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C ~ L ~ R ~ ~ ~ U O R ~ ~ A R B O ~  (CFC) TECHNOLOGIES REVIEW 
OF FOAMED-BOARD INSULATION 

FOR BU I LD I NGS" 

D. L e  NcElroy and M. P. S c o f i e l d  t 

ABSTRACT 

T h i s  r e p o r t  reviews the  use o f  foamed-board b u i l d i n g  
n and a l t e r n a t i v e  techno log ies  t o  reduce the  use o f  
arocarbons (CFCs). CFCs harm t h e  environment by 

t e r n a t i v e s  t o  meet the  Montreal  Pro toco l  
requi rements a r e  presented. Analyses o f  t he  energy-use impact 
f rom a l t e r n a t i v e s  f o r  b u i l d i n g  envelopes a r e  descr ibed. The 
p r imary  purpose a f  t h i s  r e p o r t  i s  t o  p rov ide  comnents i n  a 
m a t r i x  t a b l e  about foam i n s u l a t i o n s  (e.g., r i g i d  po lyure thane 
foam, r i g i d  ext ruded po lys ty rene  foam, and a l t e r n a t i v e s )  and 
about ~ r i ~ ~ ~ ~  concern5 (e.g., a p p l i c a t i o n s ,  availability, deve l -  
opment r i s k s  * e n v i  r o  e n t a l  h e a l t h  and sa fe ty ,  and energy and 
economic impacts).  app rop r ia te  federa l  r o l e  would be t o  sup- 
p o r t  development and xecu t ion  o f  a broad-based research program 

on w i t h  i n d u s t r y  t o  prove the  a p p l i c a b i l i t y  o f  new 
roducts,  The es t imated c a s t  t o  complete an e x i s t i n g  

research menu o f  29 p r o j e c t s  in 5 years i s  $16 m i l l i o n .  

ne l a y e r  i n  the  s t ra tosphere.  Thermal i n s u l a -  
t o  i n t roduce  c u r r e n t  r i g i d - f o a m  i n s u l a t i o n  

1. T b INSULATION TECHNOLOGY 

aterfal a l t e r n a t i v e s  t a  ch lo ro f l uo roca rbons  (CFCs) a r e  
Cs a r e  damaging the  ozone l a y e r  i n  the  s t ra tosphere.  Any 

d e p l e t i o n  o f  t h e  o m  e i s  c r i t i c a l  s ince  i t  c o n t r o l s  the  r a d i a t i v e  balance 

t i v e  s~~~~~~ i n  the  upper atmosphere. The p r imary  purpose o f  t h i s  review 
i s  t o  p rov lde  cha en t s  I n  a m a t r i x  t a b l e  o f  concerns f o r  m a t e r i a l s  cons id -  
ered as n l t e r n a t  es t o  GFCs f o r  use  i n  foamed-board I n s u l a t i o n s  i n  

osphere; t h i s  has caused wor ldwi  e concern because of the 
~~r~~~~~~~~ impacts r e s u l t i n g  fr m d e s t r u c t i o n  o f  t h i s  p ro tec -  

Research sponsore 
U.S. Department aF Energy, u e r  c o n t r a c t  ~ ~ - A ~ Q 5 - 8 4 O R ~ l ~ ~ ~  w i t h  
M a r t i n  M a r i e t t a  ~~~~~~ Syste 

+u.s* ~ ~ ~ a ~ ~ ~ ~ ~ ~ .  o f   ne 

by t he  O f f i c e  o f  B u i l d i n g s  and C a m u n i t y  S y s t e m s ,  * 
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b u i l d i n g s .  Sec t ion  1 reviews thermal i n s u l a t i o n  technology, Sect. 2 
descr ibes  CFC a l t e r n a t i v e s ,  and Sect. 3 presents  an impact analyses. The 
m a t r i x  t a b l e  i s  d’lscssssed i n  Sect. 4. A rev iew o f  DOE-sponsored research 
i s  g i v e n  i n  Sect.  5, and conclus ions a r e  d iscussed i n  Sect. 6. 

A successfu l  thermal i n s u l a t i o n  technology i n c l u d e s  t h r e e  i n t e r -  
r e l a t e d  a c t i v i t i e s :  (1) produc t lan ,  (2) a p p l i c a t i o n ,  and (3)  p r o p e r t i e s .  
F e d e r a l l y  sponsored e f f o r t s  have emphasized de terminat ion  o f  p r o p e r t i e s  
( c h a r a c t e r i z a t i o n )  and analysis o f  app1 ica t ions . l  C l e a r l y ,  these l a t t e r  
t w o  a c t i v i t i e s  a r e  impacted by t h e  i n s u l a t i o n  t h a t  i s  produced by 
i n d u s t r y ;  b u t  u n t i l  now, t h e  as-received produc t  has been t h e  s t a r t i n g  
p o i n t  f o r  p r o p e r t y  and a p p l i c a t i o n s  research. With energy r e g u l a t i o n ,  t h e  
foam-aglng phenomena, and t h e  advent o f  t h e  Montreal  P r o t o c o l *  and 
40 CFR P t .  82 ( r e f s .  3 and 4 ) ,  a l t e r n a t e  p roduc t  suggest ions a r e  emerging 
f rom t h e  a p p l i c a t i o n s  and p r o p e r t i e s  s tud ies.  

1.2 APPLICATIONS 

C o m l e r c i a l l y  a v a j l a b l e  thermal i n s u l a t i o n s  a r e  widely a p p l i e d  i n  
b u i l d i n g  envelopes and b u i l d i n g  equipment t o  conserve energy. Table 1.1 
l i s t s  t y p i c a l  a p p l i c a t i ~ n s . ~  

Table 1.1, Typ ica l  a p p l i c a t i o n s  f o r  the a? i n s u l a t i o n s  

I 

B u i l d i n g  envelopes B u i l d i n g  equipment Other 
c-- I._._ ...- 
Res iden t i a  7 

F l o o r s  
Wall s F r e e z e r s  P o r t a b l e  c o o l e r s  
A t t i  es Re fr-s’ge r a t 0  rs D i s t r i c t  h e a t i n g  and 
Foundat ions Beverage vending machines cool  i ng systems 

8 e T r i g e r a t s r l f r e e n e r s  We f r i g e r a t  ecl t ran s p Q r t 

Water h e a t e r s  
@mc?rc  i a  7 

Wall s 
Roofs 
Fi314ndati b%ns 
-- I- _I -- 

Source: Sa K. F i s c h e r  and F. A. Creswick, Energy-Use Impact of 
Chlorof luorocarbon A l t e r n a t i v e s ,  ORNLiCON-273, Oak Ridge Nat iona l  
Laboratory ,  Oak Ridge, Tenn., 1989, 
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One purpose o f  a thermal insulation i s  to conserve energy by reduc- 
ing heat Flow from Its intended area of use. The mater a1 often enhances 
other desirable features including personal comfort, no se reduction, 
high strength-to-weight ratio, and mechanical rigidity. Within a thermal 
insulation, heat f l o w s  from high temperatures to low te,,"peratures by 
conduction, convection, and radiation. The thermal resistance value 
(R-value) o f  an insulation depends on the ability of the material and 
structure to control each mode o f  heat transfer. A high R-value corre- 
sponds to hig resistance to heat flow. The R-value o f  a homogeneous 
material is define 

thickness 
thermal conductivity 

1 ~ ~ ~ ~ u ~ t ~ ~ ~ t ~  (K) is a material property o f  the particular 
insulation, The R-value for an insulation system i s  raised by increasing 
the thickness o f  the insulating system; or for a particular system thick- 
ness, the designer can choose a material with a lower thermal conductivity. 

n5 are low-mass (low-density) solids used i n  vari- 
tts, boards, loose f i l l s ,  spray applied, and foamed 
ass-type insulations have densities i p )  generally 
Ib/ft3 or 1 t o  5% o f  the p o f  water. Table 1.2 
a l l d  materials used as low-mass-type insulations, 
B nominal R-value per inch of insulation at 75°F. 

ai  ~ o n ~ ~ ~ ~ ~ ~ ~ t y  o f  an insulation normally increases when 
ses and i s  dependent on the density o f  the particular 

us product types span a density range, but a 
duct  can be produced t o  have a specific density in this 
ermal ~ o ~ d u ~ t ~ v ~  ty increases when temperature ri ses because 
~ d ~ c ~ j ~ i t y  o f  gas within the insulation increases when 

t ~ ~ ~ ~ r a ~ u r ~  rises and heat transfer by radiation increases when temperature 
rises. The thermal conductivity-density dependence is the sum o f  heat 
transfer terms and normally has a minimum at low density. Some products, 
such as l o ~ - d ~ ~ ~ ~ ~ y  fiberglass batts, are designed for the portion o f  the 
thermal ~ ~ n d u c t ~ v ~ ~ y - ~ e n ~ ~ t ~  relationship where thermal conductivity 
decreases when density increases. Other products can be designed for use 
where thermal con u c t j ~ ~ ~ ~  increases when density increases. 

work in SI units, customary units are used in this report. 
industry in the Uni ted  States at present operates entirely with customary 
units. The use o f  the SI units would limit the usefulness o f  this report 
for the primar 
report are listed in Appendix A. 

h t he  policy o f  the Oak Ridge National Laboratory i s  t o  report 
The insulation 

ip. The SI equivalents o f  units used in this 
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Table 1.2. S o l i d s  used i n  mass-type insulations 

Nonplastics Plastics 

Fiberglass Polyurethane 
Rock wool Polyisocyanurate 
@el 1 LJl ose Expanded polystyrene 
Per1 i t e  Extruded polystyrene 
Vermiculite Phenol i cs  
F i be rboard 
Cellular glass 
I n s u l a t i n g  concrete 
Gyps urn 
P1 ywsod 
Foi  1 --faced 1 ami nated board 
Insulatjng b r i c k  

The materials with low R-values ( W i n .  < 5) have structures that a r e  
apen to a i r .  The matcerials w i t h  h igh  R-values ( W i n .  > 5) have a r i g i d ,  
closed-cel i structure t h a t  cilntains a 1 ow-thermal -condiictivi ty gas such 
as a CFC. I n  bo th  cases, t h e  total heat transfer can be approx imated as 
t h e  sum o f  the individual heat transfer mechanisms. For a low-p f i b e r -  
gldss b a t t ,  9.6 1 b / f t 3  ( r e f .  6), 

K ( 7 5 Y )  = A 4" B x p 1- c / p  , (2 )  

here A ,  8 ,  and C ai-? cons tan ts ;  

K ( t o t d 1 )  = K(canduct ion by a i r )  1- K(conduct ion by fibers) 
+ K( rab1at ion)  

3.32 = (9.13 -+ 0.003 1- 0.14) Btu-in./h-ft'*"F 

F c r  a 2-1 b / f t 3  polyurethan2 foama:  

K ( t o t a 1 )  = # (cnnbuc t ion  by gas) -+ K(conduct io i? by struts (3)  
ard c e l l  walls)  1- K(radiation) 

0.124. = (9.061 -;- 9.32 1- 0.04) Btu-in./h*ft*-"F 

190% = 58% f 16% + 34% . 
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Table 1.3. Naminal thermal resistance per  unit thickness value 
f o r  some typlcal insulations, R-value per inch at 7 5 O F  

M a t e r i  a1 Denri ty R-value per inch Sources 
( l b / f t 3 )  (h*ft**"F/Btu) 

1. 

2. 

3. 

4. 

5. 

ti. 

7. 

a. 

9, 

10. 

I1 e 

12. 

Monp last ics 

Air, conduct ion only 0,08 5 . 5  

AT = 50°F 
<1 

Loose F i l l s  
Fiberglass 0,6 2.2 
ock wool  2 3.0 

3.0 3.5 
iculite 2-11 3.7-2 * 5 

Fiberglass bate 0.6 3.2 

F i  berboa rd 2.8 

44 0.8 

30 1,3 

P last ics 

R i g i d  extruded 
0 1 y s t y  rene 

5.8 

~x~~~~~~ polystyrene 1,O 3.9 
1.5 4.2 

Phenol  1 c s  2-3 8 .3  

1 

2 

3 

8-10 

8-10 

8-10 

8-10 

dThis table Is repeated in Appendix B w i t h  a listing of 
SQUrCeS. 



Equat ions (2)  and (3)  p rov ide  a. means t o  p r e d i c t  t h e  K-value and W i n c h  
va lue  f o r  a new product ,  

The r ' ig ld ,  c l o s e d - c e l l  p l a s t i c  f o a  i n s u l a t i o n s  have t h e  h i g h e s t  R -  
va lue  per  urs.it th ickness  o f  a l l  c o m e r c i a l l y  a v a i l a b l e  thermal i n s u l a t i o n s .  
T h i s  c h a r a c t e r i s t i c  i s  m a i n l y  due t o  t h e  law thermal c o n d u c t i v i t y  of t h e  
gas conta ined i n  the clased c e l l s .  
CFC-12, and a i i -  a t  '15'F. 
c l a t u r e  f a r  e m ,  

Table 11.4 shows t h e  gas K f a r  CFC-11, 
Appendix S prov ides  a d e s c r i p t i o n  o f  t h e  nomen- 

A i  r 

CFC- 11 

CFC- 12 

0.188 

0.857 

0.867 

0.026 

0.00824 

8.OQ962 

'Gas K-values i n  t h e  l i t e r a t u r e  may show as 
much as a &IO% range i n  va lue  a t  a g i v e n  tempera- 
t u  re.  

1.4 FOAM AGING 

P r i o r  t o  the Montreal  P r o t o c o l 2  agreements t o  phase o u t  t h e  use o f  

Foam ag ing  occurs because t h e  t h i n -  
CFCs, two f a c t o r s  i n f l u e n c e d  foam i n s u l a t i o n  technology and a p p l i c a t i o n s :  
foam ag ing  and energy regu la t ions .  
p l a s t i c  c e l l  walls, nominally l e s s  than 1 pin t h i c k ,  a r e  permeable t o  gas 
d i f f u s i o n ,  The composition o f  t h e  gas i n  t h e  ce l l  changes w i t h  t ime a f t e r  
manufacture as a i r  d i f f u s e s  i n t o  t h e  c e l l  and CFC d i f f u s e s  o u t  o f  the  
c e l l .  T h e  gas c o m p o s i t i o n  c o n t r o l s  t h e  gas thermal c o n d u c t i v i t y ,  sa the  
K o f  Foam i i - ~ c r e ~ a ~ c s  w i t h  t l m e  a f t e r  manufacture. Aging decreases t h e  
R-value p e r  u n i t  th ickness  and hence the  thermal e f f i c i e n c y  of t h e  foam. 

Table 1.5 p s ' ~ v i d e s  d i f f i a s i o n  c o e f f i c i e n t  values Pot- severa l  impor tant  
g i i ~ e s . ~ , ~  The e f f e c t i v e  d j f f m s i o n  c o e f f i c i e n t  f o r  gases through foam 
walls increases with temperature, 
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fable 1.5. R e l a t i v e  and e f f e c t i v e  d i f f u s i o n  
e f f f c i e n t s  f o r  gases a t  7 5 O F  through po lyure thane 

Gas 
C o e f f i c i e n t  

E f f e c t i v e  
(cm% x 10') Re1 a t  1 ve 

Carbon dsoxide (CO,) 200 202 

Chloraf luorocarbon-11 (CFC-11) 0.2 0 * 2-0 e 6 

~ X Y ~ ~ ~  (a,) 50 46.8 
i t r o g e n  (N,) 10 7.6 

ucers follow American Society f o r  Tes t i ng  M a t e r i a l s  
e hard produc ts  and measure t h e  r e s u l t i n g  aged- 

Tue. The results are  n o t  without  controversy,  because 
that. f i e l d  exposures promote l a r g e r  decreases i n  R-value 

r o l l e d  l a b o r a t o r y  t e s t s .  The Nat iona l  Roof ing Cont rac tors  
a c o n d ~ t j o n ~ n ~  procedure (180 d C 5, 

and C 598 i f  comparable t o  the  abso lu te  va lues o f  C 177) 
t e  and c o n s i s t e n t  in fo rmat ion .  NRCA and t h e  Midwest 
rs A s s o c i a t i o n P Q  (MRCA) recornend t h a t  des igners,  

i t y  It: 5%) p r j o r  t o  standard ASTM t e s t i n g  

a r t i e s  use an R-value o f  5.6/ in. as a reason- 
thermal res i s tance  o f  po ly isocyanura te  and 

rds  o v e r  t h e i r  normal l i f e  i n  a r o o f i n g  system. 
ASTM C 1013-85 ( r e f .  11) s p e c i f i e s  t h i s  c o n d i t i o n i n g  procedure because of 
t h e  l a c k  o f  va l ida t . ion  da ta  f o r  an acce le ra ted  c o n d i t i o n i n g  technique o f  a 
90-d exposure in a 140°F oven. ASTM C 1013-85 (ref.  11) s p e c i f i e s  these 
th ree  t e s t  methods for  thermal res i s tance  de te rm ina t ion  a t  75°F w i t h  a 
40°F minimum ~ e ~ ~ e r a ~ u ~ e  g r a d i e n t  on t e s t  sample(s) a t  t he  full  i n s u l a t i a n  
board th i ckness*  bn case o f  d i spu te ,  t e s t  method C 177 i s  t he  re fe rence 
fllethQd. 

Board i s  used w i t h  membrane face rs  t h a t  may be e i t h e r  permeable 
(such as conve na l  o r g a n i c l i n o r g a n i c  face rs )  o r  r e l a t i v e l y  impermeable 
(such as an a ~ u ~ ~ ~ ~ ~  f o i l )  t o  lengthen t h e  gas d i f f u s i o n  path.  
1 - i n . - th i ck ,  .I-ft-wide, 8 - f t - l o n g  board faced w i t h  an impermeable foil, 
t h e  d i s tance  t o  t he  board cen te r  i s  increased from Q.5 t o  24 i n ,  Because 
the  gas d i f f u s i o n  sate i s  p r o p o r t i o n a l  t o  the  square o f  d i s tance ,  t hea re t -  
ically t he  r a t e  o f  change o f  gas composi t ion a t  the  board cen te r  should be 
decreased by a fac tor  o f  2304 (2410.5)'. In p r a c t i c e ,  t h e  e f f e c t i v e n e s s  
o f  impermeable Facers Ss o f t e n  l e s s  than p red ic ted ,  because o f  p.inholes i n  

e faam under the  facer ,  which reduces t h e  d i s tance  f o r  d i f f u s i o n .  

For a 

poor adherence o f  t he  f a c e r  t o  the  foam, o r  f r a c t u r e d  c e l l s  
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For  examplee, Jim Wa’Bters Research Corporat ion1* repo r t s  R i i n c h  values 
f o r  des lgn R-values f o r  &-month performance o f  5.6 f o r  permeable f ace r  
boards and 7.2 f o r  impermeable facer  board, 
t e s t s  f o r  boards ac,e;d a t  75°F as f o l l o w s :  

The l a t t e r  va lue  i s  based on 

15 months R/in.:7.2 
68 months R/in.:7.04 
11 years  W/in.:6.91 

Many f a c t o r s  a f f e c t  R l i n c h  values i n c l u d i n g  foam facer ,  foam d e n s i t y ,  
c e l l  s i z e ,  c e l l  w a l l  thickness, polymer composi t ion,  manufactur ing 
process,  f o a m l f a c e r  i n t e r f a c e r ,  and exposure environment. There i s  no 
such th-ing as ane polyurethane (po lys ty rene,  pa ly isocyawurate,  o r  
pheno l ic ) ;  t h e y  a r e  chemical families w i t h  m i l l i o n s  o f  r e l a t i v e s .  A 1 1  
tend t o  show R-value l o s s  w i t h  t i m e  a f t e r  manufacture, and t h i s  phenome- 
non appears t o  be a l i n e a r  f u n c t i o n  o f  l o g  t ime. T h i s  r e l a t i o n  a l lows 
l a b o r a t o r y  ag ing r a t e s  t o  be p r e d i c t e d  and 5-year p r e d i c t i o n s  from data 
c o l l e c t e d  TOO t o  180 d a f t e r  manufacture, F i e l d  performance ra re ly  equals 
l a b o r a t o r y  va lues f o r  R/plnch. 

Models that. p r e d i c t  the gas composi t ion o f  t h e  c losed c e l l s  as a 
f u n c t i o n  o f  exposure have been developed. 
i c a l  b a s i s  f a r  p r e d i e t l n g  aged R-.value.*,@ Labora tory  t e s t i n g  a f  t h i n  
s e c t i o n s  o f  foams as a T a m t i o n  o f  t i m e  may p r o v i d e  results t o  val - idate 
models t h a t  p r e d i c t  R-values f o r  boards as a f u n c t i o n  o f  exposure. 

These models p r o v i d e  a theore t -  

A second f a c t o r  t h a t  a f f e c t e d  foam l n s u l a t i o n  technology p r i o r  t o  t h e  
Montreal  Pro toco l  MZS t h e  pend‘ing energy performance standards for appl i - 
ranees, i n c l i l d i n g  r e s iden t i a l  r e f r i g e r a t s r l P r e e m e r s  ( R / F ) .  These standards 
a f f e c t  b u i l d i n g  equipment a 9 g l i c a t i a n s ,  but any r e s u l t i n g  i n s u l a t i o n  
improvements can change i n s u l a t i o n s  f o r  b u i l d i n g s .  I n  1987, a t y p i c a l  16 
t o  18 f t3  R/F  w i t h  auLomatfc d e f r o s t  and a top-mounted f reezes  used about 
1100 kWh/yeler { r e f .  131,  C a l i f o r n i a  r e g u l a t i o n s  r e q u i r e  t h a t  a s i m i l a r  
u n i t  s o l d  i n  C a l i f o r n i a  a f k e r  January 1, 1987, use o n l y  978 kWdhlyear, and 
by 1992 use on ly  677 k!r!h/year ( r e f .  1.4.1, Pending f e d e r a l  r e g u l a t i u n s  
would r e q u i r e  t h a t  sjm’llar l u n l t s  produced a f t e r  January 1, 1990, consume 
o n l y  950 kl/lh;year ( r e f .  15). These r e g u l a t i o n s  prompted app l iance manu- 
f a c t u r e r s  t o  study improved i n s u l a t i o n s  as a means t o  achieve energy 
reduct ions.  A t  l e a s t  one R / F  manufacturer  ob ta ined p a t e n t s  ow pawder- 
f i l l e d  evacuated panels  w i t h  an R-value per  i n c h  o f  over 20. Cur ren t  
foamed-in-place R / F  i n s u l a t i o n s  have an R-value o f  about 8 / in . ,  and a 
s h l f t  t o  20 / in .  cou ld  save as much as 550 kWh/year p e r  R / F  un i t .16  
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h the  I n i t i a l  a p p l i c a t i o n  f o r  such panels  i s  i n  R/Fs, numerous 
o t h e r  i n s u l a t i o n  a p l i c a t i o n s  c u r r e n t l y  m e t  by foam i n s u l a t i o n s  cou ld  ben- 
e f i t  f r o m  such pan Is i f  they  proved t o  be economical ly  f e a s i b l e  and were  
commerc ia l ly  ava i l ab le .  
s t u d i e s  on wa s t o  improve e x i s t i n g  foam insu la t i ons .#  These s tud ies  
i nc luded  (1) ecreas ing the  c e l l  s i z e  t o  the  0.1- t o  (9.2-mm-diam range t o  
inc rease t h e  e l l  s t r u t  d e n s i t y  and decrease the  r a d i a t i v e  heat  t r a n s p o r t  
and (2) i n c r e a s i n  the  amount o f  s o l i d  in t he  c e l l  walls and decreas ing 
the  amount i n  the. cel l  s t r u t s  t o  inc rease the  w a l l  res i s tance  t o  gas 
d i  f f u s i  on m 

In a d d i t i o n ,  these energy r e g u l a t i o n s  prompted 

2. ~ ~ ~ ~ R Q F L ~ ~ R O C A R 6 O N  TECHNOLOGY REVIEW 
D FOAM INSULATION ALTERNATIVES 

2.1 REVIEW 

T h i s  s e c t i o n  prov ides  a background t o  the  sumnary notes i n  the  m a t r i x  
t a b l e  (see Gable 4.1) on a l t e r n a t i v e s  t o  CFCs f o r  i n s u l a t i o n s .  

The U.S.  Environmental  P r o t e c t i o n  Agency (EPA) Regulatory  Impact 
Ana lys i s  ( R I A )  ( re f s .  4 and 17) t r e a t s  seven s p e c j f i c  use areas f o r  CFCs: 

1. commercial and r e s i d e n t i a l  r e f r i g e r a t i o n  and a i r  cond i t i on ing ,  
2. rnoblle a i r  cond i t i on ing ,  
3. 
4. s t e r i l i m a t i a n  o f  medical  equipment and ins t ruments ,  

p roduc t i on  o f  p las t i c  foam and foam i n s u l a t i o n  products ,  

meta l  and e l e c t r o n i c  p a r t s ,  
and o the r  miscel laneous uses, and 

5. so lven t  c lean ing  o f  
6. aerosol propel  Pants 
7. f i r e  $ ~ ~ ~ ~ ~ ~ i ~ ~ i n g ~  

Area 3 ~~~~d~~~~~~ o f  p 
d i v i d e d  i n t o  Four subareas: 

a s t i c  foam and foam i n s u l a t i o n  produc ts )  i s  

calded f l e x i b l e  ~ o ~ ~ u ~ e ~ h a n e  foam, 
~~~s~~~~ f l e x l i b l e  po lyurethane foam, 

3.3 r i g i d  p a l  u ~ ~ t h a n ~  foam, and 
3.4 r i g i d  e~~~~~~~ po lys ty rene  foam. 

T k j s  report foclase O W  areas 3.3 and 3.4, whs'ch a re  i n s u l a t l o  
and provides  limlted co e n t s  on f l e x i b l e  s tock,  which i s  n o t  used 
i n s u l a t f o n ,  

duly  1, 1989, the  Montreal  Pro toco l  will f reeze GFC pro-  
d u c t i o n  a t  1986 levels f o r  t he  Group X c o n t r o l l e d  substances shown i n  
Table 2,Pe 

sn tsea l  Protocol  requirements i nc lude  p roduc t i on  decreases f a r  
t hese  and o the r  chem-icals (Group 111: Halon 1211, Halon 1301, and 
Halon 24021, t r a  s t r i c t i o n s ,  record-keeping requirements,  and p e r i o d i c  
assessments t s  ei ?ne whether changes i n  the  c o n t r o l  p r o v i s i o n s  are  



Table 2.1. Group I controlled substances 

Ozone Relative greenhouse 
depletion potentlala warming potentialb Graup I chemfcals 

CFC-11 (CFCI  3 )  

CFC-113 (CzFSC13) 

CFC-115 (CzFSC1) 

CFC-12 (CF,CJ ,) 

CFC-~lld ( C * F J l  ,) 

1.0 
1 .o 
0.8 
1.0 
0. 

0.4 
1.0 

0.3-0 e 8 
Q. 5-1.5 

1-3 
~ 

%elative t a  CFC-11, which i s  assigned t h e  value o f  1.00. 
'Relative t o  CFC-12, w h i c h  i s  assigned the value o f  1.08. 

2.2 FOAM INSULATIONS 

Chemfcals w i t h  low ozone-depletion potential be lng  develope  
substitutes a r e  shown in Table 2.2. 

opmellt 

a5 CF 

In addition, industry is testing blends o f  Group I chemicals with 
other chemicals as  a K I E ~ R S  t a  reduce CFC Lisa e, b u t  w i t h  loss o f  thermal 
efficiency o f  insulations. The other chemicals are  o f t e n  c a l l e d  f a s t  
diffusers and leave the prodaict quickly. One goal o f  the industry search 
i s  t o  obtain a. "nea r  drop- i a ' l  chemical  that requires a small change i n  t h e  
p r o d u c t i o n  process and meets  the  Montreal Protocol requirements. The 
other chemicals include H20 - C02, butanes and pentanes, methyl chloride, 
arid ethyl c h l o r i d e .  

€PA notes t h a t  t h e  production of plastic foam and f a a  
p r o d u c t s  accounts for 28% o f  the  ozane-depleting p o t e n t i a l  o f  CFCs. 
CFC usage Tar fou r  major foam types are given i n  Table 2.3. 
are described below i n  terms o f  uses, current alternatives, and future  
a1 ternati ves .  

The 
These foams 

2.2.1 Molded FSexSble Polyurethane Foa 

Used for automobjle seat /back cushions and other products, t h e  foam 
types range f r o m  very s o f t ,  low-density foams to hard, dense foams. 
CFC-111 is used t o  make t h e  f a r m e r  in a closed maid process. The CFC-11 
helps reduce t h e  foam density, but all o f  t h i s  gas is released t o  t h e  
atmosphere a t  the fzc tot -y .  I f  CFC-11 is n o t  used, t h e  foam will have a 
h l g h e r  density. High-resilience foam can be praduced with water-blown 
formulations. S u b s t i t u t e s  f o r  CFC-11 include HCFC-123 and HCFC-14lb. 
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Table 2.2, Foam Insulation alternatives t o  ch lo ro f luo roca rbons  

Ozone Green h o  u s e  

p o t e n t i a l a  p o t e n t i a l b  
Chemical P o t e n t i a l  use d e p l e t i o n  warming 

HCFC-22 

HCFC-123 

HFC- 134 a 

HCFC- 141b 

HCFC-142 b 

i n  b lends,  f o r  food 
st food f reez ing ,  

x i c i t y  t e s t l n g  for 
r e  use i n  r e f r i g e r a -  

nd mobile a i r  
foam rnanufac- 

e rga lng  t o x i c i t y  t e s t i n g  for  
l e  use I n  c e r t a i n  foam, 
erat ion,  and aerosol  a p p l i -  

For possjble use i n  c e r t a i n  foam, 
r e f r i g e r a t i o n ,  and a i r  condi -  
t i o n i n g  a p p l i c a t i o n s  

0.05 0.07 

so. 03 0.01 

0.0 (0.01 

rQ, 1 

0.06 <0.2 

'Relat iwe t~ CFC-11, which i s  assigned a value o f  1.00. 
'Relat ive t o  CFC-12, which i s  assigned a value o f  1.00. 

Molded f l e x i b l e  o lyure thane foams a r e  n o t  used as thermal i n s u l a t i o n s ,  so  
no adverse energy impact e x i s t s  f o r  t h i s  p roduc t  type. 

Used as f u r n i t u r e  cushions, ca rpe t  under lay,  and bedding, t he  s o f t e r  
The foam i s  produced on moving b e l t s  and 

B u i l t - u p  cushions a r e  

foams a r e  ~~o~~~~~ w l t k  CFC-11, 
subsequently c t t o  shape. Product  substitutes and process changes a re  
be ing  cons ider  d as a l t e r n a t i v e s  t a  CFC s labstock.  
more  expensive and less durab le  than those made f rom f l e x i b l e  s labstock.  
Process  changes fnclude recovery o f  CFC-11, o t h e r  b lowing agents such as 

are  patent-lal ~ ~ Q w i ~ ~  a @rats.. Because s labs tock  is n o t  used as a t h e r m a l  
insulatjon, no adverse y impact i s  asscrciated w i t h  t h i s  product .  

methylene C R l O r i d e ,  and s o f t  POIYO1 faams. Bath HCFC-141b and HCFC-123 



12 

Table 2.3. Chlorof luorocarbon use and foam produced 

Foam 
tannage 

( m e t r i c  t o n s )  

Cur ren t  usage 
( m e t r i c  tons  o f  gas) 

CFC- 11 CFC-12 

Molded f l e x i b l e  po lyurethane 3,300 

Slabstock f l e x i b l e  polyurethane 11,500 

foam (CFC-- 11 ) 

foam (CFC-11) 
440,600 

R i g i d  po lyurethane foam 
(CFC-11 and CFC-12) 

40,000 6,700 308,000 

R i g i d  extruded p o l y s t y r e n e  foam 9,200 
(CFC- 12) 

Foam sheet  
( pac kag I ng mat e i- i a 1 ) 

87,000 

208,200 

2.2.3 R i g i d  Polyurethane Foams 

These foams a re  produced by CFC-11 o r  CFC-12 v o l a t i z a t i o n  i n  l i q u i d  
p l a s t i c s  t o  y i e l d  a r i g i d ,  c l o s e d - c e l l  s t r u c t u r e  c o n t a i n i n g  t h e  b lowing 
agent. These p r o d u c t s  a re  used as i n s u l a t i n g  m a t e r i a l s  i n  b u i l d i n g  and 
i n d u s t r i a l  a p p l i c a t i o n s  as r i g i d  bunstock o r  laminated boardstock,  poured- 
i n - p l a c e  foamsl, 01- spray-appl i e d  foams. The a p p l i c a t i o n s  i n c l u d e  var ious  
types o f  i n s u l a t i o n  f o r  low-slaped roo fs ,  b u i l d i n g  sheathing, b u i l d i n g  
foundat ions,  w a l l s ,  r e f r i g e r a t o r s ,  f reezers ,  s torage tanks,  and door 
c a v i t i e s ,  T h i s  c l a s s i f i c a t i o n  inc ludes  poly isocyanurates.  

A f t e r  manufacture, t h e  gas composi t ion i n  t h e  c e l l s  o f  r i g i d  po l y i i r e -  
thane foams changes because s f  inward d i f f u s i o n  o f  n i t r o g e n  ( N 2 )  and oxy- 
gen (0,) and outward d i f f u s  on o f  CFC. The l a t t e r  process i s  very  slow 
and may r e q u i r e  decades for  completion. 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  
w i t h  lower  W i n c h  c a p a c i t y  nc lude expanded p o l y s t y r e n e  bead board, 
ext ruded p o l y s t y r e n e  boardstock,  f i b e r g l a s s ,  and f iberboard .  These a l t e r -  
n a t i v e s  would r e q u i r e  t h i c k e r  sec t ions  t o  achieve t h e  same i n s u l a t i n g  
capacity, and t h i s  requirement cou ld  become an economic issue. No o t h e r  
m a t e r i a l s  e x i s t  w i t h  t h e  e q u i v a l e n t  i n s u l a t i n g  c a p z c i t y  f o r  t h e  poured or 
sprayed a p p l i c a t i o n s .  Fu ture  a l t e r n a t i v e s  i n c l u d e  WCFC-123 and HCFC-14lb 
as s u b s t i t u t e  b l o w i n g  ageots. 
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2.2.4 Rig id  ~ x ~ ~ ~ ~ ~ d  Polys ty rene 

T h i s  foam i s  produced by h igh-pressure e x t r u s i o n  o f  mol ten  p o l y -  
s t y rene  c o n t a i n i n g  CFC-12 t o  y i e l d  foam boardstock o r  foam sheet. The 
foam boardstock i s  used f o r  many i n s u l a t i n g  a p p l i c a t i o n s ,  and t h e  foam 
sheet i s  use f o r  d isposab le  packaging. The a l t e r n a t i v e s  f o r  foam sheet 

d isposables (paper, p l a s t i c s ,  meta l  f o i l s ,  and t h e i r  
-22 ,  which has Food and Drug A d m i n i s t r a t i o n  (FDA) 
ackaging. MCFC-22 has an ozone-deplet ion p o t e n t i a l  o f  
1.0 for CFC-12. The food se rv i ce  and packaging indus-  

am t h a t  t he  food i n d u s t r y  has adopted, which i nc ludes  use 

e: t o  t he  use o f  HCFC-22, an environmental  group, 
e f o r  Hazardous Waste,In ma in ta ins  t h a t  no amount o f  
wants i n d u s t r y  t o  use recyc led  paper. The foam 

t i a l .  T h i s  a l t e r n a t i v e  would r e q u i r e  t o x i c i t y  t e s t -  
ustry i s  seekjng a s u b s t i t u t e  such as b(FC-134a w i t h  zero 

u c t  s u b s t i t u t e s  w l t h  lower  i n s u l a t i n g  c a p a c i t i e s  a re  
e f a r  r i g i d  ext ruded po lys ty rene  boardstock.  These 

e f i b e r g l a s s  board, expanded po lys ty rene,  c e l l u l a r  glass ,  
concrete;  bwt they r e q u i r e  g r e a t e r  th icknesses and may 
useful as foundat ion  i n s u l a t i o n s .  

, a major  producer o f  r i g i d  ext ruded po lys ty rene  
boardstock,  a n n ~ ~ n c e  tha t  t h i s  year  (1989) a s u b s t i t u t i o n  would be made 
a t  a l l  o f  t h e i r  domestic and i n t e r n a t i o n a l  p1a r1 ts . l~  Whi le t h i s  may 
i n c l u d e  the  use o f  HCFC-22, i t  i s  noteworthy t h a t  t he  l ead  t ime f o r  a 
p roduc t i on  process change such as t h i s  can r e q u i r e  a t  l e a s t  I year  t o  be 
c e r t a i n  of t e choice and, a d d i t i o n a l l y ,  up t o  1,5 years t o  acqu i re  needed 
r e g u l a t o r y  a p r o v a l s  f o r  t he  product .  
sumner 1989, conf i rmed t h e i r  use o f  HCFC-142b. Availability o f  a new 
r i g i d  ext ruded ~ ~ ~ ~ s t ~ r ~ ~ ~  boardstock t h i s  year  i s  evidence o f  i n d u s t r y  
commitment t o  me and exceed the  Montreal  Pro toco l  requirements by a 
process change, i s  new produc t  may p rov ide  a t a r g e t  f o r  o t h e r  foam 

n a l t e r n a t i v e  t o  t he  r i g i d  po lyure thane foam hoardstock 
l t e r n a t i v e s  cou ld  i n c l u d e  HFC-134a (zero  ozone- 

d e p l e t i o n  ~ ~ ~ ~ ~ ~ ~ ~ ~ ) .  

Anouncements by Dow Chemical, 

Rig'ld (closed-cell) phenolic foam thermal i n s u l a t l o n s  a r e  produced 
w i t h  t h e  use o f  GFC-99 a r  CFC-133. 
gases were requi red,  

t h l  s sect ion,  

Approx imate ly  1500 m e t r i c  tons  o f  CFC 
Because th i s  usage represents  o n l y  3% o f  t he  CFC 

for ~ ~ ~ ~ ~ a ~ j ~ ~ ~ ~  a d i scuss ion  o f  pheno l i cs  i s  excluded f r o m  

A large number o f  a l t e r n a t i v e  gases a re  be ing  considered as b lowing 
agents f a r  the  r l g f d  foam. I t  i s  impor tan t  t o  compare the thermal r e s i s -  
tance o f  ~~~~~~~~~~~ a t  t h e  same mean temperature such as 75"F, o r  a t  a 
mean ternperat re tha t  4s rep resen ta t i ve  o f  the  p a r t i c u l a r  end-use 
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I l l ca t i on .  Table  2.4 csmpares f r e s h  (unaged) foam !?/inch values c a l m -  
l a t e d  f r o m  gas K-values, A cons tan t  term, 0.073 B t u = i n . l h - f t 2 * " F ,  i s  
assumed t o  represent r a d i a t i o n  and s o l i d  conduct ion  f o r  a 2 - l b / f t 3  r i g i d  
po lyure thane faam as suggested by Eq. (2), G l i ~ k s r n a n , ~  and Lund, Richard, 
and Shanklande20 Table 2.4 con ta ins  R l i n c h  va lues  f o r  some aged products. 
These R-values are ,  however, l a r g e l y  unknown f o r  t h e  new foams because t h e  
d i f f u s i o n  r a t e s  o f  t he  a l t e r n a t e  gases a r e  d i f f e r e n t  f a r  t h e  d i f f e r e n t  
foams and need t o  be de te rn ined . * l  

Tab le  2.4. Thermal canduct tv i ty  a t  95°F f o r  v a r i o u s  gases 
and projecte and w f  Inch values& 

Gas 

Fresh foam Aged foam 
I 

Gas K 

A i  r 
602 
CFC-11 (CFCl,) 
CFC-12 ( C f  Z C 1 2 )  
HCFC-22 (CHF2C1) 
HCFC--123 ( C Z H F 3 C I )  

KCFC-124 ( C 2 M F , C l )  
HFC-134~ i  ( C 2 H t F k )  

MCFC--14lb (CZ H 3 F C 1 2 )  
HCFC-142b (c,H3f,c9) 
A i r / C F C - l l  (50/50) 
CQ*/CFC-ll (33/66) 
@O,/CFC-11 (50/50) 
Butane (C4M, 
Pentane (C,H,,) 

0.18 
0.107 
0.057 
0.067 
0.073 
0.072 
0.075 
0.094 
0.070 
0.077 
a. 118 
0.073 
0.082 
0.100 
0.089 

0.253 
0.180 
0.130 
0.140 
0.146 
0.145 
0.148 
0.167 
0.143 
0.150 
0.191 
0.146 
6.155 
0.173 
0.162 

3.95 3.9 
5.5s 3.9 
7.69 6.2 
7.14 5.0 
6.85 -4 
6.90 
6.76 
5,99 
6.99 
6.67 
5.24 
6.85 
6,45 
5.78 
6 - 1 7  

'Projected f r e s h  foam values a r e  w i t h  gases conta ined i n  t h e  closed 
c e l l :  K(foam) = K(gas)  + 0.073 Btue in . /h* f t5 . "F .  

3,  ENERGY IMPACT ANALYSIS 

3. a INTROBUCTIBN 

The r e p o r t  e n t ' n t i  ed Energy-Use Impact o f  Chlorofluorocarbon 
A l t e r n a t e s  by S. K. Fischer and F. A. Creswick5 p rov ides  a va luab le  
assessment of n a t i o n a l  energy impacts f o r  b u i l d i n g  equipment, b u i l d i n g  
envelopes, and t r a n s p o r t a t i o n .  F i sche r  and Creswick note: "There i s  a 
s t r o n g  l i k e l i h o s d  t h a t  n a t i o n a l  energy us@ w i l l  i nc rease through the  use 
a f  env i ronmen ta l l y  acceptable a l t e r n a t i v e  chemicals and technologies."  
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. 

T h e i r  methodology for  e s t a b l i s h i n g  t h e  energy impacts i nc luded  estab- 
l i s h i n g  a base case n a t i o n a l  annual energy use f o r  Group I CFGs, f o l l owed  by 
comparison w"rh energy use f o r  t he  four a l t e r n a t e  s t r a t e g i e s  l i s t e d  below: 

1. The preferre response t h a t  uses foam i n s u l a t i o n s  w i t h  HCFCs t o  
lace Group I CFCs, 
micals t h a t  are used even though these are n o t  ye t  c o m e r c i a l l y  

ava%lab le ,  
s b t a i  ne Group I CFCs. 

This  s t r a t e g y  assumes "near drop-in" substltute 

The produc t  p r o p e r t i e s  a r e  t y p i c a l l y  w i t h i n  10% o f  those 

llbeek p m j t j o n  t h a t  rep laces  c u r r e n t l y  used CFC-blown foam insu-  
lations w i t h  t h e  most  energy e f f i c i e n t  a v a i l a b l e  non-CFC i n s u l a t i o n .  

3, orst-case scenario t h a t  rep laces a11 CFC-blown foam i n s u l a t i o n  
w i t h o u t  re energy efficiencyc 

n ~~~~~~~~ tech ~ l ~ g ~  t h a t  develops h i g h l y  e f f i c i e n t  i n s u l a t i o n  iand 
erat l "on systems, 

note:  '!If t h e  'near d r o p i n '  compoun s can be devel- 

be an increase o f  about one uad [l quad = H B t u  x IOB5] per yeas, 

s t i t l a t e s  f o r  Group 1 CFCs, t h e r e  will n o t  be a 
~a~~~~~~ ~ ~ e r ~ ~  use. But i f  t h i s  i s  n o t  poss ib le  t he re  w i l l  

. . .?-he m a j o r  energy impact ccur  i n  those  a p p l i c a t i o n s  t h a t  r e l y  
~ l ~ ~ ~ ~ .  ~x~~~~~~~~~ On CFC-blow i nsu 1 a t  i on e 

The ~ i ~ ~ ~ ~ r ~ ~ ~ ~ ~ w ~ ~ ~  energy impacts f a r  b u l l d i n g  envelopes a r e  SUM- 
rnarized i n  Table 3 , 1 ,  The t a b l e  and t h e i r  sumnary comen ts  follow. 

Table 3*1. ~ a ~ ~ ~ n a 1  energy impacts o f  a l t e r n a t j v e  
 in^ envelope technologies (quad/year 

A p p l i c a t i o n  
P r e f e r r e d  Fa l l back  Worst-case technology Advanced 
reSpOn5e p o s i t i o n  scenar io  s o l u t i o n  

- __ 

Residential walls 0.01 D 02 0.05 -0.04 

0 0.17 0.32 a 
0.82 o s 0 4  0.08 -0.08 

~ o ~ ~ r ~ i a ~  roofs 0*03 0.11 0.20 a 

Subtotal 0.06 0.34 0-65 -0.12 

R e s i d e n t i a l  

- I_. __I _I 

~~~~~~~~ t ech  ies  are  n o t  evaluated f o r  these appllcations. d 
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"There a r e  also f a i r l y  l a r g e  impacts for  b u i l d i n g s  a p p l i c a -  
t i o n s  i n  which foam boards o r  sprayed urethane a r e  used a lone 
r a t h e r  t h a n  i n  canjunctlan 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 
wli th foundat io i l  i n s u l a t l o n  an t h e  r o o f s  and w a l l s  o f  some 
c a m e r c l a l  b u i l d l n g s .  ?hose a p p l i c a t i o n s  i n  which foams a r e  
used i n  a d d i t i o n  t o  f i b e r g l a s s  b a t t s ,  such as i n  r e s i d e n t i a l  
walls, have a low impact. A d d i t i o n a l l y ,  t h e  0.06, 0.34, and 
0.65 quad/year f o r  t h e  p re fe r red ,  f a l l b a c k ,  and worst-case 
s c e n a r i o s  f o r  b u i l d i n g  thermal envelopes a r e  based an 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  cons t ruc t i an .  However, r e s i d e n t i a l  
and comerclal c o n s t r u c t i o n  t rends  a r e  towards us ing  h i g h e r  pro-  
p o r t i o n s  of CFC-blown foamsg and these lost  o p p o r t u n i t i e s  f o r  
energy conserva t ion  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, 

"A v igorous  WdtO program can 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  occur as a r e s u l t  o f  n o t  
us ing  CFC-11 and CFC-12 i n  t he  a p p l i c a t i o n s  s tud ied .  The suc- 
cess fu l  deve1opme:it of (and i n d u s t r y  acceptance o f )  vacuum- 
i n s u l a t e d  panels f o r  app l iance a p p l i c a t i o n s  and some b u i l d i n g  
a p p l i c a t i o n s  can lead  t a  s i g n i f i c a n t  energy savings, p a r t i c u -  
l a r l y  f o r  household r e f r i g e r a t o r s ,  f reeze rs ,  and water  heaters.  
Po imprave 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, 
researchers a t  OMNL are  deve lop ing  an R&D p l a n  t o  a s s e s s  these 
appa rt.u n i t 7 es . I' 

3 e 4  ENERGY IMPACTS 

3 . 4 a . l  W a l l s  

Chapter 11, R e s i d e n t i a l  I n s u l a t i o n ,  o f  t he  F ischer /Creswick  r e p o r t '  
p rov ides  an a n a l y s i  s for wall s for s i  ngle-faml l y  and mu1 t i  f a m i  l y  r e s i  - 
dences t h a t  repiizaces equal thfcknesses o f  a l t e r n a t e  m a t e r i a l s  f o r  C U T -  
r e n t l y  used CFC-blown-foam sheathing. 
Fanney2* showed t h a t  s u b s t i t u t i n g  g r e a t e r  th icknesses  o f  a 1 e s s  e f f e c t i v e  
i n s u l a t i o n  Tor t h e  CFC-blown foam i s  j u s t j f i e d  on l i f e  c y c l e  cos ts ,  
depending on t he  t y p  o f  windows used, The equal t h i ckness  a n a l y s i s  i s  a 
conserva t i ve  ass impt ion  ( i .e .9  the  ac tua l  energy impacts w i l l  be l o w e r  
than es t imated) .  

An a n a l y s i s  by Petersen and 

The base case I s  new c o n s t r ~ c t i o n  o f  opaque w a l l s  t h a t  uses  14% r i g i d  
ex t ruded  pslystyr-ene (CFC-12),  11% r i g i d  po lyure thane ( C F C - l l ) ,  and 35% 
f i b e r b o a r d  or p i y w m d  (i.e., t h e :  s u b s t i t u t i o n  i s  for  25% of  t h e  nationwide 
wall area).  The alternai<vves considered are  i v e n  i n  Table 3 .2 ,  
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Table 3.2. Energy impact analysis f o r  walls 

Strategy 
Energy penalty (quadlyear) 

wall f rac t ion  

25Za 50Xb 
i ndus t ry 

1, Preferred response 0.01 0.02 0.04 

Polystyrene w i t h  HFC-134a f o r  
polystyrene w i t h  CFC-12 
(R34.59 for R:5.0) 

PoJyisocyanurate/polyurethane 
( P ~ R ~ ~ ~ ~ ~  w i t h  HCFC14lb f o r  

/PUR w i t h  CFC-12 
(R:6.86 f o r  R:7.2) 

2. Fallback posit ion 0.02 0.04 0.08 

ed po lys ty rene  f o r  both 
(R:4.17) 

3. Worst-case scenario 
Fiberboard for both 

0.05 0.10 0.20 

ceb technology -0.04 -O*Q8 -0.16 

Panels for bo th  

“or 25% o f  opaque w a l l s .  

bIndklstiry recommendation for 50% o f  opaque wall s 

‘For 100% o f  opaque wal ls .  

(Appendix D ) .  

The energy penal t ies  f o r  walls i s  r e l a t i v e l y  small because only 25% 
o f  current ly  b u i l t  walls use foam sheathing. A f o u r f o l d  increase i n  
energy penalty would r e s u l t  i f  IOQ% of e x t e r i o r  walls were be ing  
sheathed w i t h  CFC foam. Another reason for the r e l a t i v e l y  small energy 
penalty i s  t h a t  t he  foam sheathing f o r  walls i s  an add-on t o  a cavity 
t h a t  contafns R-13 f i b e r g l a s s .  The U.S. Department o f  Energy (DOE) 
Insulation Fact SheetZ3 recomnended R-value f o r  new construction i s  an 
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R-19 w a l l .  I n d u s t r y  r e p r e s e n t a t i v e s  prov ided evidence t h a t  a t  l ea s t  50% 
o f  e x t e r i o r  w a l l s  a r e  sheathed w i t h  CFC foams (see Appendix D). 
t h e  cases csnsldeked by Fischer  and C r e s ~ i c k , ~  t h i s  recornended l e v e l  i s  
m e t  by o n l y  one i n c h  o f  rigljd polyurethane (CFC-ll o r  HCF6-141b) 
sheathing, C o n s t r u c t i o n  lasing 2 x 6 in.  s tuds on 24-in. cen ters  w i t h  
0.5-in. gypsum w a l l b o a r d  and 8.5-in. backerbaard s i d i n g  achieves R-19 
w a l l s  w i t h h o u t  us ing  CFC foam sheathing. 
r e s u l t s  i n  no energy p e n a l t y  $kat i n v o l v e s  a c o s t  f o r  expanding the  wal l  
th ickness  t o  acccrmsdate mare i n s u l a t i o n .  Petersen and Fanneyz2 noted 
t h a t  t h i s  c o n s t r u c t i o n  method i s  n o t  a c o s t - e f f e c t i v e  means o f  reducing 
usage o f  GFC-biiowe? i n s u l a t i o n .  

Arnong 

T h i s  c o n s t r u c t i o n  method 

Chapter 12, Foundat ion I n s u l a t i o n ,  o f  t h e  F i s c h e r  and Creswick 
r e p o r t s  p rov ides  t h r e e  est imates o f  energy p e n a l t i e s  f o r  CFC foam a l t e r n a -  
t i v e s  f o r  foundation i n s u l a t i o n  (Table 3.3). A l l  o f  these p e n a l t i e s  a r ? s e  
f r o m  p o t e n t i a l  u n a v a i l a b i l i t y  o f  economical ext ruded p o l y s t y r e n e  (EXPS) .  

These f o u r  s c e n a r i o s  a r e  based on p o t e n t i a l  foundat ion  i n s u l a t i o n  
energy savings conta ined i n  Impact o f  CFC Res t r i c t i ons  on U.S. BuiIding 
foundat ion Thermal P w f o m a n c e , 2 S  by J .  E. C h r i s t i a n .  Bo th  ~ t u d i e 9 ~ ' * '  
use t h e  same p o t e n t i a l  energy savings numbers. The number of housing 
u n i t s  a f f e c t e d  d i f f e r s .  FEischer and Creswickb assume an e n t i r e  b u i l d i n g  
s tack turnover; C h r f s t j a n ' s  p r o j e c t i o n  i s  based on an est imate  o f  new 
s o n s t r u e t f o n  s t a r t s  f r o m  1990 u n t i l  2010 and assumes 30% r e t r o f i t  of 
e x i s t i n g  s t o c k  d u r i n g  t h a t  time. The second major  d i f f e r e n c e  i s  an 
es t lmate  o f  t h e  wors t - case  scenar io.  C h r i s t i a n  es t imates  a t o t a l  energy 
impact o f  8.83 qeiad/year. T h i s  est- imate i s  based an (1) t h e  assumption 
t h a t  an economic env i ronmenta l l y  acceptable EXPS would n o t  be a v a f l a b l e  
between 1990 arid 2010; (2)  the  new energy standards f o r  foundat ions recom- 
illended i n  1988 and 1989 rpsorald n e t  be implemented and, as a r e s u l t ,  t h e  
same h i g h  f r a c t i o n  c f  u n i n s u l a t e d  new foundat ions b u l i l t  today would  remain 
unchanged i n  t h e  f u t u r e ;  and (3)  expanded p o l y s t y r e n e  (EPS) and f i b e r g l a s s  
dra inage i n s u l a t i o n  hoard would cont inue t h e  c u r r e n t  EXPS market share b u t  
would n o t  enlarge the s v e . ~ a l l  foundat ion  i n s u l a t i o n  market. 

The scenar io  bq Cnr is t ia r r  i s  based on t h e  hypothes is  t h a t  ai% i n s i d e  
basement w i t h  i n s u l a t i o n  i s  unacceptable. F ischer  and Cresw icks  assumed 
t h a t  85% o f   ne^^ rans t i -uc t - i on  wssnld be i n s u l a t e d  on t h e  'anside w i t h  f i b e r -  
glass foundat- jon ~ 1 1 5 ,  because c u r r e n t  i n t e r i o r  i n s u l a t i o n  i s  more  
cornon. Mo is tu re  dammag@ and f s o t e r  f r e e z i n g  a r e  more l i k e l y  when i n s u l a -  
t i o n  i s  p laced on t h e  i n s i d e  o f  the foundat ion  wall.  Horneowner surveys o f  
t hose  who added i n t e r i o r  f a u n d a t i o n  i n s u l a t i o n  have r e p o r t e d  occasional  
mi ldew o r  odor problems, b e l i e v e d  t o  be due t o  m o i s t u r e  seepage i n t o  t h e  
basement insu la t jor r  cav i ty .  

For- t h e  f i r s t  t i m e ,  t h e  CAB0 Mode7 Energy Code, 1989 E d i t i o n  (ME6),25 
has a complete s e t  o f  foundat ion  i n s u l a t i o n  requirements c o n s i s t e n t  w i t h  
t h e  payback o f  t h e  r2corrmendations f o r  above grade envelope components. 
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Table 3,3.  Energy impact a n a l y s i s  f o r  foundat ions  

Energy p e n a l t y  (quad/year) 

S t ra tegy  F i scher Faunda t i ons 
and rema i n 

Creswi ck un insu la ted  

1. 

2. 

3. 

P r e f e r r e d  response 0 

Assumes s u b s t i t u t e  c o s t - e f f e c t i v e  
b lowing  agent i s  q u i c k l y  found 
f o r  CFC-12 c u r r e n t l y  used i n  
ext ruded po lys ty rene  

Fa l l back  p o s i t i o n  

Comnerc ia l l y  a v a i l a b l e  i n s u l a t i o n  
a l t e r n a t i v e s  used t o  s a t i s f y  a l l  
basement and crawl space i n s u l a t i o n  
requirements.  Only energy impact i s  
slabs assumed t o  go un insu la ted  

Worst-case scenar io  

F i sche r  and Creswick assume 15% o f  
basements and crawl  spaces would 
have used ext ruded po lys ty rene  bu t ,  
because of r e s t r i c t i o n s ,  w i l l  go 
~ ~ ~ n s ~ ~ a t ~ ~ ~  whjch leads t o  

t o  t h e  ~ ~ s ~ ~ ~ t i ~ n  t h a t  no slabs a r e  
~ n s ~ ~ a ~ ~ ~  0.17 quad. 

energy savings l o s t ,  added 

0.17 

0.32‘ 0 . 8 3 P  

15% o f  all basements and crawl spaces un insu la ted .  
on 15% o f  c u r r e n t l y  i n s u l a t e d  foundat ions f r a c t i o n  

and 100% of  the  c u r r e n t  f r a c t i o n  of un insu la ted  
would have been i n s u l a t e d  i f  Model Energy Code, 

were implemented. 

Local  code bodies debatlng whether t o  implement t h i s  new ve rs ion  
of t he  MEC. Secsn 
dard, which i s  i n  i c  rev iew,  also conta ins  a complete s e t  of founda- 
t i o n  lnsulatfaga re endat ions.  The pe rcep t ion  t h a t  EXPS may n o t  be  
a v a i l a b l e  i n  t h e  future and t h a t  mo is tu re  damage r i s k  i s  g r e a t e r  w i t h  
i n t e r i o r  f ~ u ~ ~ ~ ~ ~ ~ ~  i n s u l a t i o n  p laces a t  r i s k  the  broad acceptance o f  
systemat ic  f ~ ~ n ~ a t ~ ~ ~  i n s u l a t i o n  l eve l s .  Some may argue t h a t  u n t i l  

AE 90.2P ( r e f .  261, t he  r e s i d e n t i a l  energy s tan-  
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env i ronmen ta l l y  acceptab le  EXPS o r  a s u i t a b l e  replacement i s  a v a i l a b l e ,  
f ounda t ion  i n s u l a t i o n  code upgrades should  be p laced an hold.  

F i s c h e r  and CreswickS assumed t h a t  15% o f  t h e  basement and c rawl -  
space w a l l s  would be un lnsu la ted  t o  o b t a i n  t h e  energy l o s s  impact , for  t he  
wors t  case. I f ,  ins tead,  they  had assumed t h a t  i n  the  f u t u r e  t h e  saint! 
f r a c t i o n  o f  basements and crawl spaces c u r r e n t l y  be ing  b u i l t  un insu la ted  
( the " a d d i t i a n a l '  bliii'id-ing stock r e f e r r e d  t o  i n  Tables D1-D3 o f  F i sche r  
and Creswick 's  r e p o r t )  con t inue be ing  b u i l t  un insu la ted  ( t h e  1989 MEC and 
ASHRAE 9Qa3P a r e  n o t  implemented) because o f  t he  CFC adverse impacts and 
u n c e r t a i n t y  about t h e  l o n g - t e r  performance o f  o t h e r  co e r c j a l l y  avail- 
a b l e  i n s u l a t i o n s  f o r  belc~w grade a p p l i c a t i o n s ,  then t h e  loss o f  energy 
savings would i n c r e a s e  t o  0.83 quad f o r  t h e  wors t  case. 

Chapter 13, "Comerc ia1  Const ruc t ion , "  o f  t h e  Fischer and Creswick 
repa r t '  p rov ides  an a n a l y s i s  For  f i v e  b u i l d i n g  w a l l s  f o r  comnercial con- 
s t r u c t i o n  (Table 3.4). Bec use Petersen and Fanney2* concluded t h a t  an 
adverse energy impact v o u l d  l i k e l y  occur f o r  foam-core panels and 
concrete-masonry w a l l s  w i t h  i n t e r i o r  i n s u l a t i o n ,  only these were analyzed 
by Fisches- and Cresvick. 'The percentage o f  w a l l s  used was 20 o r  40% i n  
t he  va r ious  s t r a t e g i e s .  

Table 3.4. Energy impact analysis f o r  comerc ia1  w a l l s  

Energy p e n a l t y  (quad/year) 

S t r a t  egy 100% o f  
wal Is 

F i  scher 
and 

C r e s w i  ck 

1. P r e f e r r e d  i-esponse (20% o f  w a l l  s )  
R i g i d  po lyure thane (HCHC-14 l b  

f o r  CFC-11) 
(R-6.86 f o r  R-9.2) 

2. Fallback p o s i t i o n  (20% o f  walls) 
Expanded po lys ty rene  (W-4) f o r  

bo th  foams 

3. Worst-case scenar io  (40% o f  w a l l s )  
Decrease R-values by 8% 

9.031 0.05 

O . i E a  0.25 

0.11 0.28 

4.  Advanced tecbnolagy o p t i o n  (40% o f  walls) -0.08 -0.20 
Increase R-val   lie^ by 4.5% 

" i n d u s t r y  would inc rease t h i s  p e n a l t y  t o  0.07 quad. 
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F i s c h e r  and Creswick emphasize t h a t  o n l y  coarse est imates a r e  g i ven  
and presume t h a t  a r e f i n e d  a n a l y s i s  would decrease t h e  energy penal ty .  
Assuming 100% o f  c o m e r c i a l  w a l l s  would increase t h e  values. The very 
h i g h  c o s t  o f  i n t e r i o r  f l o o r  space i s  an impor tan t  economic cons ide ra t i on .  

I n d u s t r y  rep resen ta t i ves  [see Appendix D) expressed concern about 
t h e  b a s i s  f o r  t h e  percentage o f  wall f r a c t i o n s  and whether t h e  f a l l b a c k  
p o s i t i o n  o f  EPS foam panels i s  r e a l i s t i c .  
energy p e n a l t y  Prom 0.05 t o  over 0.07 quad/year. 
t a t i v e s  suggested t h a t  a more d e t a i l e d  a n a l y s i s  be done. 

T h i s  usage would increase t h e  
I n d u s t r y  represen- 

Chapter 14, "Low-Sloped Roofs," o f  t h e  F ischer  and Creswick r e p o r t 5  
p rov ides  an analysis (see Table 3.5) t h a t  assumes 65% of comnercial r o o f s  
use CFC foams and t h a t  a l l  a r e  b u i l t  up w i t h  t w o  l-in. l a y e r s  o f  i n s u l a -  
t i o n  w i t h  an average R-value o f  6.38/in. 

An advanced technology was n o t  considered. The 1983 Chang and 
Busching energy savings a n a l y s i s 2 '  was used t o  es t ima te  energy p e n a l t i e s  

Table 3.5. Energy impact analysis f o r  low-sloped r o o f s  

S t r a t e g y  

~ -~ - 

Energy p e n a l t y  (quad/year) 

65% o f  100% of  
r o o f s  r Q O f S  

1. P r e f e r r e d  response 0.03 

(Same thickness as CFC-blown foam) 

2. F a l l b a c k  p o s i t i o n  
Expanded ~ ~ ~ ~ ~ t ~ r e ~ ~  o f  f i b e r g l a s s  

a r i a b l e  th ickness:  two-thirds 
equal th ickness,  o n e - t h i r d  equal 

0.11 

3. Horst-case scenar io  0.20 
~~y~~~~~~~ or f i b e r g l a s s  

(Same thickness as CFC-blown foams) 

0.05 

0.17 

0.3% 
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f o r  a r o o f  s tock o f  33 x 10' f t2. The 65% CFC-blown foam market pene- 
t r a t i o n  i s  a 1968 est imate.  The second column assumes a 100% changeover 
f o r  each strategy.,  

3.4.5 A1 ternate Analyses 

F i s c h e r  and Cresw ick '  s t a t e  t h a t  t h e i r  p r e f e r r e d  response ( t h e  
lowest  energy p e n a l t y )  i n v o l v e s  assuming t h e  commercial a v a i l a b i l i t y  of  
d r o p - i n  compounds. 
national energy use w i l l  increase 1 quad/year ( b u i l d i n g  envelopes, 
0.34 quad/year) .  M o m  d e t a i l e d  analyses a r e  needed, and i f  t h e  assump- 
t i o n s  a r e  changed then t h e  r e s u l t i n g  energy impact w i l l  change. 

I f  these compounds a r e  no t  developed s u c c e s s f u l l y ,  

Energy analyses are  complex, and o v e r s i m p l i f i c a t i o n  can b i a s  t he  
r e s u l t s .  The worst-case scenar io  f o r  b u i l d i n g  equipment (1.52 quad/year) 
and b u i l d i n g  envelopes (0.65 quadlyear)  imp ly  a s i g n i f i c a n t  energy p e n a l t y  
(2.17 quadjyear ;  i n  doliilir terms, a t  $3.3 b i l l i o n / q u a d ,  a t o t a l  o f  
$7.16 h i l l i o n l y e a r  us ing  $18/barrel o i l ) .  

Representatives o f  t h e  CFC i n d u s t r y  have expressed concerns about t h e  
F i s c h e r  and Creswick energy p e n a l t y  analyses. I n d u s t r y  concerns are  c i t e d  
above and s u m m r i z e d  i n  Appendix 8, I n d u s t r y  r e p r e s e n t a t i v e s  have sug- 
gested t h a t  more  d e t a i l e d  analyses  would be useful and r a i s e d  t h e  question 
of whether r e t r o f i t  a p p l i c a t i o n s  have been i n c l u d e d  I n  t h e  e x i s t i n g  
analyses.. 

E P A l 7  prov ides  1985 p r o d u c t i o n  data f o r  r i g i d  ext ruded p o l y s t y r e n e  
foam board f e e t  and r i g i d  p o l y u r e t h a n e  foam tonnage (see Table 3.6). 
These da ta  cai l  be used t o  c a l c u l a t e  equivalent.  board f e e t  of i n s u l a t i n g  
boards. 

I f  a l l  b sa rd  product ion  was 1 i n .  t h i c k  and was used i n  s t and-a lone  
a p p l i c a t i o n s ,  t hen  the e t i c q y  saved i n  a s i n g l e  year  by use o f  i n s u l a t i o n  

Table 3 . 6 ,  Calculated board f e e t  

Assumed p r o p e r t y  

M e t r j s  tons Board f e e t  l $ / f t3  R / i n .  

R i g i d  p o l y s t y r e n e  87,000 1.15 109 5 

Rigid  pol  yuretkane 308,000 3.97 1 0 9  2 - 8  7.2 

F i be rboa rd 3.0 
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containing CFCs relative to fiberboard can be calculated as a function o f  
the annual temperature d i  fference (see Table 3.7) : 

q(annua1) = AT (8760 h/year) (board-ft production) , 

Table 3.7. Boardstock: AT energy impact analysis 

l-ins-thick 
mater i a 1 

Annual heat f l o w  (1013 B t u  for assumed AT) 

10°F 20°F 30°F 40°F 50°F 

R i g i d  polystyrene 
1.15 x 10' board ft 

2.01 4.03 6.05 8.,06 10.08 

4.83 9.67 14.50 19.33 24.17 R i g i d  polyurethane 

F i berboa rd 
1.15 x 10@ board ft 
3.97 x l B i a  board f t  

3.36 
11.6 

6.72 10.08 
23.2 34.8 

13.44 
46.37 

16.80 
57.9s 

1.36 
6.77 

2.69 4.03  
13.53 20.30 

5.38 
27 e 04 

6,72 
33.79 

0.081 
0.10 

0.162 0.243 
0.28 0.30 

0.32 
0.40 

0.40 
0.58 T o t a l  x 1.26 

t i o n  yields energy impacts for one year only that are, as 
hose of the Fischer and Creswick5 worst-case analysis for  
 ear^ but near the fallback-position analysis (0 .34 
Q U S ~ ~ ,  the energy impacts increase with annual temperature 

difference, which i s  the basic reason that the building equipment energy 
impacts exceed those of the building envelope (an annual AT of 10°F 
corresponds to 3650 degree-days, which i s  near the Oak Ridge environment, 
whereas a A T  o f  40°F roughly corresponds to the operating condition o f  a 
refrigerator}. The energy impact values would increase four times if the 
comparison were made with 0.5-in.-thick board stock. The energy impacts 
would decrease significantly i f  the applications were not stand-alone 
boards but were used in series w i t h  other insulation. 
representatives suggested that these values be increased by 26% to account 
for the growth in board production since 1985. 

Industry 
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The f o rego ing  energy impact analyses for  b u i l d i n g  envelopes a r e  
compared i n  Table 3.8. The energy impact ranges f rom -0.28 t o  
1.52 quad/year depending on t h e  p a r t i c u l a r  s t r a t e g y  one a.ssumes t o  
represent  t h e  f u t u r e ,  
va lue  y ie lds  an average energy impact o f  about 0.4 quad/year. I f  t h i s  
va lue  p e r s i s t e d  until t he  year  2000, then the  10-year energy p e n a l t y  would 
be about 4 quads. I f  the current $18/barreli prices f o r  Texas In te rmed ia te  
Crude O i l  r i s e s  l i n e a r l y  t o  $.BQ/barreI ( 9 % l y e a r ) ,  then a t o t a l  10-year 
energy impact w o u l d  c o s t  about $22 b i l l i o n  f o r  b u i l d i n g  envelopes. 

The f a l l b a c k  p o s i t i o n s  and t he  boardstock AT (40) 

Table 3.8. eo parison o f  bulldin 
energy impact analysls (quadlyear) 

A p p l i c a t i o n  
Adva n c ed 

solution 
Prefer red  Fallback Worst-case technology 
response p o s i t i o n  scenario 

A. Fischer /Creswick  

Res iden t ia l  wall s 0.01 
Residential feirrrdatl ons 0.00 
Comerc ia1  w a l l  s 6.02 

0.03 Comierc ia l  roofs 
_.___ 

Subtota I 0.06 

B. T h i s  t e x t  values 

Residential w ~ l l s  (50%) 0.02 
Residential foundations 0 
Comerc ia1  w . 1 1  s (100%) 0.05 
Comescia1 r o o f s  (100%) 0.05 

Sub to ta l  0.12 

C. T h i s  t e x t ,  boardstock AT a n a l y s i s  

l0OF 

Text 0.08 
Text  x 1"26 0.10 

0.02 
0.17 
8.04 
0.11 

0.34 

0.04 
0.17 
0.25 
0.17 

0.63 

30" F 
__I_ 

0.24 
0.38 

0.05 
0.32 
0.08 
0.20 

0.65 

0.10 
0.83 
0.28 
0.31 

1.52 

- 

50°F - 
0.40 
0.50 

-0.04 

-0.08 
a 

a 

-6.12 

-0.08 

-0.20 

-0.28 

% o t  analyzed. 
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4. MATRIX TABLE 

4.1 INTRODUCTION 

The p r imary  purpose o f  t h i s  r e p o r t  i s  t o  p r o v i d e  comnents i n  the 
a t tached  m a t r i x  t a b l e  (Table 4.1) on concerns about m a t e r i a l s  considered 
as a l t e r n a t i v e s  t o  CFCs f o r  foamed-board i n s u l a t i o n s  f o r  b u i l d i n g s .  The 
s p e c i f i c  comments i n  t h e  m a t r i x  t a b l e  a r e  discussed under t h e  subd iv i s ions  
used by  EPA, For b u i l d i n g s ,  two product  types a r e  p r imary  headings: 

Topic  1. R i g i d  po lyurethane foam, and 

Topic 2. R i g i d  ext ruded p o l y s t y r e n e  foam. 

Both p r imary  product  types con ta in  subheadings f o r  a l t e r n a t i v e  b lowing 
agents t h a t  a r e  be ing  s t u d i e d  as s u b s t i t u t e s  f o r  Group I chemicals. 
Topic 3, a l t e r n a t i v e  m a t e r i a l s ,  i nc ludes  t h r e e  vacuum concepts and lists 
c u r r e n t l y  a v a i l a b l e  s u b s t i t u t e  m a t e r i a l s .  

The h o r i z o n t a l  subheadings p r o v i d e  abbrev ia ted  responses t o  s i x  
t o p i c s ,  w i t h  t h e  f i r s t  h o r i z o n t a l  r o w  d e s c r i b i n g  c u r r e n t l y  a v a i l a b l e  r i g i d  
foams . 
1. A p p l i c a t i o n s :  C i t e s  proven end-uses f o r  e x i s t i n g  products.  These 

end-uses a r e  t a r g e t s  f o r  new products,  b u t  each p roduc t  a p p l i c a t i o n  
must be proven by t e s t i n g .  

q u a n t i t i e s  an c l t e s  p r o j e c t e d  t i m i n g  f o r  gas-producing p l a n t s .  
2. A v a i l a b i l i t y :  C j t e s  c u r r e n t  chemical a v a i l a b i l i t y  f o r  p roduc t i on  

3.  Development r i s k s :  
gas-reduct ion ta rge ts .  

C i t e s  r i s k  t o  p roduc t  change i n  t e r m s  o f  m iss ing  

4. Environmental h e a l t h  and sa fe ty :  C i t e s  gas p r o p e r t i e s ,  ozone- 
d e p l e t i o n  p o t e n t i a ?  (ODP), greenhouse warming p o t e n t i a l  ( G W P ) ,  
t o x i c i t y ,  and f l a m n a b i l i t y .  

5. 

6. Economic impact: Compares p r i c e  o f  gas i n  new p roduc t  t o  e x i s t i n g  gas 

Energy impact: 
e x i s t i n g  psoduct(s) as a r a t i o ;  t e x t  est imates energy impact. 

p r i c e .  

Compares est imated R-value of new p roduc t  t o  t h a t  of 

7. Comnent: C i t e s  p r imary  c u r r e n t  issues. 

I t  i s  impor tan t  t o  comment t h a t  t h e  e n t i r e  thermal insulation indus- 
t r y  i s  competing for t h e  end-use a p p l i c a t i o n s .  The foam-board i n d u s t r y  
has captured m a j o r  f r a c t i o n s  o f  b u i l d i n g  a p p l i c a t i o n s  i n  t h e  pas t  10 y e a r s  
by  d i s p l a c i n g  p r e v i o u s l y  used i n s u l a t i o n s  such as f i b e r g l a s s .  For 
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example, i n  r o o f i n g ,  foam usage ranged from 45 t o  75% o f  a l l  i n s u l a t i o n  
used i n  1387; and awa i lab le  surveys show t h a t  r e s i d e n t i a l  w a l l  foam i n  
sheathing use represented a t  l e a s t  25 t o  30% o f  t h e  market i n  1985 and 
over  40% i n  1987. 
po l ys ty rene ,  23% palyurethane, and 75% f i b e r b o a r d  or  plywood. Thus, i n d i -  
v i d u a l  p roduc t  r e s t r i c t i o n s  o r  adwances can r e s u l t  i n  s i g n i f i c a n t  competi- 
t i v e  changes i n  end-lase decis ions. 

For  sheathing, t h e  1986 survey showed t h a t  14% was 

The m a t r i x  t ab le  (Table 4.1) compares a l t e r n a t i v e  b lowing  agents, 
i n c l u d l n g  blends and extenders (CQ,) f o r  replacements t o  CFC-11 and CFC-12 
blown products.  The CFC-11 and CFC-12 gases a r e  un ique ly  s u i t a b l e  t o  pro- 
duce r i g i d  po lyure thane and r i g i d  ex t ruded po lys ty rene  foams. Foam- 
p roduc t i on  c r i t e r i a  lnclude modest costs,  a p p r o p r i a t e  v o l a t i l i t y  (normal 
b o i l i n g  p o i n t  between 32 and 122OF), n o n r e a c t i v i t y  ( l a c k  o f  chemical reac- 
t i o n s  w i t h  p l a s t i c  foam), adequate s o l u b i l i t y  i n  prefoaming, e f f e c t i v e  
heat o f  v a p o r i z a t i o n  f o r  foaming, low vapor thermal c o n d u c t i v i t y  t o  be an 
i n s u l a n t ,  low moleclelar welght  t o  achieve v o l u m e t r i c  e f f i c i e n c y ,  and non- 

b l i t y  and l o w  t a x i c i t y  f o r  processing and a p p l i c a t i o n  sa fe ty .  
and CFC-12 do n o t  meet environmental requirements f o r  l o w  QDP o r  

The a l t e r n a t i v e  blowing agents a r e  those t h a t  have passed i n i t i a l  
f e a s i b i l i t y  s t u d i e s  i la%ng these replacement c r i t e r i a  and appear t o  be 
worthy o f  f u r t h e r  s tudy t o  q u a n t i f y  t h e  l i m i t a t i o n s  o f  each. 
Environmental h e a l t h  ami s a f e t y  f a c t o r s  a r e  p r imary  c r i t e r i a :  low ODP, 
1 ow GWP, n o n f i a m a b  i 1 i ty,  and 1 ow t o x i c i t y .  A I  1 a1 t e r n a t e s  show QDPs 
below 0,05 and GWP belaw 0.1. 

I DATE COMMENT s 
1. 

2.  

3.  

4. 

HCFC-22 i s  a c u r r e n t l y  a v a i l a b l e  major  p roduc t  w i t h  direct, replacement 
p o t e n t i a l  f o r  bcjth CFC-ll and CFC-12. The low b o i l i n g  p a i n t  requ i res  
foaming p rocess  adaptat ions.  High d i f f u s i o n  ou t  o f  foam leads t o  
rapid  a i r  replacement and l e s s  i n s u l a t i n g  e f f i c i e n c y  (an aged praduc t  
w i t h  R:4.2/i~s. i s  expected f o r  a f r e s h  foam w i t h  R:6.8/in.). 

WCFC-142b i s  betng manufactured I n  l i m i t e d  q u a n t i t i e s ,  and a d d i t i o n a l  
p roduc t i on  p l a n t s  are  expected i n  1990-91, P r o p e r t i e s  a r e  s i m i l a r  t o  
those o f  CFC-11, except  i t  i s  f lamnable; b u t  i t  i s  n o n f l a m a b l e  i f  
blended w i t h  HCFC-22. A blended gas foam would lose HCFC-22 r a p i d l y ,  
which cou ld  change i n s u l a t i n g  and f l a m n a b i l i t y  p r o p e r t i e s .  R i g i d  
ex t ruded po lys ty rene  foam R-value i s  expected t o  be 4.7/ in. o r  
5% below e x i s t i n g  CFC-12 p roduc ts  (5/ in.) .  

HCFC-124 i s  l i m i t e d  t o  l a b o r a t o r y  q u a n t i t i e s  b u t  has p r o p e r t i e s  near 
those o f  CFC-12* Foam p r o p e r t i e s  a r e  unknown, b u t  f r e s h  foam R / i n c h  
of 6.7 i s  expected (a  7% i n s u l a t i o n  impact, i n i t i a l l y ) .  

HFC-1343 i s  becomlng commercial ly a v a i l a b l e ,  b u t  i t s  s t a t u s  i s  
unknown u n t i l  t o x i c i t y  t e s t s  a r e  complete, DuPant has announced t h a t  



fable 4.1. Matrlx table  o f  alternatlves t o  chlorofluorocarbons f o r  foamed-board Insulations f o r  buildingsa 

Economic Comments 
Environmental 

hea l th  and safety inpacts impacts 
Application: Avai 1 abi 1 i t y  Development r i s k s  

1. RiGID POLYURETHANE FOAM Low-s:ope roofs. sheathing, R i g i d  boardstock poured i n  Indus t ry  surv iva l  CFC-I1 00P:l. GWP:0.4 85% o f  worst- I f  indus t ry  dies, (I) Industry needs 
(CFC-!i and CFC-12) wall cavi t ies,  mor p lace  or  spray-applied requires change: CFC-12 M)P:l.O, GWP:l.C case scenario energy costs for  lead t ime t o  make 

casi t i  es fcam tonnaga: 3U0.000 mt; CFC-11 and CFC-12 Nonflamdble i s  0.55 quad 0.55 gvaa annually and prove new 
gas tonnage 47,300 m t  ccs ts  are LOW t o x i c i t y  annually; agad i s  S1.e b l l l i o n  products work; 

f r e s h  base mncompetit!ue 
R:Blin. 

escalat ing base R:7.2lin.; ( 2 )  Products become 

A ? t e v a t l v e  Blowing Agents 

1.1 HCFC-123 

1.2 HCFC-14lb 

1.3 HCFC-22 
(blends w i t h  CFC-11) 

1.4 CFC-ll/CO, 

Gas a v a t l a b i l i t y  i s  increaslng Modest t o  low ODP: < 0.03, GNP : 0.01 Fresh R:7.2/in. 1.5X t o  2X Need t o x i c i t y  t e s t  
f o r  R&D t e s t s  b u t  still r i s k s  depending Nonf lamable o r  10% less CFC-11 r e s u l t s  and RSO on 
1 i m i  t e d  on t o x i c i t y  test T o x i c i t y  tests i n  e f f e c t  i ve foams, par t i cu-  

l a r l y  attack of 
p l a s t i c s  

r e s u l t s  progress 

Need t o x i c i t y  t e s t  

foams, par t i cu-  
l a r l y  attack of 

1.5x t o  2x Gas ava i lab le  f o r  R&U t e s t l n g  Modest, but f lan- ODP:tD.l, GWP:tO.DS Calculated 
mabi 1 t t y  i s  a Flammable range and f resh  R: 7 i  i n. CFC-11 r e s u l t s  and R8D on 

or 12% l e s s  sa fe ty  tssue; %ox$tl t y  unknown 
could requtrrr e f f e c t i v e ;  

equipment; R:6.7/in. 
t o x i c i t y  data 
needed 

Iv 
explosion-proof t e s t s  showed p l a s t i c s  -4 

Major e x i s t i n g  product 

C02 i s  wide!y ava i lab le  

Low 

Low 

OW:O.O5, GNP:0.07 Expect R:6.7/ 1.2X to 2X LOW b a l l i n g  paint, 
Nonf 1 amnabl e in. f r e s h  o r  CFC-12 r a p i d  d l f f u s e r  out 
Proven low t o x i c i t y  16% less o f  foam 

e f  f e c t i  ve 

See CFC-11 above Fresh R:6.85/ Extender may reduce Industry i s  pursuing 
in. f o r  113 gas cost Invest- t h i s  t o p l c  
CO,, 16% less rent i n  foam 
e f f e c t i  YB 



Table 4.1. (continued) 

App1;cations A v a i i a b i l  i t y  Env: ronmenrai 
3eve:opment r i sLs  heal th and safezy Energy iwacts 

Economi i 
iapacts 

ionments 

2 R I G I D  EXTRUDED POLYSTYRENE Low-slope roofh, sheathing Roardstocr, 1 . 1  x 10' board industry must change OOP:0.1, Gk 'P : i .O 
FOIL', (L'FC-12) wal ls,  founoatlons, roads feet;  foam tonnage: t o  surv lw;  Honll amnab: e 

87,000 m t ,  CFC-12: 9.200 i a t  product changes Low t o x i c i t y  
announced I n  md- 
1984; CFC-12 gas 
costs are 
escal a:i ng 

A 1  ternat;ve Blowing Agents 

2.: HC=C-22 

2 . 2  iC=C-1420 

2 . 3  HCFC-124 

2.4 nic-134~ 

2.5 Butane and pentane as 
blends 

Current!y a major prodl;ct Low r isks,  bur less  OOP:0.05, ck'P:0.07 
Honfiarmablr 
Proven low t o x i c i t y  

insu la t ing  
capacity i s  a 
deterrent 

Limited quant i t ies  u n t i l  Hodesr risk: due t o  OJP:O.O5, GWP:<O.Z 
1990191 p ian ts  on- l ina  flanmabl 1 :  t y  Fiamab:e 

requlr lng process iow t o x i c f t y  
changes; blends 
w i t h  HCPC-22 are 
nonf 1 amabl e 

Limited t o  laboratory A t t rac t i ve  proper- M)P:t0.05. GWP:tO.l 
quant i t ies ;  no conmercial t i e s  bu t  lacks Nonf lamable 
p lan ts  announced ava::ab!:ity Low t o x i c l t y ,  bu t  

t e s t i n g  neeced 

DuPort: 450-mt p l a n t  i n  Best ODP demands 0-JP:O.O. GkP:t0.01 
1990; others t o  have study; modest Honflamdble 
p lan ts  i n  1992-93 r l sks  Tox lc i ty  tes ts  are 

i n  progress; t e s t  
resu l ts  I n  1992 

Very ava i iab le  Oases used t o  pro- ?lammable 
cuce f i r s r  foams; 
orocess:ng 
requlres safety 
measures 

151 of worst-case Cost fo r  0.1 quad Iniminont product 
scenar5o :s i s  $0.3 biliion change expected; 
0.1 quad annua 1 I y rf 1 1  corpets wltn 
aniual l y ;  r i g i d  polyurethane 
base 4 :5 / ln . ;  products 
fresh 7.2l;n. 

Fresh R:4.2/ln. 1.2-2X CFC-12 LOW b o i l i n g  point; 
rap id  d i f fbser  out I s  expected or  

40% less o f  foam 
effecxi  YB 

Expect :resh 2X-4X C i C - 1 2  Flannabi ~ i t y  musz 
be addressed; 
c m l c  be feasibie 

8/1n. 4.75; 
35: less 
effect :  ve candidate 

Iu 
00 

Expect R:6.7/ln. Unkrmrn 
fresh, agind 
unkrown; fre:n 
i s  7% less 
e f fec t i ve  

Need R8D on proper- 
t i e s  t h a t  may 
prompt production: 
i ow d i  f f us: v i  t y  

Expect R:b/in. 3X t o  5X Ciil-12 Yoxlc l ty must be 
fresh. o r  16% resolved; low 
less e f fec t i ve  d i f f u s i v i t y  i s  

expected 

Fresh R l in .  5.7 Very inexpensive Poor choice; products 
to  6.2, o r  1Z not l i k e l y  t o  meet 
less e f fec t i ve  requirements 



1 , 

Tab1 e 4.1. (conti Rued) 

coments Enviromental Ecowmlc 
health and safety Energy inpacts ispacts 

Appllcations Auallablllty Oevelopment risks 

3. R1TERNAT:VE MTER!ALS Low-sloped rwfs. sheathing 
walls, foundations 

3.i 

3 . 2  

Advanced Matedais 

Powder-filled evzcuated panels 
St  1 ica-aerogel lnsuiatlona 
Con!pact vacuum insulations 

Currently Rvallable Substttute 
Materials 

Flberglass board 
Perlite board 
Expanded plystyrene 
Fiberboard 
Cellular glass 
Insulating concreto 
GypSUS 
Plywood 
Fofl-facad laminated board 
Insulattng brick 

Very limited; f o r  dwnstration Moderately high for hone known 
tests al I ; appl lances 

are first loglcal 
applicetlon 

Wldely avallable None None 

-0.12 quadlyear $0.3 bt1I:on 
R:PO/in. @r savIngs/year 
better tnan 
R:?.2/in. 
rlgid foams; 
R:15 for 0.1 in. 

Poorer insula- Costs less than 
ttons than rtgid foams 
rigtd foams; 
sema R-value; 
r w i r e s  thicker 
secttons 

Problms t@ be 
solved: rslta- 
blltty, aglng, 
lifetime, auto- 
m t e d  productton, 
cost reduction 

This group represents 
the worst-case 
scenarlo; energy 
tnpact 0.5 to 
1.5 quadslyear. 

N 
co 

aCOl = c a w n  dioxide; GW = greenhouse naming potential; ODP = ozone-depletion potential; R60 - research and development. 
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a one-mi l l ion-pound p r o d u c t i o n  p l a n t  f a r  HFC-134a will be completed 
i n  199Q (ref., 28). HCF-134a gas conducts 40% b e t t e r  than CFC-12, 
which p r o j e c t s  a f r e s h  foam w i t h  16% l e s s  e f f e c t i v e n e s s l  

Var ious blends and extenders a r e  be ing  s t u d i e d  t o  rep lace  some o f  t h e  
CFC-12 i n  use, i n c l u d i n g  CFC-12 w i t h  HCFC-22 ,  w i t h  butane, pentane, o r  
WCFC-142b. Generally, p r i c e s  a r e  h i g h e r  and foams have poorer  mechan- 
i c a l  s t r e n g t h  and l e s s  i n s u l a t i n g  capaci ty .  

5. 

6 .  HCFC-123 i s  a s t rong candidate t o  rep lace  CFC-11 i f  c u r r e n t  t e s t i n g  
shows low t o x i c i t y .  HCFC-123 gas i s  a 25% b e t t e r  conductor o f  heat 
than CFC-11, w h l c h  leads t o  a fresh-foam energy p e n a l t y  o f  6,9/8 o r  
14%. Molecr i lnr  weight i s  g r e a t e r  than t h a t  o f  CFC-11, which calls f a r  
11% more HCFC-123 gas f o r  foaming ( t e s t s  used 25% more) ,  R&D t e s t s  

f r e e z e r s  (A55 and H I P S ) .  Aglng for  300 d i s  s i m i l a r  t o  ag ing  o f  
CFC-11. An WCFC-123 foam increased by 0.04 K-un i ts ,  which corresponds 
t o  an aged W i n c h  s f  5.5 ( re f .  18). 

t h a t  HCFC-123 a t t a c k s  s t r u c t u r a l  p l a s t i c s  used i n  r e f r i g e r a t o r /  

7. HCFC-114lb i s  a. candidate a l t e r n a t i v e  t o  CFC-11 b u t  has a vapor f l am-  
mable range i n  a i r  between 6.4 and 15 v o l  % and unknown t o x i c i t y . .  
HCFC-14lb gas conducts 22% b e t t e r  than CFC-11, which leads t o  a f r e s h -  
foam energy p e n a l t y  of 7 i 8  o r  12% 
HCFC-141b i m p l i e s  31% g r e a t e r  expansion c a p a c i t y  than t h a t  o f  HCFC-123 
and 15% g r e a t e r  than t h a t  o f  CFC-11. Thus, b lends o f  HCFC-14lb and 
HCFC-123 cut~lcf nateh  t h e  expansl'on c a p a c i t y  o f  CFC-11. H C F C - l 4 l b ,  
1 i k e  HCFC-123, a t t a c k s  polymers. Early fsarn-aging t e s t s  show t h a t  
HCFC-141b reaches ai l  W i n c h  o f  5.3 i n  380 d ( r e f .  18). 

T h e  low molecu la r  we igh t  o f  

8. C%C-ll/CO, tIIIXtureFi as bioWIng agents Can redUCe CFC-11 gas usage and 
s t i l l  produce 2 foa~ri product.  Ph is  m i x t u r e  y ie lds  a l e s s  e f f e c t i v e  
foam p roduc t ,  depersciirrg on the  C02 concent ra t ion ,  because t h e  K o f  
CO, (0.107) i s  87% more than t h e  K o f  CFC-11 (0.057). 

Calcu la ted  R-values f a r  f r e sh  foams are:  100% CO, R:5.6/in., 
50% CO, R:6,4/ j t1. ,  and 33% CO, R:6.8/in. I f  an i d e a l  gas b a r r i e r  
cou ld  be c r e a t e d  and o n l y  l a t e r a l  d i f f u s i o n  o f  N 2  and (a2 w e r e  
al lowed, then, t h e o i - e t l c a l l y ,  such pr'oducts would per fo rm b e t t e r  than 
CFC-11 foams fr i t i i  no b a r r i e r s .  

4 , 3  ALTERNATIVE MATHR6Al.S 

The m a t r i x  t a b l e  heading " 3 ,  A l t e r n a t i v e  Mater ia ls , '  inc ludes  t w o  
subheadings: "3.1 Advanfed M a t e r i a l  5," which use a vacuum t o  produce 
h i g h  thermal Fesis tarsce systems; and "3.2 C u r r e n t l y  A v a i l a b l e  S u b s t i t u t e  
M a t e r i a l s  which g r o v i d e  l e s s  thermal r e s i s t a n c e  than r i g i d - f o a m  products.  
Sane t e c h n i c a l  backgrorind i s  p rov ided be low,  because s ince  t h e  former are 
a newer concept thafl  t h a t  aF r i g i d  foams. 

The advanced m a t e r i a l s  category inc ludes  two s o f t  vacuum ( 1  t a  90 mni Hg) 
concepts ( p a w d e r - f l l l e d  evacuated panels and s i l i c a  aerogel  i n s u l a t i o n s )  
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and one hard-vacuu mn Hg) concept (compact vacuum insulation), 
Vacuum insulation echnology was discovered by Sir James Dewar i n  the 
eighteenth c e n t ~ r ~ ~  Current hard-vacuum cylindrical and spherical systems 
obtain R-val r 100/4n. to allow effective shipment and storage of 
cryogenic 14 as liquid helium (4.2 K )  and liquid nitrogen (77 K), 

id-1930s9 Kistler*' noted that high R-valueslinch were  
adest  vacuums for aerogels and small-diameter powders. $ m i  

flat-metal panels were studied by the General 

akages by t h e  outer metal e n v e l ~ p e . ~ ~ ~ ~ ~  I n  8981, DOE 
(GE), but the study was abandoned because o f  h i g h  c o s t s  

1 assessment on advanced insulations f o r  appljancesel' 
hree important observations: (1) an i?cn 
ne quad joules (J), 0,947 x IOxs 
ith a K = 0.05 tuein./h*ft2nof an 

lances; (2)  theoretical analyses o f  12 can 
r ~ ~ a ~ ~ a t e d  nor  gas-filled insulation syst 
t ;  and ( 3 )  materials property information was n o t  ava l i l -  

Patent 4,159,359 issued to L'Air Liqujde, France,32 
lues below 0.035 f3tumin,lh*ft2.OF f o r  evacuated 
sillca particles when tested at low temperatures 

~ r ~ ~ i s i ~ ~  candidate systems. In addition, t h i s  

ge National Laboratory (ORNL) t o  ob td in  
ystems that might obtain R = 20/ in .  h 

pOWdt?rS*3"37 hese t e s t s  showed that high thermal resistance depends on 
decreasing gas-phase conduction and decreasing radiative transport i n  t h e  
system without significantly increasing the contribution due t o  s o l i d -  
phase conduction. For example, particulate thermal insulations c o n t a i n i n g  
air at atmospheric pressure as the gas phase have the K o f  ais as a l i m i t -  
i ng  value unless the effective pore size can be reduced to less than the 

s phase. 
.18 3t~*in./h*ft~.~F, practical R-values pes inch 

are limlted t o  5.5, However, the K-values obtained for beds corn 
s r n ~ ~ ~ - ~ ~ a ~ ~ ~ ~ ~ ~  ~ ~ ~ ~ - ~ ~ ~ ~ p ~ o u ~ - f ~ f f l e d  silica particles at 75'F an 
pkeric pressure show a ~ i n ~ ~ u ~  K of 0.146 Btu*in,/h*ft2eaF ( W i n  

c ~ ~ p a c t ~ ~ ~  K i s  otatai ed i n  air at one atmosphere that is on% 
thermal ~~~~~~~~~~~~ o f  air. Thus, K i s  determined by an ass 
t i c l e s  that c 
by a mean-fre 

bed tests on air-filled and evacuated 

Because the K for a i r  at 7 5 O F  and one 

T h u s ,  when a ~ - r e c e i v e  powders from two companies (Cabot and 

ges two heat transfer components: 
a th  e f f ec t  and reduced radiative t r a n s p o r t  by i nc reased  

reduced gas conduct ion 

 en^^^^ t w o  U.S.  patent^^"^^ were issued t o  GE for  pane;ls evacuated 
a filler material of precipitated s i l i c a  w i t h  or 

without f l y  ash t h a t  achieved high thermal r e s j s t a n c e  ( R - i l O J i n . ) ~  a t  ~ o o m  
temperature, These systems achieve high thermal resistance by ~ s s i n g  

e t e v  powders t o  produce void spaces with $ i m ~ ~ s ~ ~ ~ ~  much srnallei- 
ean %see p a t h  QS the interstitial gas. T h i s  process re 
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c o n t r i b u t i o n  o f  gas conduct ion t o  t h e  K-value o f  t h e  system. 
c o n s t r u c t i o n  c o n s i s t s  o f  a f i l l e r ,  an i n n e r  porous bag, and an o u t e r  bar -  
r i e r  envelope, 
t a i n i n g  t h e  system vacuum and R-value. 
s i z e s  up t o  15 x 18 x 1. in.  

The GE pane? 

The gas p e r m e a b i l i t y  o f  t h e  b a r r i e r  i s  c r u c i a l  t o  main- 
The GE panels a r e  hand produced t o  

Dur ing  the ear l y  198Os, some r e f r i g e r a t o r s  produced i n  Japan inc luded 
evacuated panels c a n t a i n l n g  p e r l i t e  and embedded i n  po lyure thane foam as a 
th in -wa l l ed ,  h igh - res i s tance  system. Produc t ion  o f  such u n i t s  was stopped 
because o f  t h e  h i g h  cos ts  o f  producing and i n s t a l l i n g  t h e  u n i t s .  

ORNL repo r ted  R/ inch  values f o r  evacuated panels f r o m  France, Japan, 
and t h e  Un i ted  Sta tes ,  bo th  as-received and f o r  t imes up t o  78 months 
a f t e r  manufacture, as follows: 

COU n e ry !?/inch va lue  (mo = month) 

Japan 1 l a  38 mo:9 

U n i t e d  S t a t e s  1 rna:19.3 34 rna:14.5 

The powder-filled evacuated panels show R / inch  values t h a t  approach 
20/in.,  which degrade w i t h  tlme. T h e i r  one-atmosphere va lue  i s  expected 
t o  be near 7/ in.,  which i s  h ighe r  than aged r i g i d  foams. 
technology can be s u c c e s s f u l l y  a p p l i e d  t o  b u i l d i n g  equipment o r  building 
enve lapes ,  t h e  r e l l a b l l i t y  i ssue mus t  be resolved, t he  m a t e r i a l  cos t  
reduced, and at? automated p roduc t i on  concept demonstrated. These are 
fo rmidab le  b a r r i e r s ,  bot as F i sche r  and Creswicks note,  t h i s  advanced 
technology s p t i o n  c o u l d  provide energy savings o f  0.8 quad/year. 
RPnD i s  focused on demonstrat ing t h e  e f f e c t i v e n e s s  o f  panels. 

Befare  t h i s  

C u r r e n t  

QRNL has completed base l i ne  t e s t s  on the  i c e m e l t i n  ra te  o f  t h ree  
types o f  po r tab le  coo le rs ,  and i n d u s t r y  i s  p roduc ing  panels t h a t  w i l l  be 
foamed i n t o  the  eslvelopes o f  a s e t  o f  p o r t a b l e  coolers.  The r e s u l t s  
should be a v a i l a b l e  i n  1990. T h i s  coopera t ive  e f f o r t  was preceded by an 
assessment o f  t h i s  i n d u s t r y  t h a t  i d e n t i f i e d  an automated technique t o  p r o -  
duce t h e  pane ls+  

Cur ren t  maiiual l abo r  and m a t e r i a l  cos ts  are  abaut $2.50/boat-d f t  o r  
about $Q.13/board f t - R .  A h o r i z o n t a l  form, f i l l ,  and seal machine (as  
used i n  food p a c k a g i n g )  m i g h t  p rov ide  an automated process w i t h  a p r o -  
j e c t e d  l a b o r  and rnatesjals c o s t  o f  0.85/board f t  o r  $0.04/baard f t - R .  
The costs o f  c u r r e n t  r ig id - foam i n s u l a t i o n s  a r e  below $0.03/board f t - R .  

A major cancern f o r  evacuated panels i n  any a p p l i c a t i o n  i s  t he  loss 
o f  vacuum due to even one pinhole-sized puncture. Research a t  the  
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Massachusetts Institute of Technology (MIT) is in progress on improving 
the effectiveness o f  rigid foams by including a number of small evacuated 
panels in boards, Such a composite might obtain an R-value o f  10/in. and 
avoid the single-puncture problem. 

ology i s  n o t  ready to allow industry to comply with the 
Montreal Protocsii, However, the above demonstrations and those in pro-  
gress by major appliance producers could yield substantial benefits. 

4.3.1 S i l i c a  Aero el Insulation 

ptjcs (Tbermolux) in California i s  in the process of com- 
mercializing a silica aerogel product that obtains an R o f  2Ql"in. a t  
0.1 atmosphere, 
silicon-contai i n g  chemical, alcohol, and water. The liquid f n  the gel i s  
removed by a supercritical drying process to yield an open-pore, low- 
density structure, The slab is then vacuum packaged in a manner similar 
to that 04 evacuated panels in a barrier envelope. 

The slab-like product i s  produced by making a gel from a 

Quantum Optics is fabricating 7 x 7 x 3/4 in. slabs for refrigerator 
performance testing by WCI Refrigeration Division (funded by € P A ,  Electric 
Power Research Institute (EPRI), Snohumish, Pacific Power and Light 
Company, and National Resources Defense Council). 

Prototype (31989) and comnercial (1990) plants are being planned t o  
produce up to 1 ~ ~ ~ ~ 0 ~  ft' of evacuated aerogel per year,"* 

Compact vacuum insulation (CVI), being developed at the Solar Energy 
Research Institute (SERI), i s  an extension of the laser sealed vacuum 
insulation ~ ~ ~ d ~ w  that SERI i s  developingebl CVI consists o f  a vacuum gap 

a metallic enclosure, which is sealed by lases welding. 
very low i n t e r n a l  vacuum mn Hg) i s  required for this concept, and 
additional jnternal layers and low emittance coatings may be needed. 
Resistance o f  15/panel for panels approximately 0.1 to (3.25 i n .  thick have 
an estimated c o s t  o f  $ 2 / f t z .  

A 

1989, the f i r s t  test panel o f  CVI was successfully fabricated 
The insulation value for the 0.2-in.-thick panel 

own, polyurethane foam insulation used in 
I researchers expect that further development o f  t h i s  
t i o n  concept will result in a 0.1-in.-thick panel w i t h  

a f  R-15. In collaboration with the three major U,S, 
w i l l  install the improved versions i n  four full-scale 
the next  12 months. 

compares favorably with a typical value o f  R-7 f o r  

4.3.3 Current State o f  the Art 

Advanced evacuated thermal insulation technology was recently 
A, Fine with an emphasis on material costs and problem 
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i d e n t i f i c a t i o n . @ *  These thermal i n s u l a t i o n s  have been shown t o  have the  
p o t e n t i a l  f o r  s i g n i f i c a n t  energy conservat ion i f  employed i n  r e s i d e n t i a l  
and c o m e r c i a l  r e f r i g e r a t a r l f r e e z e r s .  Many m a t e r i a l s  and systems have 
been proposed f o r  i n c a r p o r a t l o n  i n t o  r e f r i g e r a t o r l f r e e m e r s  t o  achieve t h i s  
p o t e n t i a l .  

The s t a t e  o f  t h e  a r t  f o r  advanced evacuated i n s u l a t i o n s  t h a t  migh t  
achieve r e s i s t i v i t i e s  o f  20 was e s t a b l i s h e d  by rev iewing  measurements 
a v a i l a b l e  i n  t h e  open l i t e r a t u r e  01% t h e  dependence o f  t h e  thermal perform- 
ance o f  many m a t e r i a l s  on i n t e r n a l  pressure. The m a t e r i a l s  c o s t  f o r  the 
powdered, f i b e r ,  foam, and m u l t i l a y e r  m a t e r i a l s  were then found by con- 
t a c t i n g  t h e  manufacturers  o f  the  products.  Poss ib le  candidates f o r  i n c l u -  
s i o n  i n t o  r e f r i g e r a % o r l g r e e m e r s  a r e  descr ibed and ranked on t h e  bases a f  
t h e i r  thermal p r o p e r t i e s  and m a t e r i a l s  casts.  

Several  f i l l e r  r n a t e r l a l s  were found t h a t  may be used t o  make super 
i n s u l a t i o n  panels  w l t h  m a t e r i a l  cos ts  o f  less than $%.OO/board ft, i f  a 
p l a s t i c  laminate  i s  used f o r  the  c o n t a i n e r  r e q u i r e d  t o  m a i n t a i n  the  neees- 
sary  vacuum l e v e l s ,  M a t e r i a l s  i n  t h i s  category inc lude:  Bever ly  s i l i c a  
dus t ,  apen-cel l  po lyurethane foam, f i n e  p e r l i t e ,  2 . 7 - l b / f t 3  f i b e r g l a s s ,  
and 3 . 6 1 - l b / f t 3  f i b e r g l a s s  w j t h  CFD A l ,  p r e c i p i t a t e d  s i l i c a ,  and p r e c i p i -  
t a t e d  s i  1 ica! f ly  ash mixtures.  
w i l l  r e s u l t  I f  m e t a l l i c  containment i s  requi red.  

M a t e r i a l s  cos ts  approaching $3.0Q/board f t  

The U.S. Departmwt o f  Energy has sponsored research r e l e v a n t  t o  CFC 
technology through t h e  O f f i c e  o f  B u i l d i n g s  and Community Systems D i v i s i o n  
o f  B u i l d i n g  Systems and D i v i s i o n  o f  B u i l d i n g  Equipment. Resu l ts  f r o m  t h i s  
research a r e  t h e  bas is  f o r  much o f  t h e  fo rego ing  t e x t ,  and a 1977-88 chro- 
no logy o f  CFC-related a c t i v i t i e s  i s  g i v e n  i n  Appendix E of r e f .  17. 
Table 5.1 S U m i x i ’ l Z e S  t h e  activities i n c l u d l n g  b u i l d i n g  m a t e r i a l s  p r o p e r t y  
t e s t s?  i n s u l a t i o n  f o r  appl iances,  f i e l d  t e s t i n g  f o r  r o o f  and foundat ion  
a p p l i c a t i o n s ,  energg i i i ipaet analyses, coopera t ion  w i t h  EPA,  and two pub1 i c /  
p r i va te !  workshops on a l t e r n a t i v e  i n s u l a t i o n s  conta lw ing  CFC (June 9-10, 
1988, and January 31, 1989). A c l e a r  conc lus ion  i s  t h a t  t h e  DOE-sponsored 
research has established a f i r m  base i n  CFC technology, and t h i s  base i s  
be ing  used t o  i n i t i a t e  i n d i v i d u a l  p r o j e c t s  focused on CFC-related issues. 
A second clear- conclusion, d e r i v e d  f rom the f o l l o w i n g  m a t e r i a l ,  i s  t h a t  
DOE-sponsared research  should be conducted i n  concer t  w l t h  i n d u s t r y .  

The J o i n t  FuOl icJPr iva te  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 was h e l d  June 9-10, 1988. Th is  workshop 
was a t tended by 69 p a r t i c i p a n t s  f r o m  i n d u s t r y ,  academia, and government 
agencies. T h e  f i r s t  CFC workshop i s  repor ted  i n  ORNL/CON-269,1g The 
at tendees assigned p r i o r i t y  rar ik ings t o  29 research p r o j e c t s  o f  a CFC 
research inenu and vo ted  on who should be respons ib le  f o r  each o f  govern- 
ment, i n d u s t r y ,  or  cooperative. Table 5.2 i s  a r e p r o d u c t i o n  o f  t h e  p r o -  
j e c t  ranking. ORNL s t a f f  es t imate  t h a t  a 5-year R&D program t o  conduct 
these p r o j e c t s  would cost:  about $16 m i l l i o n .  



35 

Table 5.1. Chronology of U.S. Department o f  Energy activities 
relevant to chlorofluorocarbon research 

I_ 

Year Activity - 
1977 

1981 

1981-1986 

1982-1983 

198 1-1989 

1985-1987 

1985 

1986-1988 

1987 

1987 

1987 

1987 

1988 

1988 

1988 

1988 

1988 

1988 

1989 

1989 

1989 

Recomnended standard reference materials 

Analyzed advanced insulation for appliances 

Demonstrated R-20/in. insulations 

Field tested EXPS below grade 

Baslc research on foam behavior 

Field tested phenolic foam for r o o f s  

Developed foundation insulation levels for ASWRAE 30.2P 

Produced Bu i ld ing Foundat ion Des ign Handbook 

Identified energy impact of CFC restrictions for 
Psundations 

Identlfied energy impact o f  CFC restrictions for wails 
and r o o f s  

Assessed foam-in-place urethane foams 

Dl scussed industry/government CFC research needs 

Tested HCFC-22 blown extruded polystyrene 

Provfded DOE preliminary project listing 

Held first j o i n t  publidprivate workshop research menu 

Caordinated DOElEPA sponsorship of bas ic  foam research 

Delivered SRM 1449 with R-7lin. 

Initiated cooperative project on R-20lin. panels i n  
por tab l  e coolers 

Held second joint publiclprivate workshop 

Participated in United Nations Environment Program 
Review o f  GFC insulation technology 

Initiated cooperative (industry/government/unjversity) 
roject on HCFC-123 and HCFC-141b foams f o r  roofs 
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Tab1 e 5 * 2 a Chl orsfl uarocarbon research  p r o j e c t  ranki nga 

.___ 
Score 

Tech. Pub lPr ib  
._I__ Code Research p r o j e c t  t i t l e  

C.4.1 
C.4.2 
c.1.12 
c.1.11 
C.1.4 
C.1.6 
6.2.6 
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.2.3. 
c .4*4 
c.3.4 
c .  1.8 
c . 4 , 3  
C.3.2 
C.3.S 
c.3.5 
c.1.10 
c.1.9 
C.2.4 
C.2.5 
c - 3 . 3  
c.i.7 

P u b l i c l p r i v a t e  research  menu 
OOEIORNLcli ndust ry  workshop 
Database s f  phys i  c a l  proper t i  e %  
Protocol  t o  p r e d i c t  thermal performance 
I d e n t i f y  biowipig agents 
Env i ronmenta 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  a l l s  and r o o f s  
CFC manufac tur ing  recovery processes 
Law K standard re fe rence m a t e r i a l  
Database f o r  a ?  t e r n a t e  b low ing  agents 
Accelerated foam ag ing  f o r  design R-values 
Evacuated Fane' "super i n s u l a t i o n "  
Components f a r  super i n s u l a t l o n s  
F i e l d  t e s t  p r o j e c t  
Composites w i t h  h i g h  thermal res i s 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 res i s tance  measurements 
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  
CFC i n c i n e r a t i o n  
CFC a d s o r b m t s  
CFC recapture  a t  BiFd r e t i r e m e n t  
Manufacture a f  env i ronmenta l l y  acceptab le  foams 
Thermal c o n d u c t i v i t y  o f  expanded palymers 
wow-CGC ,ye' a ,erns 
Nan-CFC fou f lba t isn  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  l ~ ~ t h o d o l o g y - f l a ~ a b i l  i t y  t e s t i n g  

Average s c o r e  

4.3 
4.13 
4e04 
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 
2-04 
2.79 
2.74 
2 - 7 1  
2.64 
2.55 
2.51 
2.2 
2.18 
2.02 
1.82 
1.145 

3.01 

2.16 
1.87 
3.29 
1.96 
3.51 
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 

2.52 

'These r a n k i  ngs were  determined by workshop p a r t i c i p a n t s  , as r e p o r t e d  
by J .  E. C h r i s t i a n  and 0. L. McElr-oy, pp. 106 i n  Results o f  Workshop t o  
Develop AJternatives f o r  I i ~ s i i b z t i ~ , ~ ~  Conta in ing  CFCs - Research P r o j e c t  
Menu, ORNLlCON-269, Oak Ridge Nat fana l  Labora tory ,  Oak Ridge, Tenn., 
December 1988. 

5, p r i v a t e ,  
b rechn ica l  m e r i t :  8, low; 5, high. P u b l i c l p r i v a t e :  0, p u b l i c ;  

DOEIQWNL = U.S. Department o f  EnergylOak Ridge Na t iona l  Laboratory.  c 

%l F = r e f  r i g e r a t o r l f r e e m e r .  
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t w o  p r o j e c t s  were t o  (1) prepare the  research menu (i.es, 
d e l i v e r  a consensus p l a n  f o r  p r i v a t e  i n d u s t r y  and government) and (2) host 
semiannual g o v ~ r ~ ~ e n ~ ~ ~ n d u s t r y  workshops as a forum t o  exchange r e s u l t s  
and gu ide  f u t u r e  research. Because of t h e  l a t t e r ,  t h e  second workshop was 
h e l d  a t  t h e  American Soc ie ty  of Heat ing, R e f r i g e r a t i o n  and A i r  Cond i t i on ing  
Engineers [ASHRAE) meeting i n  Chicago on January 31, 1989. The second 
workshop examined ia s i n g l e  coopera t ive  industry lgovernrnent p r o j e c t  on t h e  
long- te rm performance o f  s u b s t i t u t e  i n s u l a t i o n s  f o r  r o o f i n g  con ta in ing  
CFC 123 and CFC 141b. 

The f i r s t  meet ing of  the s t e e r i n g  comni t tee f o r  t h i s  coopera t ive  
i n d ~ s t r y / ~ ~ ~ ~ r ~ ~ ~ ~ t  p r o j e c t  occurred on A p r i l  18, 1989, and witnessed pro- 
d u c t i o n  o f  p ro to type  foam boards. The p r o j e c t  i nvo l ves  the  Soc ie ty  o f  t h e  
P l a s t i c s  ~ n d ~ ~ t r ~ ,  t h e  Po ly isocyanura te  I n s u l a t i o n  Manufacturers  of  
America, NRCA, DOE, €PA, M I T ,  and ORNL. The p r o j e c t ,  a l though r e s t r i c t e d  
t o  r o o f i n g  a p p l i c a t i o n s ,  i nvo l ves  p roduc t i on  o f  boards w i t h  o n - l i n e  pro-  
d u c t i o n  equipment, a n a l y s i s  o f  phys i ca l  p r o p e r t i e s  o f  t h e  boards a t  
severa l  i n d u s t r i a l  l a b o r a t o r i e s ,  thermal ag ing  s tud ies  a t  ORNL, and exami- 
n a t i o n  o f  i n s t a l l e d  systems f o r  impacts on long- term performance. The 
o b j e c t i v e s  o f  t h e  t e s t i n g  a r e  t o  p rov ide  a comprehensive examinat ion o f  
t h e  m a t e r i a l s  and systems p r o p e r t i e s  o f  r o o f  i n s u l a t i o n s  produced w i t h  
these replacement chemicals and t o  p rov ide  a p r o t o c o l  f o r  t e s t i n g  o f  o the r  
a l t e r n a t e  systems t h a t  w i l l  appear l a t e r .  The p r o j e c t  i s  est imated t o  
c o s t  about $400,1300 and be completed i n  1991. 

A t h i r d  wosksh p has not been planned, b u t  an obvious m i s s i n g  link i s  
a s i m i l a r  research p r o j e c t  t h a t  focuses on R/F needs and the  new foams. 
I t  may be t h a t  a techn lca l  comni t tee on i n s u l a t i o n s  f o r  R/F t h a t  i s  cur- 
r e n t l y  be ing  organjzed will address t h i s  issue. 

The T h i r d  Na t iona l  Program Plan (1988) prepared by the  B u i l d i n g  
Thermal Envelope Research Coord ina t ing  Counci l  (BTECC) inc ludes  a chapter  

g m a t e r i a l s  research needs prepared by t h e  B u i l d i n g  Thermal 
a t e r i a l s  Research Coord ina t ing  C o r n i t t e e  (RCC) o f  BTECC. TRls 
s t s  89 p r o j e c t s ,  which r e c e n t l y  were ranked by RCC. T h e  t o p -  

rank ing  psoJec% was e n t i t l e d ,  " E f f e c t  o f  Aging on t h e  R-value o f  Foamed 
Board Irosulatllion ~ r ~ ~ ~ c t ~ . "  The p r o j e c t  o b j e c t i v e  focuses on the  f a c t  

~ ~ a ~ ~ r ~ ~ e n ~ ~  over t i m e  do n o t  s imu la te  the  e f f e c t  o f  
j ~ n s  i n  t he  long- term i n s u l a t i o n  p r o p e r t i e s  o f  foamed- 
(. T h i s  f a c t  p a r t i c u l a r l y  a p p l i e s  t o  r o o f i n g  applications 
i s  mare exposed t o  the  vagar ies  o f  t he  weather. 

eatt o f  changes i n  R-value a f t e r  pe r iods  o f  ou tdaor  
t s  determine the  t r u e  performance o f  1rssu;iation 

QrOdUCtS, Estab hrnent o f  a performance database i s  desi red.  T h l s  data-  
e useful t o  a r c h i t e c t s  and b u i l d i n g  owners who lack i n fo rma-  
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  Tor 

e r i o d s ,  The r e s u l t s  o f  t h i s  p r o j e c t  would p e r m i t  a more 
i nfo rmat l  vc i n s u l a t i o n  products .  A six-speaker seminar was h e l d  

aging. 
OB) June 7 ,  1989 ashfngton, DIG., t o  prov ide  an overv iew o f  foam 



38 

6. CBNCLUSIONS 

1. 

2. 

3. 

4 ,  

5, 

The CFC i ssue  i s  enormous. 
o f  r i g i d  faam-board i n s u l a t i o n  annua l l y  and t h e r e i n  consumes aver 
60,000 m e t r i c  t o n s  o f  CFC-11 and CFC-12. 
l e n t  t o  6 billion board F t  o f  foam and represents  the  most e f f e c t i v e  
thermal i nsu la t l i on  t h a t  i s  c o m e r c i a l l y  a v a i l a b l e .  I f  env i ronmenta l l y  
acceptable a l t e r n a t i v e  gases and foams a r e  n o t  a v a i l a b l e ,  t h e  e s t i -  
mated energy impact For b u i l d i n g  a p p l i c a t i o n s  a lone i s  between 8.65 
and 1.5 quadiyear.  

I n d u s t r y  produces over 400,800 m e t r i c  tons 

Th is  consumption i s  equiva- 

I n d u s t r y  i s  pursu ing  a v a r i e t y  o f  a l t e r n a t i v e  b lowing  agents t o  C F C - 1 1  
and CFC-12 f o r  producing r i  id-foam-board i n s u l a t i o n s .  Development 
r i s k s  t o  foam- insu la t i on  producers i n c l u d e  the  commercial a v a i l a b i l i t y  
o f  t he  a l t e r n a t i v e  b lowing  agents and t h e i r  subsequent acceptance by 
r e g u l a t o r y  agencies. The new praduc ts  w i l l  be l e s s  hazardous t o  t he  
environment b u t  more expensive and l e s s  e f f e c t i v e  thermal i n s u l a t i o n s  
( l ower  W i n c h  va lues) .  

A new r i g i d  ex t ruded po lys ty rene  foam-board p roduc t  was announced and 
became a v a i l a b l e  f o r  b u i l d i n g s  a p p l i c a t i o n  i n  rnid-1989. The new prod- 
u c t  w i l l  reduce the CFC problem because t h e  po lys ty rene  i n d u s t r y  pro-  
v ides  about % O X  o f  the total r i g id - foam tonnage. However, a m a j o r  
problem p e r s i s t s  f o r  the s ig id -po lyure thane Indus t r y .  

Use o f  t he  r j g i d - f o a m - i n d u s t r y  roduc ts  i n  b u i l d i n g s  a p p l i c a t i o n s  COG-  
serves energy, which b e n e f i t s  the: na t ion .  The f e d e r a l  government 
s h o u l d  support  t he  d ~ v e l o p m e n t  and execut ion  o f  a broad-based research  
program i n  coopera t ion  w i t h  i ndus t r y .  T h i s  program should i n c i u d e  
p r o v i n g  t h e  a p p l i c a b i l i t y  o f  new produc ts  and de te rm ina t ion  s f  new 
produc t  p rspe r t i es .  
research m w u  o f  29 p r o j e c t s  i n  5 years  i s  $16 m i l l i o n ,  

The es t imated c o s t  o f  complet ing an e x i s t i n g  

The federal goverrsnent should acce le ra te  R&B e f f o r t s  on advanced, 
h i g h - r i s k  materials techflolagies t h a t  could reduce CFC use and energy 
use i n  b u i l d i n g  eqiliprrrent and b u i l d i n g  envelopes by as much as 
6.8 quadlyear. 
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Appendix A 

Property 

Dimension 

D i men s i on 

Density 

Mass 

Thermal c o n d u c t i v i t y  

Thermal resistance 

Temperature 

Distance 

SI EQUIVALENTS OF CUSTOMARY UNITS 

Customary unit 

in. 

ft 

lb/ft3 

lb 

Btusin./ft2*hmoF 

ft2*h**F/Btu 

"F 

m i  le 

SI equivalent 

25.4 mn 

0.3048 rn 

16.02 kg/m3 

453.6 g 

0.144 W/m*K 

0.1762 K n2/W 

"C = (5/9)("F - 32) 

1.6 km 
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Appendix B 

CHLOROFLUOROCARBON NOMENCLATURE NOTES 

The nomenclature used t o  descr ibe  ch lo ro f l uo roca rbons  (CFC) i s  dorni- 
nated by abbrev ia t ions .  The CFC p r e f i x  r e f e r s  t o  f u l l y  halogenated 
ch lorof luorocarbons.  Halons a r e  f luorocarbons t h a t  con ta in  bromine atoms. 
CFC compounds w i t h  hydrogen i n  t h e i r  mo lecu la r  s t r u c t u r e  a r e  r e f e r r e d  t o  
as HCFC compounds; those w i t h o u t  c h l o r i n e  i n  t h e i r  mo lecu la r  s t r u c t u r e  a re  
r e f e r r e d  t o  as FC. 
sents  hydrof luoroalkanes. )  

(Europeans o f t e n  use HFA f o r  HCFC, where HFA repre-  

The s u f f i x  numbers a r e  keyed t o  whether the CFCs a r e  d e r i v a t i v e s  a f  
methane (CH,), t w o  dig1 t s  (e.g., "11" s u f f i x  o f  "CFC-ll"), o r  ethane 
(C2HO), t h r e e  d i g i t s  (e"g. ,  "113Ib s u f f i x  o f  "CFC-113"). H .  Kruze and Meese 
showed the  s u f f j x  code as fo l l ows :  

i t  s u f f i x e s ,  the  f i r s t  d i g i t  i s  the  number of  hydrogen 
atoms +I ,  and t h e  second d i g i t  i s  t h e  number o f  f l u o r i n e  atoms. For 
t h r e e - d i g i t  s u f f i x e s ,  t he  f i r s t  d i g i t  i s  t he  number of carbon atoms -1, 
t h e  second d i g i t  i n d i c a t e s  the  number o f  hydrogen atoms + I ,  and the  t h i r d  
d i g i t  i n d i c a t e s  the  number of f l u o r i n e  atoms. The s u f f i x  a o r  h (e.g., 
libit s u f f i x  o f  18MCFC-141b1') r e f e r s  t o  t he  s t r u c t u r e  o f  t h e  compound. Some 
rep lace  CFC w i t h  R ,  b u t  t h i s  can be confused w i t h  R-value ( thermal r e s i s -  
tance va lue)  f o r  I nsu la t i ons .  

/ \  

Fig ,  5.1. CFC d e r i v a t i v e s  of  methane and ethane. Source: Repr in ted  
w i t h  permiss ion  f r o m  H. Kruze and V. Heese, Possible Substitutes For Fully 
Ha Jogenated ~ ~ ~ u / ~ ~ ~ ~ ~ o r o c a r b u n s  Using Fluids Already Marketed, Purdue 
U n i v e r s i t y ,  West La faye t te ,  Ind., J u l y  1988. 
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Appendix C 

Table C.1. Nominal thermal resistance per u n i t  thickness value 
f o r  some typical insulations, R-value per inch at 75OFa 

a t e r i a l  Source Dens i t y  
( 1 b / f  t3  ) 

R-value per i n c h  
( h a f t 2  "F/Btu)  

__ 

Nonp ias t ics  

1. Air, conduct ion o n l y  0.08 5.5 1 

2. Air, w i t h  r a d i a t i o n ,  
AT = 50°F 

<1 2 

3. Loose-Fills 
F i  berg1 ass  0.6 2.2 
Rock wool 2 3.0 
eel 1 ul ose 3.0 3.5 
Per1 i t e / v e r m i  cul i t e  2-1 1 3.7-2.5 

4. Fiberglass b a t t  0.6 3.2 3 

5.  F i  berbaard 2.8 5 

6. Cellular glass 2.6 5 

44 0.8 6 

8.  Plywood 30 1.3 7 

P last ics 

ed po lys ty rene  1.0 
1.5 

7.2 8-1 

3.9  
4.2 

8-10 

12. Pheno l ics  2-3 8.3 8-1 0 - 
'Sources are  listed an t h e  following page. 
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2 .  Calcu la ted  from re f .  1 and a r a d i a t i o n  heat, t r a n s p o r t  between two 
i n f i n i t e  s u r f a c e s  w j th  a t o t a l  he i s p h e r i c a l  emi t tance  of 1 and spacing o f  
1 i n .  See H .  A .  F i n e  e t  a l . ,  Analysis o f  Heat Transfer in Building Therm7 
Insu la t ion ,  ORNi../TM-7481, Oecernber 1980. 

3. I n s u l a t i o n  Fact Sheet, DOE/CS-0180, U.S .  Department o f  Energy, 
January 1988. 

4 .  An Assessment o f  Thermal I n s u l a t i o n  Materials, BNL-50862, 
Brookhaven National Laboratory,  Uptoti, N.Y.,  June 1978. 

5. G .  E. Cour-ville and J ,  0. Kolb, Economic Analyses o f  Insu7ation 
Materials Used in t c + -  Slope, Built-up Woof Systems, ORNL/TM-9804, Oak RidgP 
National Laboratory,  Oak Ridge: Penn . ,  1984. 

6. K. S. Graves, 0. 1.. k E l r o y ,  D. W .  Yairbrsugh, and H .  A .  Fine,  The 
Them8ophysical Proper t i es  of Gypsrim Boards Containing Wax, proceedings o f  
2 1 s t  international T h c m a l  Conduct ivi ty  Conference, irm press, 

7. A .  TendGolde; J .  D. McNatt, and L ,  Krahn, Therm? Properties o f  
b!/ooC; and Wcod Pane! Products f o r  Use in Buildings, ORNL/Sub/83-21697/1, 
Oak Ridge Nation31 Laboratory,  Oak Ridge, ‘Tenn., September 1988, 

8. 5,’ R .  S t r ~ y k ,  ”Cellular I n s u l a t i o n s , ”  Chap. 3 . 4 ,  Haridbook o f  

9. AS!IRAF ,Ci’iri:dbook o f  Fundamentrg7s, American Society O F  Heating 

Applied Therm? O ~ s i g n ,  MCGII-W, 1988. 

Rpf r ige ra t ion ,  and f l i r -Condi t ion iny  Engineers ,  198%. 

18, SPI Polyurethane Divis ion k Factor Task Force (16 members), 
Rigid Po iyoreihane snd Pc 3yfsocyanurate Foams: An Assessment o f  Their 
I n s u l a t i n g  Properiit?s, pp. 323-37, S o c i e t y  o f  P l a s t i c s  Industry, 198%. 
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May 22, 1989 

D i  s t r i  but i on 

89 ..-. 

J. E. Christian, G. E. Courville, and 0. L. McElroy met with G, F. Bauman 
(Mobay), J. Hagan (Jim Walter Research Corp.), and R. Riley ( B A S )  t o  
discuss the draft report, CFC Technologies Review - Foamed-Board 
Insulation for ~ ~ ~ l ~ i n ~ s  (Draft 1, May 5, 1989). 

1. 

2. 

2.1 

2.2 

2 , 3  

The report outline, sumnary, and conclusions were distributed and 
discussed. 

gested that the conclusions be more quantitative, -;.e. 
times, tonnage, R I D  costs, quad/costs, accumulated loss,  and 
incorporate how CFC impacts the DOE ' B i l l  of Rights' (5 criteria)." 

Section D - Energy Impact, was reviewed in detail, starting w i t h  how 
the Fischer/Creswick report is sumarized and then focusing use and 
comments on the results for Chapters 11, 12, 13, and 14. 

Walls - Chapter 11. The draft report quotes t he  Fischer/Creswick 
analysis f o r  25% of the nationwide residential wall area and l i s t s  a 
fou r - fo ld  increase, i.e. 100% o f  walls. Industry (Hagan) provided 
the LSI survey (August 1988) which shows that nearly 58% of walls 
are sheathed with polystyrenelpolyurethane. 
doubling the Fischer/Creswick values. 
Fanney misinterpreted the LSI survey (August 1986) i n  obtaining the 
25% f a c t o r "  G~~~~~ in wall fraction was noted: 

Industry reconanends 
Industry noted that P e t e r s e n /  

1985 (27x3 ,  1986 ( 3 5 x 1 ,  1987 (40%), 1988 (?45%), 1989 (?SO%), 
Industry noted tha t  Tables 11,l and 11.2 contain errors and could be 
clearer.  

ter 12. J. E. Christian expla.ined an analysls 
worst-case scenario f rom 0.32 quads t o  0,8 quads. 

ed this Inclusion. 

1 1  area due t o  large window fractions S w  ca 
%radustry would l ike to know t h e  basis  for  t 

tioans. T h e  f a l l b a c k  p o s l t i o n  assumes that EPS can be i n  
e panels, and industry doubts this assumption, and 
d s  l n c r e a s e s  in t h e  fallback p o s i t i o n  energy impact f r o m  

0.65 t o  0.07 laad, 
buildings could be done, 

Industry believes a more detailed analysis  o f  
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D i s t r i b u t i o n  
Page 41 
May 22, 1989 

2.4 Low-Sloped Woofs - Chapter 14, G. E. C o u r v i l l e  exp la ined  the  
FischerfCreswick ana:ysis and no ted  t h a t  t h e  f a l l b a c k  p o s i t l o n  
a s s ~ ~ m e s  inci-eases i n  th ickness  t o  m a l n t a i n  a cons tan t  R-va lue  a5 
well as d i f f e r e n t  th icknesses i n  nor thern  and southern areas. 
I n d u s t r y  suggested t h a t  t h e  nex t  a n a l y s i s  cou ld  i n c l u d e  l o c a l  use  
c o n d i t i o n s  f o r  f o a m  i n  r o o f s ,  wh%ch would change t h e  base case. 

2.5 The energy i n p a c t  a n a l y s i s  t h a t  uses boar$ f o o t  p roduc t i on  was 
descr ibed, In i i ius t ry  suggested i nc reas ing  t h e  1985 produc t ion  by 25% 
t o  rep~e~ek7, t  i933 produc t ion  and t o  include an R-4/in. case w i t h  t h e  
R-3I in.  case, 

3. A r e  t h e r e  o t h e r  specif7c concerns? I n d u s t r y  responded: 

3.1 Major producers a f  p o t e n t i a l  a l t e r n a t e  gases (HCFCs) are  b a l k i n g  a t  
commit t ing n w e y  io c o n s t r u c t  HCFC p lan ts ,  
s u r v i v a l  r e s t s  O i i  HCFC 142b and HCFC 123 be ing  c o m e r c i a l l y  
a v a f l a b l e .  

The foam i n d u s t r y  

3.2 Regu la t ions  t o  t a x  gas MS&??-S impacts foam p r o d u ~ t l o n  dec is ions .  

3 . 3  Indclstry needs firm federai e n d ~ r ~ e m e n t  t h a t  a9 t e r n a t e  gases a r e  
acceptabl e 21 :cr mt? t e s  and w i l l  n o t  become c o n t r o l  1 ed cherni ca 1 5 .  
New da ta  an KCSC 1415 g ives  a range QT ODP values. A d e c i s i o n  t o  
ban 211 ch:or’lrie bcarlrrg gases cou ld  d r a m a t i c a l l y  a l t e r  c u r r e n t  
e f f o r t s .  

3.4 I n d u s t r y  s u g 2 5 t e d  t h a t  t he  f a l l b a c k  p o s i t i o n  i s  t he  more p r o b a b l e  
fIJtLirt3 S C e n n r i o -  

3.5 Industry cia?: t i o t  k i i w  what impresses p o l i c y  makers: quads ,  money, 
or eng-gy c o s t  i l r c i eases .  

4,O J. Hagaii pi-nvided a note on May 16,  1989, ind-ieatsing h i s  b e l i e f  t h a t  
t he  existlrilg en@t-g$ impact a n a l y s i s  d i d  n o t  address r e t r o f i t  
a p p l i c a t i o n s ,  I R i s  i s  no ted  i n  Sec t ion  E. 

8. b. McElroy, Weialis and Ceramics D i v i s i o n ,  Building 4508, MS-6092 (4-59’16) 

D i s t r‘1 b u t  i on : 
~ ...... . 

G. F. Bauman 
J. E. C h r i s t i a n  
G. E. C o u r v i l l e  

J .  Magan 
R. Riley 
9. P. S c o f i e l d  
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