n t i a l  p roduc t  p roper t i es .  For  most thermal i n s u l a t i o n  a p p l i c a t i o n s ,  
t h e  e s s e n t i a l  p roduc t  p r o p e r t i e s  have n o t  been es tab l i shed.  Therefore,  
t h i s  p r o j e c t  should e s t a b l i s h  e s s e n t i a l  p roduc t  p r o p e r t i e s  f o r  a l l  
a p p l i c a t i o n s  i n  which s i g n i f i c a n t  q u a n t i t i e s  o f  CFC blown c e l l u l a r  
p l a s t i c  thermal i n s u l a t i o n s  a r e  now used. 

P r o j e c t  s i g n i f i c a n c e .  
ob jec t i ve .  Perce ived thermal i n s u l a t i n g  m a t e r i a l  p r o p e r t y  cequirements 
a r e  c u r r e n t l y  a combinat ion o f  f ede ra l ,  s t a t e ,  and l o c a l  standards and 
codes, consensus standards (ASTM) , and manufac turer ' s  "c la ims. 'I Some o f  
t he  p r o p e r t i e s ,  perce ived as e s s e n t i a l ,  a r e  tha t .  Others a r e  c l e a r l y  n o t  
essen t ia l .  I f  the  non-essent ia l  p r o p e r t y  requi rements a r e  n o t  e l im ina ted ,  
unnecessary e f f o r t  and undesi red de lay  i n  develop ing CFC a l t e r n a t i v e s  w i l l  
bo th  happen. 

Importance rank ing  (va lue  f rom 0 t o  5, 5 be ing  most impor tan t )  

o f  A p p l i c a t i o n  

0 L- 

E f f i c i e n t  research r e q u i r e s  a c l e a r l y  d e f i n e d  

Major  inpu ts .  I n p u t  f rom owners, designers,  code o f f i c i a l s ,  regu la to rs ,  
and manufacturers  w i l l  be requi red.  To make progress i n  a reasonable 
amount o f  t i m e ,  a s t rong,  t e c h n i c a l l y  competent r e f e r e e  ( p r o j e c t  manager) 
i s  e s s e n t i a l .  

Research products.  
a p p l i c a t i o n  s i m i l a r  t o  IS0 DTR 9774 and m igh t  be i n  t h e  ASTM format.  
A p p l i c a t i o n s  covered should i n c l u d e  a t  l e a s t :  (1) thermal i n s u l a t i o n  i n  
b u i l d i n g s ,  (2) thermal i n s u l a t i o n  i n  r e f r i g e r a t e d  appl iances,  and 
(3) thermal i n s u l a t i o n  i n  r e f r i g e r a t e d  t r a n s p o r t a t i o n .  Other  a p p l i c a t i o n s  
considered major  uses o f  c e l l u l a r  p l a s t i c s  i n s u l a t i o n  should a l s o  be 
def ined.  

The p r o j e c t  should p r o d u c e p  standard f o r  each 

. 

Cost and t ime est imate.  
a p p l i c a t i o n  as p r o j e c t  manager, p l u s  w i l l i n g  vo lun tee r  suppor t  f r o m  
owners, des igners,  bureaucrats ,  and manufactures. 

One h a l f  man-year (over  two year  pe r iod )  pe r  
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C.4.5 Develop Energy Impact Data Related t o  CFC R e s t r i c t i o n s  

Scope. 
i n d u s t r i a l  i n s u l a t i o n  a p p l i c a t i o n s .  

Develop energy impact da ta  f o r  r e s i d e n t i a l ,  comnercial ,  and 

Problem s i g n i f i c a n c e .  The a v a i l a b i l i t y  and/or  performance o f  r i g i d  foam 
i n s u l a t i o n  products  a r e  expected t o  change as a r e s u l t  o f  CFC 
r e s t r i c t i o n s .  Given t h e  h i s t o r i c a l  c o n t r i b u t i o n  o f  these products  t o  
energy conserva t i on  e f f o r t s ,  i t  i s  necessary t o  determine t h e  energy 
impact o f  t h e  f o l l o w i n g  scenar ios:  

1. Foam i n s u l a t i o n  us ing  new b lowing agents r e s u l t i n g  i n  lower  R-values 
p e r  i n c h  than those c u r r e n t l y  a v a i l a b l e .  

2. The s h o r t  term e f f e c t  o f  CFC r e s t r i c t i o n s  r e s u l t s  i n  reduced 
a v a i l a b i l i t y  i n  t h e  foam i n s u l a t i o n  supply ( t h i s  may happen due t o  the  
l a c k  o f  l1drop-inl1 b lowing agent f o r  these p roduc ts l .  

3. Other i n s u l a t i o n  products  o r  b u i l d i n g  techniques a r e  developed. 

Al though some i n f o r m a t i o n  i s  a v a i l a b l e ,  t h e r e  i s  no r e p o r t  which 
represents  t h e  t o t a l  energy impact. 

Importance rank ing  (va lue from 0 t o  5: 5 be ing  most impor tan t )  

1. Technical  Importance: 3.53; Average f o r  29 p r o j e c t s :  3.01 
2. P u b l i d p r i v a t e  Sector:  1.72; Average f o r  29 p r o j e c t s :  2.52 
3. Technical  M e r i t  Ranking o u t  o f  29 p r o j e c t s :  8 

Technical  approach. Ana lys i s  o f  e x i s t i n g  da ta  and d a t a  sources. Data 
c o l l e c t i o n  f o r  m iss ing  i n fo rma t ion .  P repara t i on  o f  repo r t .  

Major i npu ts .  DOE; P r i v a t e  i n d u s t r y ;  Academic sector.  

Research products.  
comnercial ,  i n d u s t r i a l ) .  

Energy impact i n  quads f o r  each segment ( r e s i d e n t i a l ,  

Time. 1-2 months. 
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Appendix D 

Sample B a l l o t  and Processing 

I n i t i a l l y ,  we env is ioned a much sma l le r  group, w i t h  hand t a b u l a t i o n  o f  the  
r e s u l t s  e a s i l y  managed a t  t h e  workshop. As t h e  workshop p lans  s o l i d i f i e d  
i t  became q u i t e  apparent t h a t  t h e  number o f  b a l l o t s  t o  be processed would 
be l a r g e r  than cou ld  be handled manually. Also, a t  t h e  f i r s t  p lann ing  
meet ing i t  was agreed t h a t  each o f  t h e  research p r o j e c t s  would be g i ven  
two va lues i n s t e a d  o f  j u s t  one; t h e  f i r s t  an importance rank ing  from 0 t o  
5 w i t h  f i v e  be ing t h e  most impor tant ,  and t h e  second a "who should do i t?" 
value f rom 0 t o  5 w i t h  a 0 being a l l  p u b l i c  sec to r ,  and a 5 be ing  a l l  
p r i v a t e  sector.  

The v o t e r s  were asked t o  consider  t h e  f o l l o w i n g  c r i t e r i a  when ass ign ing  
t h e i r  importance rankings: 

1. t h e  t e c h n i c a l  m e r i t  o f  t h e  task,  

2. t h e  importance o f  t h e  task  t o  n a t i o n a l  needs, 

3. t h e  p o t e n t i a l  f o r  CFC abatement, 

4. t h e  p o t e n t i a l  energy savings r e s u l t i n g  f rom a successfu l  complet ion 
o f  t h e  task, and 

5. t h e  reasonableness o f  t h e  est imated c o s t  o f  t h e  task  compared t o  t h e  
b e n e f i t s  which may r e s u l t  

Alan Fine, a c o n s u l t a n t  t o  t h e  BTESM Program e s t a b l i s h e d  c o n t a c t  w i t h  
Na t iona l  Computer Systems (NCS)'. Th i s  company markets a desk top  survey 
system c a l l e d  5 u r v e y  Network." T h i s  system combines desktop p u b l i s h i n g  
and o p t i c a l  mark reading. NCS helped us format  and than p r i n t e d  t h e  
sample ques t i onna i re  shown i n  F igu re  D.l. The ques t i onna i re ,  f o rma t ted  
w i t h  a desktop p u b l i s h i n g  sof tware program, i s  p r i n t e d  o u t  on open-format 
scannable forms us ing  a l a s e r  p r i n t e r .  A f t e r  t h e  d i s c u s s i o n  o f  a l l  t h e  
research p r o j e c t s  t h e  at tendees were g i ven  30 minutes t o  t u r n  i n  t h e i r  
b a l l o t s .  The 60, three-page b a l l o t s  were then entered i n t o  a data base 
us ing  an o p t i c a l  mark reading scanner. The o p t i c a l  mark reading 
technology improved t h e  v a l i d i t y  and accuracy and helped d e l i v e r  t h e  
r e s u l t s  o f  t h i s  b a l l o t  i n  a much more e f f e c t i v e  manner than sending o u t  
t h e  r e s u l t s  a f t e r  t h e  workshop. The data was a u t o m a t i c a l l y  accessed by a 
s t a t i s t i c a l  a n a l y s i s  package c a l l e d  StatPac Gold. A s i x  page s t a t i s t i c a l  
r e p o r t  on each research p r o j e c t  rank ing  was a u t o m a t i c a l l y  produced. The 
s t a t i s t i c s  enabled a n a l y s i s  o f  t h e  data by a l l  at tendees, as w e l l  as those 
who marked t h e i r  b a l l o t s  f rom t h e  p r i v a t e  sec to r ,  and a t h i r d  s e t  f o r  the  
group which marked t h e i r  b a l l o t s  f r o m  the  p u b l i c  sector .  
t h e  da ta  on a f l o p p y  d i s k  f o r  more d e t a i l e d  a n a l y s i s  a f t e r  t h e  workshop. 
A d d i t i o n a l  a n a l y s i s  o f  t h e  cleaned-up data base i s  shown i n  chapter  f o u r  
o f  t h i s  repo r t .  

NCS a l s o  prov ided 
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The o v e r a l l  mean va lue  f o r  t he  importance rank ing  and t h e  Itwho should do 
i t "  en t ree  f o r  each research p r o j e c t  were then manual ly  typed i n t o  a 
Symphony spread sheet and used i n  a macro program w r i t t e n  by Alan Fine, 
U n i v e r s i t y  o f  Kentucky, t o  a u t o m a t i c a l l y  produce severa l  rank ings  o f  t he  
r e s u l t s ,  o v e r a l l  (across a l l  ca tego r ies ) ,  and rank ing  w i t h i n  each o f  t he  
f o u r  categor ies.  Th is  was presented l i v e  l e s s  than two hours a f t e r  t he  
l a s t  b a l l o t  was submi t ted t o  the  workshop at tendees, us ing  a Kodak Data 
Show. The Data Show i s  a l i q u i d  c r y s t a l  d i s p l a y  panel  which i s  p laced 
on an overhead p r o j e c t o r  and reproduces the  Personal Computer CRT 

p a r t i c i p a n t  a t  t h e  workshop. There were a few da ta  en t rees  missed by 
t h e  o p t i c a l  mark reader  because t h e  i n i t i a l  vo te  was erased and a new 
one marked. The computer da ta  base u s u a l l y  had a s t a r  f o r  those ent rees 
where i t  cou ld  n o t  c l e a r l y  d e t e c t  t he  in tended value. Secondly, t he re  
were f o u r  sheets o u t  o f  a t o t a l  o f  about 175 which were n o t  read i n t o  
the  computer. These c o r r e c t i o n s  were made t o  t h e  da ta  base and t h e  
s t a t i s t i c s  recompi led us ing  the  so f tware  program Symphony. The f i n a l  
b a l l o t  r e s u l t s  changed i n s i g n i f i c a n t l y  as a r e s u l t  o f  t h i s  manual da ta  
base c lean up. 

screen. A hard copy o f  t he  o v e r a l l  r ank ing  was g i ven  t o  each . -- 

1. Na t iona l  Computer Systems, 1101 30 th  S t r e e t ,  NW, S u i t e  500, 
Washington, DC 20007 
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Please complete the importance ranking using the following criteria: 
1. The technical merit of the task 
2. The impoflance of the task to national needs 
3. The potential for CFC abatement 
4. The potential energy savings resulting fiom a successful completion 

5. The reasonableness of the estimated cost of the task compared to 

Please assign two values for each project: 
1. Importance (0 to 5 , s  being the most important) 
2. Who should do it? (0 to5,O all public sector, 5 aU private sector) - '- 

of the task 

the benefits which may result 

. 

I am form: 

Private Sector 
Public Sector 
Other Sector 

I I 

C.l Insulations with Alternative Blowing Agents 
Who should 

do it? Importance 

0 1 2 3 4 5  0 1 2 3 4 5  
C1.1 Accelerated foam Aging for determination of design R-values L -1 n m ]  

~~ 

C.12 Develop a low K Standard Reference Material (SRM) for calibration of 

C1.3 Develop an accurate data b m  of the thermal propUties of the more 
promising alternative Mowing agents 

C.1.4 Identify new chemical blowing agents 
C.1.5 Design and implement a reliable field test project 
C.1.6 Environmentally acceptable blowing agents in foam insulation: 

thermal conductivity measuring devices ~ U I r u I r n  

3$€Eiilm 
Means to achieve equivalent efficiency ~UuTnCmJn 

C1.7 Develop a calculation methodology for Bammzbdity testing of ~w 
iasulatioos intended for single-ply rooting applications - m1 

(21.8 Thermal Resistance measurements of current CFC insulations and 
duce or non CFC alternatives ils they become available L 

C.1.9 Thermal conductivity of expanded polymers with chemically inactive gasses----) 
C1.10 Manufacture of environmentally acceptable plastic foam insulations L 
C.l.ll Protocol to predict long term (5 yr) thermal performance of cellular foam 

insulation products + 
C.1.12 Develop accurate data base of physical properties of substitute blowing agents + 
C.1.13 b 
C.1.14 w 

OPTIONAL Name: 

Page 1 of 3 
Figure D . l  Three page sample CFC klorkshop b a l l o t  

8954 I= 
I II 111 I .. SURVEY NETWORK'" 

0 
Fam Numb.. 75020-5-72 
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Please complete the importance ranking using the following criteria: 
I .  The technical merit of the task 
2. The importance of the task to national needs 
3. The potential for CFC abatement 
4. The potential energy savings resulting from a successful completion 

5. The reasonableness of the estimated cost of the task compared to 

Please assign two values for each project: 
1. Importance (0 to 5 , 5  being the most important) 
2. Who should do it? (0 to5,O all public sector, 5 all private sector) 

of the task 

the benefits which may result 
. .. 

C.2 Alternative Insulations 

C.2.1 Production and demosttation of composites with high thermal 
resistance b 

C2.2 Evacuated pawls "super Insulations" for buildings and appliances -b 
C.2.3 Evaluation of Components for Super Insulations b 
C.2.4 Non CFC Systems b 
C.2.5 Non CFC Foundation Insulation Application Verification -) 
C.2.6 Develop facing materials that eliminate out-gassing of CFC substitutes A 
C.2.7 b 
C.2.8 b 

I.. 

C.3 Recovery / Recycling / Disposal 

I am from: 

Private Sector 
Public Sector 
Other Sector 

Importance Who should do it? 
0 1 2 3 4 5  0 1 2 3 4 5  

Who should 
Importance do it? 

= .  
= :  

C.3.1 CFC manufacturing recovery pmess b 

C.3.2 CFC incineration b 
C.3.3 Recycling Panels b 

C.3.4 CFC destruction by methods other ban incineration b 
C.3.5 Recapture of CFCs at Rehigerator / freezer retirement b 
(2.3.6 CFC adsorbents b 
c.3.7 b 
C.3.8 

= :  
= :  
= :  OPTIONAL: Name: 
I '  

0 1 2 3 4 5  0 1 2 3 4 5  

Figure D1 (cont'd) Page2of3 
- I  
= I  

4848 I-. = li 
I I I I w I I =  .. SURVEY NETWORK'" 

0 
Form Numb., 75020 6.72 
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I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 
I 
I 
1 

P r o p e r  Marks NATIONAL 
COMPUTER 
SYSTEMS USE A N0.2 PENCIL -a)- Network" 

, 1. 

Please complete the importance ranking using the following criteria: 
1. The technical merit of the task 
2. The importance of the task to national needs 
3. The potential for CFC abatement 
4. The potential energy savings resulting from a successful completion 

5. The reasonableness of the estimated cost of the task compared to 
of the task 

the benefits which may result 

Please assign two values for each project: . -  
1. Importance (0 to 5 , 5  being the most important) 
2. Who should do it? (0 to5,O all public sector, 5 all private sector) 

C.4 Implementation and Information Exchange 

C.4.1 Prepare an appropriate Public / Private researcb plan for alternatives 

I am from: 
Private Sector 
Public Sector 
Other Sector 

I 

I 

I 

I 

I 

I 

I 

Y 

I 

I 

I 

I 

Whoshould I 
= ,  do it? Important 

e 

e 

to CFC Insulation 
C.4.2 DOE / ORNL / Indusuy Workshops on Alternatives for CFC Insulation - 
C.4.3 Critical Assessment of Product Property Tests 
C.4.4 Establish essential thermal insulating propenies by type of applicatioo L 

c.4.5 
C.4.6 

- !  
- ;  
- :  
I- 

o m m e n t s  

Fiaure D1 (cont 'd)  

OPTIONAL Name: 
Page3of3 I I 

- 1  
1142 I-. I 1  

I 111 11 I .. SURVEY NETWORK" 
0 

Fmm Number 76020-5.12 

.. _.__ 
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Appendix E 

Chronology o f  B u i l d i n g  Thermal Envelope Systems 
and M a t e r i a l s  (BTESM) Program CFC r e l a t e d  a c t i v i t i e s  

1977 ' 

P a r t i c i p a t e d  i n  a work ing group o f  ASTM C-16 which d e f i n e d  t h e  need f o r  
Standard Reference M a t e r i a l s  (SRM) and recomnended a s e t  o f  candidates f o r  
i n s u l a t i o n  measurement comparisons. Th is  i nc ludes  SRM f o r  h i g h  R 
i n s u l a t i o n s .  

1981 

P u b l i c a t i o n  o f  A r t h u r  D. L i t t l e  r e p o r t  "Development o f  Advanced I n s u l a t i o n  
f o r  Appliances," ORNL/Sub/81-13800/1. Th is  r e p o r t  concludes evacuated and 
a i r - f i l l e d  i n s u l a t i o n s  show s i g n i f i c a n t  energy sav ings p o t e n t i a l .  Fo l low 
up r e p o r t s  demonstrated t h a t  R-values o f  20 f t 2 .h - "F /B tu  can be achieved 
by combinat ions o f  smal l  p a r t i c l e s  and reduce pressures. The ORNL p r o j e c t ,  
"Development o f  Advanced Thermal I n s u l a t i o n  f o r  Appl iances,"  y i e l d e d  
ORNLKON-159 ( J u l y  1984), ORNL/CON-199 (May 1986), and ORNL/CON-215 
(September 1986). 

1982-83 

F i e l d  t e s t e d  e x t e r i o r  a p p l i e d  ext ruded po lys ty rene  EXPS i n s u l a t i o n  
v e r t i c a l  and h o r i z o n t a l  ( r o o f  and f l o o r )  below grade a p p l i c a t i o n .  
ORNL/TM-8571, "Thermal Envelope F i e l d  Measurements i n  an Energy-Eff  
O f f i c e  and Dormitory,"  (Ap r i  1 1983). 

1984 

n 

c i e n t  

I n i t i a t e d  fund ing  o f  bas i c  e x p l o r a t o r y  research on foaming and heat  
t r a n s f e r  work a t  M I T  t h a t  had been p r e v i o u s l y  funded by t h e  DOE-ECUT 
Program (1981-1983), t he  foam i n d u s t r y  and by t h e  Urethane D i v i s i o n  o f  the 
Soc ie ty  o f  P l a s t i c s  Indus t ry .  I n  1981 M I T  conducted an assessment of 
thermal res i s tance  and aging t o  i d e n t i f y  phys i ca l  mechanisms. I n  
1981-1984 M I T  measured r a d i a t i o n  p r o p e r t i e s  ( s c a t t e r i n g  and abso rp t i on )  o f  
foams, determined foam geometry (percent  o f  polymer i n  c e l l  w a l l  and c e l l  
shape), made i n i t i a l  b lowing agent p e r m e a b i l i t y  measurements. I n  
1985-1987 t h e  emphasis was on p e r m e a b i l i t y  measurements a t  room 
temperature and e leva ted  temperatures f o r  C02, N2, 02, and CFC-11. 
P e r m e a b i l i t y  and foam geometry were added t o  foam ag ing  model. I n  
1987-1988 opaque f l a k e s  were used t o  improve the  R-value o f  foams and a 
r a d i a t i o n  model was developed which inc luded e f f e c t  o f  c e l l  s i z e  and 
dens i ty .  Th i s  work y i e l d e d  the  f o l l o w i n g  repo r t :  "Aging o f  Polyurethane 
Foams, The I n f l u e n c e  o f  Gas D i f f u s i o n  on Thermal Conduct iv i t y , I l  
ORNL/SUB/84-9009/2, (August 1986). 
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1985 

From December 1985 u n t i l  October 1987 the  r o o f i n g  program conducted a 
f i e l d  s tudy  o f  t h e  thermal performance o f  a pheno l i c  foam i n s u l a t e d  r o o f  
system on t h e  Roof Thermal Research Apparatus. The t e s t i n g  showed a 
thermal d r i f t  o f  about 20% over  a two year  t e s t  per iod.  
t e s t ,  t h e  s u p p l i e r  i n d i c a t e d  t h a t  t h e  m a t e r i a l  was f rom an exper imenta l  
p roduc t i on  run. The va lue i n  the  program was i n  showing t h a t  r e l i a b l e  i n  
s i t u  thermal measurements were poss ib le .  

Developed a s i m p l i f i e d  des ign t o o l  f o r  s e l e c t i n g  op t ima l  foundat ion  
i n s u l a t i o n  l e v e l s .  Th i s  t o o l  was used i n  ASHRAE Standard 90.2P t o  develop 
recommended foundat ion  i n s u l a t i o n  l e v e l s  f o r  a l l  U.S. and Canadian 
Cl imates.  
o f  EXPS. 
parameters i n  t h e  f u t u r e  t h i s  procedure needs t o  be re run  w i t h  t h e  
replacement p roduc t  R-values and costs.  Th i s  a l s o  p rov ides  a s t rong  
i n c e n t i v e  t o  h e l p  develop a replacement p roduc t  t h a t  equals  o r  exceeds 
c u r r e n t l y  a v a i l a b l e  EXPS. Th is  technique was pub l i shed  i n  t h e  ASHRAE 
Transact ions,  Volume 1, i n  1987. 

1986 

Subsequent t o  the  

Some o f  t h e  curves a r e  based on c o s t  and long  term performance 
I f  t h i s  p roduc t  i s  go ing  t o  have d i f f e r e n t  performance 

I n i t i a t e d  work on a B u i l d i n g  Foundations Design Handbo.ok. The 
recomnendations tend t o  l ead  b u i l d e r s  toward e x t e r i o r  i n s u l a t i o n  
a p p l i c a t i o n s  and t o  ext ruded po lys ty rene.  
t o  change t h e  performance o r  p r i c e  o f  t h i s  product ,  t he  handbook which has 
the  p o t e n t i a l  o f  becoming a s i g n i f i c a n t  i n f o r m a t i o n  source i n  f u t u r e  
foundat ion design, must be updated. May 1988, ORNL/Sub/86-72143/1. 

I f  CFC r e s t r i c t i o n s  a r e  going 

Began p a r t i c i p a t i o n  i n  a foundat ion  i n s u l a t i o n  r e t r o f i t  f i e l d  study. Th is  
research i n v o l v e s  m o n i t o r i n g  about 20 r e s i d e n t i a l  b u i l d i n g s  f o r  one w i n t e r  
w i t h o u t  basement w a l l  i n s u l a t i o n  and than r e t r o f i t t i n g  and m o n i t o r i n g  the  
energy performance o f  these same 20 houses w i t h  basement i n s u l a t i o n .  About 
h a l f  o f  t he  basements a r e  going t o  be r e t r o f i t t e d  w i t h  a s u i t a b l e  e x t e r i o r  
i n s u l a t i o n .  EXPS i s  t h e  p r e f e r r e d  produc t  b u t  concerns about f u t u r e  
a v a i l a b i l i t y  s e r i o u s l y  impact t h i s  dec is ion .  

1987 

On March 16, 1987, The BTESM program submi t ted a proposal  f o r  a j o i n t  
ORNL/MIT s tudy  o f  thermal d r i f t  o f  foam i n s u l a t i o n  t o  the  Soc ie ty  o f  the  
P l a s t i c  I ndus t r y .  The s tudy i nc luded  l a b o r a t o r y  and f i e l d  measurements as 
w e l l  as t h e o r e t i c a l  s tud ies  o f  foam s t ruc tu re .  The proposal  was s e t  as ide  
because o f  g r e a t e r  concern i n  t h e  i n d u s t r y  over  the  CFC issue. 

. 

. 

On J u l y  20, 1987, presented p o t e n t i a l  energy sav ings impact i n  foundat ions 
as a r e s u l t  o f  r e s t r i c t i o n s  on ext ruded po lys ty rene  t o  EPA s t a f f  members 
Steve Anderson and Dean Smith. 
Study, was a l s o  present.  

Kel ly Wert, au thor  o f  t h e  Radian Impact 
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Reviewed Radian r e p o r t  t i t l e d  ' 'Regulatory Impact Ana lys is :  P r o t e c t i o n  o f  
S t r a t o s p h e r i c  Ozone Volume 111: Addenda t o  the  Regu la to ry  Impact 
Ana lys i s  Document-Rigid Foamt1 a t  t he  request  o f  EPA i n  August 1987. 

Conducted a d e t a i l e d  a n a l y s i s  o f  Impact o f  CFC R e s t r i c t i o n s  on U.S. 
B u i l d i n g  Foundat ion Thermal Performance, ORNL/CON-245 (December 1987). 
Concluded t h a t  foundat ion  i n s u l a t i o n  usage i s  i n c r e a s i n g  r a p i d l y .  
I nc reas ing  foundat ion  i n s u l a t i o n  l e v e l s  a r e  recomnended i n  ASHRAE 90.2P 
and t h e  Model Energy Codes. R e s t r i c t i n g  the  a v a i l a b i l i t y  o f  EXPS, 
ext ruded po lys ty rene,  p laces  the  growing acceptance o f  foundat ion  
i n s u l a t i o n  and r e s u l t i n g  energy savings a t  r i s k .  
In te ragency  Agreement t o  i n c l u d e  an assessment o f  t h e  energy savings 
impact i n  r e s i d e n t i a l  and comnercial  b u i l d i n g  w a l l s  and r o o f s  o f  CFC 
r e s t r i c t i o n s  on U.S. b u i l d i n g  thermal performance i n  September 1987. NBS 
a n a l y s i s  o f  t he  energy impacts o f  CFC r e s t r i c t i o n s  on r e s i d e n t i a l  and 
comnercial  b u i l d i n g  w a l l  and roofs .  F i n a l  r e p o r t  t o  be pub l i shed  i n  
f i s c a l  1988 (Fanney and Petersen l e t t e r  repo r t ) .  

Extended the  ORNL-NBS 

U t i l i z e d  es tab l i shed  contac ts  w i t h  foundat ion  i n s u l a t i o n  manufacturers  
through t h e  Foundat ion Program Research Review Panel t o  rev iew CFC 
r e s t r i c t i o n  impact assessment i n  September 1987. 

Was an i n v i t e d  p a r t i c i p a n t  i n  the  EPA September 21, 1987 meet ing on the  
r e g u l a t o r y  impacts o f , r e s t r i c t i n g  the  p roduc t i on  o f  CFCs f o r  board 
i n s u l a t i o n s .  Was asked t o  p resent  r e s u l t s  f rom assessment o f  CFC 
r e s t r i c t i o n s  on foundat ion  energy savings a t  t h i s  meeting. 

Dynatech S c i e n t i f i c ,  Inc., completed, "Assessment o f  Foam-in-Place Urethane 
Foam I n s u l a t i o n s  Used i n  Bu i l d ings , "  ORNL/Sub-86/56525/1 (October 1987). 
Th i s  r e p o r t  concludes t h a t  foam-in-place urethane i n s u l a t i o n  has been on 
t h e  r i s e  i n  b u i l d i n g  app l i ca t i ons .  I n v i t e d  t o  p resent  a proposal  f o r  
f u t u r e  research on foundat ion  i n s u l a t i o n  t e s t s  t o  t h e  S P I  (September 1987). 

Sumnarized r e s u l t s  o f ,  "Foundation Energy Savings Impact," ORNL/CON-245 
i n t o  a chapter  f o r  i n c l u s i o n  i n t o  "Energy-Use Impact o f  Ch loro f luorocarbon 
R e s t r i c t i o n s  i n  R e f r i g e r a t i o n  and B u i l d i n g s  Appl icat ions, I1  S .  K. Fischer  
and F.A. Creswick i n  December 1987. 

Met w i t h  an indust ry /government  group a t  ASTM Bal  Harbor Meeting, 
December 1987 t o  d iscuss  research needs r e s u l t i n g  f rom the  CFC issue. One 
o f  t h e  major  p o i n t s  made a t  t h i s  meet ing was t h a t  a government r o l e  migh t  
be i n  development o f  f a c i l i t i e s  f o r  genera t ing  c h a r a c t e r i z i n g  data,  
acce le ra ted  t e s t s ,  models, and v a l i d a t i o n ;  b u t  chemis t ry  o f  products  
should s t a y  w i t h  t h e  i ndus t r y .  The f i n a l  p roduc t  would be t o  determine 
des ign  R-values f o r  e x i s t i n g  and new products.  A second impor tan t  p o i n t  
was t h a t  some m a t e r i a l s  behave d i f f e r e n t l y  i n  the  f i e l d  than i n  the  lab.  
The m a j o r i t y  o f  i n d u s t r y  rep resen ta t i ves  agreed t h a t  l o s s  o f  R-value was 
impor tan t  i n  non-CFC s u b s t i t u t e s ,  b u t  c l e a r l y  n o t  t he  o n l y  c r i t i c a l  
p roper t y :  t o x i c i t y ,  s torage p roper t i es ,  d imensional  s t a b i l i t y ,  and 
manufactur ing c h a r a c t e r i s t i c s .  
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I n v i t e d  speaker a t  t h e  "Subs t i t u tes  and A l t e r n a t i v e s  t o  CFCs and Halons" 
conference i n  Washington, D.C., January 14, 1388. T i t l e  o f  p r e s e n t a t i o n  
g i ven  was, "The Future  o f  Foundat ion I n s u l a t i o n  i n  a Non-CFC Producing 
Economy." A sumnary o f  t h i s  p r e s e n t a t i o n  w i l l  be p a r t  o f  a r e p o r t  
cover ing  t h e  work shop on r i g i d  foam a l t e r n a t i v e s .  

Met w i t h  members o f  t he  Polyurethane I n s u l a t i o n  Manufacturers  Assoc ia t i on  
(PIMA)  t o  d iscuss  j o i n t  research on CFC r e l a t e d  issues  i n  January 1988. 
A t  t h i s  meet ing an agreement was made t o  cooperate i n  t h e  development o f  
research plans. 
a v a i l a b i l i t y  o f  ORNL thermal t e s t i n g  f a c i l i t i e s .  A number o f  members 
expressed an i n t e r e s t  i n  develop ing env i ronmenta l l y  acceptab le  methods o f  
CFC i n c i n e r a t i o n .  

I n t e r e s t  was expressed by PIMA members on t h e  

On January 22, 1988, Dave McElroy sent  a l e t t e r  t o  Sam Tagore i n  response 
t o  a request  f o r  i n f o r m a t i o n  f o r  3. M i l l h o n e  regard ing  DOE'S  r o l e  i n  the  
CFC/Energy Issue f o r  a t a l k  a t  ASHRAE. 
a c t i v i t i e s  a r e  descr ibed and p r e l i m i n a r y  f u t u r e  d i r e c t i o n s  i nd i ca ted .  

I n  t h i s  l e t t e r  some c u r r e n t  CFC 

Working w i t h  one o f  t h e  l a r g e  CFC producers and manufacturers  o f  e x t e r i o r  
po l ys ty rene  t o  f i e l d  t e s t  a non-CFC-12 board i n  below grade i n s u l a t i o n  
a p p l i c a t i o n .  
March 1988. F i e l d  t e s t s  cou ld  demonstrate t h a t  e x t e r i o r  po l ys ty rene  can 
be produced w i t h o u t  CFC-12. 
20% l e s s  b u t  t he  compressive and m o i s t u r e - r e s i s t a n t  p r o p e r t i e s  should be 
about the  same as t h e  c u r r e n t  comnerc ia l l y  a v a i l a b l e  product.  

On March 8, 1988 ORNL took f i r s t  k-va lue measurement on a 2 '  x 2 '  x 2"  
CFC-22 blown ext ruded polystyrene.  

D e l i v e r y  o f  t h i s  m a t e r i a l  began a r r i v i n g  a t  ORNL i n  e a r l y  

I t  i s  expected t h a t  t h e  R-value w i l l  be about 

I n  January 1988 began work ing w i t h  S t a t e  o f  Minnesota t o  r e t r i e v e  and t e s t  
thermal p r o p e r t i e s  o f  e x t e r i o r  foundat ion  i n s u l a t i o n  t h a t  have been i n  the  
f i e l d  f o r  2 t o  5 years. The m a t e r i a l s  t o  be t e s t e d  w i l l  i n c l u d e  EXPS, EPS, 
Polyurethane board, and spray a p p l i e d  urethane. Densi ty ,  mo is tu re  
absorp t ion ,  and thermal c o n d u c t i v i t y  w i l l  be measured. 

Research progress on advanced i n s u l a t i o n s  and M I T  foam research p r o j e c t  was 
reviewed by O f f i c e  o f  Energy Research. 

The DOE sponsored development o f  a low thermal c o n d u c t i v i t y  s tandard 
re fe rence m a t e r i a l  w i t h  an R-value near 7 should be a v a i l a b l e  i n  the  
Sumner o f  1988. Th is  sample w i l l  be used t o  c a l i b r a t e  equipment f o r  
t e s t i n g  CFC s u b s t i t u t e  panels. 

On February 29, 1988 Dave McElroy sent  a l i s t  o f  t en  p r o j e c t s  on CFC 
a l t e r n a t e s  t o  Jim Smith, DOE. The t e n  p r o j e c t s  represented a p r e l i m i n a r y  
goal  o f  r a p i d l y  m o b i l i z i n g  va r ious  t e s t  f a c i l i t i e s  t o  measure p r o p e r t i e s  o f  
i ndustry-produced CFC foams and i ndustry-produced a1 t e r n a t e s  t o  CFC foams. 
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Coordinating j o i n t  DOE and EPA sponsorship o f  MIT c e l l  modeling. 

I n i t i a t e d  work on a BTESM Program CFC Research Menu i n  Februry 1988. 

Organized the J o i n t  Pub l ic /Pr iva te  Workshop on A l te rnat ives  f o r  
Insu la t ions  Containing CFC held on June 9-10, 1988. 



. 
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Executive Summary of ORNL/CON-245, "Impact of CFC 
Restrictions on U . S .  Bui ld ing  Foundat ion Thermal 
Performance,"  by Jeff C h r i s t i a n .  

EXECUTIVE SUMMARY 

. . ,  OBJECTIVE 

The objective of this report is to assess the potential impact on energy efficiency goals 
- and  to develop a research plan to mitigate' the impacts of restricting, the use of 

chlorofluorocarbons (CFCs) in foundation insulation applications. 

APPROACH 

The eight-step state level analysis conducted to estimate.the impact of CFC restrictions 
on U S .  residential building foundation thermal performance answers the following 
questions: 

What is the current energy savings from foundation insulation? 

What effect will ASHRAE Standard 90.2P have on future foundation insulation energy 

What is the energy-saving potential in residential foundation retrofit applications? 

What is the likely market response to non-CFC alternative technologies? 

What is the CFC restriction impact on foundation insulation energy savings? 

What research a n d  development could minimize the impacts of CFC restrictions on 

. .  savings? 

national goals of improving the thermal efficiency of U.S. building foundations? 

CURRENT FOUNDATION INSULATION USAGE AND ENERGY SAVINGS 

The total energy currently being saved by foundation insulation in one year's worth of 
new housing starts in the United States is estimated at  9.6 x I O i 2  Btu/year. About 55% of 
the energy savings occurs from basement wall insulation. Board insulatioo on basement 
walls is estimated to save 0.91 x 10l2 Btu/year, or 11% of the total foundation insulation 
savings. The average percentage of exterior foundation wall insulation is 15% of those 
insulated at  all; however, some states, such as Wisconsin, report that up to 72% of the 
insulated basement walls have exterior insulation. 

The total annual estimated energy savings of exterior board insulation for new 
basements, crawl spaces, and slab-on-grade construction is 2.1 x 10l2 Btu/year. This 
represents a maximum estimated tnergy savings of extruded polystyrene (XEPS) in  
current new housing starts. The maximum estimate assumes that all exterior foundation 
insulation is XEPS and ignores the fact that some exterior insulation is molded expanded 
polystyrene (MEPS), fiberglass insulation drainage boards, and sprayed urethanes. 

... 
X l l l  

..-- c 
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FOUNDATION INSULATION IN THE FUTURE 
A host of recent events are likely to result in significant increases in the number of 

buildings with insulated foundations in the future. First, ASHRAE Standard 90.2 will 
become the new residential building energy standard sometime in 1988. ASHRAE 90.2P 
uses a systematic procedure based on consumer economics that leads to increases in 
foundation insulation beyond typical practice in many areas of the country. 

Second, the heightened awareness of radon penetration will lead to tighter- 
waterproofed foundations with better exterior subdrainage. One method of protecting 
exterior waterproofing is with board insulation. Exterior insulation can also contribute to 
crack minimization by reducing foundation material expansion and contraction and aid in 
initial concrete curing by eliminating the need for an interior vapor retarder. 

Third, the research findings that large heat losses from properly insulated and sealed 
heating, ventilating, and air-conditioning ducts in unconditioned basements occur may 
result in more building owners making the basement a conditioned space. More 
conditioned basements will lead to more basement wall insulation. 

A fourth event that may effect how builders insulate foundation walls is the growing 
understanding of moisture movement and building damage potential. It is hoped that some 
research will soon be initiated to test the hypothesis that ( I )  exterior foundation wail 
insulation reduces the risk of moisture damage compared with interior insulation and 
(2) interior insulation can be installed under certain conditions with acceptable risk of 
moisture damage. 

Another significant event that impacts the future use of foundation insulation is the 
suspended use of termiticides, chlordane and heptachlor, by the Environmental Protection 
Agency. The increased public awareness of human health risks and costs of termite 
treatments could result in more dependence on visual inspection for termite tunnels. If 
reliable mechanical termite barriers and periodic visual inspection methods are not 
developed, tested, and demonstrated to the public, some potential exists that a negative 
impact on foundation insulation positioned on either the inside or the outside may result. 
Recognition of this issue could lead to foundation system development, which includes 
both properly installed termite shields and foundation insulation. 

On the average, basement wall insulation is about four times more effective than floor 
insulation for all new housing starts in the United States. This accounts for both heating 
and cooling season performance as well as annual duct losses. 

The optimum level of exterior board insulation for basement walls results in about S% 
less energy savings to the country than the optimum inside batt level. If exterior board 
insulation were not available in the future, and if inside insulation gained broad 
acceptance, the net energy impact to the country could be minimal. 

FOUNDATION INSULATION ENERGY SAVINGS POTENTIAL 

The future energy swings of foundation insulation for housing built in the United 
States from 1990 to 2010 in the year 2010 is estimated to be between 0.38 and 0.45 
quad/year. By assuming that. in the future, all foundation wall insulation could be board 
insulation and that all floor insulation is likely to be batts, 80 to 90% of the projected 
energy savings in the year 2010 could be attributed to XEPS or an equivalent substitute. 
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If one assumes that the fraction of inside insulation remains around 85% and that all the 
interior insulation jobs use batts, the energy savings contributions from boards is about 
0.08 quad/year, or about 20% pf the total foundation insulation energy savings in the year 
2010. Another 0.58 quad/year could be'faved if 30% of the existing housing stock were 
retrofitted with foundation insdation. 

POTENTIAL XEPS FOUNDATION MARKET 

The 1985 production of XEPS is 49,000 metric tons (t). The potential XEPS market 
expansion estimated in this analysis ranges from 13,000 to 35,000 t for new construction. 
If 1.5% of all existing residential buildings were retrofitted each year, this would result in 
an additional XEPS market expansion per year of 46,000 t. 

MARKET RESPONSE TO ALTERNATIVE TECHNOLOGIES 

The arguments against the use of interior batts are for the most part built on theory 
which seems to make sense, but without extensive validation. A close examination of long- 
term performance of inside foundation insulation systems in US. housing should be 
undertaken to help guide builders of interior foundation systems. Interior foundation 
insulation will continue to be very popular unless a significant number of documented 
failures develop with inside foundation insulation systems. 

If the fiberglass insulation drainage board were sold at the same cost as XEPS, since 
the installation is almost identical, the net energy savings of basement walls would be the 
same. Without the installation of foundation drains around slabs and crawl spaces, this 
product would not be a suitable substitute for XEPS. 

The EPS drainage board composite is sold separately and costs almost twice as much 
as XEPS with R-5, and is 25% higher for R-10, although the drainage layer may displace 
a cost for specified backfill material. Again, without the foundation drains. this product is 
not a substitute for XEPS. 

For slabs, crawl spaces, and some basements with relatively shallow foundation walls 
and good drainage characteristics, it would seem that the higher-quality MEPS board is a 
suitable product. 

Without an accelerated research effort, it is estimated that a total of 12 years would 
be needed to bring a non-CFC XEPS to market (Radian 1987). A substitute blowing 
agent would seem to be the best control technology and would be welcomed by the 
marketplace. Builders historically have been reluctant to insulate foundations because of 
application concerns. XEPS has mitigated some concerns and gained the confidence of 
some builders. 

, 

FOUNDATION ENERGY SAVINGS IAIPAm OF CFC RESTRICTIOSS IN THE 
UNITED STATES 

Four foundation insulating scenarios are examined, which represent a worst to best 
case. Clearly, there will be some substitution of other foundation insulations, and 
eventually an alternative blowing agent will be developed. This analysis concludes that the 
impact of CFC restrictions on foundation energy savings range from near zero to 0.8 
quad/year in the year 2010, with the most likely impact being around 0.13 quad/year. 

' 



97 

xvi 

SUMMARY AND RECOMMENDATIONS 

If CFC-I2 is contributing to the deterioration of the ozone layer, then alternatives 
must be found to insulate foundations as-.well as with currently available XEPS. An 
accelerated research effort with the goal of developing and demonstrating insulated 
foundation systems having equivalent or superior performance to exterior XEPS insulated 
basement wall, crawl space wall, and slab-on-grade systems should be initiated. The 
research should employ a set of well-characterized test facilities in which moisture 
conditions are controllable on both the inside surfaces and in the adjacent soil. 

Thermal durability and moisture damage potential in well-Characterized foundation 
system applications, including the rim joist, should be measured. These measurements 
should include condensation, mold, mildew, wood moisture content resulting from different 
insulation, and vapor retarder placement. All three types of insulated foundation types 
should be tested: basements, slabs, and crawl spaces. The insulation types which should be 
tested include 

XEPS with alternative blowing agents, 

MEPS, 

fiberglass insulation drainage board, 

MEPS drainage board, 

interior insulation, 

evacuated panels, and 

other innovative concepts. 



Execut ive Sumary of ORNL r e p o r t  on Enercy-Use Impacts o f  Chlorof luorocarbon 
A l te rna t i ves ,  S. Fischer,  e t  a l .  

1. EXECUTIVE SUMMARY 

I PURPOSE AND SCOPE ... - 

i n t e r n a t i o n a l  agreement t o  l i m i t  t h e  p roduc t i on  and use o f  
ch lorof luorocarbons (CFCs) t h a t  t h rea ten  t h e  s t ra tospher i c  ozone laye r .  
The U.S. economy uses CFCs i n  many d i f f e r e n t  a p p l i c a t i o n s  because they  
are  e f f e c t i v e ,  nontoxic,  nonflammable, and inexpensive.  These 
a p p l i c a t i o n s  i nc lude  t h e  use o f  CFC-12 as t h e  working f l u i d  i n  commercial 
and r e s i d e n t i a l  r e f r i g e r a t o r s  and f reezers,  automobi le a i r  condi t ioners,  
and t h e  predominant use o f  CFC-11 i n  c e n t r i f u g a l  c h i l l e r s  f o r  c o o l i n g  
commercial bu i l d ings .  Both CFC-11 and CFC-12 are used as "blowing 
agents" i n  producing foam i n s u l a t i o n s  f o r  home appl iances, r e s i d e n t i a l  
and commercial bu i l d ings ,  r e f r i g e r a t e d  t r a i l e r s ,  and r a i l r o a d  cars.  
R e s t r i c t i o n s  on the  a v a i l a b i l i t y  o f  m a t e r i a l s  f o r  these a p p l i c a t i o n s  a r e  
l i k e l y  t o  r e s u l t  i n  l e s s  e f f i c i e n t  s u b s t i t u t e s  and an increase i n  
na t i ona l  energy use. 

t o  est imate the  poss ib le  impact -of us ing  a l t e r n a t i v e s  t o  CFC-11 and CFC- 
12 on n a t i o n a l  energy use i n  response t o  concerns about d e p l e t i o n  o f  t he  

t h a t  t h i s  study be conducted f o r  use ,in assessing whether s i g n i f i c a n t  
energy-use impacts a re  l i k e l y  t o  r e s u l t  f rom the  use o f  non-ozone 
th rea ten ing  subs t i t u tes  and whether a fede ra l  R&D program i s  j u s t i f i e d  t o  
develop technology t h a t  can be used i n  m i t i g a t i n g  adverse impacts. 

The Un i ted  Sta tes  government r e c e n t l y  r a t i f i e d  and s igned an I 

Th is  r e p o r t  presents t h e  r e s u l t s  o f  a scoping study t h a t  was conducted 

. s t r a t o s p h e r i c  ozone l a y e r .  The U.S. Department o f  Energy has requested 

ALTERNATIVES CONSIDERED 

The energy-use impacts a re  examined f o r  a p p l i c a t i o n s  o f  CFC-11 and 

1) t h e  cu r ren t  technology, 

2) t h e  p r e f e r r e d  a1 te rna t i ves ,  

3)  a f a l l b a c k  p o s i t i o n  i f  the  p r e f e r r e d  a l t e r n a t i v e s  do n o t  prove 

4) a worst  case scenar io  i n  the  event t h a t  no c h l o r i n e  con ta in ing  

5) advanced technologies t h a t  need f u r t h e r  RAD f o r  p r o o f  o f  concept 

/ 

CFC-12 under f i v e  d i f f e r e n t  cases: 
/ 

v i ab le ,  

compounds o r  new r e f r i g e r a n t s  a re  f e a s i b l e  subs t i t u tes ,  and 

and t o  demonstrate t h e i r  v i a b i l i t y .  

The c u r r e n t  technologies are  p r i m a r i l y  those t h a t  r e l y  on mechanical 
r e f r i g e r a t i o n  us ing  CFC-12 and foam i n s u l a t i o n s  us ing  CFC-11 and CFC-12. 
The p r e f e r r e d  a1 t e r n a t i v e s  r e l y  on the  development o f  new chemical 
compounds t h a t  have approximately t h e  same p r o p e r t i e s  as CFC-11 and 
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CFC-12 b u t  do no t  pose a t h r e a t  t o  t h e  ozone l a y e r .  
compounds l i k e  FC-l34a, CFC-l4lb, and CFC-123 t h a t  have n o t  been produced 
commercial ly before.  
and technologies,  such as CFC-22 and expanded po lys ty rene  bead board, 
t h a t  a re  somewhat unconventional f o r  p a r t i c u l a r  a p p l i c a t i o n s .  The wors t  
case scenar io  considers t h e  p o s s i b i l i t y  t h a t  t h e  l i s t  o f  c o n t r o l l e d  
compounds w i l l  be expanded and looks  a t  c u r r e n t l y  a v a i l a b l e  a l t e r n a t i v e s  
t h a t  do no t  r e l y  on c h l o r i n e  compounds, o r  new technologies,  a t  a l l .  
F i n a l l y ,  t h e  advanced technology op t i ons  consider  t h e  energy saving 
o p p o r t u n i t i e s  o f  advances i n  i n s u l a t i o n s  and h i g h  e f f i c i e n c y  r e f r i g -  
e r a t i o n  equipment. 

P re fe r red  A1 t e r n a t i v e  

American indus t r y  i s  aware o f  t h e  problems and chal lenges presented by 
r e s t r i c t i o n s  on CFCs and i s  a c t i v e l y  seeking a l t e r n a t i v e  chemicals and 
new technologies t h a t  a re  l e s s  de t r imen ta l  t o  t h e  atmospheric ozone. The 
p r e f e r r e d  response, i n  many cases, i s  t o  develop c lose  subs t i t u tes ,  
"near" d r o p - i n  replacements (i . e . ,  they  w i l l  r e q u i r e  some smal l  changes 
I n  equipment des ign o r  use), f o r  CFC-11 and CFC-12 as they  a r e  phased ou t  
through mandated reduct ions i n  product ion.  The most promis ing o f  these 
new compounds are CFC-14lbI CFC-123 and FC-134a. Both CFC-141b and CFC- 
123 come c lose  t o  matching the  p roper t i es  o f  CFC-11 w h i l e  FC-134a i s  
s i m i l a r  t o  CFC-12, b u t  none o f  them w i thou t  problems. A l l  a r e  under 
s c i e n t i f i c  s c r u t i n y  t o  determine t h e i r  t o x i c i t y  p roper t i es .  
r e s u l t s  o f  these t e s t s  w i l l  no t  be known f o r  several  years.  
exper imental  da ta  i n d i c a t e  t h a t  energy use may be 8-9% h ighe r  i n  
appl iances when FC-134a i s  used as a d rop - in  s u b s t i t u t e  f o r  CFC-12 [ I ] .  
None are  as the rma l l y  e f f e c t i v e  i n  i n s u l a t i n g  foams as t h e  m a t e r i a l s  they  
would rep lace  w i th  a 15% decrease i n  i n s u l a t i n g  e f f e c t .  
U.S. manufacturer c u r r e n t l y  has a f u l l - s c a l e  manufactur ing process f o r  
them. 
most promis ing a l t e r n a t i v e s  on t h e  technologica l  hor izon .  

Fal lback P o s i t i o n  

There a re  techn ica l  as w e l l  as h e a l t h  and sa fe ty  concerns t h a t  might  
make i t  u n l i k e l y  o r  impossible t o  use CFC-123, CFC-l4lb, o r  FC-134a i n  
some, o r  even any, app l i ca t i ons .  I n  t h a t  case t h e  a l t e r n a t i v e s  a re  no t  
very  a t t r a c t i v e  because o f  the  necessary changes i n  des ign and energy 
e f f i c i ency .  
i n s u l a t i o n s  c u r r e n t l y  a v a i l a b l e  i s  expanded po lys ty rene  bead board (EPS) , 
a non-CFC foam i n s u l a t i o n  which has a much h ighe r  thermal c o n d u c t i v i t y  
than the  CFC foams i t  would rep lace and i s  no t  r e a d i l y  adaptable t o  
app l i ca t i ons  l i k e  r e f r i g e r a t o r s .  I n  most cases, t he  second choice f o r  a 
working f l u i d  i n  a vapor compression r e f r i g e r a t i o n  c y c l e  i s  CFC-22. 
chemical i s  used w ide ly  i n  r e s i d e n t i a l  heat pumps and a i r  cond i t i one rs ,  
bu t  t he re  a re  major engineer ing obstac les t o  i t s  use as a s u b s t i t u t e  f o r  
CFC-12 i n  most o t h e r  app l i ca t i ons .  CFC-22 operates a t  much h ighe r  
pressures and temperatures i n  app l i ca t i ons  where CFC-I2 i s  used today and 
consequent ly s t ronger  ma te r ia l s  and more compl icated designs would be 
needed. 
b i l l i o n  d o l l a r s  t o  r e t o o l  t o  use CFC-22 i n  auto a i r - c o n d i t i o n e r s .  The 
problems associated w i th  us ing  CFC-22 i n  household r e f r i g e r a t o r s  and 
f reezers a re  almost as severe as those faced by the  automot ive i ndus t r y .  

These would i nc lude  

The f a l l b a c k  p o s i t i o n s  depend on proven compounds 

F i n a l  
P re l im ina ry  . 

F i n a l l y ,  no 

I n  s p i t e  o f  these shortcomings, these compounds appear t o  be t h e  

The bes t  s u b s t i t u t e  f o r  CFC-11 and CFC-12 blown foam 

Th is  

It has been est imated t h a t  i t  would cos t  t he  auto i n d u s t r y  one 

. 
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Worst Case Scenario 

The worst  case scenar io considered here would be i f  o n l y  c u r r e n t l y  
a v a i l  able, c h l o r i n e - f r e e  compbunds were. considered acceptable s u b s t i t u t e s  
fo r  t h e  regulated CFCs. Th is  i s  a poss ib le  outcome i f  the re  a re  expanded 
CFC r e s t r i c t i o n s  due t o  e i t h e r  r e a l  o r  perce ived r i s k s  . I n  t h i s  
s i t u a t i o n  CFC-22 would no longer  be a v i a b l e  s u b s t i t u t e  f o r  CFC-I2 i n  
r e f r i g e r a t i o n  systems, and, i n  f a c t ,  t h e r e  a re  no known a t t r a c t i v e  
a l t e r n a t i v e s  ava i l ab le .  O f  t h e  a v a i l a b l e  s u b s t i t u t e s  t h a t  cou ld  be used, 
ammonia and propane are  among those t h a t  a re  considered i n  t h i s  study. 
Each o f  these has ser ious  problems both  i n  engineer ing and i n  s o c i a l  
terms t h a t  must be addressed if t h e j  a re  used i n  t h e  fu tu re ,  b u t  o n l y  t h e  
energy impact has been considered here. 

It i s  a l s o  ve ry  l i k e l y  t h a t  EPS i s  n o t  a v i a b l e  a l t e r n a t i v e  t o  foam 
i n s u l a t i o n s  i n  many app l i ca t i ons .  
i t  cou ld  be d i f f i c u l t  t o  work w i t h  un less good q u a l i t y  c o n t r o l  and f a c i n g  
ma te r ia l s  a r e  used when i t  i s  manufactured. 
w i t h  f l ammab i l i t y  t h a t  r e s t r i c t  i t s  use too. 
f o r  foam i n s u l a t i o n s  i s  then f i b e r g l a s s  b a t t s  o r  boards. The i n s u l a t i v e  
va lue o f  these m a t e r i a l s  i s  much lower than t h a t  o f  t h e  foams they  would 
rep lace and the re  a re  s i g n i f i c a n t l y  l a r g e r  energy l osses  t h a t  cannot 
always be o f f s e t  by i nc reas ing  the  th ickness o f  t he  i n s u l a t i o n .  

Advanced Technology A l t e r n a t i v e s  

s u b s t i t u t e s  f o r  CFC-11 and CFC-12 blown i n s u l a t i o n s  and r e f r i g e r a t i o n  
systems. 
t h a t  g i ve  R-ZO/inch o r  more when used i n  con junc t i on  w i th  non-CFC foams 
i n  the  w a l l s  o f  r e f r i g e r a t o r s  and water heaters  and R-lO/inch may be 
poss ib le  i n  o t h e r  i n s u l a t i o n  app l i ca t i ons .  Fu r the r  development i s  needed 
t o  demonstrate t h e  l ong  term v i a b i l i t y  o f  these ma te r ia l s ,  bu t  they  might  
o f f e r  a g rea t  energy savings nat ionwide. 
r e f r i g e r a t i o n ,  thermo-el  e c t r i c ,  and superconduct ing magnetic heat pump 
technologies may prove t o  be more e f f i c i e n t  than vapor compression 
systems c u r r e n t l y  us ing  CFC-12. I t  i s  poss ib le  t h a t  50 percent o f  t h e  
t h e o r e t i c a l  Carnot c y c l e  e f f i c i ency  can be achieved i n  some app l i ca t i ons .  
Research and development spurred by the  r e s t r i c t i o n s  on CFCs cou ld  l e a d  
t o  t h e  development o f  more e f f i c i e n t  equipment than i s  c u r r e n t l y  i n  use. 

Th is  ma te r ia l  i s  n o t  ve ry  s t rong  and 

There may a l s o  be problems 
The nex t  bes t  s u b s t i t u t e  

There a re  oppor tun i t i es  f o r  reducing energy use w i t h  h i g h l y  e f f i c i e n t  

Recent research has been d i r e c t e d  a t  vacuum i n s u l a t e d  panels 

Developments i n  S t i r l i n g  c y c l e  

METHODOLOGY 

The energy use o f  each a l t e r n a t i v e  technology i s  evaluated i n  a 
s i m p l i f i e d  way, u s u a l l y  on a pe r  u n i t ,  d a i l y  energy use basis,  and i s  
then compared t o  the energy use o f  the  cu r ren t ,  1988, technology. Th is  
i s  intended t o  be a long range study and does no t  address the  impacts 
nex t  year  o r  t he  year  a f t e r  i f  the  use o f  CFCs were stopped today. 
f a c t ,  two cases, the  p re fe r red  a1 t e r n a t i v e s  and the  advanced technology, 
assume the  development o f  completely new products.  A n a t i o n a l  energy 
impact i s  est imated by comparing the  annual energy use nat ionwide f o r  t h e  
new, s u b s t i t u t e  equipment (assuming t h a t  t he  ozone th rea ten ing  CFC i s  n o t  

I n  

. 
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used at all) with what the energy use would be for the same number of 
units using the base technology. This means assuming a fixed number o f  
units nationwide representing either a complete turnover, 100 percent 
market penetration, of equipment or substantial construction o f  new 
buildings (equal to projected.1990 building stock) with the new chemical 
compounds or refrigeration cycles completely replacing the old. This is 
looking ahead 5-15 years for auto air conditioners and home appliances 
and 30-50 years for buildings and building HVAC equipment. 
current uses of CFC-I1 and CFC-I2 have been examined and the impact o f  
alternatives to CFC-22 in heat pumps and air conditioners is not 
evaluated. 

Finally, only 

NATIONAL ENERGY IMPACT 

(quads)/year (lop5 Btu/year). To put them into perspective, the United. 
States uses about 75 quads of energy per year for all applications: 
space conditioning, transportation, manufacturing, etc. One quad o f  
energy is enough to heat 14 million homes for one year [2], and "is 
roughly equivalent to a year's consumption of oil at the rate o f  500,000 
barrels per day [2]." In dollar terms that is about $3.3 billion (based 
on $18 per barrel). 
and EPS are not acceptable as alternatives for the fully halogenated 
compounds represents a significant increase in energy use as well as 
severe economic and social disruptions. 

It should be reiterated that these energy impact estimates do not 
include current applications of CFC-22 or other CFCs not addressed in the 
present international Montreal Protocol [2] or proposed Environmental 
Protection Agency regulations [3] (although the worst case does exclude 
CFC-22 as a substitute for CFC-12). Obviously due to the widespread use 
of CFC-22 in air-conditioning and heat pump equipment in homes, stores, 
shops, and offices the potential impacts o f  such additional controls 
would be very dramatic and the economic and social consequences could in 
fact be quite severe. 
scope of this present effort, but is needed as part o f  a follow on study. 

The results i Table 1.1 are expressed in terms o f  quadrillion Btu 

The worst case scenario, where chlorinated compounds 

Evaluation of those applications i s  outside the 

RESULTS AND CONCLUSIONS 

The results in Table 1.1 represent an alarming reversal o f  recent 
successes in energy conservation. 
1.08, and 2.37 quads/year, respectively, for the preferred, fallback, and 
worst case scenarios because they are only 0.5 - 3.1% of total national 
energy use. This represents 1.5 - 9% of the energy use in the 
residential and commercial sectors, though, at a time when additional 
energy conservation is desired. 

The impacts may appear small, 0.37, 
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Table 1.1 Na t iona l  energy impacts o f  a l t e r n a t i v e  technologies 
(quads/year) 

PREFERRED FALLBACK WORST CASE TECHNOLOGY 
PPPLICATION RESPONSE POSITION SCENARIO SOLUTION 
B u i l d i n g  Equipment: 

r e f r i g e r a t o r s  & 

beverage vending- 

r e t a i l  - 
c e n t r i  fuga1 - 

f reeze rs  0.20 0.56 1.06 -0.64 
water heaters  0.03 0.04 0.09 -0.06 

mac h i nes 0.01 0.03 0.06 -0.03 

r e f r i g e r a t i o n  0 -0.01 0 -0.05 

c h i l l e r s  - 0.01 - 0.03 - 0.36 - 
subto ta l  0.25 0.67 1.57 -0.78 

B u i l d i n g  Envelopes: 
r e s i d e n t i a l -  

w a l l  s 0.01 
r e s i d e n t i a l  - 

foundat ions 0.00 
commercial w a l l s  0.02 
commercial r o o f s  0.06 
sub to ta l  0.09 

Transport  a t  i on: 
r e f r i g e r a t e d -  
t ransDor t  0.00 
mobi le  A/C , 0.03 
sub to ta l  0.03 

0.02 0.05 

0.17 0.32 
0.04 0.08 
0.11 - 0.20 
0.34 0.65 

0.01 0.02 - 0.0'6 . - 0.10 
0.07 ' 0.12 

-0.04 

* 
-0.08 

- 0 . 1 2  
* - 

. .  

-0.01 
0.01 
0.00 

TOTAL 0.37 1.08 2.34 -0.90 

* advanced technologies are  no t  evaluated f o r  these a p p l i c a t i o n s  

A c l o s e r  i nspec t i on  i s  needed t o  see t h e  causes and e f f e c t s  more 
c l e a r l y  than i s  poss ib le  by j u s t  l o o k i n g  a t  the  summary i n  Table 1.1. 
The major p o r t i o n  o f  t he  impact, 63 - 80%, i s  due t o  changes i n  appl iance 
and b u i l d i n g  i n s u l a t i o n .  The impact on appl iances dominates t h e  r e s u l t s  
because CFC foams prov ide a l l ,  o r  almost a l l ,  o f  t he  i n s u l a t i o n  i n  these 
products w h i l e  a v a r i e t y  o f  m a t e r i a l s  a re  used i n  b u i l d i n g s .  
app l i ca t i ons  where foam boards o r  spray are  used alone r a t h e r  than i n  
con junc t i on  w i t h  f i b e r g l a s s  b a t t s ,  as i s  t he  case w i t h  foundat ion 
i n s u l a t i o n  and the  roofs and w a l l s  o f  some commercial b u i l d i n g s ,  show 
f a i r l y  l a r g e  impacts. 
f i b e r g l a s s  b a t t s ,  l i k e  r e s i d e n t i a l  wa l l s ,  have a low impact. 

r e f r i g e r a t i o n  e f f i c i e n c y  o f  b u i l d i n g  equipment, as shown by t h e  f i r s t  

, 

B u i l d i n g s  

Those where ,foams are  used i n  a d d i t i o n  t o  

Most o f  t h e  increases i n  na t i ona l  energy use are  due t o  i n s u l a t i o n  and 
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h o r i z o n t a l  g roup ing  o f  a p p l i c a t i o n s  i n  Tab le  1.1. 
impact, i n  f a c t ,  would be i n  household r e f r i g e r a t o r s ,  f reeze rs ,  and wa te r  
heaters .  The use o f  CFC blown foam i n s u l a t i o n s  and improvements i n  t h e  
mechanical systems have l e d  t o  40 - 50% reduc t i ons  i n  energy use by  
r e f r i g e r a t o r s  i n  t h e  l a s t  s i x t e e n  years .  The Na t iona l  App l iance Energy 
Conserva t ion  Ac t  o f  1987 r e q u i r e s  an a d d i t i o n a l  r e d u c t i o n  i n  energy use 
o f  40% f rom c u r r e n t  l e v e l s  i n  these app l iances .  The a l t e r n a t i v e s  
a v a i l a b l e  t o  rep lace  CFC-I1 foam and CFC-12 r e f r i g e r a t i o n ,  however, w i l l  
r e s u l t  i n  12 : 30% increases  i n  energy use from t h e  p resen t  l e v e l s  as 
shown i n  t h e  f i r s t  t h r e e  columns. S u b s t i t u t e s  f o r  foam i n s u l a t i o n  i n  
water  hea te rs  a l s o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  energy impact i n  
b u i l d i n g  equipment as do i n s u l a t i o n  i n  s o f t  d r i n k  machines and work ing  
f l u i d s  f o r  c e n t r i f u g a l  c h i l l e r s  i n  commercial b u i l d i n g s .  

Some aspects o f  t h e  energy impacts i n  b u i l d i n g  thermal  envelopes have 
a l ready  been touched upon. There a re  l a r g e  impacts where CFC, foams 
p rov ide  t h e  p r imary  i n s u l a t i o n  f rom heat  l osses  ( o r  summer heat  gains):  
One s u b t l e t y  n o t  b rought  o u t  by these numbers i s  t h a t  t h e  0.09, 0.34, and 
0.65 quads p e r  yea r  f o r  t h e  p re fe r red ,  f a l l b a c k ,  and wors t  case scenar ios  
f o r  b u i l d i n g  thermal envelopes a re  based on c u r r e n t  l e v e l s  o f  usage i n  
b u i l d i n g  c o n s t r u c t i o n .  The t rends  i n  r e s i d e n t i a l  and commercial 
c o n s t r u c t i o n  a re  towards us ing  h i g h e r  p r o p o r t i o n s  o f  CFC blown foams i n  
o rde r  t o  save energy and these l o s t  o p p o r t u n i t i e s  f o r  energy conserva t i on  
a re  i n  a d d i t i o n  t o  t h e  impacts i d e n t i f i e d  here.  

t o  t h e  o t h e r  a p p l i c a t i o n s  l i s t e d ,  a l though they  a r e  n o t  i n s i g n i f i c a n t  t o  
t h e  i n d i v i d u a l s  a f f e c t e d .  I n  r e f r i g e r a t e d  sh ipp ing ,  f o r  ins tance,  t h e  
c a r r i e r  e i t h e r  has h i g h e r  f u e l  costs.because of  poo re r  i n s u l a t i o n s  i n  h i s  
t r a i l e r s  o r  he c a r r i e s  a sma l le r  cargo: E i t h e r  way cos ts  him money. 
Each one- inch  inc rease i n  the  th i ckness  o f  i n s u l a t i o n  (and more than one 
i n c h  would be needed t o  keep f u e l  cos ts  t h e  same) rep resen ts  a 5% 
decrease i n  useable cargo volume. 'That i s  a d i r e c t  c o s t  t o  him and t o  
t h e  consumers. The impacts i n  au tomobi le  a i r  c o n d i t i o n i n g  rep resen t  
decreases o f  6 - 24% i n  e f f i c i e n c y ,  l a r g e l y  due t o  t h e  we igh t  p e n a l t y  o f  
a l a r g e r  a i r  c o n d i t i o n e r .  

The b u l k  o f  t h e  - 

The energy impacts i n  t h e  t r a n s p o r t a t i o n  sec to r  a r e  n o t  l a r g e  r e l a t i v e  - . 

A r i g o r o u s  RAD program can s u c c e s s f u l l y  a l l e v i a t e  most, i f  n o t  a l l ,  o f  
t h e  adverse energy impacts t h a t  cou ld  occu r  as a r e s u l t  o f  n o t  u s i n g  CFC- 
11 and CFC-12 i n  t h e - a p p l i c a t i o n s  l i s t e d  i n  Table 1 . l .  
development and i n d u s t r y  acceptance o f  vacuum i n s u l a t e d  pane ls  f o r  
app l i ance  and some b u i l d i n g s  a p p l i c a t i o n s  can l e a d  t o  s i g n i f i c a n t  energy 
savings. T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  household r e f r i g e r a t o r s ,  
f reezers ,  and water  heaters  as shown under the  Advanced Technologies i n  
t h e  l a s t  column o f  Table 1.1 .  Ideas f o r  advanced concepts need t o  be 
developed t o  improve e f f i c i e n c i e s  o f  mechanical r e f r i g e r a t i o n  systems 
beyond what i s  c u r r e n t l y  p o s s i b l e  us ing  CFCs. Creswick,  e t  a l . ,  a t  ORNL 
are  deve lop ing  an R&D p l a n  t h a t  addresses these o p p o r t u n i t i e s ,  maps o u t  
what can be done, how i t  should be done, and what i t  w i l l  c o s t .  

The success fu l  



104 

NBSIR 88-3829 

. 
TECHNICAL AND ECONO'MIC ANALYSIS OF 
CFC-BLOWN INSULATIONS AND SUBSTITUTES 
FOR RESIDENTIAL AND COMMERCIAL 
CONSTRUCTION 

Stephen R. Petersen 

Applied Economics Group 
Mathematical Analysis Division 
Center for Computing and Applied Mathematics 

A. Hunter Fanney 

Heat Transfer Group 
Building Environment Division 
Center for Building Technology 

U.S. DEPARTMENT OF COMMERCE 
National Bureau of Standards 
National Engineering Laboratory 
Gaithersburg, MD 20899 

July 1988 

Sponsored by 
Building Systems Division 
Office of the Assistant Secretary for Conservation 

and Renewable Energy 
U.S. Department of Energy 
Washington, DC 20234 

U.S. DEPARTMENT OF COMMERCE, C. William Verity, Secretary 
NATIONAL BUREAU OF STANDARDS, Ernest Ambler, Dlfector 



105 

Abstract 

Rigid foam insulations blown with chloroflourocarbons (CFC's) are among the 
most thermally efficient materials available for insulating walls and roofs of 
buildings. While they are more expensive than traditional insulating 
materials, their usage where space constraints dictate a more efficient 
insulator have become commonplace. 
CFC's released to the atmosphere may result in restrictions on the 
availability of these insulation materials. 
performance and economics of rigid foam insulating materials containing CFC's 
and alternative insulation materials that contain little or no CFC. 
Residential walls (wood-frame and masonry), commercial wall systems (frame, 
masonry, and curtain wall) and commercial low-slope roof systems are examined 
in a wide range of climates in the United States to determine the cost 
effectiveness of rigid foam insulation materials. Economic substitutes for 
insulation materials containing CFC exist; however, they are not compatible 
with all types of wall/window and roof systems and thus may make some wall and 
roof systems impractical. 

Increasing concern about the effect of 

This report evaluates the thermal 
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D .  L. McElroy 
Oak Ridge National Laboratory 
P.O. Box X 
Oak Ridge. TN 37831 

WE JUNE 9-10 WORKSHOP > 

In response to your letter dated June 29. 1988. please find attached 
"Dow Today", dated May 16, 1988 which contains the prepared press 
release on our plans to "eliminate" hard CFC's. 

In addition, I have included a short article from the May 13. 1988 
issue of the "Wall Street Journal" also reporting Dow plans. 

Best regards. 

Dale Keeler 
Foam Products Research 
614-587-4313 
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- Dow Will Sponsor - 
World Senior Tennis Open 
The best tennis player in the world over the age of 
45 will be determined May 19-22, at the first Dow 
World Senior Open Tennis Championship. 
Sponsored by Dow, the toui. tment will be held at 
the Congressional Country Club in Bethesda, 
Maryland, a suburb of Washington, D.C. Sixteen 
players will compete for $111,oOO in prize money 
and both singles and doubles titles. The tournament 
finals will be broadcast live in the United States on 
ESPN, Sunday, May 22, at 1 p.m. (EDT). 
"This tournament is part of Dow's ongoing efforts 
to increase public awareness of the company among 
key audiences," said Paul F. Oreffice, Dow chair- 
man. "It will involve employees, customers, sup- 
pliers and public officials in a Dow-sponsored 
event." 
The tournament field includes: Ken Rosewall, Roy 
Emerson, Bob Hewitt, Owen Davidson, Mal Ander- 
son, Bob Carmichael, Marty Mulligan, Cliff 
Drysdale, Frew McMillan, Keith Diepraam, Mark 
Cox, Roger Taylor, Dennis Ralston, Marty Riessen 
and Georgio Rohrich. A qualifying tournament will 
be held May 16-18 to determine the remainder of 
the field. 
The official hosts for the tournament are two legends 
of the game-Don Budge, who this year is 
celebrating his 50th anniversary as the first player 
ever to win tennis' Grand Slam, and Pancho Gon- 
zales, the game's number one box office attraction 
for 25 yean.t\lso scheduled in conjunction with the 
tournament are a tennis clinic for more than 100 
Washington-area students and a pro-am competi- 
tion that will feature Dow representatives, Dow 
customers and Washington officials. 
Dow is sponsoring the tournament in cooperation 
with Alvin W. Bunis of Sports Marketing Proper- 
ties Inc., a Cincinnati-based sports marketing firm. 
'The Dow tournament will be the first to identify 
the best senior tennis player in the world. In the pro- 
cess, the public will get a chance to see some of the 
greatest players of all time play very competitive 
tennis," Bunis said. 

. .  
. -; Dow Announces Plans 

To Eliminate CFCs 
Dow will phase out the use of fully halogenated 
chlorofluorocarbons (CFCs) woridwide in all Dow 
products that contain them, the company's operating 
board has announced. 
In a newly-published position statement, the board 
said that Dow will replace fully halogenated CFCs 
with alternative compounds including non-fully' 
halogenated CFCs, as soon as ef5ectivealternative 
compounds and technology are developed.. tested for 
health and safety, and produced in commercial 
quantities . 
As a result of its decision, Dow will remove all fully 
halogenated CFCs from the manufacture of its 
Styrofoam brand plastic foam insulation, replacing 
them with non-fully halogenated CFCs. Dow's ob- 
jective is to begin this conversion over the next 18 
months and do it at all its worldwide locations. 
Dow reiterated its support for the United Nations 
Environmental Program (UNEP) protocol reached 
last September in Montreal, and urged other nations 
to accelerate their ratification efforts. The protocol, 
which has already been ratifiedby the United States 
and Mexico, calls for a 50 percent reduction in CFC 
production by the year 1998. 
The company also repeated its support for the En- 
vironmental Protection Agency's proposed regula- 
tions regarding CFCs. 
Dow scientists have been working for several years 
to find safe and effective substitutes for fully 
halogenated CFCs. This includes conducting inter- 
nal research at Dow laboratories as well as work- 
ing directly with CFC produceFand Dow CuStOmerS . , 
who use CFCs. 
Fully halogenated CFCs are used in aircondition- . ' 

ing, refrigeration, flexible foams for furniture and 
packaging, rigid foams for building insulation, and 
cleaning solvents for the electronics industry. Dow 
uses them primarily as blowing agents in the 
manufacture of packaging and insulating foams. 
The full text of the position statement appears on 
page two. 
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' Position of The Dow Chemical Company 
O n  the CFC/Ozone Depletion Issue 

The Dow Chemical Company is concerned about the potential effect fully halogenated 
chlorofluorocarbons (CFCs) may have on the stratosphere, especially in light of recent scientific 
findings showing a correlation between fully halogenated CFC emissions and ozone depletion. 
Therefore, we intend to phase out the use of these compounds worldwide in all Dow products 
that contain them, and do it in a responsible manner as alternative compounds and technology 
are developed, tested, and made commercially available. 
Various CFC applications require alternatives with different properties, so it is difficult to forecast 
when effective substitutes for all fully halogenated CFCs will be commercially available. For our 
part, we are making good progress in our research efforts and will begin conversion of some Dow 
products in the very near future. 

For example, Dow will begin making Styrofoam brand insulation next year using non-fully 
halogenated CFCs as replacements for the fully halogenated CFCs currently used in the manufac- 
turing process. This will be a global program, with the timing of each country depending on the 
available supply of these alternative materials and any other local testing and approvals as re- 
quired. In the United States, Dow will work closely with CFC producers, the EPA, individual 
states and customers to begin implementation in 1989. 

Dow scientist have been conducting research for many years to develop substitutes for fully 
halogenated CFCs. In addition, we are lending much technical support to both producers and 
Dow customers who use CFCs to help find viable alternatives. We applaud the effort by pro- 
ducers and users of fully halogenated CFCs to find safe and effective substitutes, and urge them 
to continue their efforts. 
Dow fully endorses the United Nations Environmental Programme (UNEP) protocol reached last 
year in Montreal, and the United States Environmental Protection Agency's proposed regulations 
regarding CFCs. We urge other nations to accelerate their treaty ratification efforts. Because 
stratospheric ozone depletion is a global issue, all nations must act together to resolve it. 
Finally, Dow supports the recommendation by the administrator of EPA that the UNEP group 
reconvene after the final report of NASA's ozone trends panel is released, to examine the most 
recent scientific evidence and to develop an appropriate international response to that evidence. 
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CHARLES F. GlLBO 

1820 WESPCCYIT DRIVE 
LANCASTER, PENNSnVANIA 17603 

(717) 3926520 

EDITORIN-CHIEF 

July 15, 1988 

D.L. McElroy, Group Leader 
Metals and Ceramic Division 
Oak Ridae National Laboratory 
P.O. Bo; X 
Oak Ridge, TN 37831 

Dear Dave: 

Thank you for your letter of June 29, 1968. 

The June Workshop must have been very interesting. 
could have been there. 

I wish I 

You may include the bibliography on Aging of Cellular Plastics 
.in your workshop report. 
when it is released. 

Sincerely, 

I would appreciate a copy of this report 

CALLLr*&* Charles F. Gilbo 

CFG:tw 

851 NEW H O U N D  AVENUE BOX 3535 LANCASTER. PENNSYLVANIA 17604 USA (717) 291-5609 ' 

. 
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Aging of Cellular Plastics: 
A Comprehensive Bibliography 

RONALD P. TYE 
Dynafnlr Scicwf$r, IIIC. 

Cambridyc, Massachwsrfts 02139, ,USA 

m m c r  
Fluorocarboc &!own cellular plastics arc used widcly for insulating huilding and 

industrial systenis bccwre of their potentially high thcmial rcsistancc per unit thick- 
ncss charactcristics. Howcvcr. due to gas diffusion andothcr cnvironnmd and prac- 
tical factors involvcd both during and aficr installation, changes involving cspcci+lly 
thc phcnomcnon dercrihed as "aging" takc placc whcrcby this high thermal rcsistancc 
decrcascs with time tu lowcr values. 

This "aging' =ithjcct has hccn. and is bcing. studicd cxtensivcly worldwide. partic- 
ularly in thc laboratory. More rccriitly. in Iifu results arc bcconiing availablc and con- 
trovcrsics cxist about the rrsults. I n  order IO assist rhosc involved and those planning 
to become involvcJ i n  thc SubjiKr. a coniprchcnsivc bibliography has been prepared 
and is bcing maintainrd. This contains wrll over two hundred and fifty (250) cita- 
tions of information rcl~tir~g to this coiiiplrx suhjcct involving materials and prod- 
u. ,s bchavior. installcd systcni pcrfornianrr. atid testing and evaluation irsucs. 

INTRODUCTION 

ELI.ULAR PLASTICS. INCLUIXNC p' , ..,ethanes. polyisocyanurates. 6 polystyrene. and phenolics. have been uscd cxtcnsively as thcrmal insu- 
l.ttk*i,, ~ n r  the industrial and lw~ildin~ cnvelnpc applications. In the latter 
context. this ,AS hccti particularly in the area o f ' r l d s  of large industrial and 
commercial buildings. but they arc now bcing considered more for walls and 
othcr components. The niatcrials cxist in thrcc major forms. bun and board 
stock. laminated boards, and foam-in-place systems.. 

They all have cxccllcnt strength-to-weight characteristics combincd with 
ready availability and relative simplicity of installation. Howevcr. the major 
factor in the consideration of their usc is the potci~tially much higher thcr- 
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mal resistance per unit thickness than that exhibited by other commonly 
used building insulations. This performance characteristic is due to the es- 
sentially closed cell structure containing one of the halogcnatcd fluorocar- 
bon gascs which have much lower thermal conductivities than air. Howcvcr. 
without adequate protection of  all surfaces. inward gascous exchange br- 
tween the cnvironment and the cells causes both the gas content and.prt-5- 
sure to change over a period of time, rcsultiiig in a reduction in the thermal 

.performance charactcristics. a process refcrrcd to as "'aging.'' Ovcr a very 
long time period (>20-30 years), the fluorocarbon gas starts to diffuse out 
causing additional aging and potcritial cnvironmrntal hazards. 

This phenomenon is unique to these material types. It is not seen in othcr 
common mass type board insulations such as fiberboards. perlite board, crl- 
lular glass, and expanded polystyrene. It is present, to a linutcd cxtent. in ex- 
truded polystyrcnc but the aging period for this material is much shorter due 
to more rapid diffusion process of the gascs in the polymers. 

Changes in thermal resistance cxpcricnced with applied systcms contain- 
ing niass insulation types are due to various facmrs. including for example. 
ingress of water due.to Icaks. ctc.. air and moisture vapor niovement due to 
'lack of or inappropriate barriers, incorrect installations, and poor maiiitc- 
nancc. These same factors will also affect the performance of ccllular plas- 
tics containing fluorocarbon gases in similar ways but for thesc materials 
and products, the aging effect is an additional 'and usually the dominating 
one. 

During the past thirty ycars. much experimental rcscarch work has bccn 
carricd out on thcsc materials and products, particularly urcthancs and poly- 
isocyanurates, in order to determine both their aging characteristics and to 
dcvclop acceleratcd.aging tests in order to provide designers and users with 
reliable "aged R-values" for their products. Furthermore. in the past tcn 
years, this has been supplemented with extensive theoretical niodcling such 
that the basic aging process ofthe material is now better understood and the 
manufacturers claimed "aged R-values" appear realistic for the basic ma- 
terial. 

Howevcr. in reccnt years, controversies have arisen concerning the actual 
performance of these materials in the field. Various ficld studies have been 
undertaken which illustrate that thcsc materials or products once inrtallcd 
often d o  not appear to retain their claimed thcrmal performanc; value. In ad- 
dition, it can be argued that current formulations and consequent propcrtics 
affecting behavior may differ considerably from those on which much of the 
past work had been carried out. 

More recently. both in the USA and in other countrics. mandatory re- 
quirements have been promulgated for manufacturers to publish and verify 
claimed R-value of insulations used for the building envelope, especially for 
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residcntial structures. For many cellular plastics. "aged R-values" are re- 
quired and, in niost cases. tlie means of obtaining such values are described. 
However. these still relate only to Iabor~tory tests on specimens which have 
been conditioned according to sonic "aging" proccdure which may or may 
not be one involving accelerated aging critcria. 

Finally, thcrc arc niovcs requiring tlie designer. manufacturer. and installer. 
coniinunities to providc lifetinie energy pcrformancc estimates for buildings 
and building coniponcnts. Furthcriiiorc. in sonic cases, guarantees of pcr- 
formancc o f  building cnvcl~ipc components and especially roofs have been 
requested and given but without the cstablislinicnt of reliable critcria and 
guidelines on how such performance characteristics niay be evaluated. 

Thcsc materials and systems arc heing uscd cxtcnsivcly for insulating 
building cnvelopc components and their use is expected to grow. Thc pres- 
ent unccrtaintics in the thermal performance, conibincd with the above re- 
quirements. places the thcriiial insulation comniunity in somewhat of a 
dilemma. What causes the inforniation on ''aged R-values" to he uncertain? 
Is the currc-' widcly dispersed information suficient to resolve the uncer- 
tainticsl If not. \vliat should be done in order that reliable estiinates of pcr- 
formance o f  urethanes can be niadc? 

Thus, because of the wide use ofthesc materials and the significant impact 
that they can have on  cncrgy conservation in buildings, it is essential that 
more dcfinitivc inforniatioii be obtained on  the performance of these prod- 
ucts and cspL=ially thc real effccts of aging. 

Duc to his involvcmcnt iii many studies of the aging phenonicnon for var- 
ious organizatioris. and in support of his activities on the I S 0  Technical 
Comniittcc 163 on  Thrrmal Insulation;* the author has prepared and is 
maintaining this comprehensive bibliography on the subjcct o f  aging of cel- 
! d a r  plastics. I t  is bctievcd that this list of relevant citations will be of major 
assistance to those niany workers iiivolved already or to those who  are plan- 
ning work in the subject area. . 

.. . 
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Thers in turn, can be sub-divided further into a number o f  major 'topic 
areas," namely: 

the factors which may affect the total aging process and its evaluation 
theoretical and analytical work relating to modeling of the aging prowss 
and to heat transfer in cellular plastics 
laboratory and small-scale studies illustrating aging, particularly of both 
the basic urethane and polyisocyanurate materials. and the products anJ 
systems utilizing them 
gas and moisture transfer in both the cellular plastics materials. and the 
app!ied coverings and protective laniinates and coatings used for products 
and systems. Gas and moisture permeance and adhesion issues are also es- 
pecially important. 
laboratory and field test techniques for evaluating the various relevant 
properties of installed thermal insulation systems products 
results o f  past and current field studies and their comparisons 

With these subjects as the background. an extensive literature search was 
undertaken. Well over three hundred and fifty papers and tcchniral rcports 
were identified as potential sources o f  information. Their contents were 
scanned in order to establish their direct rclcvance to the topic areas. A s  a 
result o f  the preliniinary review, some three hundred relevant items w r e  
selected for more detailed review and are included in this current bibliog- 
raphy. 

Based on  the review o f  the subjects and their subdivisions, the bibliog- 
raphy has been divided into three major sections. together with two shortcr 
supplementary sections as follows: 

COMPILATION AND ASSF' :.;4ENT OF CITATIONS 

a'* chc outset. the prtrlilcni of aging can be pcrrcived to be a complex one 
involving .'-tree basic. wparate. hut inter-related subject issues. Thcsr are: 

(a) Materials bchavior 
(b) Products and systems performance 
(c) Testing and evaluation 

'Especially as Convcnor Suhconiinirtre I .  Working Group 9 on Mcasuremcnu of Aging Ef- 
* fects on Pcrformance o f  Thermal Insulation. 

Basic phetiomenon, both analytical and expcrimcntal (approiimatcly 
150) 
Gas and nioisture diffusion (approximately 60) 
Relevant thermal measurement techniques and issues (approximately 50) 
Reference books (15) 
Related documents. including relevant national and international test 
documents (approximately 40) 

SUMMARY 

A current bibliography o f  some three hundred citations relating to the 
subject o f  aging o f  ccllular plastic insulation materials and systems has been 
prepared and is being continually updated. This present list should be of 
great assistance as a starting point to all present and future workers involved 
in this complex subject. 



b I 

200 
.. . 

R c m m  ?. Tn'  AgingO/cIuwlarphrtirr.,AcolnprlinuiHBib~'. . . :201 

B u m .  S: and T T. Jones. 'The Physical Properties of Foamed Plastics and 
Their Dependence on Structure." P/asfics and Adynim. 40(146):69-76 
( 1  972). 

Bcnning. A. F. and W. H. Markwood. 'Thermal Conductances and Hcar 
Transmission Coefficients of  'Freon' Rcfrigerants,"J A S R B .  95 (1943). 

Bendng. C. J. 'Plastic Foams," The Physics and Cheniisfry of I W i i c l  e&- 
mancr and Procrss Trchnology, El. 11. New York. NY:Wilcy lotencicncc 
(1969). 

Bettanini. E., A. Cavallini and P. DiFilippo. "Diffusion Phenomena through 
Rigid Polyurethane Foams." Pa. 121h bit. Coiigrrss oJR&frrafioti. p. 131 
(1969). 

Boctes. R. 'Heat Transfer Reduction in Closed Cell Polyurethane Foams," 
Doctoral Thesis, University of Delft. The Netherlands (Scptcmlicr. 
1986). 

Boetes. R. and C. J. Hogendoorn. "Heat Transkr in Polyurethane Foams for 
Cold Insulation." presented at the Intcmationrl Conference on Heat .inJ 
Mass Trarisfcr in Crywngiiieering and Refrigeration. Dubrovilik. 
Yugoslavia, 1-5 Scptembcr. 1986. 

Bomberg. M. "Problcms in Predicting the Thermal. Properties of Faced 
Polyurethane Foams," Thrriiid Iimildfioit PCforiirmice. ASTM STP 718. 
R. P. Ty+ cd. Philadelphia, PA:A.ST.M.. pp: 412-424 (1980). 

Bonfiglio. G. "Materiali di Coibentazione Tennica Degli Edifici." (in Italian). 
!I Frrddo, 3:7 (1975). 

Booth, L. D. "Radiation Contribution as an Element ofThcrnia1 Conductiv- 
ity," Polyurefhnnr World Coqrrss 1987: 50 Ears ofPofyitrrfltnnn. Frankfiirt. 
FRG:Fachvcrband Schaunlkunststoffe e.V.; Nrw York:The Society ,oi 
the Plastics Industry, pp. 85-90 (1987). 

Booth, L. D. and W. M. Lee. "Effects of Polymer Structure on C-Factor Ag- 
ing of Rigid Polyurethane Foam." l'ioc. SPf  A~sr iu l  Tech./Afark. COI$, p. 
268 (1984). 

Booth, L. U. and W. M. Lee. "Effects of Polymer Structure on k-Factor Ag- 
ing of Rigid Polyurethane Foam."J Crllular Pkasfics, 2026 (1985). 

Brandreth. D. A. "Factors Influencing the Aging of Rigid Insulation Foam: 
1. 77minal Inruldfion. 5:31 (1981). 

Brandreth. D. A. "Prospects for linproved Insulation Foams:' in AdvJnccs h 
h a m  A g i q - A  Topic in 6ui;gy Coitsrrvnfioii Srrirs. D.A. Brandeth. ed.. 
Yorklyn. DECaissa Editions, pp. 4-11 (1986). 

Brandreth, D. A. and H. G. Ingersoll. "Accelerated Aging of Rigid Polyure- 
thane Foani." Pa. SPI25th Annual Urctkanr Division Echiiical Coirlm,ice, 
p. 54 (1979). 

' 

ACKNOWLEDGEMENIS 

The author would like to acknowledge the support of National Roofing 
Contractors Association. Tlic Midwest Roofing Contrac'tors Roofing Atso- 
ciation. and Roofing Insulntion Committee of Thermal lnsiilrting Manufac- 
turers Association for their support in developing parts of this bibliography. 
He also wishes to nck~iow~edgc the valuahle efforts of Ms. Cindy Bennett 
for her assistancc in conipiling and niaintaining this as a "live" document. 

BIBLIOGRAPHY ON AGING 

(a) Baric Phenoaiena-Analyticdl and Experimental 

Aclitzigcr. J. -Mcasureineiit of the Tlicrmal Conductivity of Plastic Fornu 
with Any Ilcsircd Moisture Coiltent," (in German). Kusrisfoflr itn Bau. 
V23 (1971). 

"An Asscssi~ir~it oi Thermal Rrfiwnaiice of  Rigid Polyurethane and Poly- 
isuc):-:iratc Foam Iiisulatioiis for Use in Building Construction." SPI 
Bitllrfiii 11-108. (August. 1979). 

Aiidreani. A. M.. A. Ualiiie, B. Fogg. J. Rivcro, G. Roux and A. Silvanti. 
"Iiiiprovcnieiit of the Uscful Heat Resistance of Polyurethane Foams," 
(in Frciich). Ctsitin. EM <>iiiiiiiiiiifit*s, EUR 9226 (1984). 

Andre\\ L. W. R. "Observations on k-Factor of Rigid Urethane Foani-a 
Long-iurrii StuJy,"]. Thwiiinl h i i f d o n .  8:136 (1984). 

Ball. G. W. and J.  1). Dohrrty. "Somc I'hysiral Propertics of Rigid Urethane 
Foanis." 7rdiis. P l a t .  hisf.. Lolidoil. 35(1 15):345 (1967). 

Ball, C. W.. R. I lurd and M. G. Walker. "Tlicriiial Conductivity of Rigid 
Urethane Foai!i."]. Cclfii/,ir Phfics,  6(?):66 (1970). See Also. "I'olyiire- 
thanes-Effec I of  lJrolonged Agitig on the Thrrnial Conductivity of 
kigid P~~lyur~dianc  Foam:' Lhcuiiicnt I'U1003. IC1 Europa L.td.. Kor- 
trnl~*.rg-Evcrl.~rg. Del~iuni, 30 pp. (Docunieiit is  undated.) 

Ball. G .  W.. W. G. I k;rlcy r i d  J. 8. ICr.' +m. 'The Thermal Conductivity 
. of Isocy~iiatc-1)scd Rigid Cellular Plastics: Pertormance in Practicc," 

EIWO~MI I ] .  CcllirLir Pht i ts .  1(1):50 (lY7H). 
Bartsch. j .  A. "l)eteriiiirirtic,ii of Iiisulation Effcctivcncss," prcsentcd to 

Americaii SoLicty of Agricultural Eiigineers at Meeting in Wihiantic, 
0. 3-6 August. I'IHO. 

Bauniann. G. F. "An Analysis of Rigid Urethane Foani Iilsulation' Effec- 
tiveness:' Pror. Lird 7khiiicnl A I I I I I I ~ ~  SPI C U I ! ~ .  p. 218 (1977). 

Baummn. C. F. "R-Vduc Study of Rigid I'olyurethaiic Foam. An SI'I 
I<esearch Project." /'roc. 26fh SI'/ r l i i r i~ccrl  Urt~fkairr Div.  Ech. CUI$:. p. 151 
(wni). . -  



D . 



. I . . 

. .  
.205 &in# oJCcIl~rlar P/asfiu: A Campmhrnsiw Sibliopphy 

Hergc, J. R. “Aging of Foamed Polyurethan~” Build. Res. Prai . .  11-12:34) 
(1985). 

Hilado. C. J. ‘Effect of Accelerated and Environmental Aging on Rigid 
Polyurethane Foam.“). Cr1l Plat.. %I61 (1967). 

Hilado. C .  J. and W. R. Proops. “Thermal Conductivity of Rigid Urcrhane 
Foam Insulation in Low Temperature Service:’). Cellrrlar /’/asfirs. .5:?99 
(1969). 

von l-li!!gst. U. ‘Der Warmetransport in Polystyrol und Pnlyurethan- 
schaunien bei ticfen Teniperaturen,” (in Ccrman). Fvrsrh. h e - H k ,  43(6!: 

Iordanskaya, 0. A. and V. G. Vakhtin. “Deterniination of Optimum Foam- 
ing Agent Content in Polyurcthanc Foam Mix Formulations,” (in Rus- 
sian), Plast. Massy., 31 (1982). 

Jacobi. M. and R. Koenig. ”Rigid Foam Materials as Heat Insulation for Pip- 
ing,” (in German). Ind.-Am., 107(92):18 (1985). 

Jeffs. B. M. F.. J. B. Partington and E. Speroni. ‘Thermal Conductivity of 
Rigid Polyurcthane Foam:’ Twelfth International Foam Plastics Syn~po- 
sium, Dusseldorf. FRG (May, 1983). 

Kabayama. M. A. “Long-Term Thermal Resistance, Values of Cellular Plastic 
Insulations,”j. Thermal Insularion. 10:286 (1987). 

Karlivans. V.. U. Stirna and P. Tukums. “Effcct of a Foaming Agent on Ther- 
momechanical Properties of Rigid Polyurethane Foam:’ (in Russian), 
Mikh. Kcvrtpoz. Mater. (Zitlufne). p. 555 (1981). 

“k-Factor Retention Panel Discussion,” Contributon, T 6. Faison, R. G. 
Miller, R. Scott. R. P. Tyc, with Moderator. B. A. Phillips. Held at 30th 
Annual Polyurethane TechnicaUMarkcting Conference, Toronto, Can- 
ada, 15 October, 1986. To be published by the Society ofthc Plastics In- 
dustry, Inc., New York, NY. 

Khalil. M. A; K. and R. A. Rasmussen. “The Release of Trichlorofluom- 
methane from Rigid Polyurethane Foams.”). Air Pollirfion Control Aim.. 
36:159 (1986). 

Khalil. M. A. K. and R. A. Rasmusxn. “The Residence Time of Trichlo- 
rofluoromethane in Polyurethane Foam,” in A h m m  in Foam A g i q - A  
Topic in Eongy Conseruorioti Serics. D. A. Brandreth. ed. Yorklyn, 
DE:Caissa Editions. pp. 195-215 (1986). 

Knox. R. E. “lnsulation Properties of Fluorocarbon Expanded Rigid Urn- 
thane Foam.” A.S.H.R.A.E.). .  43 (1962). 

Kugler. W. E., J. McCorkle and L. B. Morris. ”In-Service Thermal Perfor- 
mance of Polyurethane and Polyisocyanurate Roof Board Insulations,” 
presented at VI International Conference Roofing and Waterproofing 

185-190 (1977). 

.. 

204 
, .  .. , 

RONALD P. Tm 

Frisch. K. C. “Relationship of Chemical Structure and Properties of Rigid 
Urethane Foams,“). Ccllirlar Plnsfics. 1321 (1965). 

Glicksman, L. R. and J. A. Valenzuela. ‘Thermal Resistance and Aging of 
Rigid Urethane Foam Insulation,” Proceedings U / D O € - O R N L  Workshop 
mi Afnfltrntafirctl Alodrlbiq o/ Roc$, Aflanfa, C A .  CONF-811179 (1981). 

Glicksman. L. It. and A. G. Ostrogorsky. “Aging of Polyurethane Foams,”. 
Iiifeniafiowl )uurnal o/ Hraf and blnss Xmi$er, Rohscnow Festschrift 
(19R6). 

Glicksnia~~. L. R., A. G. Ostrogorsky and S. Chiappctta. “Effcctivc Conduc- 
tivity of Aging I’olyurethane Foam,” Report ORNUSUB184-9009/1 
(March. 1986). 

Glicksman. L. R.. M. Schuetz and M. Sinofsky. ”Radiation Heat Transfer in 
Foam Insulatioti.” / # i f .  1. / l ea f  Mass TranSjn. 30(1):187 (1987). 

Glirksman, L. R. and M. R. Torpey. ’The Influence of Cell Size and Foam 
1)cnsity on the Thcriiial Conductivity of Foam Insulation,” Polyitrefkanc 
I t h l t f  ~a,;a,ww 1987: 50 Wars o j  Po/yitrrrharles. Frankfurt, F1IG:Fachver- 
band,Schaiiiiikll~lststoffc c.V.; New YorkThe Society of the Plastics In- 
dustry. pp, 80-RJ (1987). 

Graaff, W. “Railway Wagons. Trucks, and Refrigerated Containers Insulated 
With Polyurcthane:’ /’ i>lyrrrrf/ t~tle IKlrkl Cm!qress 1987: 50 Wars o/Po/ytrrc- 
t l i t i w s .  Frankfurt. FRG:Facllvcrhand Schaun~kunststoffe e.V.; New 
YorkThc Socirty of the Plastics Indiistry. pp. 732-740 (1987). 

Green. W.. G. M. E Jcffs and I). J. Sparrow. “Rigid Polyurcthane Foam: The 
Prcivcn Effcctivc Insulant,” Plarrics utd Riihbcr hiferu., 9(5):30 (October, 
19H4). 

ilammond, M .  B. “An Analytical Model for Drtermining thcl’hermal Con- 
ductivity of Clcwd Ccll Foam Insulation,” Adsatires in Cryogetiic En- 
giitwriri,p, Lhl, 15. NY:lllci~uin Prcss. pp. 332-342 (1970). 

Harding. h. 14. “l)etcrmination of Avcrr-  Pel1 Volume in Foamed Prod- 
ucts,” A1odrrn IJldcs, 37:156 (196‘,. 

I :,..linp. R. 11. ’Heat Transfer through Low Ihnsiry Cellular Materials,” 
/6/:3 Prorrss Ilc,s(qy,l orid fhr lop t t i rn f ,  3(2):117-125 (1964). 

Harding. It. ti. “lJrcdicting the I’crfornnnce of Foam-Insulated Containers,” 
\. Cr/ltrl.rr Pbtsricr. 2 : N 6  (1966). 

Harding. R. H. “ILlationsliip bctwccn Cell Structure and Rigid Foam Prop- 
ertics.”-/. G I / .  I h f . ,  1:3X5 (1965). 

Harding. R. t l .  and 1%. E Janies. “Thermal Conductivity and Structure in 
Rigid Urcthalic Fonirls.” Moilrrti Plnsfics. 39(7):133-135, 139. 141, 217, 
222, 224. 227 (1962). 

. .  



. .  

206 RONALD P. Trr 

Worldwide. London. 30 April-2 May, 1986. International Waterproof- 
ing Association. Rritsselr. Ilelgir1111. See also "Are 'Aged' Valucs Ade- 
quate for 1hti11g F o m i  Thernlal Insulation Board:' Raqfing, Siding, 
/nsirlhin, 623s (19R6). 

LaCoscc. R. "End May Uc in Sight for Aged R-value Controversy." Roc$&' 
S p t . .  15(1):17 (1987). 

Lao. l3. Y. and R.  E. Skochdnpolc. "Radiant Heat Transfer in Plastic Foams," 
rletr I . I ~ ~ I I ~ ~ S  q /  rhc . f r l i  lnrtworionul Crlluln Pbtsrics Civfmruce, Alonfreal, 
< h s d n ,  Ahiwnlwr IS- 19, 1976. Lancastcr. PATechnomic. pp. 175-182 
( I  976). 

Lork. J. "'lhcrnlal Insulation for Process Plant," Processing, 21(4):31. 33-38 
(1975). 

Lohnicyrr. S. and G .  M~;llcr. "Determination ofthe Gas Porosity and Com- 
posirion t i f  Polyurcthanc Foams,'' Ku/fe /cr l ,n i&-K/ imc/ ;s i~~~~,  22291 

Marciano. J. ; I . .  A. J.  Ilojas and R. J. J. Williams. "A Theoretical Model for 
the Theriiial Conductivity of Plastic Foams," Europeanj. Gllrrlar Scienn, 
3:lf)Z (1980). 

Marcuscm. L. "The Ilclationship between Effcctive Thermal Conduktivity 
G a s  Conipivitiiw. I'rcssrirc. Tcinpcratiirc, and Solid Structurc for Ineu- 
Iatioi. VatcriaIs.*' in Adiwritn in I % ~ I  Afiq-.4 %pic in E~rrfy ( h a r m -  
fitin Srrin. 11. A. Urandrcth. ed. Yorklyn, DE:Caissa Editions, pp. 89- 

Mitt.irrh. 11. "l)rpciidciirc 011 thc Thermal Conductivity of Plastic Foams in 
Ihc i r  Moisture Contcnt," (in Gcrniaii). I'lasfc uttd Kaufsthuk, 16(4):268- 
71 (1969). . 

hlittasch. I I .  "Gas Diffusion into Polyurcthane Foam and Its Effect on Ther- 
inal C<wdui.tivity:' (in Gcrnlan). Pbisrr 11. Kaafsclurk, 15:589 (1969). 

Morriq. b. 1X. a n d  U. Fogg. "Rigid Polyr~rcthanc Foam Refrigerator Cabinet 
Ikcign and Con~trliction," IIII.] 

h46 icon. G., M. R. Arcoupll and K.  T. Dishart. "Stahility and Solubility of 
NCW Ch1~)roflunr~carbor~ blowing Agcnts in l'crlyurcthanc Systems:' 
/'o/yurdmw I 1  brld Ciui.firss IYX7: 50 liws of Pdysrrfkancs. Frankfurt, 
FRG:Fachvcrhand Schaunikunstswffc e.V.; New YorkThc Society of 
the Plastics Industry. pp. 67-73 (IW7). 

Muhlenkanip. S. P. and S. E. Johnson. "In-Place Thermal Aging of Polyurc- 
thane Foam I h o f  Insulations." l'rrwriliqu (4 7fb Cui$-rrnce o n  Rwfitlg 
Trrlittcrhi~yy, N~j.s~lvr:.4, ,lpril, IYX3.  pp. 49-55 (1983). 

Nadcau. t i .  G .  and C. L. ihown. "The Effccts of Tinlc, Tcnlpcraturc, and 
Humidity o n  the Thermal Perfornlancc of Cellular Plastic Insulation 

. 

( I  97n). 

I02 (19x6). 

.ct$ri.qrrdio!t. 1(2):105 (1979). 

. . 

k ing  ofGllulor Phrfics: A Compnhmivr Bibliogroph; ' . ' 207 

Systems." presented at Meeting of Rigid Polyurethane Foam Committee 
of  Society of Plastics Industry, Canada, 12-15 September, 1983. 

Navickas. J. and R. A. Madsen. "Polyurethane Foam Insulation Thermal Ag- 
ing Characteristics," Advances in Cryogenic Enginrering, Vol. 20. Plenum 
Press (1975). 

Nolte. K. "Study of the Thermat Aging of Rigid Polyurethane Foam in 
District-Heat Pipes." (in German). Forschungsber. Bundesminist. 
Forsch. Technol.. Technol. Forsch. Entwickl. BMFT-FB-TE2-197 
(1982). 

Norton. F. J. "Thermal Conductivity and Life of Polymer Foams,"]. Ccll~rlar 
I%sfics, 3:23 (1967). 

Norton, F. J. "Diffusion of Chlorofluorocarbon Gases in Polymer Films and 
Foams,"J Cellular Plastics. 17300 (1982). 

Nozawa, T., K. Matsubara, N. Tokoro and H. Fujino. 'The Thermal Con- 
ductivity of Polyurethane Foam for Refrigerators," Polyurethnnes-Ex- 
ploririg NRU Horizons. New York. NYS.P.1.. pp. 393-398 (1986). 

Ostrogorsky. A. G. "Aging of Polyurethane Foams," Sc.D. Thesis. Massz- 
chusetts Institute of Technology. Cambridge, MA (1985). 

Ostrogorsky. A. G. and L. R. Glicksman. "Aging of Polyurethane Foams: 
The Influence of Gas Diffusion on Thermal Conductivity," Report 

Ostrogorsky. A. G., L. R. Glicksman and D. W. Reitz. "Aging of Polyure- 
thane Foams," /nt . ] .  Hear Mass Eans j r .  29(8):1169-1176 (1986). 

Ostrysz. R.. P. Penczek and J. Skrzcwiecki. "Properties of  Rigid Polyurc- 
thane Foams with Microcellular Structure (in Polish), Polinwry, 18: 299 
(1973). 

Patten. G. A. and R. E. Skochdopole. "Environmental Factors in Thermal 
Conductivity of Plastic Foam," Modern Plasfics. 39:149. 150. 152. 191 
(1962). 

Peters. H. C.. J. N. Breunsc and L. J. F. Hcrmans. "Thermal Conductivity of 
Gaseous CFCl, (Freon 11) and CF,CI, (Freon 12) and Their Mixtures 
with N, at 292K:' Infernafionaljournal o/T/icrmophysirs, 3(1):27 (1982). 

"Properties of Rigid Urethane Foams," Freon Product Information Bullcrin 
BA-13, E. I. du.Pont de Nemours and Company, lnc., Wilmington. DE 
(1984). 

Reid. R. C.. J. M. Prausnitz and T. K. Shcrwood. T h c  Properties ojliquids end 
Cases. 3rd edition. McGraw-Hill. pp. 470-527 (1977). 

Rcitz. D. W. "A Basic Study of Gas Diffusion in Foam Insulation," M.S. 
Thesis, Dept. of Mech. Eng.. Massachusetts Institute of Technology. 
Cambridge, MA (1983). 

. OllNLISubI84-900912 (August. 1986). " 

. . 



8 I . 

208 RONIU) P.  YE 

Rcitz, D. W. "Heat Transfer and Aging of Closed Cell Foam Insulation," in 
A d l r n m  in Fwni A.qkig-A Topic it, Eurqy Consrnufioti Snies. D. A. 
Brandrcth. cd. Yorklyn. DE:Caisra Editions. pp. 110-130 (1986). 

Reitz. D. W.. M. A. Shuetz and L. R. Clicksman. "A Basic Study of Aging 
of Foam Insiilation."]. Crll. Plasf.. 20(2):332-340 (1984). 

Schmidt. W. "Eigenschaften von hartcn Polyurcthan Schaunirtoffen fur die ' 
Kaltcisdicrunp.*' (in Ccrman). Kittisfsitfle, 53:413 (1963). 

Schmidt. W. 'Thc Change with Time of the Thermal Conductivity'of Rigid 
Polyurethane Foams," (in Ccrman). K~frfrchnik-k%'mrrfisien~ng, 20387 
(1968). 

Schmidt. W. 'The Insulating Properties of Hartmoltopren:' Apphed Plastics. 

Schuctz. M. A. "Heat Transfcr in Foam Insulations." M.S. Thcsis. Dcpt. of 
Mcch. Eng.. Massachusctts Institute of Technology, Cambridge. MA 
(1982). 

Schuctz. M. A. and L. R. Clicksnian. "Heat Transfer through Foam Insula- 
tion," P o l y u r c f h w  Aiio P d i s  P r q  Mark. Zchtiol. Pm. SPI, 6fb Inf. Ech/ 
Alar&. Cut$. Ncw YorkThe Socicty of the Plastics Industry. pp. 341- 
347 (1983). 

Schuctz. M. A. .and L. R. Glicksnian. "A Basic Study of Heat Transfer 
throiigi, Foani Insulatioii,"]. Cdl. Plosricr. pp. 114- I21 (March-April, 
1984). 

Shankland. I. R. "Gas Transport in Closed-CcM Foanis." in Advatices it1 Foam 
A.fittg, I id. 1, .4 7;yic bt Conscrv4w Scrirs. D. A. Brandrcth. ed. Yorklyn. 
L)E:Caissa Editions. pp. 60-88 (IY86). 

Sherman. M. "Aged'Thcrnial llcsistance (R-value) of Foil-Faccd Polyiso- 
qanuratc Foam Thcrnial Insulation Board:' Thermal PcrJ;,rttiotire o j  rlie 
Exfrrior Etctdopf  biddi dings I .  ASHRAE SP 28. A.S.H.R.A.E.. Atlanta, 
Gh. pp. 952-964 (1981). 

Sino!rky. M. "Property Mcasurcmcnt JII(~ Thermal Pcrformancc Prediction 
**f Foam Insulations:' M.S. Tlicsis. Dept. of Mcch. Eng.. Massachusctts 
Instii :e of Technology. Canibridgc. MA (1982). 

Skochdopolc. R. E. "Thc Tlicrnial Conductivity of Foamed Plastics," Clirm. 
Lig. Progress. 57(10):55 (lY61). 

Smith, C. A. "Thcrnial Characteristics of Somc Rigid Urethane Foams,"]. 
Appl. Pdytticr Stirtire. 9385 1 ( I  965). 

Sparks, L. L. "Low Tempcrature Properties of Expanded Polyurcthanc and 
Polystyrene," in tVt~iitiimllic A larerids and Conlposifa af LOIS Et~i~icrafiirrs. 
New York. NY:Plenum Press (1978). See also T h e r d  ltuulafioti PerJor- 

1 l(4): 19-23 (1968). 

. 

.. 

1 -  

~einp o j m u b r  plrucirr: A Contpwhmsiivr Bib/-. ' ' . . 209 

marc.  ASTM STP 718. D. L. McElroy and R. P. Ty+ eds.. Philadelphia, 

Sparks, L. L. "Thermal and Mechanical Properties of Polyurethane Foams at 
Cryogenic Temperatures," Proc. SPI Annual X&/Mark. COIJJ. p. 273 
(1984). 

Sparks. L. L. Thermal Conductivity of a Polyurethane Foam from 95 K to 
340 K." National Burcau of Standards, NBSIR 82-1664 (1982). 

Steinle, H. "On the Behavior of Polyurcthane-Foanis in Ilcfrigeration Cabi- 
nets:' Pror 13fh 1nf. Cotifless nJRr/rigeration. p. 47 (1971). 

Steinle, H., J. Brodsky and U. Ilgncr. "Behavior of Hat-lnsiilating Polyurc- 
thane Foams in Refrigerator Cabinets," KalfefrcLiik-Klimrrfisi~~i~,  24: 
IS3 (1972). 

Stephenson, M. E., J .  and M. Mark. "Thermal Conductivity of Porous Ma- 
terials," ASHRAE]. ,  3(2):75 (1961). 

Tarakanov. 0. C.. V. A. Orlov and V. K. Belyakov. "Thermal Degradation 
and Thcrmooxidativc Degradation of I'olytfrcthancs," j o i m t d  t ] i  Poly- 
mm'c Scienrr, Parr C. 23(1):117 (1968). 

Tarakanov. 0. C.. L. V. Nevskii and V. K. Belyakov. "Photo-Degradation 
and Photooxidative Degradation of Polyurethanes:']ouna/ 4 P o l p n u  

Tilley, N.. G. Nadeau. E. Rcymore, H. Waszcciak and A. A. R. SayiFh. 
"Thermal Dcgradative Behavior of Selected Urcthanc Foams Related to 
Variations of Constituents. 1. Thermal Stability and Test Mcthods:]olrr- 
no/ uJCellular Plaslics. 422 (1968). 

Tilley, N.. G. Nadeau, E. Reymore, H. Waszeciak and A. A. R. Sayiph. 
'Thermal Dcgradative Behavior of Selected Urethane Foams Rclatcd to 
Variations of Constituents. 11. Chemical Reactions in Urethane Dccotn- 
position,"]oumal OJ Cellular Plasfics, 4:56 (1968). 

Topper, L. "Analysis of Porous Thermal Insulating Materials," 1.GE.C €q. 
Design G Process Developmetif. 421377-79 (1955). 

Traeger. R. K. "Physical Propcrties of Rigid Polyurethane Foams,"]. Cellular 
Plastics. 3:405 (1967). 

Tys R. P. "Future Trends and Needs ir. Performance Evaluation of Cellular 
Plastic Thermal Insulation Materials," Pmerdiitgs SPI e24fh Amttaf 
Urefhatrr Div., Zch. Cot$-Kpy to f l u  Fufurr ojUreflianes, A f l a m ,  G A ,  Oc- 

Tye, R. P. "Thermal Insulation Evaluation, Present Status and Future Rc- 

Tyc, R. P. "Cellular Plastics as,lnsulations," Encyclopedia oJPolymn Science and 

PA:A.ST.M.. pp. 431-452 (1980). 

Science, Parf C, 23(1):193 (1968). . .  

tober, 1978, pp. 25-27. 129-134 (1978). 

quircmcnts,"]. Thential Itisulafion, 2: 109 (1979). 



210 RONALD P. TIE Aging o/CtNular Phiicr:, A Comprehmsiw Bibliography . ’ 21 1 

&rate, D. A. and R. L. Alumbaugh. “Thermal Conductivity of Weathcrcd 
Polyurcthanc Foani Hoofing,” U S .  Naval Civil Engineering Laboratory. 
Port Hucnenie. CA. Report TN-1643 (1982). 

Zehriidncr. H. “Heat Conductivity Mcasurcnients on Foam Plastics at Low 
Tempcraturcs,” ~aIf(, i i ,cIiirik-~/iiriafi~i( ,ri iri ,q.  1 9 2  ( I  967). 

Zehendncr. H. “Results of 15 Years of Mgid I’olyurcthane Foam Quality 
Supervision,” Crlhrlar Pdyriicrs. 1 2 1  I (1982). 

Zehcndncr. H.  “W~rmelcitfahigkcit von Scliaunikutisrstoffcn mit Hochino- 
Ickularcn Zllgascn,” (in Gcrnian). Hniipliysik, 5(12):1 (1983). 

Zehc!idner. H .  “PUR Spray Foam for I<oofs-Use in Germany-DIN Stan- 
dard Ilcquircnients- On-Site Inspection,” (in German). Po/yiiret/i.rrit 
World Coirgress 1987: 50 Ycars oJPidyurc.r/imes. Frankfurt, FRG:Fachvcr- 
band Schaunikunststoffe e.V.; New York:The Society of the I’lastics In- 
dustry. pp. 282-288 (1987). 

(b).Gas and Moisture Diffusion 

Algcr. M. and W. J.. Ward. “Mcasurcmcnt of CO, Diffusion in Polymer 
Filnis,” Proceedirtp ./ I968 Pdyiitrrs,  Lairiiiiari~iiis niicl C O ~ I ~ I I , ~ ~  Gr$rciirr, 
Book 2. Atlanta. GATAPI’I Press, pp. 329,331 (1966). 

Aniini. Mary A. “Coniparison of Two Mcthodi ‘of Measuring Carhoti IX- 
oxide Loss Rates in Carbonated Dcvcragc Containers.” Prtwcdivp ,!I 
1986 Polyrttcrs, Lairiiriariuiis, tirid Coaririys Coifrrecict; Book ‘2. Atlanta. CA: 
TAI’PI Press, pp. 321-323 (1966). 

Ascough, M. R.. S. A. Uaitingcr and K. T. Dishart. “Barrier PackaFing 
Technology-A New Approach to the Tlicriiial Aging Problcni oi 
Rigid Foam -Insulation:’ Pmc. 3018 Arrriiid Ech./A,fark. Cor$, S./!/.. 

Berens. A. ‘R. ‘The Solubility of Vinyl Chloridc i n  Poly(Viny1 Chloridc).” 
A C S  Pulynier Preprinfs, 15(2):197-202 (1974). 

Bettanini. E. “Water Vapor Diffusiqn through Porous Insulant Marcrial,“ 
Prof. 12rh h i .  Coti.yrerr cf Refrigcrdorr. p. 169 (1969). 

Bettanini. E., A. Cavallini and P. DiFiiippo. “Diffusion Phcnomena through 
Rigid Polyurethane Foams,” ProE. 12dI I t i f .  Coqrcss oj,I‘Rlfr(qcntiioir. p. 13 I 
(1969). 

Bombcrg. M. “Problems in Prcdictini the Thermal Properties of FxcJ  
.I’olyurethanc Foams,” Thrritid Iitslrlariorr Perjorrtiaircr. ASTM STP 718. It. 
I? Tyc. ed. Philadelphia. PA:A.ST.M.. pp. 412-424 (19tO). 

Foams,”). T/ieriiioI Iiisuloriori. 6: I74 (1983). : 

,’ 

, , Toroiifo (1986). 

’ 

I Brown. C. N. and W. M.  Lee. ”Gas I’cr~iicability Dctcrniination in Urethane 

Ei!viirccrir!q, I :I/. 6. 2nd ctl. Nrw York:John Wilcy Rc Sons, Inc.. pp. 52- 

rye. It. 1’. “Aging of Fo.uii-lii-l’lacc Cellular I’lastic Thcrnial Insulations,” 
prcwrircd , t i  rkr l i i im,i i ioi id SyiiiposiiiiiiJir Spr,iy Pdyirrdinrre F I I ~ I I  Coiirrac- 
rors, (11 rhr  /’dyiircrIi~ii i i-  1I.CirIrI ( h v c s s  /987: 5 0  h t r s  if Polyirrrrhniies. 
Frankfurt. FII(;:Ficlivcrhnii~I S~l i a i i i~ ik~~ns t s t~ f fc  e.V.; New York:l)ivi-. 
sion of the Society of the I’lastics Indiistry (in course o f  puhlication). 

Tyc. I<. I! “Asscssinciit of Aging of Cellular I’lastics with I’articiilar Ilcf- 
crrncc t o  Ficlll l’crliiriii.iticc of  l~iiililiiig Eiivclopc Systcnis,” prcscritrd 01 

r I w  ZOrk I i i f c r i i d i o i i d  7licrii~oI G i i i h i r r i v i t y  Coif iretire,  U/ackshirr,q, I’A, 19 
October I9X7. New York:l’lcnuni I’rcss ( in  prcss). 

Tyc. R. P. and A. 0. I)esjarlais. “Aging Cliaractcristics of Cellular Plastic In- 
sulation Materials a’nd Insulatcd Building Envelope Components,” Pulp 
i m ~ r k m i c  Ilirrld (hrywss 1‘187: 50 Hvrs ./ I4~lyiirriIi~rtics. Frankfiirt, FRG: 
Fachvcrhand Schaitiiikunststoffc e.V.; New YorkThe Society of the 
Plasti:. Itidustry. pp. 91-9H (1987). 

”Urcthanc R-V:ihic Controversy,” Prqqrcsriiv Biiikder, 1 l(7) ( I t  August 1968). 
Scc alsd "Specifying. In-Service Resistance R Value of I’IR and PUR 
Fluorocarbon Gas Foamed Insulation lloard,” Midwcst Roofing Con- 
tractors Associ:ition. I’osirioir I ’ 4 t / w  ( 1  Novcnihcr 1985). 

Valcnzucla. J. A. and L. I<. Glicksnian. ‘;Thcrnial Resistance and Aging of 
Rigid L::thanc Foam Insulation,” Pnr. D O E - O R N L  IibrksIiop (VI Afafh- 
crtioricol A I o M i r i ~ c  lfRoo$ / i c / ~ /  iir ArLtriia, CA,  3-4, N y i i i b r r ,  1981, ORNL 

Valciizucla, J. A. and L. I< .  Glicksnian. “Thermal Resistance and Aging of 
Rigid Urcthanc Foam Insulation,” TIr~.rirrd Iiisir/doris, Mafrriab arid 
Sysrrr;tsj;rr Erieriy Coiisertwiioii i i i  die R O k  F. A. Govan. D. M. Grcason 
and J. D. McAllister. cds..ASTM STP 789. Philadelphia. PA:ASTM., 
688-702 (19x1). 

VarhnJ.  R. I I. “Long-Tcrni k-Factor Agi- ... Rigid Urcthanc Foam Insula- 
:;on:’ ASHR.-lL‘)oiiriid, X:HJ-H7. -; (1966). 

V ~ l k d ,  R. H.  “l~igid’I’ol~itretlianc Foams: EHcct of Age on  Heat Transfer:’ 
WE-,‘ i i n i d .  21:34 (1‘1.66). 

Wicdcrniann. It. E., N. A h 1 1  and H. Kaufitng. “Flame-Retarded, Rigid PUR 
Foams with a Low Thermal Coiiductivity,” Polyirn’rkatw Wir/tl G y y r c u  
19x7: 50 !iwrs tg. / ’ ~ ~ l y i r n . r l l ~ l r t c ~ r .  Frmkfurt. FI<G:FachvcrbanJ Schaum- 
kunststoffc c.V.; New YwliThc Society of the I’lastics Industry. pp. 
99-103 (19x7). 

Williams. R. J .  J .  .id C. M. Aldao. “Thcrtiinl .Coiiductivity of Plastic 
Foams,” PoIyriim Eri,qiirwriig m d  Sririrce. 23:293 (1983). 

’ 64 (198fi). 

’ 

c o I +  811179. pp. 261-273 ( m i ) .  

. 

. .  

, 



Aging of Celldar Plarriu: A CanPJl- Eib l iogra~~ '  . ' 213 

Dcradc of Change and Fufuw Twnds in Rwjng, N.R.C.A., CliirqQo. IL. pp. 

de Elvira. C., M., Domingucz and C. Fristcr. "Air and I\-I I 1)ifTur;rinn in 
Rigid Polyurethane Foams," lnstitut Intcrnatioiial du Froid Annrxc 1i1. 
Zurich. Paris:I.I.F.. pp. 201-204 (1973). 

Eldcr. L. W. "Rrmeability of Flexible Matcritls," Ilftdrni ParAqitte, 1669-7 I 
Uuly, 1943). 

Feldcr. R. M.. R. D. Spencc and J. K. Fcrrcll. "A Mcrhnd for thc Dynaiiiic 
Measurement of Diffusivities of Gases in Polyniers."J. Apld. PtJr Sii.. 

Hedlih, C. P. 'Moisturc Gains by Foam Plastic Roof Iinulations Under 
Controlled Temperature Gradicnts,"]. CrlluLir /'/asfirs, p. 313 (1977). 

Heilnian. W.. V. Tammcla. J. Mcycr. V. Stannctt and M. Szwrc. "l'crmcal~il- 
ity of Polymcr Films to Hydrogcn Sulfide Gas." fiid. 61.q .  C/irin.. 4ti: 
821-4 (April, 1956). 

Hilado, C. J. and R. H. Harding. "Some Relationships bctwc.cn Watcr Vapnr 
Pcrmcability and ChcmicallPhysical Structurc in Urcthanc Foams:']. 
Applied Polymer Scienrc, 7:1775 (1963). 

Kirshcnbaum. A. D.. A. G. Strcng and W. B. Dunlap. Jr. "Pcrmcrhiliry of 
Different Elastomers to CO1 Using Carbop-14:' Rubber Age. 74:903-X 

Landrock, A. H. and B. E. Proctor. "Gas Permeability of Films," A f c * h  
Packaging. 25: 131-5 (June. 1952). 

Le+ W. M. and D. N. Brown. "Gas Permeability Dctcrmination in Urcthane 
Foam,"]. Thermal fnsulafion, 6 (1983). 

Levy, M. M. "Moisture Vapor Transmission and Its Effcct on Thermal EK- 
cicncy of Foam Plastics:']. Cellular Plamh. 2(1):37-45 (1966). 

Lohmcyer. S. and G. Muller. "Dctcrmination of the Cas Porosity and Ccm- 
position of Polyurethane Foams," Kalfefechirik-Kliinafisirriiii.~, 22291 
(1970). 

1 .  

438-443 (1985). 

19:3193-3200 (1975). 

' 

(March, 1954). . .  

McCorkle. J. "Selecting the Proper Facer," RSfJoumal,'65 (1984). 
Murray, L. J. and R. W.'Dorschncr. "Permeation Speeds Tests, Aids Choicr 

of Exact Material," Parkagr Engineerirtg. 28:76-84 (March, 1983). 
Nadcau, H. G.. P. H. Waszcciak and A. A. R. Sayigh. "A Method for Dctcr- 

mination ofthe Cellular Gas Content ofRigid Urethane Foams and its 
Relationship to Thcrmoconductivity:' h. of Confweicce in Nafirk, AI.+, 
Apn'l, 1966, Nat. Atad. o/Sci.. NRC Pub. 1462. p. 109 (1967). 

Nanevski. D. J. Tcmperaturc Dependence of the Permeability of Polyure- 
thane Foam:' (in Serbo-Croatian). Kem. fnd.. p. 30 (1981). 

212 

Brown, W. E. and W. J. Saubcr. "Gas Transmission by Plastics Films," Modm 
Plasrics. pp. 107-1 16 (August. 1959). 

Brubakcr. D. W. and K. Kainnicrmeycr. "Apparatus for Measuring Gas Per- 
nicability of Sheet Matcriils." Aiial. Chi-t~~., 25424-6 (March, 1953). 

Brubakcr. I). W. and K. Kainiiicrnicycr. "Flow of Cases through Plastic 
Mciiibrancs," f t i d .  E q .  C/IC.III.. 45:1IJ8-52 (May. 1953). 

Cartwright. L. C. "Mcasurcnicnt of the Cas Permeability of Sheet Mate- 
rials," Airal. C h i t . .  19593-6 (Junc. 1947). 

Colombo, E. A. arid B. S. Mehca. "Gaseous Diffusion and Pcrmation in 
Closed Cell IJolynicric Foams," Proc. Soriefy o/Plasth EtKinem, 36th An- 
nual Erhiiiral Cot!/krtirc, p.. 689 (1978). 

Crank, J. and G S. Park. "Methods of Mcasurcmcnt:'in Diywion in Polymers. 
London:Acadeniic I'ress. pp. 1-39 (1968). 

Cuddihy. E. F. and J. Moacanin. "Diffusion of Gases in Polymeric Foams." 
]. Cellular Plasrirs, 373-80 (1967). 

Cuddihy. E. r. "Gas Diffusion in a Closed-Cell Polymer Foam by Direct 
Measure of Internal Cas Pressurc."J Celluktr Plmfirs. 12:114 (1976). 

Davydov. V. Ya.. T. V. Ercniccva and A. V. Kisclcv. "lnvcstigation of the 
Perniclbility of Polyurcthane Films to Watcr Vapour by the Method of 
Infra-Red Spectroscopy." (in Russian). Kc~lloidrlyi %hiinid. 43(1):144- 148 
(1981). Translation in  English available through Plenum Prcss. 

Dayncs. H. A. '7hc I'roccss of DiKusion through a Rubber Mcinbrane:' 
Pror. Royal Svr.. A97:286-307 (January. 1920). 

UcI.assus. P. T. "l)ctcrinining the I'crnicabilitics. Diffusivitics. and Solubility 
Coefficients of I'rrrricarits in Packaging Films-A Ilcvicw of Expcri- 
nicntal Procedurd' /'r!ircrdiqs of I986 A)/yiiiers, Liitiiiiiafiotrs, atd  Coof- 
ittcr Coi!firrtire, Dook 2. Atlanta. CATAAPPI I'rcss. pp. 333-337 (1986). 

DcLossus. P. T. D. L. Clarke and T Cossc. "Uarricr Coating Cuts CO, Loss 
in Sniail PET Btittlrs," dloderti Plestur -:. 86-88 (January. 1983). 

DeL..m~s. P. T. "Transport of Unusual ;..olcculcs in I'olymcr Filnis," Pnwed- 
w p  of 1Y85 Polyiticrs, /.mhtfiotis, mid Cnnfiqs Coitjrctnr, Midland, 
,l/ir/i(yi, Atlanta. GATAI'I'I Press. pp. 445-450 (1985). 

Dcmorcst. R. t. "Oxygen l'crnicability Measuring Equipment and Tcsting:' 
Prurmliriyp ./ I984 Pdytticn, l-a~~~iti~~fiotts, aud Coofiqr Corljeretire. Atlanta, 
GATAAPPI I'rcss. pp. 333-33'1 (1984). 

DiPaola-Uaranyi. G. and J .  E. Cuillet. "Estimation of I'olymcr Solubility Pa- 
ranictcrs by G a s  CIiroiiiatn~rapliy," A ~ f ~ i r n ~ t i i c i h n r l ,  11228-235 (1978). 

Dvorchak. M. J. "Use of Phenolic Foam in Low Slope Iloo~~ig,TccIinology:' 
Prorerditi~s oJ Seroiid fiirenidiotial Syitposiuw OII Ru0fit1.y Tcthi~ulogy, A 

. -  



RONAID P. Trr 214 

Ostrogorsky. A. G. and L. R. Glicksman. "Laboratory Tests of Effectiveness 
of Diffusion Uarricrs,"]. Crllirliw Plastics, 22:303 (1986). 

Ostrogorsky. A. G. and L. I\. Clic)ts#nan. "Electrical Analogy of Cas Diffu- 
sion in Closed-Cell Foanis,"J. Crllirlar Phsrics (in the course of publi- 
cition). 

Ostrogorsky. A, G. and L. It. Clicksinan. "Rapid Stcady State Measurrnient 
of the Effective Diffusion Cocficicnt of Gases in Closed-Cell FO~IIIS,'' 
paper submitted to  ASMEJiirrmrl oJHcwf EumJb (in the course of pub- 
lication) anti private coniniunication (I)ecenibrr. 1986). 

Othmer. D. F. and G. J. Frohlick. "Correlating Permeability Constants of 
Cases through IJlastic Mrnibrancs," ltd. E I I ~ ~ .  Cltrm., 47:1034-40 (May, 
1955). 

Palmai. G. and 0. Karoly. "New Differential Permeation Rate Method for 
1)etermination of Membrane Transport Parameters of Gases,"). A h # -  
hratir Sci.. 91:161-183 (1981). 

Park. W. 1; 11. 'Semimicro G a s  I'crmcability Apparatus for Sheet Material." 
A i d  Chriii.. 29:1H97-9 (December. 1957). 

Pasternak. R. A,. J .  F. Schinischcinier and J. tleller, "A Dynanuc Approach 
to Diffusion a d  I'rrmeation Mcasurcniunts,"]. Poly. Sri. Parr A-2, 8: 
467-479 (1970). 

Pike, L. "!leasurcnicnt of Oxygen Transmission' h t e s  of Film and Thin 
Sheeting Under Humid Conditions." /'rcfcedi!l.(v o/ 1986 Polynvrs, L.awi- 
iiafiotu, a d  Ctuf i t1p  CiwJkriict*, fhhhl 2. Atlanta, CATAPPI Press. pp. 
317-319 (1966). 

Rcegan. S. L. and K.  C. Frisch. "The Effect of Chcniical Structure in Ther- 
mal. Hydrolytic. and Solvent llcsistance of Polyurethane Films,"]. Pcrly- 
nirr Srieitrr. Part C. 16(5):2733 (1967). 

Rhodes. M. L\. "Applicable T&hniqiic of. Optical Microscopy for Polyure- 
tham Invcstigations:' in G ~ l l i i l ~ r  m d  Vi~i~-Cdlular hlyurrf lmtrs .  Carl 
Hanscr Vrrlag. pp. 803 (1980). 

C a;,:c, T. W. " l ~ c t c ~ i ~ i i ~ i ~ t i ~ ~ ~ i  of G a s  I'crtneability of Saran Filins:' At~al. 

Schacl. G. W.. 'Charactcrizatitin of thr Structure of Cellular Plastics,"J. Appl. 
Pcdyiiicr S r i n t c ~ ,  10(h):2 I3 I (1967). 

Schrufcr. W. *Wctcrminatioii of  <;as l'crmcahility of IJlastic Films According 
to Measurements of Changes in  I'rcssure,' Voluliic:' KwsfsfoJe. 16:132- 
7. 143 (1956). 

Shunian. A. C. "Apparrtus for Mcasurilig the Gas IJcrrneibility of Film Ma- 
terials," lid E11.y. C/wn., 16:58-6() Uanuary. 1944). 

' 

C/W**.. 19: 396-101) (Jiitie. 1947). 

.. 

&IIf ojCr//ular Phrficr: A Coniprrkrnriw Bibliogriphy . , . . 215 

Shutov, F. A. 'The Morphology of Polyurethane Foams,'' Ct.lliilar and A'on. 
Cellular Polyurefhoties. Munich:Carl Haiiscr Vcrlag. p. 117 (1980). 

Sobolcv. Meyer, Stannutt and Szwarc. "Pcrnication, Diffusion. and Solubii- 
ity of Methyl Bromide and Isobutene in Polyethylene," bid. Eiig. C/icrrt.. 
49:441-4 (March, 1957). 

Stannett. V. atid M. Szwarc. "Permeability of Polynicr Filnu. io Gascs-A 
Simple Relationship,"]. Rilyntrr S i . .  16:89-91 (1955). 

Todd, f i .  R. "Gas Transmission Measured by Volumetric Method," hfodrm 
Packaging. 18:124-5. 160 (December, 1.944). 

Van, Anieroiigen. G. J. "Influcnce of Structure of Elastomers on Their Pcr- 
nieability to Gases,"]. Polymv Sci.. 5:307-32 (1950). 

Waack. R.. N. H. Alex. H. L. Frisch. V. Statinctt and M. Szwarc. 'Permcabil- 
ity of Polymer Films to Gases and Vapors," h d .  € I I . ~ .  Cluw., 4 7 2  j 2 J  
(1955). 

Wood. 11. C. 'The Sandwich Method-A Proposed Approach to t l~c Mea- 
surrnient of Oxygcn Transmission Kate ilirough Moisture-Scnsitivc 
Barrier Fihiis,"J Trsfiitg a d  Euahtofiott. 12:119~151 (1984). 

Ziegel, K. D.. H. K. Frensdorff and D. E. Bldir. *M&*mmcnt of Hydrogen 
Isotope Transport in Poly-(Vinyl Fluoride) Eilms'by the Pcriiicarioa- 
Rate Method."]. Polynicr Sri. Parr A-2, 7:809-819 (1969). 

(c) Relevant Thermal Measurement Techniques and Issuer 

Alunibaugh. R. L. and S. R. Conklin. "Sprayed-in-Place Polyurethane Forni 
Roofing Systems. Pros and Cons," Pmreediiikyr of 7rh Cot+rcttcr mi R,y/hy 
Trckrrolngy, NB9NRC.4, April, 1983. pp. 35-40 (1983). 

Anderson, B. R. 'The Measurenient of U-values on Site," i n  Tlimrml Pt+- 
mancr D/fhe Exfrrior Envehpes dBuildings, 111. ASHRAE SP 49. AtlJnta. 
GA:A.S.H.R.A.E.. pp. 3-19 (1986). 

Bomberg. M. and K. R. Solvason. "Precision and Accuracy of Guarded 1101 
Plate Method," in T/yrinal Coitdiirfivify 17. Ncw York:Plenum Publirh- 

Bomberg. M. "Developmelit of Thernial Insulation Performance X*st Mctli- 
ods," ASTM Sfandardizafiotr News. 10:26 (1982). 

Bomberg. M. "Labordtory 'Methods for Dcteriiiining Moistpre Absorption 
of Thermal Insulations. I: Review,"-\. Thrriiial liisiilariun, 6232 (1983). 

Bomberg. M.. €. M. Pelanne and W. S. Newton. "Analysis of Uncertaintics 
in Calibration of a Heat Flow Meter Apparatus." in Thrnnal Condurfiviry 
18. Plenum Publishing Corp.. p. 259 (1983). 

Bomberg. M. and K. R. Solvason. "Comments on Calibration and Design of 
a Heat Flow Meter," T/ i r r td  Itisulafiou Mafrrials and Sysfena/or €mfy 

ing Corp.. pp. 393-410 (1981). ~ . .  

I 



Y * . I 

.. . 

216 RONALD P..Tn 

. ~ ~ ~ ~ r ~ ~ r r u , ~ ~ i o ~ ~  iii tkr 110's. ASTM STP 789. F. A. Govan. D. M. Creason 
and J. I>. McCallister. ds. Philadelphia. PA:A.ST.M.. pp. 277-292 

Bomberg. M. "'Applications of Heat Flux Transducers: A Select and Anno- 
t:itcJ 13ihiliography." in Buildiuf .4pp/iratic111s oJ Heat W t x  Trrr~adt~rm. 
ASTM STI' 885. E. Ualcs. M. 13onihcrg mid G .  E. Courville, eds. Phila: 
dclpliia. 1'A:A.ST.M.. yp. 223-238 (1985). 

Burch. I). M., It. It. h r r .  T. K. Faison and C. E. Arnold. "Thermal Resis- 
tance Measurcnients of a Well Insulated Wall Using a Calibrated Hot 
Ilox," in 77imid Pi$wi,larrc ojrke Exterior Gturlupc o j B ~ r i l d i ~ ~ f ,  111. ASH- 
RAE SP 49. Atlanta. GAA.S.H.1t.A.E.. pp. 957-973 (1986). 

Couniou. K. G..  J. F. Howard and K. 1'. Tye. "A Direct Reading Thermal 
Cimductivity Instrunicnt~with Digital Read-Out for the Mcasurcnlcnt 
of Heat Transnlission in  Cellular I'lastics."]. Crllular flasfirs, 9:3 (1973). 

Courvillc. C. E.. A. 0. I)csjarlais. R. I? Tye and C. R. Mclntyre. "A Conipar- 
ison .,r Two' Iiidcpcndcnt Techniques for I>ctcrniination of In-Situ 
Tlicrinal Ilrforinance. prcsiwfrd (it .4S7Af C16/DOE Coi(rrrtlrr ott Tlar- * 

I I I . I /  1iisiilat~icw, /it41 ill /h/ Hmhrr, /V., Dcriwher 6-8. 13x7 (in press). 
Courvillc, G. E., J. I? Sanders. Jr. and I? W. Childs. "Dynamic Thrrtnal Pcr- 

fortnance of Insulatcd Metal I)cck Roof Systcins," in T h c r d  P i $ k  
iiirliirc i$t/tc~ Esrc*rior Eiiivlyin oj/3idi/it1gs, 111. ASHRAE SI' 49. Atlanta, 
GA:A.<.H.R.A.E.. pp. 53-63 (IW6). 

Curry, I>. M. arid S. D. Willianis, "Ncin-Linear Least Squares-An Aid to 
Thermal Property Dctcrtninatiori," AIAAJ. 11(5):670 (1973). 

Cyphcrs. J. A. 31id E. V. Sonicrs. "Analysis of Errors in Measuring Thermal 
Conductivity of Insul.iting Materials," Rev. Sri. Itutrtottotfs.  22583 
(1951). 

Dezliciw. F. J.' a d  K. A. Epncin. "Laboratory and Field Investigations of 
Mc: riirc Absorption and its EKcct on Thcrnial I'crtorniance of Various 
liisiil~cions." i n  7lrcrrd 7kmtuissir~ . t ~ ~ ~ s ~ ~ r ~ ~ ~ ~ ~ c ~ ~ ~ s  I!/ / I I S I I / ~ I ~ I I S ,  ASTM 
STP 660. It. 1'. Tyc. cd. I ' l~ i lad~~lp~a .  1'A:A.ST.M.. pp. 234-260 (1978). 

r ~ g c i i n c .  M. and S. kI.irsi~ld, "A Ncw Typc ofHcat Flowmeter for Applica- 
tioil a d  Sttidy <if Iiisiilrtioti a n d  Systc~ns." i n  /hdditt,y A p p l i r ~ ~ t I i ~  ./ 
Hcof Flfis ' ? - ~ ~ I I I ~ I / I I w ~ ~ ,  ASTMS STI' HX5. E: Ualcs. M. Botlibcrg and 
G .  E. ,Cour\~ille. cds. l'liilaiiclpliia, 1'A:A.ST.M.. pp. 163-171 (19H6). 

Dowd, It. T. "ILpid k-Factor Mctliod for Cellular Plastics,"/. Cchbr P / I I ~ -  

Fang, J. 13. and It. A. Grot. "111 Situ M c a ~ t ~ r c i ~ i ~ ~ i t  of the Thern~al Resistance 
of Uitildiiig Eiivclopcs of Office Uuildings," A S H R B E  T ~ ~ I I I s . .  91:558. 
Pt. I U  (19x5). 

(1983). 

firs. 2:202 ( I Y M I ) .  

.. 

Fang, J. B.. R. A. Grot and H. S .  Park. "The Asscssnicnr of Accuracy of In 
Situ Methods for Measuring Building Envclopc Thcrnial Xesistanre," in 
T h w a l  f e r j w m a w  o/rL Extcrior Eiiwlopr ~fBiiildiit,~s, Ill. ASHRAE SY 
49. Atlanta, CA:A.S.H.R.A.E., pp. 675-688 (1986). 

Fine, H. A.. S. H. Jury, D. L. McElroy and D. W. Yarbrough. "Analysis 01 
Hcat Transfer in Uuilding Thermal Insulation," Oak Ridgc National 
Laboratory, ORNL/TM-7481 (1980). 

Flanders. S .  N- "Confidence in Heat Flux Transducer Mcasurcmcnts 01 

Uuildings" A S H R A E  Eanr. 91:515-531. Part I (1985). 
Gro:, R. A.. K. W. Childs. J. B. Fang and C. E. Courvillc. "The Measurr- 

mciit and Quantification of Thernial Bridges in Four Oficc Building< 
ASHRAE Trcnr, 91558, Pt. 1B (1985). 

Grot, R. A.. M. Modera. J. B. Fang and H. Park. "Instrumentation for the 
In-Situ Measure.mcnt of  Building Envclopes," A S H R A E  %IK, 91: 
lOH8. Pt. 2B (1985). 

Hedlin. C. P., "Some Dcsign Characteristics 6f Insulation in Flat I lonf5 

Related to Teniperaturc and Moisture," Proceediiys oJ .fib Conjrmm ,VI 

R I J I ~ I I . ~  T c r l r i t ~ k , ~ y .  NBSINRCA. pp. 17-25 (April, -1979). 
Hedlin, C. P.. l i .  W. Orr and S. S. lio. "A Method for Determining tlic 

Tlicrmal Resistances of Experimental Flat Roof Systems Using Heat 
Flow Meters,'' in T/trrriral Iiairkdfiorr f+r$witrltlw. ASTM STP 718. 
D. L. McElroy and R. P. Tye. cds., I'hihdelphia. PA:A.ST.M.. pp. 307- 
321 (1980). 

Knab, L. I . .  R. D. Jenkins and R. G. Mathey. "The Effcct of  Moisture on'tlic 
Thermal Conductance of Roofing Systems," in Bltildircg Sriertrr  snit^. 
Washington. DC:National Bureau of Standards. p. 123 (1980). 

Modera. M. 'Technical Description: The Envelope Thernial Test Unit." 

Norman, G .  'TIMA Roof Insulation I n  Situ Tlicrmal Analysis Study," 
Report I V .  by R. D. Scott and C. Heath (private communication). 

Orlandi, R. D.. L. S. Shu. C. D. Derdcrian and B. Siadat. "A Field Tlicrnial 
Mcasurcmcnts Technique for Roof Deck Systcnls," in Tlirrtnd Av+r- 
t n a m  o/ the Exterior &iiur/opc n/ Bttildiugs 11. ASHllAE SP 38, Atlantr. 
GA:A.S.H.R.A.E., (1983). 

Ovstaas, C., S. E. Sni i t~ .  W. Strzcpek and G. Titlcy. "Thermal Performancc 
of Various  insulations in  Below-Earth Gradc Perimeter Applicatio~a." 
in T/inninl I~~s~rlai iot i  Materials aiid Sysfrau Jor Etiergy Consewatbtt in tlrr 
Ei.qkfies. ASTM STP 789. F. A. Coran. D. M. Grcason and J. D. McCd- 
listcr. cds. Philadelphia. PA:A.ST.M., pp. 234-260 (1978). 

Pelanne. C. M. "Discussion on Experiments to Separate the 'Effect ofThick- 

ASHRAE E ~ I I s . .  91:532. Pt. 1U (19H5). 



218 RONALD P. Trt 

ness' froni Systeniatic Equipinent in Thcrnial Transniission Mcasure- 
niciits,*' in 77icriiid I i i s t r h ~ r i o r r  lJy/i~rtihliiw. ASTM STI' 7 18. D. L. McEI- 
roy atid H. I? Tyc. cds.. Philadclpl~ia, PA:A.ST.M.. pp: 322-334 (1980). 

Prrtt. A. W. "Thcrnial Transiiiittance of Walls Obtained by Measurement on  
Test I'ancls in Natural Exposure,.' l3 td i l i i I .C  Sciriicc. 5:l (1970). 

Rcniicx. 1% "An Asscssiiiciit of Needs for New Thcrnial Hcfcrcnce Materials," 
National Uurcau o f  Standards. NUSIR X5-3146 (IW5). 

Rcniicx. U. "Low-l)cnsity ThcriiiaI Itisulation Calibrated Transfer Saiiiplc- 
A Ikscription of  a I>iscussio~i of the Material Variability," National 
Uurcau of  Staiidards. NI%SIIl H2-253H(IYH2). 

Rossitcr. W. J.. Jr. atid I<. G. M.it1ic.y. "A Mcrhiidokigy for Drvcloping Tests 
to Aid Service Life I'rcdictioli of  Single-Flag Roofmg Menibrancs, Pro- 
ccrdiil,cs o /  7fh (h!/?rciicc oii Roojiq 7 k l t i t d o ~ y .  NBYIVRGI, April, 1Y83, 

Rossiter. W. J. and II. G .  Mathey.-"The Effect of Insulation on the Surface 
Tcnipcr .t...-,- of Ik i i~f~t ig Mciiibraiics," NUSIII 76-9x7. Nation31 Uurrau 
of  Standards. Wasliiiigtoii. I><: (February. 1076). 

Shernim. M. 'Sanipling Fared Foam Iiisulation~Uoard for Hcat Flow Meter 
Thr rn id  Pcrfcmliatlc.c Trstiiig." it i  7licrii id /iidifioii Pi~~~rr~iioiec..ASTM 
STI' 718; I ) .  L. Mt,.Elroy aiid It. I? 7j.c. eds. I'liiladclphia. I'A.:A.ST.M.. 
pp. 2'19-306 ( I 9 X O ) .  

Siu. M. C:. I. "Fibrous Glass h a r d  as a Standard Ikfcrcnrc Material for 
Thcrnial Ilcsistance Mcasurknicnt Systcnis," ASTM STP 7 18. 343 
(1980). 

SniitH;S. A,. C. J. Gdlbraith, M. J .  Cartniell. M. 1.. Moore and R. K. Urown. 
."A Round Robin Tcsting l'rograin to Eitiniatc the Precision of  ASTM 
CjlW for h!casuiiiig thr K-f ic tor  of  1tigid Foam I'rortutts," Pll/pri*- 
t h w  Il;rr(l Ct*i!\)icsj 19x7; 70 \hirs I!/ / ' ~ ~ / ~ t ~ ~ ~ t / t ~ l i i ~ ~ s ,  Frailkfurt. FIIG: 
Fat liverband Schaiiiiihuiiststo~~. c.V.; New YorkThe Society of the 
Plastics i:itlllstry. pi). 74-79 (1087). 

TenW,JJc. A. and G. E. Courvillc. "liistr.  .:viitatioii for Mcastlring Moisture 
ai.J Ih i l J ing  Eiiveloyc,".;~S//R.~E E~IIs., 9 l : l l O l .  Part 2 U  (19XS). 

nliorson. -K. "L)ct&niination of Expa i l s ion -Coc~c ic~~ t ,  ,Water Absorp- . 
tion. Moisture Ditliisivityas well asThcrnial Conductivity at Difcrcnt. 
Moisture Cotitciits for' I'olystyre~ic a n d  Urcthanc Cellular, I'lastics," 
report from Iiistiturc 'kir Iluiltling Tthiology.  Chaliiicrs Tcchi&al 
University. Gotlirtiburg. Swctlcli (August. 1973). 

Tobiasson. W. 3lid C. Korliotlcn. "lloof Moisture Surveys; Ycstcrday. Today 
a i d  Toiiiorrow:' /Jtotwi/ i i i ,~s c!/ Stroiid /iiWriidi!trd/ ~) ' tUpiV~i i l i l  oil Rtk!fiiI$ 
XrkiitiB!yy-A f>r,dik c!/(;/i4iit.qt,, I h r r r  'ficiids i t ,  Rik$iig," NRCA, C/iIia.p, 

' 

, 
pp. 4-11 (10x3). 

., 

.' 

. -  
IL. pp. 4 3 x 4 4 3  ( IYX5) .  

Aqiiig of Crlhlar Phsria: A Compnhrnsiw Bibliography ' . 219 

Tobiasson. W. and J. Ricardi. "Moisturc Gain and Its Thrrmal Consequence 
for Continon Roof Insulations:' Proereditys cf5fh Coifwetter oti R ~ / I I ~  
Trrlntok!yy. NBSINRCA. pp. 4-16 (April. 1979). 

Tye, R. P.. K. G. Coiiniou. A. 0. Desjarlais and D. M. Haines. "Develop- 
ment of  Lrrgc Heat Flow Mctcr Apparatus for Measurement of  Thcr- 
mal Resistance of  Insulations:' in Thmiinl  Iiisrtlafion Alarrrilrls aid Sysrrinr. 
ASTM STP 922. F. J. Powell and S. M. Matthws.  eds. Philadclphia, 
PA:ASTM. pp. 651-654 (1988). 

Woodcock, H. "Arc Test Results Flawed When Testing Isocyanattratc Board 
Stock to C-518 Test Procedures?" SPI Aiuirtnl R@d f i a t i ~  Ed~iircal Coig:, 
Sf.'Louis (1986). , 

(d) ,Reference ,Books 
Aduaiters itt k i n  A.qiyq-A 7 i y i c  iti Eiirqy Coiisenwfion Smrs. D. A: Brandrcth. 

cd. Yorklyn. DE:Caissa Editions (1986). 
Biiildiyy Applirafiotis af H r d  /%is Tmitsditrc~rs. ASTM STP 885. E. nalcs. M. 

Uoniberg and G. E. Courvillc. cds. Philadclphia. 1'A:A.ST.M. (19x5). 
Guardrd Hot Plnfr and Hraf Fknv A k f r r  Mrf/icr/olt!yy. ASTM STP 87Y. C. J. 

Shirtliffc and R. P. Tyc. cds. llhiladclphia, PA:A.S.T.M. (1985). 
Prriiitwhility' q/  Plasric Films mid Coeriii,qs fo Clrsrs, i h p r s  ar~d Liqltids. H. E. 

H o p f c n h q ' e d .  New York and London:Plcnu~ii Press (1974). 
Pulyiircfhnirr: Exp/oriq Nrw F+rizoiis. New .YorkThc Society of  the Plastics 

Industry. Inc. (1986). 
Alyumlhanr Hmdbook. G. Oerfcl. ed. Munich,' F 

tributed in USA by Macmillan Publishers 
PoIy~Ircfhiirs Mrld Coiigrrsr 1987: 50 Hwr; ~f Po 

Fachverband Schaumkunststofi c.V.;, N 
j _I Plastics Industry. Inc. (1987). 
Thrriiid Coiitlii~fiuify, .?/. J .  R. P.'Tye. cd. Lo;idon:&ad;mic Prms (1969). ' 

Thenid Ii~siilafioi~ h@frrials aid Sysrriirs. ASTM STP 922. 'F.. J. Powell and 
S. M. Matthcws. cds. Phladclphia, YA:A.S.T.M. (19.88). 

Thmilal I i isuldon ' MaInilrls, ai{ Sysrrms jOr, Etirtgy Coi\struafioir in rkr 805. 
ASTM STP 789. E A. Govan. D. M. Grcason and J. D..McAllistcr. eds. 

Thwiiial Iiisiilafioii Pr$rinancc. ASTM STP 718, D. L.:McElroy a n i  R.'P. Tye, 

Thermal~~Prr/nniiance I$ fhe.Exfrrior' Enurl~~~'Oj'Brtilding~ I. ASHRAE SP 28. 
Thmtiel PrrJ~nii~iice af (he Exfrrior Eirl)elops OjBuildings 11. ASHRAE SP 28. 

. 

.. .. 

, 

, _, Pliiladelphia. PA:A.STM :( 19831.. , . . .  

cds. Philadelphia. PA:A.S.TM, (1980). ~ ' 

Atlanta, GA:A.S.H.R.A.E. (1981). . 

Atlanta, C3A:A.S.H.R.A.E. (1983). 

, 

I r  

-I 

N 
N 

. 



220 RONALD P. lv6 i 

C 518 

C 677 

C 836 

C 1045 

C 1046 

(e) Related Documents 

A m i  rim ,w imm 

T~st Method lor Stczdy-St.w Thcrnd  Transmission Propertics 
hy Means of the Hcat  Flow Meter 
I'racricc for Use of a Standard llcfcrcncc Shcct for thc Mcasure- 
mcnt of the TinlcAvcragcd Vapor Prcssurc in a Controlled Hu- 
midity Space 
Sprcification for High Solids Content. Cold Liquid-Applied 
Elastonietric Watcrproofing Mcmbranc for Use With Separate 
.A' iring Course 
StanJ.ird Practice for Calculatitlg Thermal Transmission Proper- 
ties Froin Steady-State Hcat Flux Mcasurcmcnts 

' 

Standard Practice for It1 Situ Measurement of Hcat Flux 'and 
Tcmpcriturc on Building Envelope Conlponcnts 

C XXXX r*andard Practice for I)cternlirling Thcrrnal Resistance of Build- 
ing Envrlopc Con;poncnts Froin 1tr Situ Measuremcnt of Heat 

D 412 
D 696 

D 1004 

D 1251 

n : ! \4 

D 1621 

D 1622 
D 1623 

* - D 1653 

F L X  and Temperature (111 1)raft) 
Test Methods for Ilubber Propertics in Tension 
Test Method of Coeficicnt Lincar Thermal Expansion of Plas- 
tics . 
Test Method for Initial Tcar Hesistancc of Plastic Film and Shect- 
ing 
'i:st Method fiw Water Vapor Prrmcability of Packagcs by Cycle 
Mcthod 
Test Mcthihl for 1)rtcrnlining Gas Pcrmcability Characteristics 
af Plastic kiln1 Jnd Sheeting to Gascs 
Test Method for Cornprcstivc Propertics of Rigid Cellular Plas- 
tics 
Test Method for Apparcnt Ihnsity of Rigid Cellular Plastics 
Tcst Method for Tensile and Tunsilc Adhesion Propertics of 
Rigid Ccllul;ir I'lasrics 
Test Method for Moisture Vapor Pcrnmcability of Organic Coat- 
ing Films 

D 2126 

D 2842 
D 2856 

D 3079 

D 3418 

D 3575 
D 3985 

E 96 
E 228 

E 398 

F 372 

G 9  

. _ .  
Aging O/GIluIar Phfics: A Cotnprhrwivr BibiioBrophy . 221 

Tcst Method for Response of Rigid Cellular Plastics to T h d  
and Humid Aging 
Test Method for Watcr Absorption of Rigid Ccllular Plastics 
Tcst Mcthod for Open Ccll Content of Rigid Ccllular Plastics by 
the Air Pychomncr 
Tcst Method for Watcr Vapor Transmission of Flexible Heat- 
Scaled Packagcs for Dry Products 
Test Method for Transition Tcmpentures of Polymcrs by Thcr- 
nial Analysis 
Tcst Mcthod for Ccll Sizc of Rigid Crllular Plastics 
Test Method for Oxygcn Gas Transmission Ratc Through Plas- 
tic Film and Shccting Using a Coulomctric Sensor 
Test Methods for Water Vapor Transmission of Matcrials 
Test Method for Lincar Thcrmal Expansion of Rigid Solids with 
a Vitreous Silira Dilatometer 
Test Method for Watcr Vapor Transmission Ratc of Shect Mate- 
rials Using a Rapid Techniquc for Dynamic Mcasurenicnt 
Tat Method for Water Vapor Transmission of Flcxiblc Barricr 
Materials Using an lnfrarcd Dctcctiqn Technique 
Test Method for Water Pcnctration into Pipclinc Coatings 

. .  

(f).Othen 
"An Asscssmcnt of Thermal Performance of Rigid Polyurcthanc and .Poly- 

isoqanurate Foam Insulations for Usc in Building Construction." SPI 
Bulletin U-108. Society of Plastics Industry. New York (August. 1979). 

Handbook o/ Futidartlentols. American Socicty of Heating. Rcfrigcrating. and 
Air Conditioning Engineers, Atlanta. GA. Chapters 20-23. 

I S 0  TC 61 on "Plastics-Determination of thc Cas Transmission Rare of 
Films and Thin Sheets Under Atniosphcric Prcssurc- Manomytric 
Method," International Standard ISO/DIS 2656. 

I S 0  TC 61 on "Plastics-Rigid Cellular Matcrials-Dctcrmination of Thcr- 
mal Conductivity by Means of a Heat Flow Mctcr," Intcrnational 
Standard ISOlDlS 2581. 

I S 0  TC 163 on Thermal Insulation. SCIIwC7 "Aging Effccts on Propertics 
of Thcrmal Insulations:' Documents N1-7E (1985-86). 

"Partners for Progrcss," papers prcscntcd at UFEX-12 Confcrcncc. Phocriix 
A2, 15-18 February, 1987. Polyurethane Foam Contractors Division of 
Socicty of Plastics Industry. Washington and Ncw York (1987). 

"Specifying In-Service Resistance R-value of PIR and PUR Fluorocarbon 

1 ' 

I .  



222 RONALD P. TvE 

Gas Foanied Insillstion Hoard." MRCA Position Paper (1 Novcmbcr. 

"Thc lsoiiiati Conicrh:' Midwest Roofing Contractors Association Conven- 
tion (Fchiiary. lW2). 

"Tlicriiial I i i w l . i i i w  of Urrtli;iiic :itid 1sol.yaiiiiratc I)oards:' CGSIl Sta~ id -  
.irds 5 I - (  ;1'-21 M a i d  Sl-GlJ-2OMP. Canadian General Standards 
l l iwd ,  011:iwa. Chmrio. 

Trade Ilcgulaticiii Rille: "l-.ihcIliiig and Advcrrising of Home Insulations:' 16 
CFR Parr 460. Frdrral 'lradc Conimission. Wasliingtoii. 1lC (1979). 

Added Citations 

Thc follo\ving papers were prcscnrcd at ttic ASTM C161DOE Conference 
on Thcrnial Iiisiilatioti held in Ilal Harhtir, Flor ih ,  6-8 Ilccciiihcr 1987. 
I'rocecdiiigs o f  the c o n h m c e  in coiirse of publication hy A.ST.M. a s a  Spe- 
cial Tcc.hnical Publication. 

(a) Bomhcrg. M. .uid I). Ilraiidrcth. "Long Term Thermal Rcsistancc of 

Clicksnian. L. R.. M. Torpcy and A. G. Ostrogorsky. "Factors Govcrn- 

Ostrugorcky. A. C. and L. Il: <;licksrnari. "Tiiiic Variation of Insu- 

Sandberg. I? I. "Aging Extruded I'olystyrrnc Insulation: Classification 

Strzrpck. W. I<. "An Ovrrvicw of the Physical Propertics .of Cellular 

Zwolinski. I . .  M .  "Historic31 I'erspective and ()utst:lnding Problems in 

1 9 ~ s ) .  

Gas-Filled Foams: A Review" 

iiig Heat Transfer Through Closed Cell Foam Insulation" 

lating Fropcrties of  Closed Cell Foam Insulation" 

and Qtiality Control System in Sweden" 

Thcrnial Iiisiila.tic~ns" 

Fuam Insillation Aging" ' 

(b) Shanklmd. !. H. "Measiircincnt ofGas l':r.,ion in Clowcl Cell Foams" 

(c)  Courville. G. E., P. W. Child\. J. V. Ijeck. A. R. Moamd. <;. I). Der- 
.leriin and L. F. Shu. "A Comparison ofTw'w0 Tcchniqucr for Moni- 
toriiib the Field I'crfiiriiimcc c d  Ilouf Systciiis" 

HaRan. J. I l .  and I I .  G .  Millcr. "Long Term It-Valucs and Thermal Tcst- 
ing Rcquircnicrits for Itigid Iiisiilating Fo;ims" 

Langlais. C.. J .  Boulant and I .  Ihrche.  "Use o f 3  Two I-lcat Flux Trans- 
ducer Apparatus for Transient Thernial Measureincnts on  Porous 
Insulating Materials" 

Riley. E. A. and J .  I<.  I-lcndcrshot. "Measuring Thrrnial Coliductivity of 

, 

. -  
'Foam Insulation Etlicicntly. Preciscly. and Incxpensivcly" 

I 

3 
1 

5 

6 

7 

n 
1 

13 

II 

12 

I 3  

N 
P 

s I 



125 

IS0 TC 6 1  SC 10 N .  6 5 2  

’ 
. .  .. . , 

.- 
J o i n t  WG 
1 S O  TC 61/SC 
IS0 TC 163ISC 
Doc. 18 - 

1 .  

DTR 9774 

. PROPERTIES OF THERMAL INSULATING PRODUCTS 
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- GUIDELINE FOR THE HARMONIZATION OF INTERNATIOSU 
STANDARDS OR SPECIFICATIONS .- 

4 t h  D r a f t  
September 1987 

0 .  FORFWORD 

IS0  TC 6 1  SC 10 - P l a s t i c s ,  c e l l u l a r  m a t e r i a l  
a t  i ts  Warsaw n e e t i n s  i n  Septesber  1985 and 
IS0 TC 163 SC 3 - TherPal  i n s u l a t i o n ,  i n s u l a t i o n  produ::s for b u i l d i n g s  

decided t o  e s t a b l i s h  a J o i n t  Working Group t o  d r a f t  a docunen: on ap? l i -  
cation c a t e g o r i e s  and b a s i c  requirements  f o r  t h e r s a l  i c s c l a t i o n  mater i -  
als for bui ld ings .  The document t o  be d r a f t e d  s h a l l  be a comzon b a s i s  
for f u t u r e  s t a n d a r d i t s t i o n  i n  t h e  f i e l d  of s p e c r f i c a t i c - s  for d;fte:en: 
i n s u l a t i n g  products  fer b u i l d i n g s  i n  both  t e c h n i c a l  c o z i t t e e s .  

a t  i t s  Croninqen meet ing i n  September 1905 - . .  - 

. . f . .  
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The J o i n t  Working Group, c o n s i s t i n g  of  mecbers of  both techgica l  cormit-  
tees f r o 3  Canada, France, Germany, India  and t h e  United Kingdom met 
twice, 

i n  A p r i i  1986 in.Copenhagen, 
i n  J u l y  1986 i n  B e r l i n  

and p r e p r e d  t h e  D r a f t  Technical  R e p o r t  9774 (2nd D r a f t ,  Ju ly  1986). 

The f o m  of a Technical  Report w a s  chosen t o  enable  t h e  committees t o  
prove,  i n  t h e i r  f u t u r e  s t a n d a r d i z a t i o n  work, whether t h e  ba,sic r e q u i r e -  
ments according t o  the a p p l i c a t i o n  of  t h e  i n s u l a t i n g  products  a r e  an ap- 
p r o p o r i a t e  b a s i s  f o r  s p e c i f i c a t i o n s .  

IS0  TC 61 and IS0 TC 163 have s e n t  o u t  t h e  D r a f t  Technical  Report f o r  
comments i n  autumn of  1986lspr ing of  1987,. 

. 

The Working Group a t  i t s  meeting i n  London i n  Play 1987 has looked 
through t h e  comments having a r r i v e d  u n t i l  then  and prepzred a new d r a f t  
i n  t h e  l i g h t  of t h e  comments (DTR 9714, tlzy 19871. 

Again t h i s  d r a f t  was s e n t  t o  t h o s e  member boeies who had comented on 
t h e  D r a f t  J u l y  '86 with t h e  q u e s t i o n ,  i f  t h e i r  former coments  were 
so lve6  by t h e  Draf t  Hay 1987. 

I n  t h e  l i g h t  o f  a l l  these  comments, t h e  J o i n t  Working Group a t  i t s  
meeting i n  B e r l i n  on September 2 2 ,  1987 has  prepared th i s  4th Draf:. 

The J o i n t  Working Group asks t h e  r e l e v a n t  SCs of both Technical Coz- 
mittees t o  agree  t h a t  t h e  Draf t  is.advanced. t o  t h e  next  leve l .  ' 

. 

. 
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1. SCOPE L t D  FIELD OF APPLICATION 

1.1 
l a t i n g  products  f o r  i n s u l a t i n g  o f  b u i l d i n g s  and g ives  guidance on t h e  
s e l e c t i o n  of minimum performanc?e c h a r a c t e r i s t i c s .  

This  Techniea1,Report is intended t o  serve  as a background docunent f o r  
S tandard iza t ion  and t o  a s s i s t  in t h e  harmonization of  s p e c i f i c a t i o n s  f o r  
thermal  i n s u l a t i n g  products  of  d i f f e r e n t  o r i g i n .  

This  Technical  Report lists commJn a p p l i c a t i o n s  f o r  thermal  izsu-  

. 

This  TechnJcal Report i s  not  in tended  t o  serve as a guide t o  u s e r s  or ._ 
producers  t o  prove t h e  s u i t a b i l i t y  of any p a r t i c u l a r  product or any 
given a p p l i c a t i o n .  

The product  p r o p e r t i e s  l i s t e d  f o r  each a p p l i c a t i o n  a r e  expresseC as m i z i -  
mum performance c h a r a c t e r i s t i c s ,  which s h a l l  be maintained d u r i t q  t h e  
expected service l i f e  of  t h e  i n s u l a t i o n  wi th in  the  structure.’. 

L.2 When s tandards  or s p e c i f i c a t i o n s  a r e  e s t a b l i s h e d  o r  e x i s t i n g  s tan-  
dards  a r e  rev ised  on t h e  b a s i s  of t h i s  Technical  Report, t h e  rnizLL3 per- 
formance c h a r a c t e r i s t i c s  of  t!is Technical  Report should i n  t h e  s=andcrd.s 
or s p e c i f i c a t i o n s  be t r a n s l a t e d  i n t o  product reqairements ( spec iz ied  va l -  
ues)  t o g e t h e r  with appropr ia te  t e s t  methods, which m u s t  be f u l f i l l e d  a t  
t h e  time o f  d e l i v e r y ,  i n  order  t o  ensure t h a t  t k e  product f u l f i l l s  t h e  
per fomance  requirements i n  se-v ice .  This  r e l a t i o n s h i p  between s;ecified. 
va lues  f o r  t h e  product  and t h e  s e r v i c e  performance c h a r a c t e r i s t r c  of *e 
product  i n  use can be d i f f e r e s t  f o r  d i f f e r e n t  i n $ u l a t i n g  products ,  Cepend- 
ing  on t h e  c h a r a c t e r i s t i c  of t h e  m a t e r i a l  (e.9. aging o r  tine-ee;eade=: 
behaviour) .  Not each b a s i c  recvirement  n e e l s  t o  be s p e c i f i e d  ir. each 
product  s tandard ,  i f  i-L.is obvious - t h a t  c e r t a i n  requirements a r e  always fu1fil:ed - 

- 

t h a t  s e v e r a l  requi renents  can be covered. by one s p e c l f i e d  pr=;erty. 

*’ Note: The expected s e r v i c e  l i f e t i n e  de3ends on t b e  a p p l i c a r i = -  
of t h e  i n s u l a t i n g  Frcauct  i n  the  cor.s:=uction, takin; i-zo 
account t h e  ease vi:!-, which t h e  produc: nay be mainraize: 
o r  replaced.  Service l i f e t i r e  shcclc Le asdressed by =.‘..e 
product  s p e c i f i c a r x n s .  
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1.3 
l a t i n g  products. Products  a r e  any manufactured mats and boards in-  
c luding  any f a c i n g s  or  coverings,  uhich may be present .  The b a s i c  ch=- 
a c t e r i s t i c s  may a l s o  be appl ied t o  o t h e r  i n s u l a t i o n  products ,  e.g. i;m 

s i t u ,  i n  systems or component?, vhcre appropr ia te .  

The Technical  Report covers  only thermal I n s u l a t i n g  products  for use  
i n  b u i l d i n g s  w i t h i n  n o m a 1  c l i m a t i c  condi t ions .  It  does n o t  cover  i w  
l a t i n g  products  for b u i l d i n g  semices, e.g. plumbing, hea t ing  and n e  
f o r  i n d u s t r i a l  use. 

Acoust ic  p r o p e r t i e s  are not  included i n  t h e  p r o p e r t i e s  g iven  i n  t h i s  
Technica l  Report, a l though t h e s e  may be  a d d i t i o n a l l y  requi red  f o r  s- 
a p p l i c a t i o n  f i e l d s .  

This  Technical  Report a p p l i e s  only t o  p r e f a b r i c a t e d  thermal in- 
. 

2,. REFERENCE DOCUMENTS 

ISO-DTR 9165  - P r a c t i c a l  t h e m a l  p r o p e r t i e s  of  b r i l d i n g  m a t e r i a l s  a d  
products .  

. 

3.. APPLICATIOSS OF THERMAL I N S U L A T I N G  PRODUCTS I S  BUILDINGS 

A review of t h e  most common a p p l i c a t i o n s  of t h e x z l  i n s u l a t i n g  p r o t i  
i n  d i f f e r e n t  s t r u c t u r e s  o f - r o o f s ,  w a l l s ,  c e i l i n s s  znd foundat ions is 
given i n  Table 1. The a p p l i c a t i o n s  a r e  i l l u s t r a t e e  i n  more d e t a i l  i n  
F igure  1. 

The purpose of F i g u r e - L A s  only t o  i l l u s t r a t e  tho a p p l i c a t i o n s  f o r  
v a r i o u s  i n s u l a t i n g  products  and t o  assist i n  r e l a z i n g  t h e  p e r f o x a n -  
c h a r a c t e r i s t i c s  f o r  t h e  products  t o  t h e i r  appl icczion.  The Figure 
a l s o  assist i n  C e t e m i n i n g  requirements f o r  o t h e r  a p p l i c a t i o n s  not  

The ske tches  a r e  f o r  i l l u s t r a t i o n  Only and a r e  n=z intended a s  c0r.s- 
t i o n  drawings, f o r  example water vapccr b a r r i e r s  at.d a i r  i n f i l t r a t i a  
b a r r i e r s  which nay be necessary,  a r e  Rot shown. 

.. /... 
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Waterproofings in the roof or foundation area are only shown to clarify 
the 3ositic.c of the insulation layer - in the area affected by precipi- 
tation water or ground water or in the area protected against the pene- 
tration of water. . 

. .,- 

4. PERFORMANCE CHARACTERISTICS OF PRODUCTS ACCORDING TO THEIR APPLICXION 

Table 2 lists those properties - according to different applications - 
which neck' to be considered when preparing standards and specificatiozs 
for differ nt products. The performance characteristics for these prole:- 
ties to ensure a serviceable and durable thermal insulation are explaireC 
and some values are suggested i n  Table 3. 

Derived from Table 2, Table 2a gives basic necessary properties for tker- 
mal insulations in any application, while Table 2b gives specific proper- 
ties which may be also necessary only for certain applications. 

PD: additional applications in building not shown in Figure 1, the prc;- 
erties for the insulating products are to be determined accordingly. 

Hecessary properties for insulating products used in constructions or 
cpsponents which are characterized by two or more applications accorti:; 
to Figure 1 are derived from all relevant required properties. 

For certain insulating materials, furzher properties other than those 
listed can be decisive for a durable behaviour-during Service, e.g. t'.e 
ctebility to the action of adhesives, of solvents or Of temperature. ::Le 

product specification should then Cecl with these additional properties. 

5. APPLICATION CATEGORIES 

For simplicity the various applications for insulating proCucts shew:. 
in Figure 1 may be grouped into Categories having COmOn perfonance 
requirements. It is then the task of the insulating material standarls 
or specifications to determine these categories and the applications 
which are covered by these categories. 
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t l a b r  s t u d  c o n 8 t r u c t l o n .  l n s u l a t l o n  a t  the kzunal side vlth r*nd*r lnq  
~ a 8 0 n q  or c v n c r e t a  wall, f u l l y  suppozt*d l n t ~ y . 1  l n s u l a t l o n  s u p p o r t i n q  
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14 

1s 

16 
K U L  

Cavity WAIL c o n a c r u c t l o n ,  l n 8 u l a t l o n  b t r e n  leaves. c a v i t y  v e n t l -  
laced 11 

c a v i t y  wall c v n s t r u c t l o n .  cavlty f u l l y  f l 1 1 . C  w i t h  l n m u l a t l o n ,  O U C M  

tbber  or - ta l  stud c o n s u u c r l o n  wlch  to . rCs  e v e r i n g ,  l n 8 u b t l O n  .up- 
p o r t e d  by t o u d s i  w l t h  ventilated *xt.rlor c c r ~ r l n q  

w a l l  under  qround.  .xcern.l i n s u l a t i o n  b.hlnC waterproof rn-ram w l t h  20 
rncrrnical  p r o t e c t i o n  
WAll under ground. axtern.1 I n s u l a t i o n  wlth L r e c t  c o n t a c t  t o  Lye qr0u-d 2 1  

m l l u  or CZAWlWay hall .  I n t e r n a l  ln8ul.tIo.- .  w:r4 or w i f h o u t  coverins I2 

I n s u l a t i o n  under l o a d  d i s u l b u t l n q  t l o o r i n g .  ic:ly s u p p o r t e d  2 4  

I n s u l a t i o n  under  the c o n s t r u c t i o n  2 1  

leave not v a t e r t l q h t  18 

l n i u l a t i o n  over tha a u p p o r c l n q  c e n s t r u c t i o n  01 k c w e e n  tha b . U 8  a 3  
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CO>CrCCe. 1nru l . t lon  u . d e r  t h e  8l.b r l t h  di:ecz c e n t a c t  t O  the g r O u 9 d  2 6  

11 

Concrete, l n s u l a t l o n  under th. 8l.b above wa-a-7:m.f Y P b r L i e  28 

c v n c r e t e .  Lnsul8tloa s u p p o r t e d  by tha slab. LLV. vacrrproof mrrDran.. 
benea th  l o a d  d l r t r l b u t i n q  f l o o r l n q  
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a 

c 

Thermal r e s i s t a n c e  R or 
thermal  conduct iv ' i ty  X 

Table 2a: Basic necessary  ? r o p e r t i e s  f o r  thermal  l n s u l a t i o n  
products  i n  any a p p l i c a t i o n  

b 

_I 

e 

p 

normal 
-30.C ./. 6 0 . C  service tempera ture  

shape and d i n e a s i o n a l  under temperature  
s t a b i l i t y  a c t i o n  

under humidity 
a c t i o n  

handl ing p r o p e r t y  
U 

v 
w 

x 

in f luence  on h e a l t h  and s a f e t y  
f i r e  b e h a v i o u  
behaviour u n C e r  
b i o l o g i c a l  a t t a c k  
c o m p a t i b i l i t y  w i t h  
o t h e r  materials 

I I 
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