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ABSTRACT 

The Annual Cycle Energy System (ACES) concept provides space 
heating, air conditioning, and water heating by means of a heat pwnp 
and an energy storage tank. Heat is removed in winter from the water in 
the tank and is added during the following summer. 

A workshop w a s  held on October 29-30, 1975 in Oak Ridge, Tenn. 
to disseminate information on ACES. This report gives summaries of 
the presentation, which covered technical, economic, and institutional 
aspects of the concept. 
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INTRODUCTION 

This  r e p o r t  summarizes t h e  p r e s e n t a t i o n s  a t  t h e  Annual Cycle Energy System 
(ACES) Workshop h e l d  i n  Oak Ridge, Tennessee, on October 29-30, 1975. 
Since t h e  d i s c u s s i o n  s e s s i o n s  were n o t  t a p e  recorded,  a verbatim account 
of t h e  proceedings is n o t  a v a i l a b l e .  The purpose of t h e  workshop w a s  t o  
d i s semina te  in fo rma t ion  about t h e  ACES concept and t o  promote awareness 
of i ts  advantages.  There w a s  a broad r e p r e s e n t a t i o n  of d i s c i p l i n e s  a t  
t h e  workshop, which a t t e s t e d  t o  t h e  appea l  of t h e  concept.  P r e s e n t  a t  
t h e  meeting w e r e  r e p r e s e n t a t i v e s  from major components manufacturers ,  
des igne r s  of h e a t i n g  and coo l ing  systems,  a r c h i t e c t u r a l  and engineer ing 
f i r m s ,  h e a t  t r a n s f e r  equipment manufacturers ,  u t i l i t i e s ,  consumers, t h e  
Na t iona l  Bureau of Standards,  t h e  Oak Ridge Chamber o€ Commerce: c o n t r o l  
systems manufacturers ,  r e f r i g e r a t i o n  systems manufacturers bankers,  
marketing i n t e r e s t s ,  t h e  Na t iona l  Governors’ Conference, and t h e  Southern 
I n t e r s t a t e  Nuclear Board. Table  1 provides  a breakdown of t h e  p a r t i c i -  
p a t i n g  groups and o r g a n i z a t i o n s ,  and Appendix A l i s ts  the i n d i v i d u a l s  
a t t e n d i n g  t h e  Workshop. 

Table 1. P a r t i c i p a t i n g  o rgan iza t ions  a t  t h e  ACES Workshop 
__ -- 

Number of Number of 
Type of o r g a n i z a t i o n  o r g a n i z a t i o n s  people 
I 

Manufacturers of systems 
Manufacturers of components 
U t i l i t i e s  
Bui lders  
Contractors  
U n i v e r s i t i e s  
Consulting eng inee r s  
Trade a s s o c i a t i o n  
Consumers 
P r e s s  
P u b l i c  i n t e r e s t  groups 
Government agencies  

Adminis t ra t ion 
Energy Research and Development 

Fede ra l  Energy Admin i s t r a t ion  
Na t iona l  Bureau of Standards 
Veterans Adminis t ra t ion 
Oak Ridge Na t iona l  Laboratory 

7 
4 
3 
2 
3 
2 
2 
1 
1 
1 
3 

14 
8 

15 
2 
3 
3 
2 
1 
2 
1 
3 

The Annual Cycle Energy System is  designed t o  provide space h e a t i n g ,  a i r  
cond i t ion ing ,  and domestic w a t e r  hea t ing  f o r  r e s i d e n t i a l  and commercial 
a p p l i c a t i o n s .  
that o b t a i n s  i t s  h e a t  from w a t e r  s t o r e d  i n  an  underground, i n s u l a t e d  tank.  

The energy t r a n s f e r  i s  by an  e l e c t r i c a l l y  d r i v e n  h e a t  pump 

1 
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Most of the w a t e r  is  f rozen  dur ing  the winter  hea t ing  season,  and t h e  s t o r e d  
i c e  provides  a i r  condi t ion ing  i n  the summer. Because bo th  t h e  hea t ing  and 
cool ing  ou tpu t s  of t h e  hea t  pump are u t i l i z e d ,  the annual  c o e f f i c i e n t  of 
performance of t h e  system can  b e  as h igh  as 5. The ACES concept seeks t o  
ba lance  t h e  energy requirements  of a bu i ld ing  over  a complete annual cyc le .  
This can b e  done i n  about 80% of t h e  country,  where t h e  energy requireinents 
f o r  hea t ing  and cool ing  can be  brought i n t o  balance f o r  a wel l - insu la ted  
bu i ld ing .  In the North,  where the  bea t ing  and cool ing loads  are not  i n  
balance,  t h e  use  of s o l a r  pane l s  o r  o u t s i d e  a i r  c o i l s  may b e  requi red .  
Some compensation f o r  t h e  imbalance can a l s o  be  achieved by reducing t h e  
i n s u l a t i o n  of t h e  i c e  b in .  I n  t h e  South, occas iona l  ope ra t ion  of t h e  com- 
p res so r  as an  off-peak i c e  maker may be  necessary i n  t h e  summer. 

The b a s i c  ACES concept is descr ibed  more f u l l y  i n  a paper presented  a t  t h e  
1 0 t h  Annual I n t e r s o c i e t y  Energy Conversion Engineering Conference h e l d  a t  
Newark, Delaware, on August 1 9 ,  1975.  Cop%es of t h i s  paper ,  The  Annual 
Cycle Energy S y s t e m ,  by Harry C .  F i sche r  of t h e  Energy Div is ion  of t h e  
Oak Ridge Nat iona l  T,aboratory (OWL) can be obta ined  by w r i t i n g  t o  the  
I n d u s t r i a l  Cooperation O f f i c e  a t  ORNL, P.O. Box X ,  Oak Ridge, Tennessee 
37830. 

Development of the Annual Cycle Energy System a t  OR€& i s  sponsored by the 
Energy Research and Development Administrat: ion (ERDA) , the Department f o r  
Housing and Urban Development (IIUD), and the Federa l  Energy Adminis t ra t ion 
(FEA) as p a r t  of an  o v e r a l l  energy conserva t ion  r e sea rch  program. 
s t r a t i o n  house i s  being bui l t :  on t h e  Univers i ty  of Tennessee campus t o  
demonstrate t h e  ACES concept and t o  g a t h e r  d a t a  on system performance. 
Cons t ruc t ion  of t h i s  demonstrat ion house should be  completed by May 19715~ 
The ACES approach is  among t h e  few major energy conserva t ion  s t r a t e g i e s  
t h a t  can be  e f f e c t i v e  i n  t h e  near-term f u t u r e .  For t h i s  reason,  t h e r e  
i s  an urgency for commercial,i.zation of ACES systems as soon as poss ib l e .  

A demon- 

1. INTRODUCTORY RENARKS 

P. L.  Cul. ler,  Deputy  Director, Oak R i d g e  National Laboratory 

The group w a s  welcomed t o  the. first: workshop on t h e  ACES system by MI:. 
Cul l e r  on behalf  of t h e  Oak Ridge Nat iona l  Laboratory;  the Union Carbide 
Corporat ion,  Nuclear Div is ion;  t h e  Energy Research and Development Admin- 
i s t r a t i o n ;  and o t h e r  c u r r e n t  and former sponsors  of t h e  ACES program, 
inc luding  t h e  Department of Housing and Urban Development and t h e  Federa l  
Energy Adminis trat: ion. 

Although t h e  ACES concept is no t  new and d id  n o t  evolve from research  
conducted a t  Oak Ridge Nat iona l  Laboratory,  i t  is  a n  idea  whose t i m e  has  
come. A t  t h i s  ti.me of g r e a t  n a t i o n a l  concern f o r  energy, Oak Ridge Nat iona l  
Laboratory i s  f o r t u n a t e  t o  have been introduced t o  the concept by Harry C .  
F i sche r ,  who conceived of t h e  i d e a  some years  ago. A year  of exp lo ra to ry  
development work a t  O W L  has  shown t h a t  ACES o f f e r s  a p r a c t i c a l  way t o  
reduce energy consumption i n  many areas of the  count ry .  Furthermore, t he  
ACES system is simp1.e enough t o  be  used soon. 
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Engineers a t  Oak Ridge Na t iona l  Laboratory are impressed w i t h  t h e  energy 
conse rva t ion  p o t e n t i a l  of the ACES system and are p leased  wi th  t h e  enthu- 
s ias t ic  response i t  has  received.  The opinion a t  ORisL is t h a t  t h e  ACES 
concept i s  t e c h n i c a l l y  sound; t h e r e  i s  an urgency f o r  i t s  p e r f e c t i o n  and 
e a r l y  a p p l i c a t i o n  t o  he lp  conserve scarce energy r e sources .  However, it 
is important t o  keep i n  mind s e v e r a l  f a c t o r s  t h a t  w i l l  a f f e c t ,  and perhaps 
l i m i t ,  t h e  rate a t  which ACES systems can be introduced:  

1. 

2. 

3 .  

4 .  

5. 

6. 

Although t h e  idea  of ACES is  b a s i c a l l y  s imple,  and al though,  on f i r s t  
a n a l y s i s ,  t h e  system can be assembled from components and subsystems 
a l r e a d y  developed o r  on t h e  market,  t h e  a c t u a l  ACES system is  complex. 

Each i n s t a l l a t i o n  of ACES r e q u i r e s  s p e c i f i c  design.  
whole may n o t  be marketable as a package by a s i n g l e  group of manu- 
f a c t u r e r s .  

The system as a 

The  actual i n s t a l l a t i o n  designed by a r c h i t e c t s  o r  eng inee r s  must t a k e  
i n t o  account t h e  s t r u c t u r e ,  s o i l  c h a r a c t e r i s t i c s ,  weather c y c l e s ,  
s o l a r  r a d i a t i o n  a v a i l a b i l i t y ,  and o t h e r  j ob - spec i f i c  v a r i a b l e s .  

The system w i l l  have more complex o p e r a t i n g  requirements t han  t h e  
average homeowner i s  accustomed t o .  

The system w i l l  a lmost  c e r t a i n l y  r e q u i r e  more i n i t i a l  c a p i t a l  than o t h e r  
systems; i t s  economy depends upon lower o p e r a t i n g  and energy c o s t s  
t h a t  acc rue  during i t s  o p e r a t i n g  l i f e t i m e .  
c o s t  and payout has  n o t  y e t  become an accepted b a s i s  f o r  comparison 
by a l a r g e  segment of t h e  p u b l i c .  Therefore ,  t h e  i n t r o d u c t i o n  of t h e  
ACES system may occur  slowly and may r e q u i r e  i n c e n t i v e s .  

The i d e a  o f  t o t a l  l i f e t i m e  

The system must e n t e r ,  w i thou t  gross  f a i l u r e s ,  a h i g h l y  compe t i t i ve  
market where a l t e r n a t i v e  systems of proven r e l i a b i l i t y  are a v a i l a b l e  
a t  lower i n i t i a l  c o s t .  

I n  l i g h t  of t h e  foregoing obse rva t ions ,  i t  would b e  a p p r o p r i a t e  f o r  f u t u r e  
workshops t o  cons ide r  t h e  fol lowing areas i n  a d d i t i o n  t o  d i scuss ing  ACES 
technology: 

1. 

2. 

3. 

Explore t h e  requirements f o r  proving components and e s t a b l i s h i n g  
r e l i a b i l i t y ,  p r e f e r a b l y  b e f o r e  a t t empt ing  t o  cha l l enge  t h e  e x i s t i n g  
markets. 

Develop an o u t l i n e  of t h e  r e q u i r e d  systems tests, d a t a  requirements,  
cri teria f o r  performance, and design s t a n d a r d s  needed t o  produce a 
commercially v i a b l e  and r e l i a b l e  b a s i s  f o r  ACES. Where i t  is impos- 
s i b l e  t o  do t h i s ,  procedures  f o r  e s t a b l i s h i n g  t h e s e  requirements 
must b e  set up. 

Consider e s t a b l i s h i n g  a c l ea r inghouse  f o r  information during t h e  
development phase.  The c l ea r inghouse  should b e  s t a f f e d  adequately 
t o  check c a l c u l a t i o n s ,  t o  develop and p u b l i s h  d a t a ,  and p o s s i b l y  t o  
provide a l a b o r a t o r y  f o r  proving cand ida te  components and designs.  
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4 .  

5 

6 .  

7 .  

This  c lear inghouse might evolve t o  a formal c e n t e r  f o r  e s t a b l i s h i n g  
s t anda rds  and c r i t e r i a  i n  a s s o c i a t i o n  wi th  t h e  e s t a b l i s h e d  t echn ica l  
and t r a d e  o r g a n i z a t i o n s ,  

R e a l i z e  now t h a t  t h e  i d e a  i s  no t  y e t  customer-oriented. Consider 
t h e  n e c e s s i t y  f o r  tests and support ing development i n  such areas as: 
(a) water q u a l i t y ,  co r ros ion ,  microorganisms, s c a l i n g ;  (b) c o n t r o l s  
t h a t  minimize customer adjustments  and switching;  ( c )  l i f e t i m e  of 
v a r i o u s  components; (d) maintenance (no allowances made i n  c o s t s )  ; 
(e) hazards  - r e f r i g e r a n t  q u a n t i t y  and d i s t r i b u t i o n  f o r  d i r e c t  
expansion. 

Consider the n e c e s s i t y  f o r  baekup h e a t i n g  systems, such as standby 
e lectr ic  h e a t e r s .  

Explore t h e  q u e s t i o n  of how f a s t  t h e  system c m  be introduced as more 
knowledge af  r e l i a b i l i t y ,  l i f e t i m e ,  perf  omance , and c o s t s  is gained. 

Define,  i f  p o s s i b l e ,  t h e  r o l e  of a c e n t r a l i z e d  development group 
such as e x i s t s  a t  ORNIX-UT. 

2. DESCRIPTION OF ACES 

Harry C . Fische r  ConsuZtant, Energy Cmservation P r o g r m ,  
Od. Ridge  flationa7, Laborat-omj 

A gene ra l  schematic diagram of an  ACES f o r  a mult izone o r  mul t i f ami ly  
dwell ing is  shown i n  Fig.  1, I n  t h e  o r i g i n a l  ACES concept ion,  a l l  of 
t h e  h e a t  r equ i r ed  t o  h e a t  a b u i l d i n g  w a s  ob ta ined  by f r e e z i n g  water; 
t h e  ice  formed w a s  saved t o  provide summer a i r  condi.-tio.ning. This 
approach cannot s a t i s f y  a l l  c l i m a t i c  cond i t ions ,  however, and must be 
modified i n  geographical  areas where an imbalance e x i s t s  i n  t h e  annual 
h e a t i n g  and coo l ing  requirements of a b u i l d i n g .  Modif icat ions t o  t h e  
b a s i c  ACES system can be made by varying t h e  s i z e  of t h e  w a t e r  s t o r a g e  
b i n  o r  t h e  s o l a r  energy col l .ector  and by employing d i f f e r e n t  modes of 
system o p e r a t i o n  to m e e t  changing, s easona l  l oad  requirements.  'The design 
o b j e c t i v e  f o r  an ACES i s  to determine t h e  proper  combination of components 
and component capacities t h a t  w i . l l  yiel.d a minimum l i f e t i m e  cos t  f o r  t h e  
system and y e t  f u l l y  m e e t  t h e  a i r  cond i t ion ing  and hea t ing  requirements 
o f  t h e  b u i l d i n g  - 
To assist i n  ACES design and economic op t imiza t ion  s t u d i e s ,  a computer 
program that. c a l c u l a t e s  the thermal load oi: a b u i l d i n g  as a f u n c t i o n  of 
time has  been used a t  O m .  T h i s  c a l c u l a t i o n  i s  made on t h e  basts of 
imput d a t a  t h a t  i n c l u d e  t h e  s p e c i f i c a t i o n s  of t h e  b u i l i d n g  and hour-by- 
hour weather t a p e  d a t a ,  which are a v a i l a b e  f o r  any geographical  area of 
t h e  country.  Using a computer program developed a t  O m ,  t h e  c a l c u l a t e d  
thermal l o a d  f u n c t i o n  i s  then  i n t e g r a t e d  over t i m e  to produce a thermal 
bank account f o r  the b u i l d i n g .  The ratc o f  i c e  f o r m a t h n ,  of s o l a r  energy 
c o l l e c t e d ,  of r equ i r ed  capac i ty  of a u x i l i a r y  h e a t i n g  o r  cool ing uiiits, and 
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of  r e q u i r e d  energy i n p u t  is then  computed f o r  t h e  p a r t i c u l a r  ACES system 
be ing  i n v e s t i g a t e d .  In this  manner, t h e  computer program can b e  used t o  
i d e n t i f y  t h e  ACES design having minimum energy o r  m i n i m  c a p i t a l  c o s t .  
I n  o rde r  to  have confidence i n  t h e  results, i t  i s  imperat ive t o  have 
r e l i a b l e  c o s t  d a t a  for equipment components o f  t h e  system. Thus a p r i -  
mary o b j e c t i v e  of t h i s  workshop w a s  t o  develop r ea l i s t i c  c o s t  f i g u r e s  f o r  
the ACES equipment package. 

The ACES system dep ic t ed  i n  F i g ,  1 env i s ions  t h e  use of an outdoor  c o i l  as 
a condenser i n  the summer f o r  t h e  n igh t t ime  d i s s i p a t i o n  o f  heat. I n  t h e  
win te r ,  t h e  c o i l  is  used as an  a i r  evaporator  when t h e  air temperature is 
h igh  enough t o  gLve a b e t t e r  c o e f f i c i e n t  of performance (COP) t han  would 
b e  ob ta ined  w i t h  the i ce - f r eez ing  evaporator .  
vided w i t h  a s o l a r  pane l  t o  c o l l e c t  s o l a r  energy and d e l i v e r  i t  f o r  s t o r a g e  
i n  t h e  ice b i n .  This would make i t  p o s s i b l e ,  i n  no r the rn  l o c a t i o n s ,  t o  
reduce t h e  s i z e  of t h e  ice b i n  and would improve t h e  COP of t h e  system. 
Current  i n v e s t i g a t i o n s  a t  ORNL d e a l  w i th  t h e  p o s s i b l e  u s e  of an automatic  
ice maker as t h e  heat pump i n  an  ACES system. The i dea  appears  t o  have 
m e r i t ,  a t  least f o r  l a r g e  systems. F igu re  2 shows a schematic f o r  t h i s  
type of ice  maker/heat pump a p p l i c a t i o n .  
such a uni t ,  manufactured by the Turbo R e f r i g e r a t i n g  Company, are l i s t e d  
i n  Table 2. P re l imina ry  c o s t  f i g u r e s  i n d i c a t e  that t h e  automatic  ice  
maker would have a g r e a t  advantage i n  n o r t h e r n  climates, whzre i t  would 
o p e r a t e  more than  2000 h r  p e r  h e a t i n g  season.  
f o r  summer air  cond i t ion ing ,  could e i t h e r  b e  so ld  o r  d i sca rded .  

The system can a l s o  b e  pro- 

The t e n t a t i v e  s p e c i f i c a t i o n s  f o r  

The excess ice ,  n o t  needed 

a 
Table 2. P r o j e c t e d  s p e c i f i c a t i o n s  of a 12 -p la t e  h e a t  pump/ice maker 

Performance as a n  ice maker 

Ice product ion 70" w a t e r  9 .17  tons/24 h r  

Ice product ion 45" w a t e r  

Heating c a p a c i t y  

10.6 3 tons/  24 hr 

228,251 Btu/hr  a t  105°F 
condensing 

Power consumption 19.4 kW 

COP h e a t i n g  3.4s  

Performance as a water c h i l l e r  

Water c h i l l i n g  c a p a c i t y  
120 gpm 44" t o  40" 

Heating c a p a c i t y  

20 .4 t ons  

320,375 Btu/hr  a t  105°F 
condensing 

Power consumption 22 15 kW 

Cop h e a t i n g  4.24 

a Turbo R e f r i g e r a t i n g  Company, Denton, Texas 76201. 



6 

h
 

L
n
 

d
 

I 
u
3
 

h
 

M
 

c 
*

t
i

 



7 

7
 

I 

J
 



8 

3 .  RESIDENTIAL DIDIONSTRATION 

E .  C .  B i s e ,  S r . ,  Development Speciaz?:st-, 
En.ergy Conservation Program, Oak Ridge National Laboratory 

l’he demonstration r e s i d e n c e  shown i n  F ig ,  3 i s  be ing  cons t ruc t ed  i n  Knoxville,  
Tennessee, as one of s e v e r a l  houses i n  t h e  Tennesscc Energy Conservation i n  
Housing (TECH) program sponsored j o i n t l y  by t h e  Oak Ridge National Laboratory,  
the TJniversity of Tennessee, and t h e  Tennessee Valley Authori ty .  Completion 
i s  a n t i c i p a t e d  i n  e a r l y  A p r i l  1 9 7 6 .  T h i s  s ingle-family r e s idence  has  t h e  
following c h a r a c t e r i s t i c s :  

1. frame c o n s t r u c t i o n ,  

2 .  two l e v e l s ,  

3 .  1800 ft2 of l i v i n g  area, 

4 .  t h r e e  bedrooms and two b a t h s ,  and 

5. fo rced -a i r  h e a t i a g  and coo l ing .  

The design i.s i-ntended t o  appear t o  b e  a convent ional  house,  except  f o r  
s e v e r a l  f e a t u r e s  r e l a t i n g  t o  t h e  thermaI envelope: 

1. s i d e w a l l s  of 2 x & i n .  constructi-on t o  accepe 6 i n .  of i n s u l a t i o n ;  

2. 1 2 - i n .  b a t t i n g  i n s u l a t i o n  in t h e  f l o o r  over the ice b i n ;  

3 .  6-in. b a t t i n g  i n s u l a t i o n  i n  t h e  remainder o f  t he  f l o o r ;  

4 .  a l l  windows doubled glazed;  and 

5 ,  e x t e r i o r  doors  of 2-in. urethane,  m e t a l  cased, w i t h  magn.etic 
weather s t r i p ;  

and r e l a t i n g  t o  t h e  hear:i ng-cooling system: 

6 .  a 2400-f t3  tank i n  the basement and 

7. a 200-f t2 r ad ian t / convec to r  pane l .  

Most people w i l l  probably b e  s t a r t l - e d  when they f i r s t  see a basement one- 
f o u r t h  f u l l  of ice.  On t h e  o t h e r  hand, they w i l l  probably regard t h e  
r ad ian t / convec to r  c o i l  as an a t t r a c t i v e  a r c h i t e c t u r a l  f e a t u r e .  

The ACES components c h a r a c t e r i s t i c s  a r e  t h e  f o l l o w h g  : 

1. ice b i n  - 19 x 1 7  x 7-1/2 f t  ( inventory o f  2400 f t 3 > ;  

2 ,  i c e  c o i l s  - 1300 l i n  f t  of 1/2-in.-diam t:[ihing; 



Fig. 3 .  Cutaway view of TECH ACES demonstration house. 

AiR REGISTER 
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3. r ad ian t / convec to r  - 26 tubes ,  32  f t  long;  

4 .  h e a t  pump -- 30,000 Btu/hr h e a t i n g  ou tpu t ;  and 

5 .  tubing - aluminum, 1/2- in . .  diam, w i t h  coexcruded axial  f i n  3-in. 
wide o v e r a l l  (used on i c e  c o i l s  and r ad ian t / convec to r ) .  

I n  the Knoxville cllmate (3500 degree-days), t h e  i c e  b i n  i s  l a r g e  enough 
t o  supply t h e  e n t i r e  h e a t i n g  season without  r e q u i r i n g  a u x i l i a r y  inpu t  from 
t h e  r ad ian t / convec to r  c o i l .  
cool ing season. 
b e  ope ra t ed  a t  n i g h t ,  when t h e  ambient temperature  i s  below 75"F, t o  s t o r e  
cold water i n  t h e  b i n .  
by t h e  r ad ian t / convec to r  pane l .  
system are s i z e d  t o  permit o p e r a t i o n  s imula t ing  o t h e r  climates and o t h e r  
modes of c o n t r o l .  A d a t a  a c q u i s i t i o n  system w i l l  l o g  t h e  performance of 
t h e  system and i t s  coniponents on an hour ly  b a s i s .  

The r e s u l t i n g  ice  w i l l  last  l a t e  i n t o  t h e  
Following t h e  exhaust ion of t h e  i c e ,  she  compressor w i l l  

The w a s t e  h e a t  from t h e  compressor w i l l  b e  r e j e c t e d  
The components of t h e  demonstration ACES 

4 .  ERDA R&D I N  BUILDING CONSERVATION 

Nina Cox, Division of BuiZdings and Industry, 
ERDA, Washington, D. C. 

A few words on how energy is used i n  b u i l d i n g s  in t h e  United States  today 
w i l l  i n d i c a t e  where the  b i g g e s t  o p p o r t u n i t i e s  concerning energy conse rva t ion  
e x i s t  . 
Thirty-two pe rcen t  of a l l  energy used i n  the United States w a s  consumed 
i n  the b u i l d i n g s  s e c t o r .  O f  th.i.s, 70% is consumed i n  r e s i d e n t i a l  s t r u c t u r e s  
and 30% i n  commercial s t r u c t u r e s .  
in t h e  b u j l d i n g s  s e c t o r  can be sununarized as fol lows:  57% used f o r  space 
h e a t i n g  and a i r  cond i t ion ing ;  33% used f o r  o p e r a t i n g  equipment, i nc lud ing  
h o t  w a t e r  h-eating, home app l i ances ,  and o f f i c e  equj-pment; and 10% used f o r  
l i g h t i n g  e 

The p r o f i l e  of t h e  primary energy use  

S t u d i e s  have shown t h a t  as much as 40% of t h e  energy consumed i n  b u i l d i n g s  
is  wasted due t o  inadequate c o n s t r u c t i o n ,  poor o p e r a t i n g  practices, in-  
e f f i c i e n t  equipment, and unnecessary l i g h t i n g ,  h e a t i n g  an3 cool ing l e v e l s .  

The b u i l d i n g s  s e c t o r  o f f e r s  o p p o r t u n i t i e s  t o  reduce energy use  now. The 
measures can be grouped i n  t h r e e  c l a s s e s  according t o  whether they invo lve  
changes i n  o p e r a t i o n  procedures f o r  b u i l d i n g s  and app l i ances ,  changes i n  
energy e f f i c i e n c y  of equipment and app l i ances ,  o r  changes i n  energy e f f i c i e n c y  
of t h e  bui-lding i t s e l f  e 

T h e  Bui ldings Program a t  ERDA became an au tho r i zed  and funded program 
J u l y  1, 197.5. The Federal  Non-Nuclear Energy Research and Development 
A c t  of 1975 d i r e c t s  ERDA t o  conduct ac t iv i t i e s  designed t o  "advance urban 
and a r c h i t e c t u r a l  desi-gn t o  promote e f f i c i e n t  u se  i n  r e s i d e n t i a l  and com- 
mercial s e c t o r s ,  improvements i n  home des ign ,  and i n s u l a t i o n  t echno log ie s ,  
s m a l l  thermal s t o r a g e  u n i t s  and inc reased  e f f i c i e n c y  i n  e lec t r ica l  app l i ances  
and Light ing f i x t u r e s . "  
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The o b j e c t i v e s  of the Bu i ld ings  Program are t o  conduct R6D ac t iv i t ies  t o  
f o s t e r  acceptance of energy-saving technology and more e f f e c t i v e  energy 
use i n  b u i l d i n g s  and community systems; t o  show t echn ica l  f e a s i b i l i t y ;  t o  
minimize l i f e - c y c l e  energy consumption wi th  minimum impact on s t anda rd  of 
l i v i n g  and on l i f e - c y c l e  c o s t ;  and t o  i n c r e a s e  consumer awareness and 
a c c e p t a b i l i t y  ( f u l l - s c a l e  demonstration of promising energy technology t o  
determine performance, energy impact,  inf l -uence on environment, and en- 
vironmental  e f f e c t s ,  e tc . ) .  

The Buildings Program has t h r e e  major s u b u n i t s :  (1) b u i l d i n g s ,  which 
c o n s i s t s  of t h r e e  elements - r e s i d e n t i a l  b u i l d i n g s ,  commercial b u i l d i n g s ,  
and performance s t anda rds ;  (2) community systems,  which w i l l  perform 
R&D r e l a t e d  t o  ene rgy-e f f i c i en t  i n t e g r a t e d  systems,  new community forms, 
and land-use changes f o r  mid- and long-term energy conse rva t ion ;  and ( 3 )  
technology and app l i ances :  R&D on r e s i d e n t i a l  and commercial app l i ances ,  
and t h e  technology element of t h i s  area, s u p p o r t s  a l l  program elements 
and i n c l u d e s  R&D on i n d i v i d u a l  t echno log ie s  which can b e  i n t e g r a t e d  i n t o  
o t h e r  subprogram u n i t s .  

The ERDA-supported ACES Program is j u s t  one example of t h e  programs t h a t  
w i l l  be c a r r i e d  o u t -  p u t t i n g  a system t o g e t h e r  w i t h  a v a i l a b l e  components 
i n  an  innova t ive  and e n e r g y - e f f i c i e n t  manner. The concept i s  c u r r e n t l y  
being c a r r i e d  o u t  i n  Europe (hea t ing  a swimming pool  w h i l e  making ice 
f o r  an i c e  s k a t i n g  r i n k ) .  

5. THE APPLICATION OF HEAT PUMPS AND STORAGE 
TO ENERGY CONSERVATION AND LOAD MANAGEMENT 

R.  G.  Werden, President, Robert G. Merden and Associates,  
Jenk<ntmn, PennsyZvania 

A number of o b s e r v a t i o n s  on the contrLbut ion that  heat pumps and thermal 
s t o r a g e  systems can make toward energy conse rva t ion  were p resen ted  by 
M r .  Werden. ~ 

1, Numerous f e a s i b i l i t y  s t u d i e s  have been made by Mr. Werden ove r  
the y e a r s ,  which c l e a r l y  demonstrate t h e  economic v i a b i l i t y  of h e a t  pump 
systems. The work has r e s u l t e d  i n  t h e  design and i n s t a l l a t i o n  of s e v e r a l  
l a rge - sca l e  commercial and i n d u s t r i a l  a p p l i c a t i o n s  - 108 t o  1200 tons .  
The economic f e a s i b i l i t y  s t u d i e s  w e r e  a l l  conducted on t h e  b a s i s  of l i fe -  
c y c l e  c o s t s .  

2. I n  many i n s t a n c e s ,  t h e  results of  t h e  s t u d i e s  i n d i c a t e d  t h a t  
proposed design i n s t a l l a t i o n s  w e r e  n e a r l y ,  but no t  q u i t e  economically,  
f e a s i b l e .  With today 's  r a p i d l y  r i s i n g  f u e l  p r i c e s ,  t h e s e  systems would 
now undoubtedly b e  f u l l y  economic. Two o t h e r  f a c t o r s  c o n t r i b u t e  t o  making 
formerly marginal  systems f e a s i b l e .  

a .  The improved thermal i n t e g r i t y  of t h e  b u i l d i n g  envelope reduces 
the b u i l d i n g ' s  peak h e a t i n g  l o a d  f a s t e r  t han  t h e  peak coo l ing  load .  This  
i n c r e a s e s  the cooling-to-heating r a t i o ,  a c a r d i n a l  index o f  f e a s i b i l i t y .  
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b .  The h e a t  pump system t r a d e s  a h ighe r  i n i t i a l  investment €or lower 
o p e r a t i n g  c o s t s .  This trade-off is an  advantage i n  today 's  market condi- 
t i o n s ,  p a r t i c u l a r l y  whsrr Euel p r i c e s  are r i s i n g  a t  a f a s t e r  rate t.lian charges 
f o r  c a p i t a l  investment.  
t h e  f o r s e e a b l e  f u t u r e .  

This economic t r end  is  l i k e l y  t o  cont h u e  i n t o  

3 .  The inc remen ta l  investment c o s t  of a h e a t  pimp system over a 
convent ional  heating-.and-cooling s y s  tern i s  not  neas1.y as g r e a t  as t h a t  
of a completely s o l a r  heating-and-cooling sys  tern, Consequently, the  
combined amor t i za t ion  and o p e r a t i n g  c o s t  of t h e  h e a t  p U m r J  s y s t m  w i l l  
probably be  less that  that: fo r  a s o h r  system. This  would  probably b e  
t r u e  i n  s p i t e  o.f the f a c t  t h a t  the s o l a r  system has a n e g l i g i b l e  o p e r a t i n g  
cost  0 

4 .  The heat pump ~ ~ i i ~ e p t ,  w i t h  o r  without  thermal s t o r a g e ,  n o t  on ly  
conserves energy b u t  promises t o  be an e f f e c t i v e  technique f o r  load manage- 
ment. This  advantage would be l o s t ,  however, i f  conswner advocates art 
s u c c e s s f u l  i n  persuading publ-ic u t i l i t y  cortmisions t o  abandon t a r i f f  
s t r u c t u r e s  providing 1.ower rates f o r  off-peak energy usage. These t a r i f f  
s t r u c t u r e s  p r e s e n t l y  reward i n v e s t o r s  i n  high-load-factor systems, such. as 
t h e  heat  pimp (with s t o r a g e )  s y s t e m .  On t h e  o t h e r  hand, ra te  i n v e r s i o n  of 
t h e  u n i t  p r i c e ,  a l s o  favored by consumer advocates ,  w o u l d  f avor  t h e  heat 
pimp system because. i t  consumes less en-ergy. 

High-load-factor s y s t e m  m u s t  h e  adopted i f  t h e  United States  i s  t o  b u i l d  
a v i a b l e  n a t i o n a l  energy network. A l l  eng inee r s  w e r e ,  encouraged by M r .  
Werden t o  speak o u t  i n  f avor  of earned ra te  t a r i f f s  based on load f a c t o r .  
A program of pub1i.c educat ion is needed t o  combat t h e  : r e t i cence ,  ignorance,  
and cmpl.acency t h a t  have prevented a more wFdespread adopt ion o f  h e a t  pump 
systems. The layman can sense  and €eel. the h e a t  produced by a f lame,  an 
electric h e a r e r ,  o r  even the  s u n ' s  rays, b u t  he docs not  understand h e a t  
pumps. This i s  t r u e  even though h e  has  one i n  h i s  own k i t c h e n  - the  
household r e f r i g e r a t o r .  

It  w i l l  c o s t  more f o r  an a r c h i t e c t l e n g i n e e r  t e a m  t o  design a h e a t  pump 
system thal'r a 1 r a d i t i o n a l  s y s t e m .  T h e  convent ional  f e c  s t r u c t u r e ,  however ~ 

does n o t  t a k e  t h i s  i n t o  account.  As a result, t h e  average arcl-rii.ect o r  
engineer  i s  r e l u c t a n t  t o  recommend the  i n s t a l l a t i o n  of a heat pump sys t em 
because i t  i n c r e a s e s  h i s  c o s t s .  Rut t h e  h e a t  pump system, w i t h  all of i t s  
adv,antages, can be anJ has  bcacn a p p l i e d  s u c c e s s f u l l y  wi thou t  a u x i l i a r y  re- 
sis t ance  h e a t i n g .  

6 .  UTILITY LOAD MANAGENENT AND ENERGY CONS EKVA'L'LON 

Ut: e J e f f r e y  H. Riunbaugh, Senior Staff Engineer, 
Potornuc EZectr-ic Power Company, Flashing boa, D .  C .  

A b r i e f  d e s c r i p t i o n  o f  the c h a r a c t e r i s t i c s  of t h e  Potomac E l e c t r i c  Power 
Company (PEPCO) system, inc lud ing  t h e  Company"s a b i l - i t y  t o  go t o  a pre- 
dominantly coal-burining system w i t h i n  t h e  c o n s t r a i n t s  of t h e  e x i s t i n g  
t r a n s p o r t a t i o n  system, was given by D r .  Rmbaugh. 
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The e f f e c t s  of conse rva t ion  in t h e  PEPCQ system w e r e  descr ibed:  dec reases  
of 7.7% i n  energy sales and 4.8% i n  peak demand, compared w i t h  1973. 
Conservation and load management, a l though used synonymously, are  t o t a l l y  
d i f f e r e n t .  Conservation means r educ t ion  i n  usage, whereas l o a d  management 
i m p l i e s  t h a t  some c a p a b i l i t y  e x i s t s  f o r  t h e  c o n t r o l  of Loads by mechanisms 
inc lud ing  l o a d  c o n t r o l ,  peak s h i f t i n g ,  and load  shaping, w i t h  t h e  c u r r e n t  
primary techniques designed f o r  peak l i m i t i n g .  Each u t i - l i t y  i s  an e n t i t y  
i n  i t s e l f  w i t h  i t s  c h a r a c t e r i s t i c s  d i c t a t e d  by t h e  components of i t s  l o a d ;  
s o  d i f f e r e n t  formats of l oad  management are needed f o r  d i f f e r e n t  u t i l i t i e s .  

There is  a real. need i n  t h e  u t i l i t i e s  f o r  true-load management systems t h a t  
provide b o t h  energy displacement and load - l eve l ing  c a p a b i l i t y .  One s p e c i f i c  
approach i s  t h e  use of s o l a r - a s s i s t e d  h e a t  pimps i n  conjunct ion wi th  thermal 
s t o r a g e  f o r  b o t h  space  h e a t i n g  and air  cond i t ion ing .  T h i s  system, which 
uses  off-peak electric energy, can prov ide  b o t h  energy and capac i ty  sav ings .  
The ACES system goes one s t e p  beyond t h i s  approach, conceptual ly ,  by 
ba lanc ing  loads  on a s e a s o n a l  r a t h e r  t han  a d i u r n a l  b a s i s .  

Some of t h e  more obvious p o t e n t i a l  b e n e f i t s  of load  management inc lude  the 
d e f e r r a l  of gene ra t ing  c a p a c i t y  a d d i t i o n s ,  t h e  use of t h e  most e f f i c i e n t  
e x i s t i n g  g e n e r a t o r s  w i t h  a t t e n d a n t  f u e l  s av ings ,  an  improved system l o a d  
f a c t o r ,  and a more e q u f t a b l e  p r i c i n g  based on demand and energy. 
two formats proposed t o  d a t e  f o r  load  management: (1) t h e  u t i l i z a t i o n  of 
s t o r a g e  devices  f o r  off-peak storage/on-peak use and ( 2 )  c o n t r o l  over t h e  
customer's  use of energy. However, t h e r e  are numerous unanswered q u e s t i o n s  
regarding t h e  economic, s o c i a l ,  and t e c h n i c a l  i m p l i c a t i o n s  f o r  each of 
t h e s e  o p t i o n s .  

There are 

7. INSTITUTIONAL - COMMEKCLAL UEMONSTMTlOlN 

The Veterans Admin i s t r a t ion  (VA) r ecogn izes  t h e  need f o r  planning and f o r  
prompt a c t i o n  t o  a v e r t  our  v e t e r a n s '  h o s p i t a l s  from being adve r se ly  a f f e c t e d  
by t h e  s e r i o u s  energy crisis t h a t  now e x i s t s .  

ln an  e f f o r t  t o  s o l v e  t h e  problem, t h e  VA has  done a l l  t h e  obvious t h i n g s g  
such as developing new design criteria, us ing  e x i s t i n g  teclmology such 
as heat recovery wheels, run-around c o i l s ,  l oad  shedding, etc. 

The fo l lowing  are some of the  p r o j e c t s  i n  t h e  development s t a g e  at t h e  
p r e s e n t  time: 

1. s o l a r  energy f o r  h e a t i n g ,  domestic h o t  w a t e r ,  and coollng 
($9 m i l l i o n  program) ; 
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2. h e a t  pumps i n  conjunct ion with s o l a r  energy; 

3 .  t o t a l  energy systems; 

4 .  s e l e c t i v e  energy systems; 

5. continuous-duty standby system; and 

6.  modified annual c y c l e  energy s y s t e m .  

I n  a d d i t i o n  t o  innova t ive  systems and new hardware i n  energy conse rva t ion ,  
t h e  VA b e l i e v e s  t h a t  b e t t e r  ana ly t i ca l .  t o o l s  arc. needed f o r  p r e d i c t i n g  
h o s p i t a l  energy consumption f o r  new c o n s t r u c t i o n .  I n  conjunct ion w i t h  
t h e  Un ive r s i ty  of P i t t s b u r g h ,  t h e  Veterans Admin i s t r a t ion  Load Using 
Energy System (VALUES) computer program is  being developed. 

I n  conclusion,  t h e  VA i s  comiilitted t o  a program of energy conservat ion.  
1.e eng inee r s  are a ded ica t ed  group and w i l l  do a l l  they can t o  con t inue  
t o  g i v e  good h e a l t h  c a r e  t o  our v e t e r a n s  and a t  t h e  same t i m e  conserve 
energy f o r  the n a t i o n a l  i n t e r e s t .  

The spec i - f ic  p r o j e c t  planned f o r  the ACES i s  a 60-bed nu r s ing  home t o  b e  
b u i l t  i n  Wilmington, Del .aware,  as p a r t  of t h e  Veterans Adminis t ra t ion 
H o s p i t a l  complex. This w i l l  have an  85-ton heat pump and w i l l  o p e r a t e  
w i t h  a p a r t i a l - s i z e  i c e  b-in supplemented w i t h  a soLar c o l l e c t o r  and an 
outdoor a i r  c o i l .  

8. MECHANICAL EQUIPMENT PACKAGE 

Kerb Lindahl  
Bokn A Zwniizwn and Brass, Heat Transfer Division, 

Manager of Advanced Engineering, 

DanviZZe, I l l i n o i s  

The ACES package i s  a ve ry  v e r s a t i l e  u n i t .  A s  a h e a t  pump, i t  provides  
f o r  h e a t i n g ,  coo l ing ,  arid h o t  w a t e r  by merely changing w a t e r  and b r i n e  
€ l u i d  f low d i r e c t i o n s .  There can b e  t . 1 ~  f o l l o w i n g  d i f f e r e n t  modes of 
ope ra t ion :  

1, w i n t e r  space  h e a t i n g ,  h o t  w a t e r  h e a t i n g ,  and ice  b u i l d i n g  
without  s o l a r  c o l l e c t i o n ;  

2. w in te r  s p a c e  h e a t i n g  and h o t  w a t e r  h e a t i n g  wi th  s o l a r  
s t o r a g e  i n  t h e  w a t e r  b i n ;  

3. w i n t e r  s o l a r  c o l l e c t i o n  i n  t h e  w a t e r  b i n ;  

4 .  w i n t e r  w a t e r  h e a t i n g  and i c e  b u i l d i n g ;  

5 .  summer coo l ing  by c i r c u l a t i n g  co ld  b r i n e  f r o m  t h e  
s t o r a g e  b i n ;  
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6 .  summer coo l ing  and h o t  w a t e r  h e a t i n g  p l u s  added coo l ing  t o  
s t o r a g e  b i n ;  

7. summer h o t  w a t e r  h e a t i n g  p l u s  added coo l ing  t o  t h e  s t o r a g e  
b i n ;  and 

8. added coo l ing  t o  s t o r a g e  b i n  i n  summer by o p e r a t i n g  t h e  compressor 
a t  n i g h t  and d i s s i p a t i n g  the heat t o  t h e  outdoor c o l l e c t o r .  

The ACES mechanical equipment is assembled as a package u n i t  c o n s i s t i n g  
of a compressor, aluminum tube  b r i n e  c o o l e r ,  aluminum tube water-heating 
condenser, copper tube  desuperheater  and w a t e r  h e a t i n g  condenser, h o t  
water c i r c u l a t i n g  pump, h e a t i n g  c i r c u l a t i n g  pump, and br ine-cooler  c i r cu -  
l a t i n g  pump, a l l  equipped w i t h  necessa ry  mechanical and e l e c t r i c a l  c o n t r o l s .  
This package u n i t  h a s  been assembled, charged w i t h  r e f r i g e r a n t ,  and t e s t e d .  
The package u n i t  is ready t o  b e  coupled by i n t e r c o n n e c t i n g  p i p i n g  t o  t h e  ice 
s t o r a g e  b i n  and a s o l a r  c o l l e c t o r  and/or  a n  outdoor  f a n  c o i l .  

Bohn Aluminum and Brass Company is prepared t o  supp ly  ACES i n  15- through 
250-hp s i z e s ,  composed of components c u r r e n t l y  i n  p roduc t ion .  Bohn i s  
experienced in  producing complete, factory-assembled packages. Aluminum 
tubes w i t h  aluminum f i n  h e a t  c o i l s ,  compatible w i t h  o t h e r  aluminum tub ing  
used i n  t h e  b r i n e  c i r c u i t s ,  are a l s o  a v a i l a b l e .  The aluminum-extruded 
s o l a r  c o l l e c t o r  s u r f a c e  can a l s o  b e  s u p p l i e d  as a component f o r  ACES in- 
s t a l l a t i o n s .  Bohn a l s o  b u i l d s  a i r  hand le r s  f o r  commercial-type i n s t a l l a t i o n s .  

The ACES appears  t o  b e  i d e a l  f o r  conserving energy and ba lanc ing  t h e  demand 
l o a d s  a t  the electric power g e n e r a t i n g  p l a n t s .  F i g u r e  4 shows a schematic 
diagram f o r  the ACES package that Bohn is making €o r  t h e  ACES Demonstration 
House i n  Knoxvil le ,  Tennessee. 
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Fig. 4. Schematic equipment diagram f o r  TECH ACES demonstrat i o n  
house showing rquipment in the heaLing iiiode without so lar  collectors in 
operation. 
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9 .  SYSTEM COMPONENTS 

Ed Bottum, PresCden-f;, Ref.?fgeration ir'esearch, ITLC,, 
Brighton, i+l<ch<gan 

I n  t h e  e a r l y  days of every new i n d u s t r y ,  components have become a v a i l a b l e  
for experimenters  to u s e  i n  b u i l d i n g  systems. For example, i n  t h e  e a r l y  
days of r a d i o  (later h i - f i ) ,  off-tfie-shelf components and materials 
appeared w i t h  wfiich systems could b e  b u i l t  on a custom b a s i s .  

One of t h e  r easons  r e f r i g e r a t i o n  and a i r  cond i t ion ing  people  w e r e  not 
moving more r a p i d l y  toward the u s e  of s o l a r  h e a t i n g  was a l a c k  of com- 
ponents.  Someone must t a k e  the l e a d  i n  making a v a i l a b l e  t h e s e  components 
so t h a t  experimenters  and developers  can b u i l d  energy-conserving systems, 
whether t hey  be so lar  or  o t h e r  types.  R e f r i g e r a t i o n  Research, I n c . ,  
has added t h r e e  new l i n e s  of h e a t  exchangers t o  t h e  r e g u l a r  l i n e s  of 
r e f r i g e r a t i o n  l iquid- to-suct ion-gas h e a t  exchangers t h a t  they have pro- 
duced f o r  many y e a r s .  
domestic h o t  w a t e r  from t h e  superheated gas coming o f f  a h e a t  pump, and 
they now make e v a p o r a t o r - c h i l l e r s  and w a t e r  cooled condensers.  Both of 
t h e s e  equipment items can b e  used in energy-conserving h e a t  pump ope ra t ions .  

They added a desupe rhea te r  t o  t h e  l i n e  f o r  h e a t i n g  

I n  a d d i t i o n  t o  t h e  manufacturing of  components w i t h i n  t h e i r  o m  p l a n t ,  
R e f r i g e r a t i o n  Research i s  s t o c k i n g  f o r  resale components manufactured by 
o t h e r s .  These components i n c l u d e  pumps, foam form b l o c k s ,  extruded 
aluminum f inned  tub ing ,  DuPont Ted la r ,  and 3M Black Velvet p a i n t .  Although 
probably a l l  of the i t e m s  o f f e r e d  i n  their ca t a logue  are a v a i l a b l e  i n  
some form from s c a t t e r e d  s o u r c e s ,  u n t i l  now, these components could n o t  
be  purchased from one source .  

A s  e a r l y  as some 16  y e a r s  ago, when R e f r i g e r a t i o n  Research f i r s t  j o i n e d  
t h e  U.S. s e c t i o n  of t h e  I n t e r n a t i o n a l  S o l a r  Energy Soc ie ty  ( ISES) ,  it w a s  
i n e v i t a b l e  t h a t  the f i e l d s  of r e f r i g e r a t i o n ,  a i r  cond i t ion ing ,  and s o l a r  
energy would someday become a s i n g l e  f i e l d .  

R e f r i g e r a t i o n  Research d i s t r i b u t e d  i ts  f i r s t  S o l a r  Energy Catalogue a t  
the ASHRAE show i n  January 1975. A t  the t ime,  t h i s  w a s  done w i t h  a c e r t a i n  
amount of apprehension and misgiving. 
has  proven c o r r e c t ,  as evidenced by t h e  tremendous interest t h e  i n d u s t r y  
has shown i n  s o l a r  energy components. 

However, t h e  d e c i s i o n  t o  do s o  

The r e f r i g e r a t i o n  i n d u s t r y  makes e x t e n s i v e  use of t h e  hydrogen-copper 
b raz ing  p rocess .  Probably w e l l  over 85% of a l l  of t h e  receivers, m u f f l e r s ,  
and accumulators,  up through and inc lud ing  &in. o u t s i d e  diameter ,  are made 
i n  t h e  hydrogen-copper b r a z i n g  p rocess .  
p a r t s  of uniform q u a l i t y  can b e  made inexpensively.  
j o i n t s  t o  b e  b razed ,  t h e  e n t i r e  assembly can b e  c a r r i e d  through t h e  fu rnace  
on a b e l t  i n  a hydrogen-reducing atmosphere, and a l l  t h e  j o i n t s  are brazed 
a t  once. I f  t h e  p a r t  has  been p rope r ly  p repa red ,  a l l  hand b raz ing  i s  
e l imina ted ,  and t h e  p a r t s  come o u t  of  t he  fu rnace  c l e a n e r  t han  when they 

The reason f o r  t h i s  i s  t h a t  clean 
I f  t h e r e  are several 
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en te red .  Depending upon Lhe p a r t ,  as many j o i n t s  a s  d e s i r e d  cau b e  brazed 
a t  one t ime,  For t h i s  r eason ,  R e f r i g e r a t i o n  Research, I n c . ,  i s  making 
ex tens ive  use of the hydrogen b raz ing  turnace i n  making s o l a r  components. 

O r i g i n a l l y ,  R e f r i g e r a t i o n  Kesearch d id  no t  p l a n  t o  manufacture s o l a r  c o l l e c t o r  
p l a t e s .  However, about a y e a r  ago they neede-d some f o r  a test  system b u t  
could u o t  f i n d  what they wanted r e a d i l y  a v a i l a b l e .  A t  t h a t  t i m e ,  they decided 
t h a t  i t  would b e  easier t o  make up some s t ee l  and hydrogen-copper b raze  f o r  
tlheir test .  They w e r e  p l e a s a n t l y  s u r p r i s e d  w i t h  t h e  r e s u l t s  of t h e  tes t .  
Not: o n l y  were they a b l e  to b r a z e  ef.ght tube ends i n t o  a manifold header 
a t  each end, b u t  they w e r e  a l s o  a b l e  t o  b r a z e  e i g h t  s t e e l  tubes t o  the  
steel p l a t e  and copperize t h e  p l a t e  s u r f a c e  a t  t h e  same t h e .  ‘l’he r e s u l t i n g  
bond between the tube and p l a t e  is  a pu re  filet of c o p p e r ,  which i s  7/16 i n .  
wide. Tubes cannot be p u l l e d  off  w i thou t  des t roy ing  them and cannot b e  melted 
o f f  w i t h  less than  2000°P. This  procudure i s  u s e f u l  i n  making inexpensive 
steel  manifolds t h a t  may b e  used on t h e  ACES. S t e e l  manifolds  can b e  made 
i n  diameters  of 1-1/4 i n . ,  and any number of  s tea l  n ipp le s  can b e  brazed i n t o  
t h e  header i n  one ope ra t ion .  

Mr. Bottum concluded h i s  remarks by reviewing some o f  t h e  components t h a t  
they w i l l  have a v a i l a b l e  i n  s t o c k  o r  can make on a custom Sasis f o r  t h e  
ACES. These components are l i s t e d  i n  t h e i r  t h i r d  solar component ca t a logue  
f o r  1975,  which was  d i s t r i b u t e d  f o r  the  f i r s t  t i m e  l a s t  week i n  t h e  Chicago 
Bu i lde r s  show and h e r e  a t  t h e  Oak Ridge ACES Worksliop. ‘These components 
i nc lude  : 

1, desuperheat ing h e a t  exchangers; 

2 r ad ian t / convec to r  m a t e r i a l  of extruded aluminum t ube ,  which 
can be also u s e d  I n  i ce  c,oi-ls; 

3.  r e f r i g e r a n t  I - iquid s u c t i o n  l i n e  h e a t  exchangers;  

4 .  manifolds and heade r s ;  

5 ,  s u c t i o n  l i n e  accumulators;  

6 .  c h i l l e r - e v a p o r a t o r s  ; 

7. foam f o r m  b locks  f o r  o n s i t e  c o n s t r u c t i o n  0.f water o r  i ce  tanks; 
and 

8. condensers f o r  water h e a t i n g .  
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10. ARCHZTECTUKN. AND STRUCTURAL COMPONENTS 

Ben S . Adams, V<ce President, Crouch cf; A d m s ,  Inc. 
Oak Xidge, Tennessee 

The problem of c o n s t r u c t i n g  a n  i c e  s t o r a g e  b i n  f o r  an ACES a p p l i c a t i o n  
was d i scussed  by M r .  Adams. The o r i g i n a l  paper  by Harry F i sche r  sugges t s  
several types  of a l t e r n a t i v e  s t o r a g e  b i n s ,  making use of e x i s t i n g  and 
f a m i l i a r  b u i l d i n g  materials and c o n s t r u c t e d  according t o  convent ional  
methods. M r .  Adams concurred w i t h  M r .  F i s c h e r ' s  op in ion  t h a t  t h e  construc- 
t i o n  of an ice s t o r a g e  b i n  would pose no s p e c i a l  c o n s t r u c t i o n  problems 
and t h a t  no c o n f l i c t s  w i t h  b u i l d i n g  codes w e r e  l i k e l y  t o  b e  encountered. 
I f  rock  o r  u n s t a b l e  s o i l  c o n d i t i o n s  are found during excava t ion ,  i t  is  
r e l a t i v e l y  s imple  t o  r edes ign  t h e  ice  b i n  o r  b u i l d  ano the r  t ype  of b i n  
a t  r easonab le  expense. The ice  s t o r a g e  b i n  must b e  w a t e r t i g h t ,  should 
b e  w e l l  i n s u l a t e d ,  and should a f f o r d  access t o  t h e  i n t e r i o r .  An arrange- 
ment must b e  provided t o  hold down t h e  c o i l s ,  t h a t  i s ,  t o  c o u n t e r a c t  t h e  
buoyancy of t h e  c o i l s  when covered w i t h  ice. The f o r c e  r e q u i r e d  t o  hold 
the c o i l s  down i s  no t  g r e a t  and w i l l  n o t  b e  a problem. 

An extremely wel l -constructed ice b i n  can b e  made using p r e c a s t  w a l l s ,  
beams, and s l a b s  on a poured-in-place conc re t e  founda t ion  and f l o o r  s l ab .  
I f ,  a f t e r  the s t r u c t u r e  h a s  been p rope r ly  i n s u l a t e d ,  i t  is found n o t  t o  
b e  w a t e r t i g h t ,  c o r r e c t i v e  a c t i o n  can b e  taken by app ly ing  wa te rp roof ing  
o r  by i n s t a l l i n g  a p l a s t i c  l i n e r .  
u ses  several ve ry  common elements  such as expanded po lys ty rene  u n i t s  and 
expanded metal. These u n i t s  f i t  t o g e t h e r  t o  form a s e l f - i n s u l a t i n g  b a s i s  
f o r  a mono l i th i c ,  r e i n f o r c e d  conc re t e  w a l l .  This method o f  c o n s t r u c t i o n  
is p a r t i c u l a r l y  w e l l  s u i t e d  f o r  b u i l d i n g  an ACES i ce  s t o r a g e  b i n .  I f  a 
w a l l  is found no t  t o  b e  w a t e r t i g h t  a f t e r  c o n s t r u c t i o n ,  i t  can e a s i l y  b e  
waterproofed by parging o r  l i n i n g .  

The foam-form system of b i n  cons t ruc t ion  

The s o l a r  convector must b e  exposed t o  the s u n l i g h t  and must have a f r e e  
f low of air around it. There fo re ,  i t  becomes an  a r c h i t e c t u r a l  c o n s i d e r a t i o n  
as much a s - a n  eng inee r ing  conern.  
t h e  s o l a r  convector  are p o s s i b l e  which are b o t h  p l e a s i n g  and f u n c t i o n a l .  
F igu res  5 t o  8 are ske tches  of p o s s i b l e  s o l a r  convectors  showing some ve ry  
b a s i c  a p p l i c a t i o n s .  Many des ign  o p t i o n s  are a v a i l a b l e  €or  c o n s t r u c t i o n  
of t h e  c o l l e c t o r ,  such as a s o l a r  f ence ,  mansard r o o € ,  o r  s o l a r  s c r e e n  
l i m i t o r .  The a p p l i c a t i o n  f o r  r e t r o f i t  o r  remodeling of o l d e r ,  convent ional  
systems i s  almost l i m i t l e s s .  
are t h a t  t hey  should g e n e r a l l y  f a c e  s o u t h  i n  t h e  Northern Hemisphere and 
that they  should b e  any c o l o r  except  wh i t e .  

Many a l t e r n a t i v e  c o n f i g u r a t i o n s  of 

The two major requirements f o r  s o l a r  convectors  
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11. FE:L)EH.AT, INCENTIVES FOR ENERGY CONSERVATION 

David Rosoff,  Enepgy Conservation i n  RuiLd-inga, 
Federal Energy Abninis Lpation, Washi-ng-t-on, D .C.  

There are  a number of ways  thc government can a t t e m p t  t o  promote energy 
conservat ion p r a c t i c e s  among the gene ra l  p u b l i c ,  These i a c l u d e  (1) 
vo lun ta ry  methods based on e x h o r t a t i o n ,  pe r suas ion ,  and educat  ion; (2) 
semivoluntary methods wfnich r e l y  on s t a t u t o r y  i n c e n t i v e s  such as t h e  
provisi-on of t a x  c r e d i t s ,  l oan  s u b s i d i e s ,  g r a n t s ,  c t c . ;  and ( 3 )  manda- 
to ry  methods such as r a t i o n i n g ,  cu r t a i lmen t  o f  energy usage, and the 
imposi t ion of r equ i r ed  standards.  

'illere i s  i n c r e a s i n g  piib1i.c support  f o r  t h e  gene ra l  g o a l s  of energy conser- 
v a t i o n ,  and t h e  importance of r e t r o f i t t i n g  e x i s t i n g  homes w i t h  more 
e f f i c i e n t ,  enez-gy-saving devices  is w e l l  recognized.  The P r e s i d e n t  has  
proposed, and Congress is cons ide r ing ,  a r e b a t e  to  homeowners as a n  incenti .ve 
f o r  r e t r o f i  r. measur'es t:o reduce energy consumption. The Federal. Energy 
Adminis t ra t ion r ega rds  t h e  re t rof i . t : t ing  of hollies as a iiiaj o r  energy C O ~ S ~ K -  

v a t i o n  g o a l ,  as do m n y  o t h e r  government agencies .  The major e l e c t r i c  and 
gas u t i l i t y  a s s o c i a t i o n s  and maiiy i n d i v i d u a l  gas  and e l e c t r i c  u t i l i t y  
companies are also a c t i v e l y  promoting energy conse rva t ion  i.n homes I Some 
manufacturers are a l r e a d y  advertisi .ng on t e l e v i s i o n  and r a d i o  and i n  
newspapers t o  encourage people t o  r e t r o E i t  t h e i r  homes w i t h  energy conserving 
f e a t u r e s .  More such i n d u s t r i a l  e f f o r t s  can be  expected. A l l .  t h e  states 
and many c i t i e s  have energy conse rva t ion  o f f i c e s  and engage i n  a number of 
d i f f e r e n t  energy conservat ion programs. Under one s t a t e  program, n e a r l y  
100 homes of Low-income f a m i l i e s  have been r e t . c o E i t t e d .  The mounting 
p r e s s u r e  of hi.gh monthly h i l l s  f o r  h e a t i n g  and coo l ing  can b e  expected 
t o  s t i m u l a t e  even g r e a t e r  homeowner interest i n  the program. While no 
one can p r e d i c t  f u t u r e  f u e l  p r i c e s  w i t h  c e r t a i n t y ,  many e x p e r t s  b e l i e v e  
t h a t  p r i c e s  w i l l  cont inue t_o rise a t  an  annual race of  1 0  t o  15% i n  t h e  
f o r e s e e a b l e  f u t u r e .  A l l  t hese  f a c t o r s  combine t o  c r e a t e  a f avorab le  
c l i m a t e  f o r  t h e  r e t r o f i t  i n d u s t r y .  

Why 1 - e t r o f i t  homes? R e t r o f i t t i n g  e x i s t i n g  homes wi th  eiiergy conserving 
f e a t u r e s  has a major energy conse rva t ion  potent:i.al. Energy uscd i n  e x i s t i n g  
housing accounts  f o r  more than o n e - f i f t h  of t h e  L o a 1  energy used. There 
are about 47.5 m i l l i o n  s ingle-family detached dwell ings i n  the country.  
Much of t h e  e x i s t i n g  housing inven to ry  w a s  b u i l t  when energy was r e a d i l y  
a v a i l a b l e  and cheap. 'In the  l a t e  195Os, i n t e r e s t  i n  c e n t r a l  res i -dent ia l .  
a i r  cond i t ion ing  aiid e l e c t r i c  heati-ng combined t o  provide a new viewpoint 
w i th  r e s p e c t  t o  thermal i n s u l a t i o n  f o r  new homes. It  was no t  u n t i l  then 
t h a t  t h e  manufacture of i n s u l a t i o n  became a major i n d u s t r y  and that double 
glazi.ng o r  storm windows w a s  considered f o r  new housi.ng. However, energy 
w a s  r e l a t i v e l y  cheap , and e x t e n s i v e  thermal i n s u l a t i o n  w a s  n o t  widely 
j u s t i f i a b l e  on an economic b a s i s .  
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Perhaps 75%, o r  about 35 m i l l i o n ,  e x i s t i n g  s ing le - f ami ly  detached homes 
w e r e  b u i l t  p r i o r  t o  1960. 
i c a l l y  j u s t i f i a b l e  t o  p rov ide  a d d i t i o n a l  thermal p r o t e c t i o n  t o  marly of 
t h e s e  homes and t o  some of t h o s e  b u i l t  a f t e r  1960. It i s  es t ima ted  t h a t  
r e t r o f i t t i n g  j u s t  halE o f  these homes w i t h  economically j u s r i f i n b l e  i e a t u r e s  
t o  conserve energy would save the e q u i v a l e n t  of 650,000 t o  L,000,000 b a r r e l s  
of o i l  p e r  day. 

There is  l i t t l e  doubt t h a t  i t  would b e  econom- 

The r o l e  of t h e  government i n  promoting t h e s e  energy conse rva t ion  techniques 
is obvious i n  t h o s e  cases where there is no p r o f i t  mo t iva t ion  on t h e  p a r t  
of t h e  p r i v a t e  producers.  The promotion of energy conse rva t ion  i s  a major 
f e d e r a l  concern.  A n  important  problem f a c i n g  t h e  FEA is t h e  c o l l e c t i o n  of 
d a t a  on t h e  f e a s i b i l i t y ,  c o s t ,  and r e l i a b i l i t y  of  proposed r e t r o f i t  measures 
i n  o r d e r  t o  promote p u b l i c  confidence i n ,  and acceptance o f ,  energy conser- 
v a t i o n  p r a c t i c e s .  Before i n c e n t i v e s  can b e  c r e a t e d ,  the  b a r r i e r s  must b e  
s t udied . 

12. FINANCING RESIDENTIAL ENERGY CONSERVATION 

P e t e r  Drucker once s a i d ,  “We can b e  s u r e  that t h e  f u t u r e  w i l l  b e  d i f f e r e n t ,  
and fur thermore,  d i f f e r e n t  t han  w e  e x p e c t * ”  ‘In y e a r s  p a s t ,  tlie United 
S t a t e s  has  been v e r y  f o r t u n a t e  i n  b e n e f i t i n g  from cheap energy. 
t h e  o i l  embargo i n  1973 and t h e  crisis thaK e r u p t e d  a t  that time have 
made i t  necessary that ou r  pos tu re  w i t h  r e s p e c t  t o  energy consumption 
b e  changed. Otherwise,  t h e  c o s t  i s  going t o  b e  excessTve over  t h e  nex t  
several decades. 

However, 

The a b i l i t y  t o  d e v i s e  t echno log ie s  t o  overcome crisis s i t u a t i o n s  h a s  
been of g r e a t  s i g n i f i c a n c e  i n  t h e  h i s t o r y  of t h i s  n a t i o n .  
is t h e  s t o r y  of t h e  use of whale o i l  i n  t h e  1800s and how i t s  e x o r b i t a n t  
rise in p r i c e  made i t  necessary t o  develop a l t e r n a t i v e  sou rces  a€ energy. 
Undoubtedly, t h i s  same s t o r y  w i l l  b e  r epea ted  w i t h  o t h e r  kinds of energy 
i n  s o l v i n g  t h e  c u r r e n t  energy problem. 

Fami l i a r  t o  a l l  

Information and s e r v i c e s  must b e  provided t o  educa te  people  on t h e  need 
f o r  energy conse rva t ion  i n  our  s o c i e t y .  It i s  h i g h l y  u n l i k e l y  t h a t  t h e r e  
w i l l  ever agafrr b e  cheap energy. Rather, as energy c o s t s  con t inue  t o  rise, 
energy conse rva t ion  w i l l  i n c r e a s e  through many d i f f e r e n t  avenues, i nc lud ing  
changing l i f e  s t y l e s .  From t h e  broad p o i n t  of view, t h e  Annual Cycle Energy 
System appears  t o  b e  a s i g n i € i c a n t  method f o r  reducing energy consumption 
over t h e  next  several decades,  thereby l e s s e n i n g  t h e  s t r a i n  on t h e  manu- 
f a c t u r i n g  i n d u s t r y .  S ince  approximately 1 6  m i l l i o n  r e s i d e n c e s  could con- 
ce ivab ly  b e  f i t t e d  w i t h  an  ACES, i t  would a p p e a r  t h a t  t h e  p o t e n t i a l  s av ings  
in b o t h  c o s t  and energy are extremely g r e a t .  
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Recognizing t h e  excessive demacids f o r  c a p i t a l  formation i n  t h e  f u t u r e  f o r  
energy research, development , and c o m e r c i a l . i z a t i o n ,  i t  appears l i k e l y  
t h a t  banking, s av ings  and loan  a s s o c i a t i o n s ,  and mortgage bankers  a r e  
going t o  f i n d  i t  necessa ry  t o  cooperate  i n  providing f inanc ing  f o r  energy 
conservat ion.  Two areas of  partliciilar i n t e r e s t  t o  t h e  Bank of Oak Ridge 
are real estate f inanc ing  of new homes and providing l e a d e r s h i p  i n  t h e  
u t i l i z a t i o n  of home improvement loans .  

The c o s t  e s t i m a t e s  shown i n  Table 3 are based  on 4C/kWhr f o r  t h e  p r i c e  of 
e l e c t r i c i t y  (the c u r r e n t  p r i c e  i n  t h e  E a s t e r n  Seaboard) and an annual in- 
f l a t i o n  rate of $%, Column 3 of t h e  t a b l e  shows t h e  c o s t  of  ope ra t ing  an 
e l e c t r i c a l l y  hea ted ,  e l e c t r i c  a i r  conditi.oaed, and e l e c t r i c  hot-water- 
heated home through 1995. Column 4 shows t h e  c o s t  of an ACES-equipped 
home w i t h  a f u l l - t a n k  ACES. C o l u n ~ ~  5 shows a modif ied,  O K  small- tank,  
ACES. These columns inc lude  e x t r a  mortgage payments  f o r  t h e  ACES equipment. 

Table 4 shows the payback of a $3000 ACES R e t r o f i t  i n t o  an  c x i s t i n g  home, 
assumtag c u r r e n t  i n t e r e s t  rates and assumiiig that Congress passes l e g i s l a -  
t i o n ,  a l lowing d e p r e c i a t i o n  of approved energy conse rva t ion  equipment. o v e r  
a pe r iod  of f i v e  y e a r s .  This shows tha t  w i t h  f ive-year  d e p r e c i a t i o n  t h e  
cost of ACES equipment could b e  pa id  o u t  of s a v i n g s  i n  f i v e  years.  
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Table  3 .  Cost estimates 

a Ful l -  tankc Modif iedd 
ACES c o s t  ACES c o s t  8 Energy c o s t  R e s i s  t a n c  

Year (C / kwhr 1 heat cost 

19  75 
1 9  76 
1977 
1978 
19  79 
1980 
19 81 
1982 
1983 
1 9  84 
1985 
1986 
19 87 
19  88 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

4.00 
4.32 
4.66 
5.04 
5.44 
5.87 
6.34 
6.85 
7 .40  
7.99 
8.63 
9.32 

10.07 
10.87 
11.748 
12.68 
13.70 
14.80 
15.98 
17.26 
18.64 

Total c o s t  f o r  20 y e a r s  

Cost  s av ings  f o r  20 y e a r s  

$ 709 
765 
826 
893 
964 

1.040 
1,124 
1,214 
1 ,312  
1,416 
1,530 
1,652 
1 ,785  
1,927 
2,082 
2,248 
2,439 
2,624 
2,833 
3,060 
3,304 

$35,747 

$ 524 
540 
557 
5 76 
596 
617 .SO 
6 41 
666.50 
694.50 
723" 50 
755.50 
7 90 
827.50 
867.50 
911.40 
958 

1,009 
1 ,064  
1 ,123  
1,187 
1 ,256  

$16,8 84 -90 
--_I_ 

$18,862.10 

$ 442 
464.40 
488 
514.80 
542.80 
572.90 
605 e 80 
641.50 
680 
721.30 
766.10 
814 " 4 0  
866.90 
922.90 
984.36 

1 , 0 4 9 e 6 0 

1 ,198  
1,280.60 
1,3 70.20 
1,466.80 

1 ,121  

$ 1 7  514.36 

$18,232.64 

a 

b 

Electr ic  energy charge  s t a r t i n g  a t  4c/kWhr and i n f l a t i n g  a t  a ra te  of 
8% p e r  year. 

Electric h e a t i n g ,  cool ing ,  and hot w a t e r  b i l l  f o r  a r e s i s t a n c e  e lectr ic  
hea ted  house,  w i t h  electric a i r  c o n d i t i o n e r  and e lec t r ic  h o t  water heater 
(17,725 kWhr). 

ACES energy costs based  on 5000 kWhr/year -k $324/year f o r  extra mortgage 
payments on a 9%, 20-year mortgage (ACES extra c o s t  - $1500). 

ACES (smal l  tank) costs based  on 7000 kWhr/year -t- $162 f o r  extra mortgage 
payments on a 9%, 20-year mortgage (ACES extra c o s t  - $1500). 

e 

d 



Tab le  4. Kome  irr,provement l oans  COSE daca 

Energy R e s i s t a n c e  ACES sys tem €'aments Average 
cost' e l e c t r i c  h e a t  energy  c o s t  on $3,000 Annual Annual S e t  ca sh  cash  sav ings  

Year (c) c o d  ( $ / y e a r )  5-year loanC d e p r e c i a t i o n d  i n t e r e s t  s av ingse  (5 y e a r s )  

$ 203.76 $ 709.17 $796.73 $ 600 $ 800.76 1975 4 $ 709 $ 200 

1 9 7 6  4.32 765 216 800.76 600 200.76 749.17 

1977 4.66 826 233 800.76 600 200.76 793.17 

1978 5.04 893 252 800.76 600 200.76 841.17 

1979 5.44 964 272 800.76 500 200.76 892.00 

$4,157 $1 ,173  $4,00 3.8  3 $3 ,000  $1,003.80 $3,994.68 
____ 

' E l ec t r i c  energy  cha rge  s t a r t i n g  a t  4~licLJhr and i n f l a t i n g  a t  a rate of 8% per  y e a r .  

b E l e c t - r i c  h e a t i n g ,  c o o l i n g ,  and ho t  water b i l l  f o r  a r e s i s t a n c e  e l ec t r i c  hea ted  hone, w i t h  e l e c t r i c  a i r  

'Borne Improvement Loan annua l  payments i n c l u d i n g  i n t e r e s t  on $3000 l o a n  t o  i n s t a l l  ACES equipment.  

dAnnlial 20% d e p r e c i a z i o n ,  i€ a l lowed by Congress,  as a n  i n c e n t i v e  f o r  i n s t a l l a t i o n  of energy  conse rv ing  

'Ret  c a sh  s a v i n g s  on u t i l i t y  c o s t ,  d e p r e c i a t i o n ,  and ir.Lerest based on $16,000 g r o s s  income of family of 

c o n d i t i o n i n g  and e lectr ic  ho t  water h e a t e r  (17,725 kFJhr/year). 

equipment. 

f o u r  on annua l  t a x  r e t u r n  i f  20% d e p r e c i a t i o n  i s  a l lowed by Congress .  
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13. UMhKKs O N  INDUSTRIAL COOPERATION 

Caro l  J .  Oen, Industria2 Cooperation Raogram, 
Union Carbide. CoTorakion, Nuclear Division 

The purpose of t h e  UCC-ND I n d u s t r i a l  Cooperation Program i s  t o  assist  i n  
t r a n s f e r r i n g  the results of tax-supported R&D activit ies of government 
l a b o r a t o r i e s  t o  p r i v a t e  i n d u s t r y  and t o  state and l o c a l  government. The 
r e s p o n s i b i l i t i e s  of the ORNL I n d u s t r i a l  Cooperation O f f i c e  are t o  t r a n s f e r  
ORNL R&D, such as ACES. 

The workshop p a r t i c i p a n t s  received d e s c r i p t i v e  materials on t h e  I n d u s t r i a l  
Cooperation Program, inc lud ing  a n  index  of a l l  I n d u s t r i a l  Cooperation 
b u l l e t i n s  i s s u e d  t o  d a t e .  I n d u s t r i a l  Cooperation b u l l e t i n s  b r i e f l y  
d e s c r i b e  t echno log ie s  t h a t  w e r e  developed a t  each  o f  t h e  f o u r  UCC-N'D p l a n t s .  
T rans fe r  e f f o r t s  are  a l s o  made through t h e  p r i n t e d  media, exhibits a t  
meet ings,  seminars ,  and workshops such  as t h i s  one. 

The I n d u s t r i a l  Cooperation s t a f f  s e r v e s  as t h e  in-house advocate  f o r  
p r i v a t e  i n d u s t r y .  
should b e  d i r e c t e d  to :  

Requests f o r  any a d d i t i o n a l  i n fo rma t ion  o r  a s s i s t a n c e  

M e l  Koons Caro l  Oen 
ucc-ND O RNTA 
P.O. Box Y P.O.  Box x 
Oak Ridge, Tennessee 37830 
615-483-8611, a t .  3-5979 615-483-8611, ext. 3-0121. 

Oak Ridge, Tennessee 37830 

14. FORUM ON FINANCING OF ACES INSTALLATXON 

Don M a x w e l l  (Leader) ,  PPesident ,  Bank of Oak Ridge, 
Oak Ridge, Tennessee 

The d i s c u s s i o n  cen te red  on whether l end ing  i n s t i t u t i o n s  adequately cons ide r  
l i f e - c y c l e  c o s t s  i n  deterniining the a d v i s a b i l i t y  of g r a n t i n g  l o a n s  for 
b u i l d i n g s .  
a b l e  t o  repay a l o a n .  
maximum amount and t h e  terms of t h e  loan? 

The purchaser  of  a n  ene rgy-e f f i c i en t  b u i l d i n g  w i l l  b e  b e t t e r  
Is t h i s  f a c t  taken i n t o  account  i n  determining t h e  

Speakjng from t h e  banke r ' s  viewpoint ,  M r .  Maxwell  s t a t e d  t h a t  this f a c t o r  
would b e  considered and t h a t  the a d d i t i o n a l  C Q S ~  of an Annual Cycle Energy 
System would b e  included i n  t h e  t o t a l  v a l u e  o f  t h e  b u i l d i n g .  For example, 
a t y p i c a l  r e s i d e n t i a l  home w i t h  a convent ional  h e a t i n g  and coo l ing  system 
might c o s t  $44,000, whereas t h e  s a m e  home w i t h  an  ACES might c o s t  $48,000.  
Current  p r a c t i c e  w i t h  convent ional  loans (non-FHA and rion-VA) is to l end  
75% of the v a l u e  of t h e  home w i t h  t h e  owner's e q u i t y ,  through down payment, 
be ing  25%. 
t h e  convent ional  home o r  $36,000 f o r  t h e  ACES-equipped home. 
e q u i t y  would b e  $11,000 o r  $12,000 r e s p e c t i v e l y .  

The amount t h e  l e n d i n g  agency would l o a n  would b e  $33,000 f o r  
Required owner's 
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The enhanced a b i l i t y  t o  repay the  loan  is  r e f l e c t e d  i n  the l a r g e r  amount 
that  t h e  lending agency is  w i l l i n g  t o  loan .  Therefore ,  t h e  r i s k  t o  t h e  
l end ing  i n s t i t u t i o n  has not changed, and t h e  l o a n  i n t e r e s t  rate would riot 
change. The i n c e n t i v e  f o r  i n s t a l l i n g  an ACES, as o f f e r e d  by the l end ing  
agency, i s  l t m i t e d  t o  maki-ng the c a p i t a l  a v a i l a b l e  a t  p r e v a i l i n g  i n t e r e s t  
ra tes .  

Home !improvement l o a n s ,  i n su red  by FHA, are avaj-labe f o r  mod i f i ca t ions  
and improvements t o  e x i s t i n g  homes. According t o  M r .  Maxwell, items t h a t  
can b e  covered by these l o a n s  are s p e c i - f i e a l l y  l i s t e d  by FHA. 

S t e p s  should b e  taken as soon as p o s s i b l e  t o  g e t  ACES equipment added t o  
t h e  FHA l i s t  of equipment that  can be covered by home improvement loans .  

1 5 .  FORUM ON MARKETING, INSTALLATION, AND WALKANTIES 

Richard P. Todd (Leader) , F?dZonaZ EnviromientaZ 
Systems Contractors Association 

'fie ques t ion  under d i s c u s s i o n  w a s  "HOW to g e t  ACES t o  t h e  marketplace?" 
There was  a concensus t h a t  i t  would b e  easier and more s a t i s f a c t o r y  t o  
develop i n i t i a l l y  t h e  commercial. i n s t i t u t i o n a l  m l - t i f a m i  1 y , and l i g h t  
commercial markets than t h e  market f o r  s ingle-family r e s i d e n c e s .  The 
reasons f o r  t h i s  are t h e  fol lowing:  

1. The c o m e r c i a l  market i s  more s o p h i s t i c a t e d  and i s  accustomed 
t o  cons ide r ing  l i f  e-cycle c o s t s .  

2 .  Cominercial systems are normally engineered and custom assembled. 

3. Commercial systems are more l i k e l y  t o  b e n e f i t  app rec i ab ly  from 
a r e d u c t i o n  i n  charges r e s u l t i n g  from Power energy coi~sunapti.on. 

The development of t h i s  cormerci.al market would r e q u i r e  a t  least  adequate  
design,  economic information,  and an  educa t iona l  program f o r  c o n s u l t i n g  
eng inee r s  and commercial c o n t r a c t o r s .  

%e barriers t o  the development of t h e  s ingle-family dwell ing marlset 
seem t o  be: 

I. The p u b l i c  does not f u l l y  understand t h e  concept of l i f e - c y c l e  c o s t .  

2 .  The American p r a c t i c e  of moving f r e q u e n t l y  discourages long-return 
investment . 

3. The p u b l i c  b e l i e v e s  t h a t  s o l a r  energy is  j u s t  around the co rne r .  

4 .  Governmental d i s i n c e n t i v e s  would b e  c r e a t e d  as a r e s u l t  o f  Inc reased  
p rope r ty  taxes. (The homeowner who i n v e s t s  moore money t o  conserve 
energy i s  pena l i zed  by a h i g h e r  p rope r ty  tax.) 
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5. The convent ional  r e s i d e n t i a l  h e a t i n g  and a i r  cond i t ion ing  c o n t r a c t o r  
is n o t  p r e s e n t l y  equipped t o  i n s t a l l  t h e  ACES. 

I n  s p i t e  of these b a r r i e r s ,  two b u i l d e r s ,  Gerry Corr igan of  D e s  Moines, 
Iowa, and Alvah &man  of Hamburg, New York, expressed t h e i r  w i l l i n g n e s s  
t o  c o n s t r u c t  and market several ACES homes i n  o r d e r  t o  g a i n  experience 
w i t h  t h e  system. 

1 6 .  FORUM ON ACES DESIGN OPTIMIZATION 

Harry C . Fisc'tier (Leader) , ConsuZtant, Energy Consorvation P?QgYWn, 
Oak Ridge National Laboratory 

The main purpose of this  forum w a s  t o  e x p l a i n  t h e  procedure f o r  designing 
an ACES i n s t a l l a t i o n  when a computer is n o t  a v a i l a b l e .  To i l l u s t r a t e  t h e  
procedure,  a group of e i g h t  townhouses l o c a t e d  near Washington D.C. w a s  
s e l e c t e d .  The r e s u l t s  of h e a t i n g  l o a d  c a l c u l a t i o n s  f o r  t hese  b u i l d i n g s  
are a v a i l a b l e ,  and d a t a  on average weather cond i t ions  i n  t h e  Washington, 
D.C. area are g iven  i n  the Department of Navy Manual, NAVFAC P89. This  
manual con ta ins  t a b u l a t i o n s  of me teo ro log ica l  d a t a  recorded a t  Andrews 
A i r  Force Base, Washington, D.C.  P e r t i n e n t  t a b l e s  from t h i s  p u b l i c a t i o n  
are reproduced i n  Appendix B .  F igu re  1 shows a schematic  diagram of t h e  
ACES i n s t a l l a t i o n  considered f o r  the townhouses. 

F i r s t ,  a c a r e f u l  c a l c u l a t i o n  must b e  made o f  the b u i l d i n g ' s  h e a t i n g  and 
coo l ing  l o a d s  f o r  design-day cond i t ions .  These c a l c u l a t e d  des ign  loads  
f o r  an  i n d i v i d u a l  townhouse w e r e  a l r e a d y  a v a i l a b l e  t o  us and are  given 
below: 

1. des ign  h e a t i n g  l o a d  (15OF des ign  temperature) = 183,583 B tu /h r ,  
2. maximum coo l ing  load  (95OF des ign  temperature) = 124,415 B tu /h r ,  and 
3. domestic w a t e r  h e a t i n g  l o a d  (120°F des ign  temperature) = 12,500 Btu/hr .  

Assumption a t  ORNL is  that a n  indoor temperature  o f  70°F is  d e s i r e d  and 
t h a t  the b u i l d i n g  h e a t i n g  l o a d  can b e  c a l c u l a t e d  as a f u n c t i o n  of t h e  
ambient, outdoor temperature.  This  is done by m u l t i p l y i n g  t h e  design 
h e a t i n g  l o a d  by t h e  r a t i o  of t h e  a c t u a l  temperature d i f f e r e n c e  a c r o s s  
t h e  s h e l l  of t h e  b u i l d i n g  t o  t h e  temperature  d i f f e r e n c e  t h a t  would e x i s t  
under design-day cond i t ions .  That i s ,  t h e  b u i l d i n g  h e a t i n g  load i s  equal  
t o  183,583 x (70 - T 0 ) / ( 7 0  - 15) B t u / h r ,  where To is t h e  a c t u a l  o u t s i d e  
temperature  i n  degrees  Fahrenhe i t .  
townhouse can then b e  c a l c u l a t e d  f o r  any given month, providing d a t a  on 
temperatures and t h e  d u r a t i o n  t i m e  of t h e s e  temperatures  a re  known. Using 
t h e  weather  d a t a  of  Appendix B ,  t h e  procedure is  i l l u s t r a t e d  i n  Table  5, 
where t h e  g r o s s  h e a t  l o a d  of a townhouse b u i l d i n g  is  c a l c u l a t e d  f o r  t h e  
month of January.  The r e s u l t s  show t h a t  t h e  amount of h e a t  r equ i r ed  t o  
ma in ta in  t h e  indoor  temperature  of t h e  townhouse a t  70°F 
month of January is 100,631,000 Btu. 

The g r o s s  h e a t  l o a d  o f  an i n d i v i d u a l  

throughout t h e  
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Table 5. Ca lcu la t ed  h e a t i n g  l o a d  f o r  e i g h t - u n i t  townhouse 
i n  Washington, D . C . ,  u s ing  b i n  metl~oit  

..-. __ ._. .-. ... ,- .. . _. . 

Temp era t u r  e 
range ("P) i n  t h i s  range AT below 70°F below 70°F = B t u  

January hours 3338 Btu/hr/"F x h r  x AT 

65/69 
60164 
55/59 
501 54 
45149 
40 /44 
35/39 
30134 
25/29 
201 24 
15/19 
10114 
519 
014 

2 
5 
12 
22 
4 2 

10 6 
144 
165 
105 
65 
45 
23 
7 
1 

3 
8 

13 
18 
23 
28 
33 
38 
43 
48 
53 
58 
6 3 
68 

20,000 

1,322,000 

134,000 
521,000 

3,224 , 000 
9,907,000 
15 86 2 000 
20,9 29,000 
10,41S,OOO 
10,415,000 

7,961,000 
4,453,000 
1,472,000 

226 000 

Water h e a t e r  load:  12,250 Rtu/hr  x 744 h r  = 3- 
9 I 51.7,OOO 
9,114,000 

The t o t a l  h e a t  d i s s i p a t e d  by t h e  b u i l d i n g  i s  supp l i ed  from i n t e r n a l  h e a t  
sou rces ,  s o l a r  r a d i a t i o n  e n t e r i n g  through windows, and t h e  h e a t i n g  system 
of the b u i l d i n g .  Assuming t h a t  fou r  people occupy each apartment and 
consme  400 kWhr/month f o r  l i g h t s  and app l i ances ,  t h e  total .  h e a t  s u p p l i e d  
t o  the townhouse by i n t e r n a l  sou rces  i s  13,894,000 Btu/month. The am0un.t 
o f  s o l a r  energy e n t e r i n g  t h e  b u i l d i n g  through south-facing wimdows is 
es t ima ted  m i n g  i n s o l a t i o n  d a t a  provided i n  Appendix C .  H e r e ,  i t  is seen 
t h a t  an i n s o l a t i o n  rate of 1397 Btu/Et2/day can b e  expected i n  t h e  
Washington, D.C .  area duri.ng January.  S ince  an :Lndividual townhouse has 
584 f t 2  of south-facing window area, t h e  t o t a l  solar h e a t  g a i n  f o r  the 
b u i l d i n g  amounts t o  584 ft2 x 1397 i3su/ft2/day x 31 days,  o r  25,291,000 Btu 
during t h e  month. S u b t r a c t i n g  the' h e a t  supp l i ed  by i n t e r n a l  sou rces  and by 
s o l a r  r a d i a t i o n  from t h e  gross  h e a t  load g ives  a n e t  l oad  of 61,446,000 Bt1.i 
that must be supp l i ed  by t h e  c e n t r a l  h e a t i n g  s y s t c m .  

If one assumes that the townhouse c e n t r a l  h e a t i n g  system c o n s i s t s  of  an 
ACES i n s t a l l a t i o n ,  similar t o  the oae shown i n  F i g ,  1, which u t i l i z e s  a 
h e a t  pump having a coeff:i-ciens of performance (COP) equa l  t o  3.5, then t h e  
compressor motor f u r n i s h e s  28,6% (l/COP) o f  tbe d e l i v e r e d  h e a t ,  and t h e  
ice b i n  (or o u t s i d e  a i r  c o i l )  f u r n i s h e s  t h e  remaining 71.4%. Therefore ,  
t h e  amount of h e a t  that: m u s t  b e  e x t r a c t e d  from t h e  w a t e r  ( o r  a i r )  by t h e  
heat pump t o  m e e t  t h e  Jarruary h e a t i n g  requirements of t h e  b u i l d i n g  i s  
0.714 x 61,446,000 Btu, or 43,872,000 Btu. The la ten t :  h e a t  of f u s i o n  
t h a t  must be e x t r a c t e d  from w a t e r  at: 32°F t o  form 1 f t 3  of i c e  is about  
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8200 Btu. Hence, supp ly ing  a l l  t h e  January h e a t i n g  l o a d  of t h e  townhouse 
by f r e e z i n g  w a t e r  would r e s u l t  i n  the formation of (43,872,000 Btu/8200 
B t u / f t 3 ) ,  o r  5350 f t 3  of ice.  

The requ i r ed  s i z e  of t h e  i ce  s t o r a g e  b i n  can b e  reduced by employing 
unglazed s o l a r  pane l s  t o  c o l l e c t  and s t o r e  s o l a r  energy i n  t h e  ice b i n .  
I f  th is  i s  done, the thermal  s t o r a g e  c a p a c i t y  of t h e  t ank  can b e  reduced 
t o  about 17,015,000 Btu,  o r  t o  the e q u i v a l e n t  of about 1 2  days o f  t h e  
January load .  The minimum s i z e  r e q u i r e d  f o r  t h e  ice b i n  would t h e n  b e  
17,015,000 Btu/8200 B t u / f t 3  of ice, o r  2075 f t 3 .  T h e  so l a r  p a n e l  area 
t h a t  would b e  r e q u i r e d  t o  completely r e p l e n i s h  t h e  energy e x t r a c t e d  from 
t h e  water  s t o r a g e  b i n  during January is 43,872,000 Btu/ l397 B tu / f t2day  
x 31 days,  o r  1013 f t 2 .  (This assumes t h e  s o l a r  pane l  o p e r a t e s  a t  100% 
e f f i c i e n c y . )  A n  unglazed s o l a r  panel  w i t h  a 36°F f l u i d  would a c t u a l l y  
b e  o p e r a t i n g  below t h e  average outdoor temperature  i n  Washington, D . C . ,  
i n  January.  S ince  such  a pane l  would have an e f f i c i e n c y  of about 0.96, 
a s o l a r  energy c o l l e c t i o n  area of about 1050 f t 2  shou ld  b e  s u f f i c i e n t ,  
A s o l a r  c o l l e c t o r  of t h i s  s i z e  could b e  cons t ruc t ed  as two 66-ft-long 
s e c t i o n s  of a n  8-ft-high s o l a r  f e n c e  spaced 1 6  f t  a p a r t  t o  prevent  shadow 
i n t e r f e r e n c e .  

The h e a t  pump s e l e c t e d  f o r  the townhouse example h a s  an o u t p u t  of 212,000 
B tu /h r ,  a t  an evapora to r  temperature  of 20°F and a condensing temperature  
of 105°F. The evapora to r ,  t h e r e f o r e ,  r e q u i r e s  (212,000 Btu/hr  x 0 . 7 1 4 ) ,  
o r  151,370 B tu /h r ,  from t h e  water s t o r a g e  b i n .  
f o r  t h e  i ce  b i n  c o i l s ,  when surrounded by a 3-in.-thick l a y e r  of ice, i s  
given in Appendix D .  For 3/4-in.-OD tubes spaced on 6-in. c e n t e r s ,  t h e  
lowest  h e a t  t r a n s f e r  c o e f f i c i e n t  that would b e  encountered when t h e  ice 
i s  f u l l y  formed is 3 . 2  Btu/Et/"F/hr.  
t y p i c a l  b r i n e  f r e e z i n g  c o i l  that  is now commercially a v a i l a b l e .  The 
composition of t h e  b r i n e  i s  determined by t h e  design temperature  f o r  t h e  
s p e c i f i c  geograph ica l  l o c a t i o n ,  as shown i n  Appendix F. 
t h e  c o i l s  a t  a temperature  of about 25°F and r e t u r n s  t o  t h e  c h i l l e r  a t  a 
temperature  of about  27°F. Under these c o n d i t i o n s ,  t h e  loga r i thmic  mean 
temperature  d i f f e r e n c e  (LMTD) is  ( 2 / l n  5/71,  o r  about  6F". Therefore ,  
t h e  rare of h e a t  f low from t h e  water t o  t h e  b r i n e  is ( 3 . 2  x 6 ) ,  o r  19.2 
B tu /h r  p e r  f o o t  of tubing.  
19.2) ,  o r  7784 f t .  For t h e  minimum-size water s t o r a g e  b i n  considered above 
(7884 f t / 2 0 7 5  f t 3 1 ,  or 3.8 f t  of t ub ing  are r e q u i r e d  f o r  each cubic  f o o t  
of ice b i n  volume. 911is requirement can b e  m e t  by  i n s t a l l i n g  the tubes 
h o r i z o n t a l l y  i n  t h e  w a t e r  s t o r a g e  tank,  w i t h  t h e  c e n t e r s  o f  t h e  tubes 
spaced on a &in .  g r i d  i n  t h e  v e r t i c a l  plane.  

The h e a t  t r a n s f e r  c o e f f i c i e n t  

Appendix E shows t h e  des ign  of  a 

The b r i n e  e n t e r s  

The t o t a l  l e n g t h  of t ub ing  r equ i r ed  i s  (151,370/ 

A number of mod i f i ca t ions  t o  t h e  b a s i c  ACES dep ic t ed  i n  Fig.  3 can  b e  
made, i f  needed. The r e q u i r e d  volume of t h e  i ce  s t o r a g e  b i n  can b e  
v a r i e d  by employing d i f f e r e n t  combinations of s o l a r  pane l s  and a i r - t o - a i r  
h e a t  pump arrangements.  It should b e  kep t  i n  mind, however, t h a t  a h e a t  
pump w i t h  an  outdoor a i r  c o i l  o p e r a t i n g  as an  evaporator  h a s  a lower COP 
than  a n  ice- to-air  h e a t  pump, i f  t h e  ambient a i r  temperature  i s  below 
48°F. The reason  for  t h i s  is t h a t  t h e  f a n  power expended t o  move t h e  
a i r  through t h e  outdoor c o i l  cannot b e  recovered,  whereas t h e  pumping 
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power f o r  c i r c u l a t i n g  w a t e r  i n  an i ce - to -a i r  heat pump i n s t a l l a t i o n  can 
be recovered. This is not meant tu imply t h a t  a i r - t o - a i r  h e a t  punips 
should no t  b e  used i n  a p p l i c a t i o n s  where space f o r  s o l a r  pane l s  and 
l a r g e  i c e  b i n s  simply i s  Iiot a v a i l a b l e .  

To some e x t e n t ,  s o l a r  pane l s  may b e  used t o  s u b s t i t u t e  f o r  w a t e r  s t o r a g e  
b i n  capac i ty .  
s o l a r  pane l  can c o l l e c t  1397 Btu/day, o r  up to  43,307 Btu of s o l a r  energy 
f o r  t h e  month. 
i s  (43 ,307 Btu/8200 B t u / f t 3  of i c e ) ,  o r  5 - 2 8  f t  Because unglazed s o l a r  
pane l s ,  of t h e  type used f o r  ACES, cost: $2.00 t o  2 .50 / f t2 ,  whereas w a t e r  
b i n s  w i t h  c o i l s  c o s t  $0.90 t o  1 . 5 0 / f t 3 ,  t h e  s o l a r  pane l  appears  t o  have 
t h e  lowest  c o s t  p e r  u n i t  of d e l i v e r e d  energy. However, t h e  s o l a r  pane l  
a l s o  r e q u i r e s  some form of thermal s t o r a g e  capac i ty .  Furthermore, t h e  
ACES ice b i n  a l s o  provides  summer a i r  cond i t ion ing ,  reducing t h e  annual 
energy c o s t s .  'This advantage makes i t  p o s s i b l e  t o  accept  a d d i t i o n a l  
c a p i t a l  c o s t s  f o r  i ce  b i n  cons t ruc t ion .  For example, i n  areas where 
e l e c t r i c i t y  c o s t s  4C/Whr, each 1000 kWhr of energy saved annual ly  f o r  
a i r  cond i t ion ing  has  a val.ue o f  $ 4 0 .  A t  a 1 2 2  f i x e d  annual charge f o r  
c a p i t a l ,  $333 i n  extra c a p i t a l  costs  can b e  s p e n t  t o  ach ieve  t h i s  energy 
sav ings  , without  i n c u r r i n g  an economic pena l ty .  This  extra expend i tu re  i n  
c a p i t a l  appears  j u s t i f i e d  i n  view of t oday ' s  r a p i d l y  e s c a l a t i n g  f u e l  c o s t s .  
I n  e f f e c t ,  t h e  unknown, b u t  r i s i n g ,  rate of i n f l a t i o n  € o r  energy c o s t s  i s  
t raded f o r  a f i x e d  charge ra te  f o r  c a p i t a l  c o s t s .  

For example, i n  Washington, D . C . ,  i n  January,  1 f t 2  of 

The volume of water b i n  y i e l d i n 3  the s a m e  amount of energy 

Although t h e  preceding example of an ACES design c a l c u l a t i o n  appl-ies 
s p e c i f i c a l l y  t o  t h e  Washington, D . C . ,  area,  t h e  procedure can b e  r e a d i l y  
extended t o  other geographical  l o c a t i o n s ,  p rov id ing  t h e  necessary d a t a  
on solar r a d i a t i o n  and c l i m a t i c a l  cond i t ions  are a v a i l a b l e  Appendix G 
provides  s o l a r  r a d i a t i o n  d a t a  f o r  7 1  l o c a t i o n s  i n  t h e  United States and 
Canada. Levels of s o l a r  r a d i a t o n  a t  o t h e r  s i t e  l o c a t i o n s  can b e  ob ta ined  
by i n t e r p o l a t i o n ,  using t:he s o l a r  r a d i a t i o n  maps provided i n  Appendix H.  
Bin weather d a t a  f o r  a l a r g e  number of s i t e s  i n  t he  United S t a t e s  ( inc lud -  
ing  Alaska and Hawaii) are l i s t e d  i n  t h e  Department of Navy Manual, NAVFAC 
P89.  

17'. COST OF EARLY PR0:OIJCTION ACES 

Harry C . Fische r  , ConsuZ tant,  Enepgy Conservation Program, 
Oak Ridge Nationu I Laboratory 

During t h e  Workshop, s e v e r a l  r e q u e s t s  were made f o r  an  e s t i m a t e  of t h e  
c o s t  of equipping a s ingle-family dwel.3.ing w i t . h  ACES i n  1976. A manu- 
f a c t u r e r ,  a c o n t r a c t o r ,  and a b u i l d e r  agreed t o  cooperate  i n  making a 
prel iminary e s t i m a t e  of the c o s t  f o r  k n s t a l l i n g  a f u l l  ACES i n  an  
1800 f t 2  Washington, D . C . ,  home. having a design h e a t i n g  load  of  30,000 
Btia/hr and a design cool ing load  of 24,000 B t u j h r .  
prepared estimates of the c o s t  of a f u l l  ACES are p resen ted  i n  Tab1.e 6 .  
Following t h e  conference,  several a t t e n d e e s  prepared a s i m i l a r  e s t i m a t e  

These h u r r i e d l y  
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Table 6.  Cost of ACES f o r  s ingle-family home w i t h  1800 f t 2  
i n  Washington, D.C . ,  with f u l l  annual c y c l e  (no s o l a r  

panel)  i n  1976 p i l o t  product ion q u a n t i t i e s  

Energy usage, 5600 kWhr/year 

a H e a t  pump package 

24 f t  x 24 f t  x 5.5 f t  t ank  (3168 f t 3 )  
under garage : 

Bottom s l a b  material 
Labor 
Prof i t  

S u b t o t a l  

Span deck ( i n  p l ace )  
Prof i t  

Sub t o t a l  

Add i t iona l  w a l l  4 t o  6 f t  

I n s u l a t i o n  2-in. u re thane  
Labor 
Prof i t  

Sub t o  t a l  

T o t a l  c o s t  of tank 

$288 
75 
25 

$388 

$766 
75 

$841  

$140 

$544 
50 
50 

$644 

Duct system i n s t a l l a t i o n  

Ice b i n  c o i l  (14 c o i l s ,  each 88 f t  long) 

3 0 q / f t  f a b r i c a t e d  
2 heade r s  f o r  c o i l s  

S u b t o t a l  

Labor ( 4  man-days a t  $16/hr)  t o  assemble 
c o i l s  and connect headers  and suppor t s  

Labor ( 4  man-hours a t  $16/hr)  t o  s e t  h e a t  
P W P  package 

Labor (4 man-hours a t  $16/hr) t o  run  
b r i n e  l i n e s  t o  i c e  s t o r a g e  bank 

Labor (2 man-hours a t  $16/hr) t o  run  
l i n e s  from h e a t  pump t o  domestic 
w a t e r  s t o r a g e  tank 

$ 388 

$ 841 

$ 140 

6 44 

$2013 

800 

369.60 
44  

$ 413.60 

512 

64 

64 

32 

$1422 

$2013 

800 

$ 413.60 

5 12  

64 

64 

32 
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Table 6 (continued) 

Energy usage, S600 kWhr/year 
I- ~.I._...__ I__ .... * .._I....... 

Labor ( 4  man-hours a t  $16/hr) f o r  
c o n t r o l  w i r i n g  

To t a l  

L e s s  c o s t  of comventional h e a t i n g ,  
coo l ing ,  and h o t  w a t e r  system 

N e t  premium f o r  ACES (ful.1.-size tank) 

__ 6 4  64  

$5384.60 

... -1600.00 

$3784.60 

a 'fie h e a t  pump package inc ludes  a n  outdoor a i r  c o i l  condenser t o  b e  used  
i n  summer. The h e a t  pump i s  used as an off-peak a i r  cond i t ione r  i n  t h e  
event  t h a t  ice  inventory is  dep le t ed  be fo re  the end of coo l ing  season. 

of t h e  c o s t s  o f  i n s t a l l i n g  an  a l t e r n a t i v e  ACES having less  water s t o r a g e  
capacfty.. 
Tab le  7 .  As expected,  the c a l c u l a t i o n s  show tha t  i t  i s  much less ex- 
pensive t o  i n s t a l l  a small tank than a l a r g e  one. 
consumption, however, w i l l  b e  g r e a t e r  f o r  the small- tank ACES. 

These es t ima ted  c o s t s  fo r  a srnall.-tank ACES are  shown i n  

The annual energy 
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Table 7.  Estimated c u r r e n t  c o s t  of small- tank ACES f o r  s ingle-family 
1800 ft2 i n  Washington, D.C. 

Energy usage, 7500 kWhr/year 

H e a t  pump 

8 f t  x 8 f t  x 8 f t  (512 f t 3 )  t a n k  made 
from p r e s s u r e  t r e a t e d  wood pane l s  
w i t h  3.5-in. bead board i n s u l a t i o n  

5 p a n e l s  at $70 each 
20-mil v i n y l  l i n e r  
Evacuation, sand bottom, and 

T o t a l  tank cost 

b a c k f i l l  

12  f t  x 88 f t  c o i l s  x 0.3C/€t f a b r i c a t e d  
Manifolds for c o i l s  

T o t a l  cost  f o r  manifolds 

Duct system i n s t a l l e d  p r i c e  

800 f t  of s o l a r  pane l  c o i l  

Manifolds f o r  s o l a r  pane l s  

C o i l  material p r i c e  t o t a l  

Labor assembly and i n s t a l l a t i o n  c o s t  f o r  
ice s t o r a g e  bank f o r  512  f t 3  tank 
(16 man-hours at $16/hr) 
Makeup and mount outdoor c o i l  

(16 man-hours a t  $16/hr) 
S e t  h e a t  pump package ( 4  man-hours 

a t  $16 / h r  ) 
Run b r i n e  l i n e s  to t ank  and s o l a r  

p a n e l  and w a t e r  l i n e s  t o  ho t  
w a t e r  s t o r a g e  t ank  (10 man-hours 
a t  $16 / h r  ) 

$16/hrI 
Control w i r i n g  (4 man-hours a t  

T o t a l  l a b o r  c o s t  

T o t a l  c o s t  

L e s s  c o s t  of  convent ional  h e a t i n g ,  a i r  
cond i t ion ing ,  and h o t  w a t e r  system 

ACES premium 

$1422 

$350 
130 

100 

$580 $ 580 

$343 
44 

$387 $ 387 

$800 $ 800 

$150 

44 - 
$194 $ 194 

$256 

$256 

$ 32 

$160 

64  

$768 

- 
$ 768 

$4151 

1600 

$ 2 5 5 1  
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Since  the time the Workshop w a s  h e l d ,  a d e t a i l e d  a n a l y s i s  of  t h e  energy 
requirements  of the. two systems bas been made. This a n a l y s i s  w a s  performed 
by iiieans of a computer program that u t i l i z e s  Washington, D . C . ,  weather 
t ape  d a t a  t o  compute and sum hea t ing  and cool.ing loads  over  an annual cycle .  
The r e s u l t s  show t h a t  t h e  la rge- tank  ACES has an annual energy consumption 
of 5600 kwhr, whereas cha t  of the small- tank ACES is 7500 kWhr. The 
d i f f e r e n t i a l  c o s t  of energy, a t  46/kWhr f o r  e l e c t r i c i t y ,  i s  $76. With 
c a p i t a l  c o s t s  a t  1 2 %  annual charge,  t h e  energy sav ings  f o r  the l a rge- tank  
system would j u s t i f y  a d d i t i o n a l  c a p i t a l  expendi tures  up t o  $633. 
d i f f e r e n r i a l  c o s t  of i n s t a l l a t i o n ,  however, i s  ($5384 - $4151), o r  $1233. 
This  i n d i c a t e s  that  the small-tank ACES would produce a 1)eCCer rate o f  
r e t u r n  011 invescment during t h e  f i r s t  yea r .  However, i f  e l e c t r i c i t y  
pr i .ces  cont inue  t o  escalate, t h c :  f u l l  ACES could become the p r e f e r a b l e  
choice.  

The 

The annual  energy consumption of a convent iona l  system employing electric 
r e s i s t a n c e  space  and water  hea t ing  and a c e n t r a l  a i r  cond i t ione r  w i t h  an 
energy-etEiciency r a t i o  (EER) equal t o  6 - 5  i s  c a l c u l a t e d  t o  b e  21,143 kWhr 
f o r  the home be ing  considered.  Thus t h e  energy sav ings  of  t h e  small- tank 
ACES i s  (21,143 kWhr - 7500 kmir),  o r  13,643 K W h r .  This c o n s t i t u t e s  
a re la t ive  energy sav ings  of 13,643 f 21,143, ox 64%.  A t  4C/kWhr, the 
savings  amount t o  13,643 x 0.04 = $545.72 y e a r l y  a t  p r e s e n t  rates. The 
premi.wn cost  of small-tank ACES = $2551.00. This means t h a t  i.t has a 
no - in t e re s t  payback time of  2551. + $545.72 = 4.6 yea r s .  For t he  f u l l  
ACES t h e  energy sav ings  are: 

convent iona l  kWhr 2 1  p 143 
5 600 ACES P u l l  s i z e  -.._.?-I_._ 

sav ings  15 ,543  kWZzr 

The percentage sav ings  of 15,543 + 2 1 , 1 4 3  = 73.5% and 15,543 x 0.04 = 
$621.72 a t  4~./kWhr. 
$621.72 = 6 .1  years. 

The no- in t e re s t  payback o u t  of s av ings  is  $3,784.60 -: 

18. LCE MAKER/I-IEAT PUMP DEVELOPMENT 

B i l l  Hagen, President, Turbo Refrigerating Comparz~j, 
Denton, Texns 

N r  I Hagen descr ibed  Turbo's p l ans  f o r  conver t ing  t h e i r  commercial i ce  
makers i n t o  heat pump/ice makers. 
needed i n  t h e  win te r  when w a t e r  temperatures  are low, Turbo is  changing 
from water h a r v e s t i n g  t o  hea t -of - l iqu id  ha rves t ing .  This change r e s u l t s  
i n  a 12-min f r e e z i n g  cyc le ,  w i t h  one-sixth of The p l a t e s  d e f r o s t i n g  OF 
h a r v e s t i n g  toge ther  while t h e  compressor cont inues  t o  f r e e z e  t h e  o the r  
f i v e - s i x t h s  of thc p l a t e s ,  This should  r e s u l t  i n  t h e  h i g h e s t  evapora tor  
temperature  and t h e  h i g h e s t  COP as a heat pump, w i t h  a minimum of s t r a i n  
on t h e  compressor. 

Since t h e  h e a t  pump f e a t u r e  i s  most 
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A s imple  t imer  o p e r a t i o n  w i l l  sequence t h e  p l a t e s ,  and s i n c e  t h e  ice 
produced w i l l  n o t  b e  of 'fcommercial" q u a l i t y ,  no "breaker" w i l l  b e  
employed. The t h i n  ( ~ l / 4  i n . )  p l a t e s  will f a l l  from t h e  machine i n t o  
a b i n  and w i l l  "skit ter" a c r o s s  the b i n ,  forming an i ce  p i l e  with a low 
a n g l e  of repose and a d e n s i t y  o f  approximately 35 l b / f t 3 .  

P r e s e n t  c a l c u l a t i o n s  i n d i c a t e  t h a t  as a n  ice maker, the COP should b e  
about 3 . 4 5  o r  h ighe r .  
The COP shou ld  be  4.24 assuming a 105°F condensing temperature .  

As a water cwller o p e r a t i n g  between 45 t o  40"F, 

The o v e r a l l  dimensions f o r  a u n i t  w i t h  a heat ou tpu t  of 228,000 Btu/hr  
are 96 i n .  h i g h  x 9 4  i n .  wide x 33 i n .  deep. 
are provided i n  F i g s .  9 and 10  and i n  Table 2 .  

Add i t iona l  s p e c i f f c a t i o n s  

The i ce  maker would b e  o p e r a t i n g  a t  i t s  maximum p roduc t ion  rate w i t h  
1/4- in . - thick ice.  
duc t ion  of h e a t  and coo l ing  which Turbo is  s e e k i n g  through use  of t h e  
heat pump/ice maker concept. 

This t h i ckness  of ice  i s  s a t i s f a c t o r y  f o r  t h e  pro- 

. . . . . . . . 
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SUMMARY OF WORKSHOP 

1. 

2 .  

3.  

4 .  

5 " 

6 .  

7. 

8. 

9 .  

10. 

1.1. 

12  (1 

1 3  a 

No fundamental t e c h n i c a l  problems i n  t h e  way of an ACES program can 
b e  fo re seen  a t  the p r e s e n t  time. 

No b u i l d i n g  code compliance problems can b e  fo re seen  a t  t h i s  t i m e .  

Union j u r i s d i c t i o n a l  problems can b e  fo re seen  i n  t h e  a r e a  of s o l a r  
c o l l e c t o r  and ice  b i n  i n s t a l l a t i o n s .  

Warrant ies  are  an  area of concern t o  b o t h  manufacturer and c o n t r a c t o r  
i n  t h e  e a r l y  s t a g e  of commercialization. Government warranty i n -  
su rance  should b e  explored a t  least  during t h e  i n i t i a l  product ion 
per iod t o  h e l p  consumers who are r e l u c t a n t  t o  t r y  a new system such 
as an ACES. 

Government tax i n c e n t i v e s  are no t  r e q u i r e d  i n  high-energy c o s t  areas 
(>4o;./kwhr) i f  l end ing  i n s t i t u t i o n s ,  b u i l d e r s ,  and homeowners can b e  
convinced t o  use l i f e t i m e  c o s t s  as t h e  b a s i s  f o r  making c o n s t r u c t i o n  
and l end ing  d e c i s i o n s .  

Commercial and i n d u s t r i a l  a p p l i c a t i o n s  appear t o  have fewer roadblocks 
i n  t h e  way of e a r l y  c o n ~ ~ ~ e r c i a l i z a t i o n ,  

U t i l i t i e s  could b e  of g r e a t  h e l p  i f  they would r e a l - i z e  t h e  p o t e n t i a l  
of ACES i n  load management and would h e l p  promote t h e  concept. 

Time-of-day meter ing combined w i t h  h i g h  energy c o s t  w i l l  probably 
b e  a s t r o n g  i n c e n t i v e  f o r  t h e  commercialization of ACES. 

Government tax i n c e n t i v e s  may b e  needed i n  a l l  areas of t h e  country 
t o  encourage r e t r o f i t t i n g  of ex i s i t i . ug  b u i l d i n g s  w i t h  energy-conserving 
ACES equipment. 

Cost f i g u r e s  developed a t  t h e  workshop i n d i c a t e  a f i v e -  t o  s ix-year  
payback o u t  of energy sav ings  which should make t h e  system s a l e a b l e  
f o r  new c o n s t r u c t i o n  i f  t he  owner and I-e-tider a g r e e  t o  p u t  i n  t h e  
system w i t h  t h e  lowest l i f e t i m e  c o s t .  

As soon as ACES equipment i s  on t h e  market,  FK4 should b e  approached 
t o  add ACES t o  the  l i s t  of  home improvements t h a t  q u a l i f y  f o r  FHA- 
insured home improvement l o a n s .  

A r c h i t e c t s  see no problems i n  designing b u i l d i n g s  f o r  ACES i n s t a l l a -  
t ions  . 
Cont rac to r s  and eng inee r s  w i l l  have t o  b e  t r a i n e d  i n  t h e  c a l c u l a t i o n  
of energy budgets ,  ice b i n  c o n s t r u c t i o n ,  and p i p i n g  and s o l a r  patiel. 
design. The need f o r  an ACES design workbook became obvious. 
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14 .  A need f o r  the p u b l i c a t i o n  of s o l a r  r a d i a t i o n  t a b l e s  f o r  v a r i o u s  
c i t ies  of t h e  country w a s  expressed.  These t a b l e s  should b e  
c a l c u l a t e d  f o r  a l l  v e r t i c a l  w a l l s  as w e l l .  as h o r i z o n t a l  s u r f a c e s  
and should b e  publ ished on a month-by-month b a s i s  f o r  average 
s o l a r  energy r ece ived  f o r  each l o c a t i o n .  

15. U t i l i t i e s  expressed i n t e r e s t  i n  t h e  l o a d  management: c a p a b i l i t i e s  
of ACES b u t  w e r e  noncommittal about pushing ACES wi thou t  more 
expe r i ence  w i t h  t h e  equipment. 

16.  Component makers s t a n d  ready t o  manufacture t h e  s p e c i a l  ACES 
components as soon as the manufacturers  of t h e  package equipment 
create t h e  s p e c i f i c a t i o n s .  

1 7 .  F r i e d r i c h  Group of Weil-McClain announced t h a t  they would have 
p i l o t  product ion q u a n t i t i e s  of h e a t  pump packages a v a i l a b l e  i n  
t h e  l a t te r  p a r t  of 1976. 

18. Bohn Aluminum & Brass H e a t  Transfer  D iv i s ion  of Gulf 4- Western 
s a i d  that they  can f u r n i s h  system packages of a 10-ton capac i ty  
and h ighe r  a t  t h e  p r e s e n t  time. 

1 9 .  P e e r l e s s  of America announced p r i o r  t o  t h e  workshop t h a t  t hey  w e r e  
prepared t o  make 3/4-in.-OD aluminum s e r p e n t i n e  c o i l s  on 6-1/8-in. 
c e n t e r s  from p r e s e n t  t o o l i n g  and t h a t  o t h e r  c e n t e r s  could b e  
acqu i red  f o r  nominal t o o l i n g  charges.  

20. A p a r t i a l  l i s t  of  p o t e n t i a l  and c u r r e n t  s u p p l i e r s  of  ACES components 
and systems w a s  compiled (see Appendix I). 
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Appendix A 

ACES WORKSHOP PARTICIPANTS 

Roy C. Abbott, Manager, Advanced Technological Operation, General 
Electric Company, Appliance Park AP6-208, Louisville, Kentucky 40225 

Ben S .  Adams, Crouch and Adams, Inc., 106 Administration Road, Oak 
Ridge, Tennessee 37830 

Joel F. Bailey, University of Tennessee, Knoxville, Tennessee 37916 

Peter J. Ball, Bohn Aluminum & Brass Corp., Heat Transfer Division, 
1625 E. Voorhees Street, Danville, Illinois 61832 

James Baroff, National Governor's Conference, Energy Program, 1150 
17th Street, NW, Room 705, Washington, D.C. 20036 

Steve Barry, ERDA, Oak Ridge Operations - Engineering 

A 1  Bedinger, Environment Center, University of Tennessee, 346 South 
Stadium Building, Knoxville, Tennessee 37916 

Jerry Blevins, ERDA, Federal Office Building, Room 2 0 4 5 ,  Oak Ridge, 
Tennessee 37830 

Harold H. Boesenberg, Commonwealth Edison Co., P.O. Box 7 6 7 ,  Chicago, 
Illinois 60690 

E. W. Bottum, Refrigeration Research, Incorporated, 525 N. Fifth Street, 
P.O. Box R, Brighton, Michigan 48116 

Richard A. Bulley, Commonwealth Edison Company, P.O. Box 767, Chicago, 
Illinois 60690 

R. S. Carlsmith, Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, 
Tennessee 37830 

Joseph Chi, National Bureau of Standards, Code 462-02,  Washington, D.C. 
20234 

Gerry Corrigan, 6 5 1 2  Washington Avenue, Des Moines, Iowa 50322 

Nina Cox, Division of Buildings and Industry, ERDA, 1016 16th Street, 
NW, Room 4 0 4 ,  Washington, D.C. 20545 

F. L. Culler, Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, 
Tennessee 37830 

Gordon Duffey, Air Conditioning and Refrigeration, P.O. Box 6000, 
Birmingham, Michigan 48012 
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IAou Dunlap, Oak Ridge Chamber of Commerce, 1400 Oak Ridge 'Turnpike, 
Oak Ridge, Tennessee 3 7 8 3 0  

W. E.  Dunlap, UCC-Nll Engineer ing 

Eldon G :  Ehlers, Chief of Technology U t i l i z a t i o n  and Informarion 
D i s s e r n i  na t ion ,  EKDA, Energy Conservat ion Divis ion,  1610 16 th  
S t ree t ,  NW, Washington, D . C .  20036 

Alvah D.  Ehrman, Ehrman's Heating and Plumbing, 504 P leasan t  Avenue, 
Harnburg, New York 1 4 0 7 5  

Nathan R .  Feldman, Di-rector,  Mechanical Engineering Serv ice ,  O f f i c e  of 
Cons t ruc t ion ,  Veteran Adminis t ra t ion ,  Washington, D . C .  20420 

H .  C .  F i sche r ,  Oak Ridge Y-12 P l a n t ,  P.O. Box Y, Oak Ridge, Tennessee 
3 7 8 3 0  

Robert P r y e ,  1807 H e m m e t e r  Road, Saginaw, Michigan 4 8 6 0 3  

Dieter Gre ther ,  Vice P r e s i d e n t ,  Engineering, F r i e d r i c h  GI-OUD, Weil- 
McLain Co. ,  I nc . ,  P.O.  Box 1.540, San Antonio, '!.'exas 78295 

Gerald Grof f ,  Assoc ia te  D i r e c t o r ,  Research Div is ion ,  Carrier Corporat ion,  
Carrier Parkway, Syracuse,  New York 13201 

W. F. Hagen, P res iden t ,  Turbo R e f r i g e r a t i n g  Company, P.O. Rox 3 9 6 ,  
Denton, Texas 7 6 2 0 1  

Robert Hamby, UCC-ND Engineering 

E.  C .  H i s e ,  Oak Ridge Y-12 P l a n t ,  P.O.  Box Y ,  O a k  Ridge, 'Tennessee 37830  

George Keleshian,  Advance Cooler Manufacturing Corporat ion,  P.O. Box 
2 8 7 ,  C l i f t o n  Park,  N e w  York 12065 

Herber t  S .  Lindahl ,  Manager, Advanced Engineer ing,  Bohn Al-uminum & Brass  
Corp., Heat Trans fe r  Div is ion ,  1625 E.  Voorhees S t r e e t ,  Danvi l le ,  
I l l i n o i s  6 1 8 3 2  

Ferdinand Lisi, Veterans Adminis t ra t ion ,  Washington, D.C. 20420 

John B. Marious, O f f i c e  of T r ibu ta ry  Area Development, 1 2 8  Evans Building,  
Tennessee Val ley Author i ty ,  Knoxvil le ,  Tennessee 37902 

Don Maxwell, P r e s i d e n t ,  Bank of Oak Ridge, P.O. Box 5 0 9 ,  Oak Ridge, 
Teniies s ee 3 7 8 3 0  

Vincent M e i ,  Dole R e f r i g e r a t i o n ,  5910 N .  P u l a s k i  Road, Chicago, I l l i n o i s  
6 0 6 4 6  
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Leonard Morris, Bohn Aluminum & Brass Corp., Heat Transfer Division, 
1625 E. Voorhees Street, Danvflle, Illinois 61832 

J. C.  Moyers, Oak Ridge, Y-12  Plant, Oak Ridge, Tennessee 37830 

Daniel Myers, Refrigeration Systems Co., Inc., 611 State Street, 
Newburgh, Indiana 47630 

Jim Norvell, ERDA, Oak Ridge Operation - Engineering 

Otto J. Nussbaum, Director of Engineering and Research, Ralstead and 
Mitchell, Division of Halstead Industries, Inc., P.O. Box 1110, 
Scottsboro, Alabama 35768 

Billy Owens, Federal Energy Administration, Ben Franklin Station, 12th 
and Pennsylvania Avenue, NW, Washington, D.C. 20461 

Bradley A .  Peavy, National Bureau o f  Standards, Washington, D.C. 20234 

Ronald K. Randall, Staff Associate, General Electric Co., 3135 Easton 
Turnpike, Fairfield, Connecticut 06431 

William E. Rapp, Jr., Vice President, Halstead and Flitchell, Division of 
Halstead Industries, Tnc., Highway 72, W, Scottsboro, Alabama 35768 

A .  A .  Robinson, Heatron, Inc., P.O. Box 5 4 ,  York, Pennsylvania 17405 

David Rosof f ,  Acting Director, Federal Energy Administration, Buildings 
R&D Programs, Ben Franklin Station, 1 2 t h  and Pennsylvania Avenue, NW, 
Washington, D.C. 20461 

David P. Ross, Southern Interstate Nuclear Board, 7 Dunwoody Park, 
Suite 104 ,  Atlanta, Georgia 30341 

Jeffrey H. Rumbaugh, PEPCO, 1900 Pennsylvania Avenue, NW, Washington, 
D.C. 20068 

A. Carl Schmidt, Climate Master Products, Division of Weil-McLain Co., 
Inc., 200 1J. Commercial Boulevard, Ft. Lauderdale, Florida 33309 

Ronald Schnacke, Refrigeration Systems Co., Inc., 611 State Street, 
Newburgh, Indiana 47630 

R. W .  Shanaman, Heatron, Inc., P.O.  Box 5 4 ,  York, Pennsylvania 17405 

M r s .  E. D. Shipley, P.O. Box 7 0 0 ,  Knoxville, Tennessee 

Ruth Skidmore, 103 Daniel Lane, Oak Ridge ,  Tennessee 37830 

Don Spethmann, Honeywell, Inc., 1500 W. Dundee, Arlington Heights, 
I1 lino is 
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Daniel S p r i n g ,  ORAU, Institute for Energy Analysis, P.O. Box 117, Oak 
Ridge, Tennessee 37830 

Robert ‘Tamblyn, President, Engineering Tnttxface Limited, 1200 Sheppard 
Avenue, E, Toronto,  Ontario MSK 2R8, Canada 

Richard F. Todd, Nesca, 1501. Wi-l-son Boulevard, Arlington, Virginia 22207 

Tom Waldrop, Energy Opportunities Consortium, Oak Ridge and Knoxville, 
Tennessee 

Theodore K. Walker, Tennessee Valley Authority, 523 Power Building, 
Chattanooga, Tennessee 37401 

Donald J. 1?alukas, Manager Energy Conservation, Systems Research, 
Research Laboratories, Westinghouse Electric Corporation, Research 
and Development: Center, Pittsburgh, Pennsylvania 15235 

J. E. Wel.dy, Marketing Consultant, General Electric Co., 3135 Easton 
Turnpike, Fairfield, Connecticut 06431 

Robert: G .  Werden, Werden Associates, Box 4 1 4 ,  Jenkintown, Pennsylvania 
19046 

Michael Zion, Penjerdel Refrigeration Co., 15 Union H i l l  Road, West 
Conshohocken, Pennsyl-vania 19428 



51 

APPENDIX B 





APPENDIX B 

Obm/ 
Hour Gp 

ANDREWS AFB WASHINGTON DC 

Mean Freguency of Occuweme of Drg Bulb Temperature ( O F )  With Mean Coincident Wet Bulb Temperature ( O F )  For Each Dry B d b  Temperature Ra?cge 

C OOLINO SEASON 

I 
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02 10 I #  Obm 

100/104 
06/90 
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86/89 
80/84 

76/79 
70/74 
66/69 
66/64 
66/69 
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Wet OS 10 1.3 Obar Wet 

6 0  6 
0 18 1 19 
1 az a 41 

6 88 18 61 
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87 48 KO 156 
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0 0 
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08 I7 01 ("F) 

71 
70 
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21 46 42 111 
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12 4 16 
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06 83 88 202 
61 6 42 109 
26 1 8 36 
6 0 6  

77 
76 
75 
75 
71 

70 
68 
64 
69 
64 

SEPTEMBER AUGUST 

1 0  1 
26 1 26 

1 62 7 60 
8 68 24 IO0 

38 69 62 164 
92 31 86 208 
66 10 46 123 

11 6 16 

2 0 2  
0 0 0  

a3 2 19 64 

76 
76 
73 
71 

69 
68 
63 
69 
66 

60 
47 

0 0 
8 8 

0 26 1 27 
3 40 9 62 

13 48 E9 86 
40 61 47 133 
68 38 63 149 
42 20 46 106 
44 11 52 87 

26 3 17 46 
11 4 16 
3 2 5  
1 0 1  

78 
74 

71 

68 
66 
62 
67 
63 

49 
46 
40 
86 

Ta 

OCTOBER 

Hour GP 
Tokd cbnt 

('F) OB 17 01 

0 
2 2 

10 0 10 

0 21 2 2s 
I 41 9 54 

12 44 26 31 
36 49 44 129 
I9  41 63 843 

61 30 62 135 
45 8 95 88 
31 2 21 64 
16 0 6 21 

6 1 6  

76 

68 

66 
62 
69 
56 
62 

48 
48 

36 
so 

71 

as 

in 
W 



MPENDIX B (cont inued)  

0 9 1 40 57 
2 10 3 15 66 

7 21 15 43 48 

12 29 21 62 44 
21  44 36 104 41 
47 47 55 149 37 
66 37 b2 152 33 
62 18 3 1  106 30 

23 B 12 43 24 
10 2 E 18 20 
E 0 1  7 1 6  
0 0 13 

K as 9 30 62 

T-94~5 
trrs 

€tUUW 
(OF) 

100/1M 
06/99 
90f94 
86/89 
30/84 

75/79 
40/14 
66/69 
60/64 
65/59 

50/64 
15f 46 
10/41 
25/39 
80134 

26/29 
20/24 
16/19 
10/14 
6/9 

or4 

4 19 12 36 
13 29 20 62 

28 34 36 97 

36 45 45 122 
43 28 44 120 
47 1s 3': 99 
27 2 l i  40 
11  1 2 14 

1 0 1  

2.9 a 25 a1 

NOVEMBER DECEMBER 

TOM 
O b m  

0 

3 
6 

4 18 6 27 
D 33 17 69 

20 43 24 87 

ao 44 4 1  115 
39 39 42 120 
51 SO 45 126 
42 16 89 97 
81 6 17 64 

9 1 8 1 6  
4 0 3  I 
1 0 1  
0 0 

m a n  
.co: 

m a  

nre)- 
dent 
Wet 

I ' F )  - 

68 

66 
60 
6B 
66 
61 

46 
42 

33 
30 

24 
20 
16 
12 

38 

Hour Cp 

I I 1  

0 0 
0 0 

0 4 1  6 
2 9 3 1 4  
4 13 7 24 

11 21 It: 46 
16 29 24 69 
26 43 S3 102 

63 41 48 142 

8.1 26 33 92 
31 62 21 70 
19 3 11 53 
1 0 2  9 
1 1 

44 48 46 158 

62 
61 
68 
65 
SI 

41 
42 
88 
as 
29 

24 
19 
16 
10 
I 

JANUARY 

0 0  
0 1 1  2 
1 3 1  6 
2 7 3 1 2  

3 14 6 22 
6 24 13 42 

!4 51 31 106 
13 61 60 144 
i9 4 5  68 166 

)9 24 42 106 
32 14 19 66 
50 9 16 45 
14 2 7 23 
5 0 2  4 

i 0 1  

64 
60 
65 
60 

46 
4: 
3: 
33 
29 

24 
I9 
16 
13 
6 

2 

FEBRUARY 

Hour Cp 

to to 
('Fi 

0 
3 1  

0 6 3  
a 13 4 

6 18 9 
12 23 17 
20 41 34 
YS 46 66 
58 40 55 

46 19 31 
21 10 14 

8 2 3  
3 0 3  

3 

11 4 a 

0 58 
4 68 
9 64 

20 61 

33 46 
62 41 

i2? 33 
153 29 

95 24 
45 19 
23 15 
13 10 
3 6  

0 2  

YS 38 

MARCH APRIL 

I 

71 
6? 
64 

61 
59 
67 
54 
60 

46 
42 

34 
29 

26 

38 

0 0 
7 0  7 

0 88 3 91 
6 211 26 216 

33 291 101 425 

117 279 230 626 
311 261 333 905 
319 230 299 846 
281 220 250 '781 
256 205 240 701 

229 209 232 670 
224 200 225 649 
95': 229 268 744 
273 197 250 I20 
268 152 219 639 

151 78 124 353 
98 39 68 205 
5.8 16 31 i l l  
30 4 13 47 

s : 2 ; 1  

1 0 :  

48 
76 
74 
12 
6B 

66 
63 
60 
56 
52 

47 
4.3 
38 
34 
30 

2 4  
19 
15 
1Q 
6 

2 

Source: Ezgineering Yeather Data, EAUFAC P89, U.S. Government P r i n t i n g  Off ice ,  Washington, D.C., 
June 15, 1967. 
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Insolation data (24-hr averages) f o r  Washington, D.C., computed from 
solar radiation data  provided in Appendix G 

l____--l____ 

Surf ace 
--_-- ~ _I 

Horizon tal N vertical E-W vertical S vertical 
(Btu/f  t2/day) ( B t u /  f t2/day) (Btu /  f t;*/day) (R t u / f  t2/dny) 

J a n u a r y  

Fe b r ua r y 

Pkrch 

A p r i l  

May 
June 

July 

August: 

S e p  t emb er 

October 

November 

December 

632.4 

901.5 

1255.0 

1.600.4 

3846.8 

2080.8 

1929.9  

1712.2 

1446.1 

1083.4 

763.5 

594.1 

1.07. 5 

135.2 

188.3 

256. I 

350.9 

457.8 

386.0 

291.1  

231.4 

173.3 

129.8 

101.0 

784.2 

1036.7 

1.380.5 

1600.4 

1599.1 

1872.7 

1756.2 

1678.0 

1561.8 

1224.2 

931.5 

778.3 

1397.6 

1298 (I 2 

1091.9 

784.2 

572.5 

561.8 

598.3 

821.. 9 

1272.6 

1527.6 

1.656. 8 

1574.4 
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TUBE CENTERS 
(in.) 
6 
7 
8 
9 
10 
11 
12 
13 
14 

ORNL-DWG 76-1500 

FEET OF TUBE P E R  f t 3  
O f  TANK 

4.0 
2.9 
2.25 
1.77 
1.44 
1.2 
1 .Q 
.85 
.73 

-7 

0 0.f 0.2 0.3 0.4 0.5 0.6 0.7 

OUTSIDE SURFACE AREA OF TUBE ( f t 2 / f t  of tube) 

A U L L  

TUBE 0.0. ( in.) 

Heat t r a n s f e r  ra te  vs s u r f a c e  area of tube f o r  va r ious  th icknesses  
of i c e  on tubes ,  based on ORNL experiments and o u t s i d e  f i . l m  
c o e f f i c i e n t s  ob ta ined  from Carrier System Design Manual, pp.  
1-82. 
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APPENDIX E 





6 in. 2 i n . 4  I 

ORNL-DWG 76-150t 

PEERLESS OF AMERICA INC. 
5800 N. PULASKI RD. 
CHICAGO, ILL. 60646 
IS TOOLED TO MAKE 
THIS COIL AS SHOWN 

ACES - 20 serpentine coil f o r  ice b u i l d i n g .  
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A?PE?;DIX P 
Br ine  p r o p e r t i e s  

Thermal Relative 
Devign S o l u t i o n  S p e c i f i c  c o n d i t i o n  V i s c o s i t y  F reez ing  B o i l i n g  c o s t  p e r  

(OF) Br ine  (%I ( l b / f t 3 )  (Btu/lb-OF) "F/f t) p o i s e s )  ( O F )  ("PI rise 11: ~ b j  s o l u t i o n  
t empera tu re  (by wt) Dens i ty  h e a t  (B t u /  hr- f t '- ( c e n t i -  p o i n t  p o i n t  Gpm/ton/lOO g a l  of 

15 

-5 

30 Sodium 
c h l o r i d e  

Calcium 
c h l o r i d e  

Methanol 
water 

E thano l  
water 

E thy lene  

Propylene  

Sodium 
c h l o r i d e  

Calcium 
c h l o r i d e  

Xe  t h a n o l  
water 

E thano l  
water 

E thy lene  
g l y c o l  

Propylene  
g l y c o l  

Calcium 
c h l o r i d e  

Met hano 1 
water 

E thano l  
water 

E t h g l e n e  
g l y c o l  

Propylene  
g l y c o l  

g l y c o l  

g l y c o l  

12  68.2 

1 2  69.2 

15 61 .5  

20 61.0 

25 64.7 

30 64.5 

2 1  72.8 

20 74.8 

22 60.4 

25 61.0 

35 66.0 

40 65.3 

25 78.4 

35 60 .0  

36 60.6 

45 67.4 

50  66.5 

0.86 

0.83 

1 .00  

1.04 

0.92 

0.94 

0.80 

0.72 

0.97 

1.02 

0.86 

0.89 

0.67 

0.89 

0.95 

0.79 

0.83 

0.28 

0.32 

0.28 

0.27 

0.30 

0.26 

0.25 

0.31 

0.26 

0.25 

0.28 

0.24 

0.29 

0.23 

0.22 

0.25 

0 .23  

2.2 17.5 

2.4 19.0 

3.2 13.5 

5 .5  12.0 

3.7 12.9 

8 .0  13.0 

4.2 1 . 0  

4.8 1.0 

5 . 3  4 .5  

a. 2 4.5 

6.8 0.0 

20.0 -4.2 

1 0 . 3  -21.0 

9.9 -22.0 

13 .5  -16.0 

17.2 -15.5 

80.0 -29.0 

215 2.55 

213 2.62 

187 2.45 

189  2.37 

217 2.52 

216 2.47 

216 2.57 

214 2.77 

182 2.56 

187 2.41 

219 2.65 

218 2.58 

215 2.85 

176 2.82 

183  2.62 

223 2.82 

222 2.72 

941  1 .61  

971 1 .78  

781 2 . 6 3  

621 4 .60  

775 2.92 

525 6.35 

693 2.90 

730 3.28 

599 4.44 

504 6 .85  

576 5.25 

103  c 

513 6.75 

98 8.40 

97 L. 

103  c 

98 c 

1 

3 

1 3  

20 

42 

43 

1 

5 m ul 
1 9  

25 

60 

58 

6 

30 

35 

78 

75 



-30 Calcium 30 82 .1  0 .63  0 .28  27.8 -47.0 215 2.90 110 e 8 

Met h a m 1  4: 60.0 0 .80  0.22 18 .0  -45. c: 1 7 1  3.13 91  e 3s 

50 E 'L ha:io 1 52 59.5 0 .81  0.19 20.2 -50.0 179 3.11 

E thy lene  55 69.0 0 .73  0.22 75.0 -43.0 227 2.98 93 e ?i 

Propy lene  60 67.2 0 . 7 7  0 .21  700.0 -55.0 227 2 .90  9 1  e 90 

c h l o r i d e  

water 

w a t e r  

g l y c o l  

g l y c o l  

83 e 

__- 
ah. 

b 

= c o e f f i c i e n z  of h e a t  t r a n s f e r  between b r i n e  and s b r f a c e  ( B t u / h r - f t 2 - ' l ) ,  a t  7 f p s  v e l o c i t y  f o r  0.554-in.  I D  t u b i n g .  
b 3  V = miniinum b r i n e  v e l o c i t y  ( f p s ) ,  a t  R e  = 3500 f o r  0 .55&-in .  I D  t ub ing .  

'ASove 10 f p s .  

Source: C a r r i e r  System Des ign  Manual, Tab le  10, pp. 4-28. 

U 
0 



71 

APPENDIX G 





L4DL4TION AED OTBEB SklA W R  71 S0CATII)NS IS THE 'JhITLU STKrES Ah'D CLVADA 

- 
H = Xonthly average d a i l y  t o t a l  r a d i a t i o n  on 2 

V = Pbnthly average dail17 rad ia t ion  on a south- 

h o r i z o n t a l  sur face ,  Btu/day-ft2 

f a c i n g  v e r t i c a l  sur face  

K = The f r a c t i o n  of the  e x t r a  t e r r e s t r i a l  r a d i a t i o n  
t ransmit ted through the atmosphere 

to = Ambient temperature, "F. 

- 
t 

January February March A p r i l  $by June July August September October Woveinber December 

Alb uque rque , N . M. 
L a t .  35'03' N 
E l .  5314 f t  

Apalachicola, Flor ida 
L a t .  40'52' N 
E l .  35 f t  

As tor ia ,  Oregon 
Lat. 46'12' N 
EI. 8 ft 

Atlanta ,  Georgia 
Lat. 33"39'  N 
E l .  976 ft 

Bismarck, N.D. 
Lat. 46'47' N 
E l .  1660 f t  

Blue H i l l ,  Mass. 
Lat. 42'13' Ei 
E l .  629 f t  

Boise, Idaho 
Lat. 43"34' N 
E l .  2844 f t  

- 
H 1150.9 
- V 2188.1 

0.704 :: 37.3  
- 
H 1107 
- V 1695.1  
Kt 0.577 
to 57.3  
- 
H 338.4 
- V 1096.3  :: tit? 
- 
H 848 
- V 1512.5 
Kt 0 .493  
to 47.2 
- 
H 587.4 

Kt 0 .594  
- v 1953.7 

to 12.4  
- 
H 555.3 
- V 1471.6 
Kt 0.445 
t 28.3 

Ii 518.8  
- V 1478 .5  
K 0.446 
tt 29.5 

- 

1453.9 
1862.8 
0 .691  
43.3 

1378.2 
1443.7 
0.584 
59.0 

607 
1169.1  
0.397 
44.7 

1080 .1  
1315.8  
0.496 
49 .6  

934 .3  
1837.6 
0 .628  
15.9 

79 7 
1312.8  
0 .458  
28 .3  

884.9 
1541.2 
0 .533  
36.5 

1925.4 
1471.9 
0.719 
5 0 . 1  

1654. 2 
1033.5 
0.576 
62.9 

1008.5 
1166 4 
0.454 
46.9 

1426.9 
1032.9 
0.522 
55.9 

1328.4 
1565.9 
0 .605  
29 * 7 

1143.9 
1149.9 
0.477 
36 .9  

1280.4 
1352.8  
0 "548  
45 .O 

2343.5 
993.7 
0.722 
59 .6  

2040.9 
659 .7  
0 .611  
69.5 

1401.5 
883.5 
0.471 
51.3 

1807 
715.6 
0 .551  
65 .O 

1668.2 
1073.1 
0 .565  
46.6 

1438  
780.5 
0 .464  
46.9 

1814.4 
1038.7  
0.594 
53 .5  

2560.9 
685.4 
0.713 
69.4 

2268.6 
486 -1 
0.630 
76.4 

1838.7 
813.5 
0.524 
55 .O 

2018.1 
503.4 
0 -561 
73.2 

2056.1  
930.0 
0 .558  
58 .6  

1776.4  
665.6 
0.501 
58.5 

2189.3 
870.5 
0.619 
62 .1  

2757.5 
641 .1  
0.737 
79.1 

2195.9 
430.4 
0 .594  
81.5 

1753.5 
690.9 
0.466 
59 .3  

2102.6 
459.4 
0.564 
80.9 

2173.8 
875.5 
0.579 
67.9 

1943.9 
649.8 
0.516 
67.2 

2376.7 
542.5 
0 .631  
69 .3  

2561.2 
647.0 
0 .695  
82 .8  

1978.6 
404.6 
0.542 
8 3 . 1  

2007.7 
319.6 
0 .551  
62.6 

2002.9 
472.3 

82.4 

2305 5 
962.6 
0 .634  
76 .1  

1881.5 
6 4 8 , l  
0 , 5 1 3  
72.3 

2500 .3  
915.3 
0.694 
79.6 

0.545 

2387.8 
100 .4  
0 .708  
80 .6  

1912.9 
594.0 
0 .558  
83.1 

1721  

0.538 
63.6 

1898.1  
744.7 
0.559 
81.6 

1929.1  
1264.0 
0.606 
73.5 

1622.1  
899.9 
0 .  495 
70.6 

2149.4 
1 2 5 6 - 3  
0 ,660  
77.2 

i i a 5 . 6  

2120.3 
1654.8 
0 .728  
7 3 . 6  

1703.3 
1089 .? 
0.559 
80 .6  

1322.5 
1533.3 
0.526 
62.2 

1519.2 
1124 
0 .515  
77.4 

1441.3 
1702.2 
0 .581  
61.6 

1314 
1329.8 
0 ,492  
64.2 

1717.7 
1824.1 
0.656 
66.7 

1639.8 
2069.8 
0.711 
6 2 . 1  

1544.6 
1590.6 
0.606 
73.2 

780.4 
1453 .1  
0.435 
55 .7  

1290.8  
1548 
0.543 
66 .5  

1018.1  
1934.3  
0 ,584  
49.6 

941  
1508.5 
3.472 
54.1  

1128.4 
1907.9 
0 .588  
5 6 . 3  

1274.2 
2395.5 
0.684 
47.8 

1243.2 
1885 e 0 
0 .574  
63.7 

+.,3.6 
1316.5 
0.336 
48.5 

997.8 
1764. X 
0.510 
54 .8  

500.4 
1961.9 
0.510 
31.4 

592.2 
1542.9 
0.406 
4 3 * 3  

678.6 
1900.9 
0 .494  
42.3 

1051.5 
2380.1 
0.704 
39.4 

982.3 
1739.7  
0 .543  
513.5 

v 
295.2 
1203.5 
0.332 
43.9 

751.6 
1588.6 
0.474 
47 .7  

464.2 
1958.3  
0.547 
18 .4  

482.3 
1563.3 
0 .436  
31 .5  

456.8 
1612.6 
0.442 
33 .1  



K a d i a t i o n  and  o t h e r  d a t a  f o r  7 1  loca t ions  in the United States and  Canada ( con t inued)  

Janua ry  February  March A p r i l  May June  J u l y  August September October  November December 

3 0 5 t O L l ,  & l S S .  

L a t .  42"22' N 
El. 29 f t  

Brownsv i l l e ,  T e x a s  
L a t .  25'55' N 
E l .  20 f t  

Car ibou ,  iXaine 
Lat, 46'52' N 
E l .  628 it 

C h a r l e s t o n ,  S . C .  
Lat. 32"54' N 
E l .  46 f t  

Cleve land ,  Ohio 
L a t .  41'24' N 
E l .  805 f t  

C o ~ u i i i b i a ,  Mo. 
Lac. 38"58' N 
E l .  785 f t  

Columbus, Ohio 
L a t .  40'00' N 
E l .  833 f t  

Davis, C a l i f .  
L a t .  88"33' N 
E l .  5 1  f t  

Dodge C i t y ,  Kan. 
L a t .  37'46' N 
E i .  2592 f t  

- 
H 505.5 
- V 1350.8  
Kt 0.410 
to 31.4 
- 
B 1105.9 
- V 1494.2 

:: 63.3 

H 497 
- V 1659.1  
K t  0.50L 
t 11 .5  

H 946 .1  
V 1627.9  
K t  0 .541  
to 53.6  

d 466.8 
- V 1160.6 
Kt 0 .361  
to 30.8 

B 651.3  
- V 1452.5 
K t  0 .458  
to 32.5 

H 486 .3  
- V 1126.8  
Kt 0.356 
t3 32 .1  

H 599.2 
- V 1315.4 
K t  3 .416  
t 47.6 

H 953 .1  
- V 2029.5 

0.517 

- 

- 

- 

- 

- 

- 

- 

- 

738 
1223.4 
0.425 
31.4 

1262.7 
1158.1  
0.500 
66.7 

861.6 
1699.7 
3.579 
12 .8  

1152.8  
1365.5 
0 .521  
55 .2  

681.9 
1384.2 
0 .383  
30.9 

941 .3  
1372 .O 
0.492 
36.5 

746.5 
1122.7 
0 .401  
33.7 

945 
1359,6  
0.490 
52 .1  

1186 ,3  
1665.0 
0 .598  
38.7 

1067.1  
1078. 8 
0 .445  
39.9 

1505.9 
796.5 
0.505 
70.7 

1360.1  
1607.6 
0.619 
24.4 

1352.4 
949.5 
0 .491  
63 .6  

1207 
1175.9 
0.497 
39.4 

1315.8  
1155.3  
0 .520  
45.9 

1112.5  
1010.2 
0.447 
42.7 

1504 
1302.4 
0 .591  
56.8 

1565.7 
1320 .3  
0.606 
46.5 

1355 
739.9 
0.438 
69.5 

1714 
455.5 
0.509 
76.2 

1495.9 
965.0 
0.507 
37 .3  

1918.8  
731.1 
0.584 
67 .8  

1443.9 
757.8 
0.464 
50.2 

1631.3  
819.5 
0 .514  
51 .7  

1480.8 
774.5 
0.470 
53.5 

1959 
967.8 
0.617 
63.1 

1975.6 
945.0 
0 .618  
57 .7  

1769 
667.3 
0.499 
50 .4  

2092.2 
392 .1  
0 .584  
81 .4  

1779.7 
807.5 
0.509 
51 .8  

2065.4 
494.6 
0 .574  
74.8 

1928.4 
695 .8  
0 .543  
62.4 

1999.6 
637 .O 
3.559 
66.7 

1839 .1  
610.6 
0 .515  
64 .4  

2368.6 
741.7 
0.662 
69.6 

2126.5 
644 .3  
0 .594  
66 .7  

1864 
627.2 
0.495 
69.8 

2288.5 
413.5 
0.627 
85 -1 

1779.7 
719.0 
0 , 4 7 3  
61.6 

2113.3 
445.9 
0 .567  
80.9 

2102.6 
67y.0 
0.559 
72.7 

2129.1 

0.566 
75.9 

(2111) 
595 .3  
(0.561) 
74.2 

2619.2 
730.6 
0.697 
75.7 

2459.8 
638.7 
0.655 
77.2 

578.4 

1860.5 
645.4 
0.507 
74.5 

2345 
425.6 
0.650 
86.5 

1898.1  
795.1 
0.522 
67.2 

1649.4 
374.1 
0.454 
52.9 

2094.4 
694 .1  
0 .571  
77 .O 

2148.7 
543.8 
0.585 
81.1 

2041.3 
636.9 
0.555 
78 

2565.6 
755.8 
0.697 
8 1  

2400.7 

0.652 
83 .8  

684 .7  

1570.1  
876.2 
0 .480  
73.8 

2124 
545.5 
0 .617  
86.9 

1675.6 
1101.0 
0 ,527  
65 .0  

1933.6 
731.1 
0.569 
82.3 

1840.6 
985.0 
0.559 
J 5 . 1  

1953.1  
963.6 
0 .588  
79.4 

1572.7 
806.8 
0 .475  
75.9 

2287.8 
1110.6 
0 .687  
79 .1  

2210.7 
1040.3  
0 .663  
82.4 

1267.5  
1289.8  
0.477 
66 .8  

1774.9 
965.4 
0.566 
84 .1  

1254.6 
1485.5  
0.506 
56.2 

1557.2 
1118.2 
3.525 
79.1 

1410.3  
1384.5 
0.524 
68.5 

1689.6 
1510.6 
0.606 
71.9 

1189.3 
1098.9 
0.433 
70 .1  

1856. S 
1637.6 
0.664 
76.7 

1841.7 
1582.5 
0 .654  
73.7 

896.7 
1446.2 
0.453 
57.4 

1536.5 
1387.9 
0.570 
78.9 

793 
1510.9 
0.455 
44.7 

1 3 3 2 , l  
1552.6 
0.554 
69.8 

99 7 
1545.4 
0 .491  
57.4 

1202.6 
1729.9 
0 562 
61.4 

919.5 
1365.5  
0 .441  
58  

1288.5 
1825.4 
0 .598  
67 .8  

1421  
1967.4 
0.650 
61 .7  

635 .8  
1670.4  
0.372 
46.6 

1104.8  
1476 .1  
0 .468  
70.7 

415.5 
1362.7 
3.352 
31 .3  

1073.8 
1834.1  
0.539 
59 .8  

526.6 
1309.7  
0 .351  
44.0 

839.5 
1841.3 
0.510 
45 .1  

479 
i090 .2  
0.302 
44.5 

795.6 
i718 .5  
0 .477  
57 

1065.3  
2234.3 
0.625 
46.5 

442.8 
1449.5  
0.400 
34.9 

982.3 
1513.7 
0 .488  
65.2 

398.9 
1689.9 
0.470 
1 6 . 8  

952 
1935.7 
0.586 
54.0 

427 .3  
1310.4 
0 .371  
32.6 

590.4 
1583.7  
0.457 
35.8 

430.2 
1201.6 
0 .351  
34.0 

550.5 
1452.1 
0 .421  
48.7 

873.8 
2231.7 
0.652 
36.5 

U 
P 



Radiation and other data f o r  71  locations i n  the United S ta tes  and Canada (continued) 

January February March A p r i l  May June J u l y  August September October Wovember December 

&st Lansing, Niiirhigan 
Lat. 42'44' N 
E l .  856 f t  

- 
H 
V - 

425.8 
1161.0 
0.35 
26.0 

739.1 
1244.2 
0.431 
26.4 

1086 
1113.0 
0.456 
35.7 

1249.8 1732.8 
692.6 664.5 
0.406 0.489 
48.4 59.8 

1914 
654.6 
0.508 
70.3 

188h.  5 
664.7 
0.514 
74.5 

1627.7 
921.5 
0.498 
72.4 

891.5 
1459.1 
0.456 
53.5 

~~ ~ 

379.7 
1272.7 
0.349 
29.0 

473.1 
1268.1 
0.333 
40.0 

1303.3 
1343.9 
0.493 
65 .O 

Kt 
to 
- 
H East Wareham, Mass. 

Lat. 41"46' N 
E l .  18 f t  

504.4 
1303.1 
0.398 
32.2 

762.4 
1231.8 
0.431 
31.6 

1132.1 
1118.7 
0.469 
39.0 

2048.7 
1384.9 
0.730 
58.7 

1392.6 1704.8 
742.1 625.7 
0.449 0.480 
48.3 58.9 

2447.2 2673 
866.3 611.1 
0.741 0.743 
67.3 75.7 

1958.3 
641.4 
0.520 
67.5 

2731 
557.7 
0.733 
84.2 

1873.8 
632.0 
0.511 
74.1 

2391.1 
518.4 
0.652 
84.9 

1607.4 
875.8 
0.489 
72.8 

2350.5 
797.3 
0.669 
83.4 

1363.8 
1357.5 
0.508 
65.9 

2077.5 
1435.6 
0.693 
78.5 

996.7 
1568.6 
0.496 
56 

1704.8 
1870.9 
0.695 
69.0 

636.2 
1616.1 
0.431 
46 

521 
1638.6 
0.461 
34.8 

1051.6 
1991.7 
0.626 
48.5 

V - 
Kt 
to 

E l  Paso, Texas 
Lat. 31'48' N 
E l .  3916 f t  

1247.6 
2030.6 
0.686 
47.1 

871.6 
1967 .O 
0.618 
27.3 

1612.9 
1801.9 
0.714 
53 .1  

1324.7 
2136.2 
0.647 
56.0 

Ely, Nevada 
L a t .  39'17' N 
E l .  6262 f t  

1255 
1847.1 
0.660 
32.1 

1749.8 
1552.5 
0.692 
39.5 

2103.3 2322.1 
1069.9 749.3 
0.664 0.649 
48.3 57.0 

2649 
728.0 
0.604 
65.4 

2417 
733.3 
0.656 
74.5 

2307.7 
1152.4 
0.695 
72.3 

19 35 
1747.7 
0.696 
63.7 

1473 
2139.9 
0.691 
52.1 

1078.6 
2393.1 
0.658 
39.9 

814.8 
2213.3 
0 .64 
31.1 

913.6 cn 
1851.1 
0.563 
50.8 

w 

V - 
Kt 

- 
H Fort Worth, Texas 

Lat. 32"50' N 
E l .  544 f t  

936.2 
1605.6 
0.530 
48.1 

1198.5 
1416 .O 
0.541 
52.3 

1597.8 
1118.7 
0.577 
59.8 

1829.1 2105.1 
694.5 502.8 
0.556 0.585 
68.8 75.9 

2437.6 
512.7 
0.654 
84.0 

2293.3 
518.3 
0.624 
87.7 

2216.6 
835.3 
0.653 
88.6 

1880.8 
1347 .O 
0.634 
81.3 

1476 
1715.9 
0.612 
71.5 

1147.6 
1954.0 
0.576 
58.8 

V - 
Kt 
t 

Fresno, Calif .  
Lat. 36'46' N 
E l .  331 f t  

712.9 
1458.2 
0.462 
47.3 

1116.6 
1516.9 
0.551 
53.9 

1652.8 
1345.8 
0.632 
59.1 

2049.4 2409.2 
939.3 698.6 
0.638 0.672 
65.6 73.5 

2641.7 
659.6 
0.703 
80.7 

2512.2 
686.3 
0.682 
87.5 

2300.7 
1038.9 
0.666 
84.9 

1897.8 
1575.6 
0.665 
78.6 

1615.1 
1029.2 
0.529 
82 

1957.5 
1758.6 
0.705 
71.4 

1415.5 
1896.1 
0.635 
68.7 

1312.2 
1346.9 
0.515 
75.7 

1394.8 
2015.8 
0.654 
58.3 

906.6 
1828.9 
0.512 
57.3 

1169.7 
1768.1 
0.537 
67.2 

969.7 
2138.5 
0.59 
42.0 

616.6 
1508.8 
0.44 
48.9 

Gainesville. Fla. 
Lat. 29"39' N 
E l ,  165 f t  

1036.9 
1582.9 
0.535 
62.1 

848 
1901.9 
0.597 
26.9 

1324.7 
1383.1 
0.56 
6 3 . 1  

1210.7 
1772.8 
0.633 
35 .o 

16 35 
1017.4 
0.568 
67.5 

1622.9 
1432 .O 
0.643 
44.6 

1956.4 1934.7 
629.5 413.2 
0.587 0.538 
72.8 79.4 

2002.2 2300.3 
1011.8 737.3 
0.632 0.643 
55.8 66.3 

1960.9 
383.6 
0.531 
83.4 

2645.4 
722.6 
0.704 
75.7 

1895.6 
386.5 
0.519 
83.8 

2517.7 
758.8 
0.690 
82.5 

1873.8 
579.2 
0.547 
84.1 

919.5 
1622.9 
0.508 
62.4 

Grand Junction, Colorado 
Lat. 39'07' N 
E l .  4849 f t  

2157.2 
1070.4 
0.65 
79.6 

793.4 
2141 -0 
0.621 
31.4 

- 
H 
V 

t 

- 
Kt 

Grand Lake, Colo. 
Lat. 40'15' N 
E l .  8389 f t  

7 35 
1733.9 
0,541 
18.5 

1135.4 
1713.9 
0.615 
23.1 

1579.3 
1469.5 
0.637 
28.5 

1876.7 1974.9 
937.4 673.9 
0.597 0.553 
39.1 48.7 

2369.7 
722.2 
0.63 
56.6 

2103.3 
658.3 
0.572 
62.8 

1708.5 
873.9 
0.516 
61.5 

1715.8 
1611.6 
0.626 
55.5 

1212.2 
1788.3 
0.583 
45.2 

775.6 
1799.6 
1). 494 
30.3 

660.5 
1862.9 
0.542 
22.6 



Radiation and o ther  da ta  f o r  7 1  loca t ions  i n  the  Uni ted  Scates and Canada (continued) 

January February March A p r i l  May June J u l y  A u g u s t  September October November December 

Lat. 47"29' M 
E l .  3664 f c  

Greensboro, N.C.  
Lat. 36'05' N 
E l .  891 f t  

G r i f f i n ,  Georgia 
Lat. 33'15' h: 
E l .  980 f t  

Hatteras, N . C .  
Lat. 35'13' M 
E l .  7 f t  

Indianapol is ,  Ind 
Lat .  39"44' N 
E l .  793  f t  

- 
Great Palls. Mont. n 524 

Inyokern, Calif. 
Lat .  35"39' 14 
E l .  2440 ft 

I thaca,  N . Y .  
Lat. 42'27' h 
E l .  950 f t  

Lake Charles ,  La.  
Lat .  30"13' N 
E l .  12 f t  

Lander, Wyo. 
La:. 42"48' hT 
01. 5370 f t  -,- 

- V i 7 9 7 . 1  
K 0.552 
t r  25.4 

n 743.9 
- v 1478.9 

- 

K 0.469 
t: 42.0 

H 889.6 
- V 1556.8 
Kt 0.513 

- 

to 48.9 
- 
H 891.9 
V 1708.2 

0.546 
- :: 49.9 
- 
Ii 526.2 
- V 1207.4 
K t  0.380 
to 31.3 

- 
n 1148.7 
- V 2241.8 
Kt 0.716 
t 47.3 

H 434.3 
- V 1165.9 

0 .351  :: 27.2 

3 899.2 
- V 1396.6 

- 

- 

:t y ; 3  

;c ;;:; 
0 
- 
H 786.3  
- V 2151.6 

0 

869.4 
1752.6 
3.596 
27.6 

1031.7 
1365.  S 
0.499 
44.2 

1135.8 
1363.3 
0.517 
51 .0  

1184.1  
1526.0 
0 .553  
49.5 

797.4 
1159.7 
0.424 
33.9 

1554.2 
2333.3 
0.745 
53.9 

755 
1256.0 
0.435 
26.5 

1145.7 
1218.3  
0.492 
5 8 , 7  

1146.1  
1934.5 
3.672 
26.3 

1369.7 
1651.0 
0 . 6 3 1  
35.6 

1323.2 
1051.2 
0.499 
51.7 

1450.9 
1033.4 
0.528 
59 .1  

1590.4 
1223.5 
0 . 5 9 3  
54.7 

1184.1 
1066.0 
0.472 
43.0 

2136.9 
1670.7 
0 . 8 0 3  
59 .1  

1074.9 
1090.1  
0.45 
36 

1487.4 
5146.6 
0 . 5 2 1  
63.5 

1638 
1682.9 
0 . 6 9 1  
34.: 

1621.4 1970.8 
1067.9 914.9 
0 . 5 5 1  0.565 
47.7 5 7 . 5  

1755.3 1988.5 
780.5 558.9 
0 .543  0.554 
60.8 69.9 

1923.6 2163.1 
746.4 528 .3  
0.586 0 . 6 0 1  
66 .7  74.6 

2128 2376.4 
909.4 641.2 
0.655 0 . 6 6 1  
61.5 69.9 

1481.2 1828 
766.8  600.6 
0 . 4 7  0 .511  
54 .1  64.9 

2594.8 2925.4 
1131.3 805.8 
3.8 0 , 8 1 5  
65.6 73.5 

1322.9 1779.3 

0 . 4 2 8  0 .502  
48.4 59.6 

724.8 673.7 

1 8 0 i . 8  2080.4 
545 .1  452.5 
0.542 0.578 
70.9 77.4 

1988.5 2114 
1104.8 813 .1  
0 , 6 4 7  0 , 5 9 ?  
45.5 56.0 

2179.3 
900.6 
0.580 
64 .3  

2111.4 
512.7 
0.563 
78.0 

2176 
466.8 
0 .583  
81.2 

2438 
573.9 
0.652 
77.2 

2042 
570.4 
0 .543  
74.8 

3108.8 
lqL.5 
0.830 
80.7 

2025.8 
684.2 
0.538 
68.9 

2213.3 
437.9 
0.597 
83.4 

2492.2 

0.662 
65.4 

- I ?  

8 5 4 .  a 

2383 
1021.7 
0.656 
73.8 

2033.9 
539 .0 
0.552 
80.2 

2064.9 
477.0 
0 .562  
83.0 

2334.3  
594 .3  
0.634 
80.0 

2039.5 
629 8 
0.554 
79.6 

2908.8 
755.7 
0.790 
87.5 

2031.3 
707 .3  
0 .554  
73.9 

1968.6 
408 .1  
0.538 
84.8 

2438.4 
862.7 
0 .665  
74.6 

1986.3  
1332.1  
0.627 
71.3 

1810.3  
794.0 
0.538 
78.9 

1961.2 
754 ,6  
0.578 
82.2 

2085.6 
880.4 
0.619 
79 .8  

1832.1  
930.6 
0.552 
77.4 

2759.4 
i 1 8 7 . 5  
0 .820  
84.9 

1736.9 
972.5 
0.530 
71.9 

1910.3 
605.6 
0.558 
85 .0 

2120.6 
1203.7 

72.5 
0.649 

1536.5 
1854.4 
0.626 
60.6 

1517.3 
1 2 2 9 .  i 
0.527 
73.9 

1605.9 
1169.5 
0 .543  
78.4 

1758.3  
1380.8 
0.605 
76.7 

1513.3 
1386.6 
0.549 
i0 .6  

2409.2 
1922.2 
0.834 
78.6 

1320.3  
1347.6 
0.497 
54.2 

1678.2 
1093.2 
0 .553  
81.5 

1712.9 
1773.5 
0.647 
61.4 

984.9 
1916.0 
3.574 
51.4 

1202.6 
1573.9 
0 . 5 3 1  
62.7 

1352.4 
1597.5 
0 .565  
6 8  

1337.6 
1698.4 
0 .58  
67.9 

1094.4 
1612.1  
0.520 
5 9 . 3  

1819.2 
2345.4 
0 .795  
68.7 

918.4 
1486.2 
0 .465  
53.5 

1505.5 
1573.5 
0.597 
73.8 

1301.8 
2136.3 
0 666 
48 .3  

575 .3  
1938.2 
0 .503  
38.0 

908 .1  

0 . 5 0 1  
51.5 

1073.8 
1864.1  
0.545 
57 .3  

1053.5 
1994.5 
0.566 
5 9 . 1  

662.4 
1493.5 
0 .413  
44.2 

1370.1  
2641.6 
0 .743  
57 .3  

466.4 
1231.0 
0.324 
41.5 

1122.  i 
1726.0 
0.524 
62.6 

837.3 
2252.3 
0.589 
33.4 

1782.3  

420.7 
1837.8 
0 .518  
29.1 

690.8 
1639.9 
0.479 
43.2 

781.5 
1618.3 
0.487 
49.4 

798.1 
1820.6 
0.535 
51.3 

491 .1  
1357.6 
0 . 3 9 1  
33.4 

1294.4 
2547.3 
0.742 
48.9 

370.8 
1220.4 
0.337 
25.6 

875.5 
1575.2 
0 .494  
56.9 

694.8 
2338.8 
0.643 
23.8 

U 



Radiation and o ther  d a t a  f o r  71  l o c a t i o n s  i n  the United States and Canada (continued) 

January February March A p r i l  Xay June J u l y  August September October November December 

Las Vegas, Nev. 
Lat. 36"05' N 
E l .  2162 f t  

Lemont, I l l i n o i s  
Lat. 41'40' N 
E l .  595 f t  

Lexington, Ky. 
L a t ,  38'02' N 
E l .  979 f t  

Lincoln, Neb. 
Lat .  40'51' N 
E l .  1189 f t  

L i t t l e  Rock, Ark. 
Lat. 34"44' ?J 
E l .  265 f t  

Los Angeles, Ca. (WAS) 
Lat. 33'56' N 
E l .  99 ft 

Madison, W i s .  
Lat. 43"08' N 
El. 866 f t  

Medford, Oregon 
Lat. 42"23' N 
El .  1329 f t  

Miami, F l o r i d a  
Lat. 25"47' N 
E l .  9 f t  

1035.8 
2059.2 
0.654 
47.5 

(590) 
1515.5 
(0.464) 
28.9 

- - - 
36.5 

712.5 
1744.1  
0.542 
27 .8  

704.4 
1320.5 
0.424 
44.6 

930.6 
1682 .O 
0.547 
56.2 

564.6 
1572. 8 
0 .49  
21.8 

435.4 
1164.6 
0 .353  
39 .4  

1292.2 
1737.8 
0.604 
71.6 

1 4 3 8  
1909.3  
0.697 
53.9 

879 
1414.0 
0.496 
30 .3  

- - - 
38.8 

955.7 
1482.8  
0 .528  
32 .1  

974.2 
1234.3  
0.458 
48.5 

1284 .1  
1580.7 
0.596 
56.9 

812.2 
1390.0 
0 , 4 7 8  
24 .6  

804.4 
1334.4 
0.464 
45.4 

1554.6 
1418.8 
0.616 
72 -0 

1926.5 
1530.5 
0.728 
6 0 . 3  

1255.7 
1236 .0 
0.520 
39.5 

- 
- - 

47.4 

1299.6 
1238.9 
0.532 
42.4 

1335.8  
1008.9 
0.496 
56 .O 

1729.5  
1266.1  
0.635 
59 .2  

1232 .1  
1281 .5  
0 522 
35.3 

1159.8 
1274.1  
0 .527  
50.8 

1828.8 
961.2 
0.612 
73.8 

2322.8 
1032.9 
0.719 
69.5 

14E1.5 
786 - 2  
0 .4?7  
49.7 

1834.7 
887.4 
0 .575  
57.8 

1587.8  
814.1 
0 ,507  
55 .8  

1669.4  
697.3 
0 .513  
65 .8  

1948 
782.5 
0 .595  
61.4 

1455.3  
819.2 
0%ir74 
45.0 

1807.4 
987.6 
il.584 
56 .3  

2020.6 
532.9 
0.600 
77.0 

2629.5 
739.1 
0 .732  
78.3 

1866 
681.7 
0.525 
59 .2  

2171.2 
665.3 
0 .606  
67.5 

1856 .1  
652 - 3  
0.522 
65 .8  

1960.1  
516.6 
0.545 
7 3 . i  

2196.7 
556.1 
0 .610  
64.2 

1745.4 
681.2 
0 .493  
6 1  .O 

2216.2 
836.7 
0 .625  
6 3 - 1  

2063.6 
385 .8  
0 .578  
79.9 

2799.2 
6?9 .7  
0.746 
88 .2  

2041.7 
665.6 
0.542 
7 0 , s  

- 
- 
- 

76.2 

2040.6 
640.2 
0.542 
76.0 

2091.5 
479.7 
0.559 
76.7 

2272.3 
502.9 

66.7 

2931.7 
7rJ7.0 
9 .540  
70.9 

2440.5 
821.8 
0 .648  
69.4 

1991.5 
358.7 
0.545 
82.9 

0 .608  

2526 
b68. 9 
0.685 
95  .O 

1990.8 
668 .3  
0.542 
75.6 

2246.5 
647.9 
0.610 
79.8 

2011.4 
648.9 
0.54? 
82.6 

2081.2 
517 I 8 
0.566 
85.1 

2413.6 
577.3 
0.657 
69.6 

2046.5 
735.0 
0 * 559 
76.8 

2607.4 
905.1 
0 .71O 
76.9 

1992.6 
360.1 
0.552 
84 .1  

2342 
1027.2  
0.637 
92.9 

1836.9 
996 .8  
0.559 
74 .3  

2064.9 
982.1 
0.619 
78.2 

1902.6 
998 .3  
0.577 
80.2 

1938.7 
800 6 
0.574 
84 .6  

2155.3 
857.2 
0 .635  
70.2 

1740.2 
1000.5  
0.534 
74.4 

2261.6 
1263.0 
0.689 
76.4 

1890.8  
482.1 
0.549 
84.5 

2062 
1671.1  
0.716 
85.4 

1469.4 
1457.2 
u.547 
67 .2  

1775.6 
1539.4 
0 .631 
72.8 

1543.5 
1484 .O 
0.568 
71.5 

1640.6 
1265.3  
0.561 
78.3 

1898.1  
1419.9 
0 .641  
69 .1  

1443.9 
1510.2 
0.5b9 
65.6 

1672.3  
1702.7 
0 .628  
69.6 

1646.8 
890.2 
0 .525  
83.3 

1602.6 
2097.4 
0.704 
71.7 

1015.5 
1591.6 
0.506 
57 .6  

1315.8 
1837.5 
0.604 
61.2 

1215.8 
1841.0 
0.596 
59.9 

1282.6 
1600.7 
0.552 
67.9 

1372.7 
1663.7 
0.574 
66 .1  

99 3 
1651.0 
0.510 
53.: 

1043.5 
1684.1  
0.526 
58.7 

1436.5  
1291.2. 
0.534 
80.2 

1190 
2335.6 
0.657 
57.8 

(639) 
1613.9 
(0.433) 
43.0 

- 
- 
- 

47.6 

773.4 
1861.8 
0.508 
43 .2  

97.3.6 
169 4.4 
0.484 
54 .7  

1032.3 
1938.0 
0 .551  
62.6 

555.7 
1521.7 
0 .396  
37.8 

558.7 
1492.2 
0 I384 
47.1 

1321  
1756. 7 
0.559 
75.6 

964 .2  
2285.9 
0 .668  
50 .2  

(531) 
1658.7  
(0.467) 
30.6 

681.5 
1760.0 
0 .513  
38.5 

643.2 
1896.7  
0.545 
31 .8  

701.1 
1563 .1  
0 .463  
46.7 

901.1 
1931.8 
0.566 
58 .7  

455.9 
1 7 0 4 , 7  
0 .467  
25.4 

346.5 
1135.5 
0 313 
40,5 

1183.4 
1814 * 2 
0.588 
72.6 

U 



Radiation and other  dara  f o r  7 1  loca t ions  in the  United States and Canada (cont inued)  

Lanuary February Yarch A p r i l  May June J u l y  Augus; 

Midland, T e x a s  
Lat. 31'56' N 
~ 1 .  2854 ft 

N a s h v i l l e ,  Tenn . 
Lac. 36'07' ti 
31, 605 f c  

Newport, R . I .  
L a t .  41'29' N 
X1. 60 f z  

New York, N.Y. 
L a t .  40'46' M 
El, 52 ft 

O a k  Ridge, Tenn. 
Lat. 36'01' ?I 
E l .  905 f t  

Oklahoma C i t y ,  Oklahoma 
L a t .  35'24' K 
E l .  1304 f t  

Ottawa, Ontario 
Lat. 45'20' N 
E l .  339 f t  

Phoenix,  kriz. 
L a t .  33O26' N 
E l .  1112 fc 

P o r t l a n d ,  Maine 
Lat. 43'39' N 
El. 6 3  ft 

1066.4 
1742.4 
0.587 
47.9 

589.7 
1174.0 
0 . 3 7 3  
42.6 

565.7 
1437.8 
0.438 
29 " 5  

539.5 
1513.9 
0.406 
35 .O 

604 
1197.4 
0 I 382 
41.9 

9 38 
1810.9 
0.580 
40.1 

539 .1  
1677.3  
0.499 
14.6 

1126.6 
1988.9 
0.65 
54.2 

565.7 
1619.2 
0.482 
23.7 

1345.7 
1509.5 
0.596 
52.8 

907 
1205.6 
0.440 
45 .1  

856.4 
1366.7 
0.482 
32 .O 

793.8 
1222.3 
0.455 
34.9 

895.9 
1186.9 
0.435 
44.2 

1192.6 
1546.8 
0 . 5 7 1  
45 .e 

852.4 
1590.0 
0.540 
15.6 

1514.7 
1830.5 
0 . 6 9 1  
58.8 

874.5 
1528.2 
0 . 5 2 4  
24.5 

1784.8 
1212.5 
0.638 
60 .O 

1246.8 
991.7 
0.472 
52.9 

1231.7 
1203.8 
0.507 
39.6 

1180,4  
1121.5 
0 , 4 8 0  
43 .1  

1241.7 
984.0 
0 .471  
51.7 

1534.3 
1188.5 
0.576 
53.2 

1250.5 
1405.2 
0 .554  
27.7 

1967.1 
1411.5 
0.716 
64.7 

1329.5 
1408.9 
0 .569  
34.: 

2036.1 
724.9 
0.617 
68 .8  

1662.3  
740.3 
0.514 
63.0 

1484.8  
782.0 
0.477 
48 .2  

1426.2 
728.6 
0 .455  
52 .3  

1689.6 
749 .1  
0.524 
61.4 

1849.4 
797 .1  
0.570 
63.6 

1506.6 
821.0 
0 .502  
43.3 

2388.2 
935.4 
0 .728  
7 2 . 2  

1528.4 
877.8 
0.500 
44.8 

2301.1 
528.2 
0.639 
77.2 

199 7 
562.2 
0.556 
71.4 

1849 
669.7 
0.520 
58.6 

1738.4 
608.5 
0.488 
63 .3  

1942.8 
544.4 
0 . 5 4 1  
69.8 

2005.1 
545.8 
0.558 
71.2 

1857.2 
794 .3  
0.529 
57.5 

2709.6 
668 .3  
0.753 
80 .8  

1923.2 
767.5 
0.544 
55.4 

2317.7 
474.5 
0 .622  
83.9 

2149.4 
522.7 
0 .573  
80 .1  

2019.2 
651.7 
0 .535  
57.0 

1994.1  
623.2 
0 . 5 3  
72.2 

2066.4 
500.4 
0.551 
77.8 

2355 
555.8 
0.529 
80.6 

2384.5 
794.2 
0.554 
67 .5  

2781.5 
601.7 
0.745 
89 .2  

2317.3 
717.7 
0.536 
65 .1  

2301.8 
500.9 
0.628 
85.7 

2079.7 
552.0 
0.565 
83.2 

1942.8 
646 .4  
0.529 
73 .2  

1938.7 
622.8 
0.528 
76.9 

1972.3  
521 .1  
0.536 
50.2 

2273.8 
583.9 
0 . 6 1 8  
85.5 

2045.4 
806.5 
0.550 
71.9 

2459.5 
571.5 
0.657 
94.6 

2095.6 
769.5 
0 .572  
71.1 

219 3 
748.0 
0.643 
85 .O 

1862.7 
818 .1  
0 .554  
81.9 

1687.1  
908.7 
0 .513  
72.3 

1605 .9 
839.7 
0.486 
75 .3  

1795.6 
785.3 
0.534 
78.8 

2211 
941 "0 
0.656 
85.4 

1752.4 
1092.3 
0.546 
69.8 

2299.6 
892.8 
0 .677  
92.5 

1799.2 
1054.9 
0.554 
69.7 

September Ociober Novenber December 
- 

1921.8 
1334.4 
0.642 
78.9 

1600.7 
1298.8 
0.556 
76.6 

1411.4 
1390.1  
0.524 
66.7 

1349.4 
1293.2 
0.500 
69.5 

1559.8 
1 2 6 1  .I 
0.542 
74.5 

1819.2 
1438.3 
0 .628  
77.4 

1326.6 
1495 - 5  
0.521 
61.5 

2131.3 
1563.5 
0.722 
87.4 

1428.8 
1521.8 
0.546 
61.9 

1470.8 
1620.5 
0.600 
70.3 

1223.6 
1603.2 
0.540 
65.4 

1035.4  
1610.5 
0.512 
56.2 

977.8 
i 4 7 5 . 3  
0 .475  
59.3 

iL94 .8  
1560.1  
3.527 
62.7 

1409.6 
1801.5 
0.614 
66.5 

826.9 
1493.1 
0.450 
48.9 

1688.9 
2009.0 
0 . 7 0 8  
75.8 

1035 
1755.6 
0.539 
51.8 

1244.3 
2014.4 
0.509 
56.6 

823.2 
1617.9 
0.454 
52 .3  

656 .1  
1639.7 
0 . 4 4  
46.5 

598 .1  
1432.6 
0.397 
48.3 

736.3 
1558.5 
3.438 
50.4 

1085.6 
2071.3 
0.588 
52.2 

458.7 
1402.4 
0.359 
35 

1200 
2258.4 
0.657 
63.6 

591.5 
1664.0 
0.431 
40.3 

1023.2 
1946.1  
0.611 
49 .1  

614.4 
1463.7 
0.426 
44 .3  

527.7 
1627.7 
0.460 
34 .r, 

476 
1395.2 
0 .403  
37.7 

610 a3 

1443.7 
0.422 
42.5 

897.4 
2064 a 7 
0.608 
43 .1  

408.5 
1596.6 
0.436 
19.6 

i 0 4 0 , 9  

v 

1175.9 
0.652 
56.7 

507.7 
1801.4 
0 . 4 9 1  
28.0 



P 

Radiat ion and o t h e r  da ta  f o r  7 1  loca t ions  i n  the  United S t a t e s  and Canada (continued) 

January February March April May June J u l y  August September October Noveaber D e c e m b e r  

Rapid Ci ty ,  S.D. 
L a t .  44'09' N 
El. 3218 ft 

Riverside,  Cal i f .  
L a t .  33'57' N 
E l .  1020 ft 

Sain t  C l o u d ,  Minn. 
Lat. 45"35' N 
El. 1034 f t  

Salt Lake City,  Utah 
L a t .  40'46' N 
E l .  4227 f t  

San Antonio, Tex. 
Lat. 29'32' N 
El. 794 fr: 

Santa Maria, C a l i f .  
L a t .  34"54' N 
E l .  238 f t  

- 
H 687.8 
- V 2019.5 

:: E1 
- 
H 999.6 
- V 1808.1 

;t y ; 9  

YZ5 

0 - 
H 632.8 
- V 1992.3 

- 
H 6 2 2 . 1  
- V 1515.1  
K 0.468 
t: 29.4 

H 1045 
- V 1589.5 
K t  0.541 
t 53.7 

H 983.8 
- V 1858.0 
Kt  0.595 
to 54.1  

- 

- 

- 
S a u l t  S te .  Marie, Mich. H 

v 
E l .  724 f t  
Lat .  46'28' N - 

- 
Sayvi l le ,  N.Y. 1% 
Lat. 40"30' N - 

Kt E l .  20 ft 

to 

V 

- 
Schenectady, N.Y. H 
Lat .  42"50' N - 

Kt 

V 

t 
E l .  217 f t  

488.6 
1602.2 
0 .490  
1 6 . 3  

602.9 
1444.6 
0 .453  
35 

488.2 
1338.3  
0.406 
24.7 

1032.5 
1840.4 
0.627 
27.4 

1335 
1644.4 
0.617 
57.0 

976.7 
1839 .O 
0.629 
16.9 

986 
1524.0 
0.909 
36.2 

1299.2 
1351.4 
0.550 
58 .4  

1296.3 
1652.1  
0 .  b13  
55 .3  

843.9 
1641.1  
0.560 
16.2 

936.2 
1429.6 
0 . 5 1 1  
34.9 

753.5 
1273.7 
0 . 4 4 1  
24,6 

1503.7 
1622.1 
0.649 
34.7 

1750.5 
1282.3 
0 . 6 4 3  
60.6 

1383 
1567.2 
0 . 6 1 4  
29.8 

1301.1 
1236.2 
0.529 
44 .4  

1560.1 
966.2 
0 .542  
65 .O 

1805.9 
1372.7 
0 . 6 7 1  
57.6 

1336.5 
1559.3 
0.606 
25.6 

1259.4 
1183.8 
0 "510 
43.1  

1026.6 
1056 .O 
0 . 4 3 3  
34.9 

1807 
1057.6 
0 .594  
48.2 

1943.2 

0 .594  
6 5  .O 

1598.1 
985.8 
0.534 
46.2 

1813.3 
926.4 
0.578 
53.9 

1664.6 
532.7 
0.500 
72.2 

2067.9 
870.6 
0.636 
59.5 

1559.4 
992.2 
0.526 
39.5 

1560.5 
788 .1  
0 . 4 9 8  
52 .3  

1272.3 
707.8 
0 .413  
48.3 

781.2 

2028 
826.5 
0.574 
5 8 . 3  

2282.3 
578.2 
0 .635  
69 .4  

1859.4 
803 .1  
0.530 
58.8 

- 
- 
- 

63.1  

2024.7 
430.7 
0 .563  
79.2 

2375.6 
631 .2  
0 . 6 6 1  
61.2 

1962.3 
877.0 
0 .560  
5 2 . 1  

1857.2 
641.7 
0.522 
63.3 

1553.1 
598.2 
0 .438  
61.7 

2193.7 
796.9 
0 .583  
6 7 . 3  

2492.6 
5 5 2 . 1  
0.667 
74.0 

2003.3 
770.8 
0 .533  
68.5 

- 
- 
- 

71.7 

814.8 
159 .O 
0.220 
85 .O 

2599.6 
600.5 
0.695 
63.5 

2064.2 
821.6 
0.549 
61.6 

2123.2 
655.0 
0 .564  
72.2 

1687.8 
579 .  a 
0.448 
70.8 

2235.8 
839.3 
0 .612  
76 .3  

2443.5 
585.0 
0 .665  
81.0 

2087.8 
831.6 
0 . 5 7 3  
7 4 . 4  

- 
- - 

81.3 

2364.2 

0.647 
87.4 

2540.6 
637.2 
0.690 
6 5 . 3  

2149.4 
886.6 
0.590 
6 7 . 3  

2040.9 
647.0 
0.555 
76.9 

1662.3 
589 .O 
0 , 4 5 4  
76.9 

480.4 

2019.9 
1206.5 
0.622 
75 .o 

2263.8 
901 .1  
0 .668  
81.0 

1828.4 
1149.8 
0.570 
71 .9  

- - - 
79 .O 

2185.2 
671.9 
0.637 
87.8 

2293.3 
954.3 

65.7 

1767.9 
1146.1 
0 .554  
66 .0  

1734.7 
896.8 
0.525 
7 5 . 3  

1494.8  
849.6 
0.458 
73.7 

0.678 

1628 
1764 .O 
0.628 
64.7 

1955.3 
1463.6 
0.665 
78.5 

1369.4 
1556.4 
0.539 
62.5 

1689.3 
1619 .O 
0.621 
68.7 

1844.6 
1170.1 
0 .603  
82.6 

1965.7 
1525.6 
0 .674  
65.9 

1207 
1411.3 
0.48I  
57.9 

1446.8 
1372.3  
0.530 
69 .5  

1124.7 
1163.9 
0.426 
64.6 

1179.3 763.1 

0 .624  0.566 
52.9 38.7 

2038.7 2201.8 

1509.6 1169 
1830.8 2094.9 
0.639 0.606 
71  .O 63.1  

890.4 545.4 
1622.2 1687.2 
0.490 0 .435  
50.2 32 .1  

1250.2 
1886.4 - 
0.610 - 
57.0 42.5 

1487.4 1134.4 
1521.0 1663.3 
0.584 0.507 
74.7 6 3 . 3  

- 

1566.4 1169 
1966.6 2183.7 
0.676 0.624 
6 4 . 1  60 .8  

809.2 392.2 
1520.8 1263.5 
0.457 0 .323  
46.8 33.4 

1087.4 697.8 
1621.9 1644.4  
0.527 0 , 4 5 0  
5 9 . 3  48.3 

820.6 436.2 
1348.4 1175.5 
0.420 0.309 
53.1 40 .1  

590.4 
2158.0 
0 . 5 5 8  
29 .2  

979.7 
2102.1 
0 626 
57 .2  

463 .1  
1834.7 
0.504 
18 .3  

552 .8  
1620.3  
0.467 
34 .O 

954.6 
1678.2 
0.528 
56.5 

9 4 3  * 9 
2121 * 2 
0.627 
5 6 . 1  

359.8 
1493.5 
0 .408  
21.9 

533.9 
1534.4 
0 .447  
37.7 

356.8 
1203.6 
0 . 3 3 1  
28.0 

-4 



Radiation and  o t h e r  d a r a  f o r  71  locations in t h e  Un i t ed  States and  Canada ( con t inued)  

Janua ry  February  Xarch A p r i l  Pay June J u l y  August September October  November December 

S e a t t l e ,  Wash. 
i a t .  47'27' X 
51. 386 f t  -, 

Seabrook, N . J .  
L a t .  39"30'  N 
E l .  100 f t  

Spokane, Wash. 
Lat. 47'40' N 
'1. 1968 E t  -- 

Sta te  Co l l ege ,  Pa .  
L a t .  40'48' M 
E l .  1175 f t  

S t i l l w a t e r ,  Okla. 
Lac, 56"09'  K 
E l .  910 f t  

Tampa, F l a .  
La t .  27'55' N 
E l .  11 f t  

Toronto ,  O n t a r i o  
'sat. 43"41' M 
E l .  379 f t  

Tucson, Ar izona  
L a t .  32'07' N -... I .  2556 ft - -  

Upton,  N . Y .  
L a t .  40"52' N 
E l .  75 f t  

- 
H 282.6 
- V 967.8 
K r  0.296 
t: 42 .1  

H 591.9 
- \' 1346.6 
K t  0.426 
t 39.5 

H 446.1 
- V 1542 .0 

to 26.5 

H 501.8 
- V 1224.6 
K_  0 .381  
t -  31 .3  

H 763.5 
- V 1522.7 
K 0.484 
t 41.2 

- 

- 

K t  0.478 

- 

- 

t 

- 
I-1 1223.6 
- V 1768.2 

:t y ; 5  
0 
- 
d 451.3 
- V 1293.9 
K t  0.368 
t 26.5 
- 
H 1171.9 
- L' 19 39.3 
K 0 .648  
t to 53 .7  

- 
H 583 
- V 1428.5 
K 0.444 
t t  35.0 

520.6 
1048.2 
0.355 
45 .0 

854.2 
1265.5 
0 .453  
37.6 

837.6 
1699.2 
0.579 
31.7 

749.1 
1159 a 6 
0 .413  
31.4 

1081.5 
1439,2  
0.527 
45.6 

1461.2 
1429.5 
0.600 
55.7 

674.5 
1180.3  
0.406 
26.0 

1453.5  
1670.8  
0.646 
5 7 . 3  

872.7 
1355 .O 
0.483 
34.9 

992.2 
1194.7 
0 .456  
43.9 

1195.6 
1068.3 
0.476 
43.9 

1200 
1454.8  
0.556 
40.5 

1106.6 
1052.8  
0 .451  
39.8 

1463.8  
1165.7 
0 .555  
53 .8  

1771.9 
1025.8  
0.606 
68 .8  

1088.9 
1155.3  
0.467 
34.2 

- 
- 
- 

6 2 . 3  

1280.4 
1221.4 
0.522 
43 .1  

1507 
991.5 
0.510 
5 4 . 1  

1518.8  
779.2 
0.481 
54 .7  

1764.6 
1169.4 
0 ,602  
49.2 

1359.2 
715.8 
0 .448  
51 .3  

1702.5 
759.4 
0.528 
64.2 

2016.2 
596.3 
0 .602  
74.3 

1388.2 
798 .3  
0 .455  
46 .3  

2434.7 
889.5 
0 .738  
69.7 

1609.9 
826 .O 
0.514 
52 .3  

1881.5 
872.4 
0.538 
59 .8  

1800.7 
586 .1  
0 .504  
64.9 

2104.4 
983.5 
0 .603  
57.9 

175L.6 
615.2 
0 .493  
63.4 

1875.3  
529.9 
0.523 
71.6 

2228 
448.6 
0.623 
79.4 

1785.2 
713.4 
0.506 
58  

- 
- 
- 

78.0 

1891.5  
665.3 
0.532 
6 5 . 3  

1909.9 
788.3 
0.508 
64.4 

1964.6  
544.2 
0.522 
74 .1  

2226.5 
926.2 
0 .593  
64.6 

2027.6 
634.6 
0.539 
71.8 

2235.8 
544.4 
0.596 
81.1 

2146.5 
405 .0 
0.583 
83.0 

1941.7 
691.7 
0.516 
68 .4  

2601.4 
528.5 
0 .698  
87.0 

2159 
677.9 
0 .574  
72.2 

2110,7  
903.8 
0 .581  
68.4 

1949.8  
596 .6  
0.530 
79.8 

2479.7 
1070.4 

73.4 
o .  584 

1968.2 
633.4 
0.536 
75.8 

2224.3 
591.2 
0.60Li 
85.9 

1991.9 
385.4 
e .  548 
84 .0 

1968.6 
724.3 
0.539 
73.8 

2292.2 
498.3 
0.625 
4 0 . 1  

2044.6 
660.1 
0.557 
76.5) 

1688.5 
1131.1 
0 .533  
67.9 

1715 
863.5  
0.517 
77.7 

2076 
1400.6 
0.656 
i 1 . 7  

1690 
884.9 
0.512 
73.4 

2039.1 
896 - 9  
0.607 
85.9 

1845.4 
525.6 
0.537 
94.6 

i622 .5  
952.5 
0.500 
71.8 

2179.7 
791.7 
0.640 
87 .4  

1789.6 
939.7 
0.542 
75.3 

1211.  8 
1461  .O 
0.492 
6 3 . 3  

1445.7 
1314.9 
0 .524  
69.7 

1511 
1833.9 
0.616 
62.7 

1336.1  
1282.1  
0.492 
66 .1  

1724.3  
1400.7  
0.599 
7 7 . 5  

1687.8 
1002.4  
0.545 
82.9 

1284.1  
1369.2 
0 .493  
64 .3  

2122.5 
1476.3 
3.710 
84 .0 

1472.7 
1416.8  
0.542 
69.5 

702.2 
1364.6 
0 .407  
5 6 . 3  

1071.9 
1567.7 
0.508 
61.2 

844.6 
1653.2 
0.494 
51 .5  

1017 
1536.7 
0 .496  
55 .6  

1314 
1723.6 
0 .581  
67.6 

1493.3 
1447.4 
0.572 
77.2 

835 
1418.2 
0.438 
52.6 

1643.9 
1854.6 
0.672 
73.9 

1102.6 
1670.8  
0.538 
59 .3  

386.3 
1299.6 
0.336 
48.4 

721.8 
1 6 1 4 .  0 
0.449 
48.5 

486.3 
1651.3  
0.428 
37.4 

560.1 
1392.2 
0.379 
43.2 

991.5 
1951.3  
0.545 
52.6 

132 8.4 
1899.7 
0.590 
69.6 

458.3 
1291.5 
0.336 
40.9 

1322.1  
2175.3 
0.650 
62.5 

686.7 
1654.7 
0 .448  
48 .3  

239.5 
1044.5  
0.292 
44.4 

522.5 
1431.4  
0.416 
39.3 

2 79 
1229.7  
0.345 
30.5 

443.4 
1304 .3  
0.376 
32.6 

783 
1864.4  
0.544 
43.9 

1119.5  
1859.5 
0.589 
65.5 

352 .8  
1254.3  
0.346 
30.2 

1132.1  
2207.0 
0.679 
56.; 

551 .3  
1627.7 
0.467 
37 .7  

a, 
0 



Radia t ion  and o t h e r  d a t a  f o r  7 1  l o c a t i o n s  i n  the United S t a t e s  and Canada (continued) 

January February March A p r i l  May June July August September October November December 
- - ~~ ~ 

Washington, D.C. (WBCO) H 632.4 901.5 1255 1600.4 1846.8 2080.8 1929.9 1712.2 1446.1  1083.4 7 6 3 . 5  594.1 

E l .  64 f t  Kt 0.445 0.470 0.496 0.504 0.516 0.553 0.524 0.516 0.520 0.506 0.464 0.460 
V 1404.2 1309.2 1097.7 800.2 585.5 562.9 575 .5  841.0 1288.0 1552.8 1667.5 1586.2 

to 38.4 39.6 4 8 , 1  57.5 67.7 76 .2  79.9 77.9 72 .2  60.9 50.2 40.2 

Lat .  38'51' N - 

Source: Benjamin Y.  H. Liu and Richard C.  Jordan, "A R a t i o n a l  Procedure €or  P r e d i c t i n g  the Long-Term Average Performance of F l a t  Plate Solar- 
Energy C o l l e c t o r s , "  SokirJ E W F ~ ~  7 ( 2 )  : 53-74 (1963) .  
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APPENDIX H 

Source: Iven Bennett, "Monthly Maps of Mean Daily Insolation f o r  
the United Sta tes ,  " Vol. 9, No. 3,  pp . 145-152 in Proceedings of  SoZar 
Energy  Society Conference, Phoenix, Arizona, March 15-1 7 ,  1965.  
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APPENDIX H 
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APPENDIX H (continued) 

T- 
........... ~ ................... - -  I 

- m. 
1.. 
m- - L - .-- 

1)ai.l.y t o t a l  sol-ar r a d i a t i o n  (average days )  (LangPeys/day) . 
(1 Langley = 3.68 B t u / f t ' )  
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APPENDIX H (continued) 

I !  1 

Daily t o t a l  solar radiation (average days) (Langleys/day). 
( 1  Langley = 3.68  B t u / f t 2 )  
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APPENDIX H (continued) 

D a i l y  total so lar  r a d i a t i o n  (average d a y s )  (Tdangleys/day). 
(1 Langley  = 3.68  Btu/ft2) 
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APPENDIX H (continued) 

Daily total solar r a d i a t i o n  (average days) (Langleyslday). 
(1. Langley = 3.68 Etu/ft2) 
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APPENDIX H (cont inued)  

Daily t o t a l  so la r  radiation (average days)  (Langleyslday). 
(1 Langley = 3.68 B t u / f t 2 )  
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APPENDIX I 

SUPPLIERS OF ACES COMC’ONENTS AND SYSTEMS 

C h i l l e r  Evapora tors  
Heatron I n c . ,  333 E b e r t s  Lane, York, Pennsylvania  17405 
Bohn Aluminum & Brass Corp.,  Heat T r a n s f e r  D i v i s i o n ,  1625 E. Voorhees 

ITT B e l l  & G o s s e t t ,  8200 N .  A u s t i n  Avenue, Morton Grove, 

Dunham-Bush, Inc., 175 South  S t r e e t ,  H a r t f o r d  Connect icu t  06110 
R e f r i g e r a t i o n  Research,  525 N.  F i f t h  S t r e e t ,  Br ighton ,  

S t r e e t ,  D a n v i l l e ,  1 l l . i n o i s  61832 

I l l i n o i s  60053 

Michigan 48116 

Ice Bank C o i l s  
Chester-.Tenson Co., F i f t h  and  Tilghnian Streets,  

P e e r l e s s  of  America, 5800 N. P u l a s k i  Road, Chicago, 

Dale R e f r i g e r a t i n g  Go., 5910 N. P u l a s k i  Road, 

C h e s t e r  Park ,  Pennsylvania  19013 ( s t e e l )  

I l l i n o i s  60646 (aluminum) 

Chicago, I l l i n o i s  60646 ( s t e e l )  

Aluminum S o l a r  P a n e l  E x t r u s i o n s  
Rrazeway, l n c . ,  2711 E.  Maumee S t r e e t ,  Adrian,  Michlgan 49221 
Bohn Aluminum & Brass Corp.,  P l a n t  16, Holland,  Michigan 
R e f r i g e r a t i o n  Research, 525 N.  F i f t h  S t r e e t ,  Br ighton ,  

Michigan 48116 ( r e s a l e  aluminum and manufactured 
steel p a n e l s )  

H e a t  PumplIce Makers 
Turbo R e f r i g e r a t i n g  eo . ,  1515 Shady Oak Drive, 

Denton, Texas 76201 

Desuperhea ters  and Water Cooled Condensers 
R e f r i g e r a t i o n  Research,  525 W. F i f t h  S t ree t ,  Br ighton ,  

Edwards Engineer ing  Corp., 101-A Alexander Avenue, fompton P l a i n s ,  

Bohn Aluminum & Brass Corp. , H e a t  T r a n s f e r  D i v i s i o n ,  

Michigan 48116 (copper)  

New J e r s e y  07444 (copper)  

1625 E. Voorhees S t ree t ,  DanviLle,  I l l i n o i s  61832 
(copper ,  s teel ,  and aluminum) 

Ice Bin Materials and Systems 

Colorado 80909 

Michigan 48116 ( r e s a l e  o n l y )  

Foam-Form Midwest, 2924 Country Club Dr ive ,  Colorado S p r i n g s ,  

R e S r i g e r a t i o n  Research,  525 N .  F i f t h  Street ,  Br ighton ,  

Packaged H e a t  Pump (ACES) 
F r i e d r i c h  Group, 4200 N .  Pan Am, San Antonio,  Texas 78295 

Bohn Aluminum & Brass Corp., Heat T r a n s f e r  D i v i s i o n ,  
(up t o  10 t o n s )  

1625 E. Voorhees S t r e e t ,  O a n v l l l e ,  I l l i n o i s  61832 
( L O  t o n s  and up) 

Newburgh, I n d i a n a  47630 
R e f r i g e r a t i o n  Systems Co., 611 S t a t e  Street ,  
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