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NOTICE 

THE RESULTS OF THIS REPORT CANNOT BE APPLIED TO BREADBOX INSTALLATIONS 

FOR SINGLE FAMILY RESIDENCES OR EVEN MOST MULTI-FAMILY INSTALLATIONS. 

The a n a l y s i s  and des ign  f o r  t h i s  p r o j e c t  w a s  conducted f o r  a s p e c i f i c  
i n s t a l l a t i o n  wi th  many unique design c o n s t r a i n t s .  The breadbox design had 
t o  conform t o  an extremely high hot  water  demand wi th  t h e  ma jo r i t y  of t h e  . 
wa:fkf u se  occurr ing  i n  t h e  l a t e  a f te rnoon.  The l a r g e  water  demand meant 
t h a t  t h e  system d id  not  have t o  s t o r e  h o t  water  throughout t h e  n ight ;  The 
c o n s t r a i n t s  of t h e  cons t ruc t ion  budget meant t h a t  any system designed f o r  
t h i s  i n s t a l l a t i o n  would be  seve re ly  undersized.  The f i n a l  breadbox 
design was based heav i ly  on t h e  cons t ruc t ion  needs of t h e  San Bernardino 
West Side C .D .C .  Overa l l ,  t h i s  s tudy r e s u l t e d  i n  a  system t h i s  i s  w e l l  
matched t o  t h e  design c o n s t r a i n t s  f o r  t h e  p r o j e c t .  However, t h e r e  a r e  . . 

l a r g e  v a r i a t i o n s  between t h e  design requirements of this p r o j e c t  and t h e  
des ign  requirements  f o r  most s i n g l e  family and multi-family i n s t a l l a t i o n s .  
Consequently, t h e  a n a l y s i s  and r e s u l t s  presented h e r e  should not  be 
ex t r apo la t ed  t o  o the r  breadbox i n s t a l l a t i o n s .  It is important t o  n o t e  ' 

t h a t  t h e  a n a l y t i c a l  t echniques  and the  computer mod& used i n  t h i s  s tudy  
a r e  a p p l i c a b l e  t o  a  wide v a r i e t y  of breadbox designs and i n s t a l l a t i o n s .  
Addi t iona l  information on both computer a n a l y s i s  of breadbox performance 
and syst,em design i s  a v a i l a b l e  from Davis A l t e r n a t i v e  ~ e c h n o l o g y  
Assoc ia tes .  

P r i n t e d  October 1979 

Addi t iona l  copies  o f ' t h i s  r e p o r t  may be  obtained f r e e  from: . , 

Sola r  Business Of f i ce  . , . . 
926 J S t r e e t  S u i t e  201 

. . 

I Sacramento, C a l i f o r n i a  95814 . 
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INTRODUCTION 

. . The goal  of t h i s  p r o j e c t  i s ' t o  analyze and design an 

appropr ia t e  pass ive  s o l a r  preheater  (commonly c a l l e d  a bread- 

box) f o r  mult ifamily housing u n i t s  i n  t h e  Fred Young Farm Labor 

Center i n  Indio ,  Ca l i fo rn ia .  This  :system, t o  be  constructed 

and i n s t a l l e d  by t h e  San Bernardino West Side Community Devcl.op- 

ment Corporation (CDC), i s  funded by the  Federal  southwest Border 

Region Comm'ission and administered by the  S t a t e  of Ca l i fo rn ia  

Solar  Business Off ice .  

This r epor t  i s  divided i n t o  s i x  sec t ions :  

Sect ion 1. ---- State-of-the-art Review presents  a b r i e f  summary 

of passive preheater  systems and t h e  key design f e a t u r e s  used 

i n  cu r ren t  designs. 

Sect ion 2 .  , Design C r i t e r i a  desc r ibes  the  Farm Labor Center,  and 

the  design f e a t u r e s  necessary f o r  producing a system adapted t o  

the  requirements of t h e  s i t e ,  t he  c l imate ,  t h e  use r s ,  and t h e  

system bu i lde r s  and i n s t a l l e r s .  

Sect ion 3 .  Prototype Preheater  Designs presents  t h e  e i g h t  pre- 

l iminary preheater  des igns  reviewed f o r  t h i s  p r o j e c t .  

Sect ion 4. Performance Evaluations d i scusses  t h e  r e s u l t s  of thermal 

performance simulat ions f o r  t h e  e i g h t  prototype systems. 

Sect ion 5. Monitoring Recommendations descr ibes  and evaluates  

a l t e r n a t i v e  monitoring systems . for  t h e  i n s t a l l a t i o n .  

Sect ion 6 .  Fina l  Recommendations presents  t h e  consu l t an t s '  
. ' 

recommendations, working drawings, and performance es t imates  of 

the  system se lec ted  f o r  cons t ruc t ion  and i n s t a l l a t i o n .  



SECTION 1. STATE OF.THE ART REVIEW 

Breadbox water  h e a t e r s  can be  def ined  as s o l a r  water  h e a t e r s  

w i t h  i n t e g r a t e d  s t o r a g e  and c o l l e c t o r  func t ions .  Breadboxes 

g e n e r a l l y  c o n s i s t  of a water  tank,  o r  tanks ,  placed i n  an  i n s u l a t e d  

box having a . g l a z e d  f r o n t  cover .  Seve ra l  o t h e r  types of pas s ive  

water  h e a t e r s  a l s o .  e x i s t ,  b u t  t h e s e  a r e  n o t  covered i n  t h i s  r e p o r t .  

These a l t e r n a t i v e  systems inc lude :  

. . 1. Sunt rays ,  o r  shal low ponds wi th  glazed cover .  

2.  Japanese sun p i l l ows  c o n s i s t i n g  of heavy duty  p l a s t i c  bags 
f i l l e d  wi th  water  du r ing  t h e  day and emptied a t  n i g h t .  

3. South Af r i can  s o l a r  h e a t e r s  cons'is t i n g  of unglazed r ec t angu la r  
tanks .  

4. Wes t  Ind ian  s o l a r  water  h e a t e r s  c o n s i s t i n g  of a l a r g e  sun 
t r a y  wi th  a b a f f l e  t o  a l l ow thermosiphon a c t i o n  t o  h e a t  
t h e  water .  

The B l t e r n a t i v e  systems were n o t  considered e i t h e r  because they d i d  

no t  f i t  t h e  scope of t he  p r o j e c t  o r  they could no t  o p e r a t e  under 

normal water  l i n e  p r e s s u r e  (30-50 p s i )  

The term "breadbox" a r o s e  i n  1973 when  on Hammond a p p l i e d  t h e  

word t o  one of Steve Baer ' s  e a r l y  e f f o r t s .  Since then ,  most pas s ive  

water  p r e h e a t e r s  have been c a l l e d  "breadboxes" f o r  l a c k  of a b e t t e r  

name. Breadbox h e a t e r s  a r e  a l s o  c a l l e d  "prehea ters , "  b u t  t h e  term 

11 p rehea ter"  is  somewhat mis leading  s i n c e  many proper ly  s i zed  systems 

can  pravide  100% of ho t  water  needs dur ing  t h e  summer. 

Seve ra l  key v a r i a b l e s  e x i s t  i n  c u r r e n t  breadbox des ign .  The 

f i r s t  v a r i a b l e  i s  h o r i z o n t a l  v s .  v e r t i c a l  tanks.  Systems b u i l t  i n  

t h e  e a r l y  1970's  used tanks  l a i d  h o r i z o n t a l l y  i n  t h e  boxes, wi th  

t h e i r  ;long a x i s  running east-west .  To inc rease  s t r a t i f i c a t i o n  i n  



t h e  tank  and a l low t h e  h o t t e s t  water  t o  be de l ive red  t o  t h e  house, 

t anks  i n  l a t e r  des igns  have been s tood on end. Many systems use  

s t and ing  tanks t i l t e d  back t o  an  optimum c o l l e c t o r  ang le .  

The second v a r i a b l e  i s  t h e  u s e  of i n s u l a t e d  s h u t t e r s  t o  improve 

n ight t ime performance. One of t he  most s eve re  problems wi th  bread- 

box systems is  t h e i r  l o s s  of s i g n i f i c a n t ' a m o u n t s  of t h e  h e a t  a t  

n i g h t .  To reduce t h c s e  h e a t  l o s s e s  systems have been cons t ruc t ed  

wi th  i n s u l a t e d  l i d s  t h a t  can be c losed  a t  n i g h t .  Often t h e s e  l i d s  

have r e f l e c t i v e  f o i l  bonded t o  t h e  i n s u l a t i o n  t o  i n c r e a s e  s o l a r  

r a d i a t i o n  en te r ing  t h e  box dur ing  t h e  day when t h e  l i d s  a r e  open. 

The w i n  drawback of i n s u l a t e d  l i d s  i s  t h a t  they r e q u i r e  some 

manual opera t ion .  Automatic f r e o n  d r iven  l i d s  have not  proved,. 

s u c c e s s f u l ,  and an  inexpensive b u t  du rab le  motorized s h u t t e r  system 

has  y e t  t o  be developed. Ex te rna l  l i d s  and s h u t t e r s  a r e  a l s o  s u b j e c t  

t o  t h e  sometimes d e s t r u c t t v e  f o r c e  of the ,wind  and weathering.  

.Work is  c u r r e n t l y  i n  progress  us ing  thermal  drapes  f o r  i n s u l a t i o n  

i n s i d e  t h e  box.. While t h i s  reduces exposure t o  weather ,  i t  does 

not  reduce t h e  need f o r  u se r  ope ra t ion .  

The most r e c e n t  method of reducing n igh t t ime  h e a t  l o s s e s  i s  

p l ac ing  t h e  'breadbox system w i t h i n  a  greenhouse. I n s u l a t e d  breadbox 

l i d s  a r e  used i n  some cases ,  wh i l e  n i g h t  i n s u l a t i o n  for. t h e  e n t i r e  

greenhouse is  used i n  o the r s .  Even wi thout  i n s u l a t e d  l i d s  a  "bread- 

box" ho t  water h e a t e r  i n  a  greenhouse w i l l  have s i g n i f i c a n t l y  lower 

hea t  . - loss  a t  n i g h t .  

Plumbing conf igu ra t ion  i s  a  t h i r d  major v a r i a b l e .  Some systems 
c?. 

have been plumbed i n  s e r i e s ;  o t h e r s  i n  p a r a l l e l , .  S e r i e s  plumbing 

reduces mixing between t h e  co ld  i n l e t  water and t h e  h o t  breadbox 



water,  with most of the  mixing taking place  i n  the  f i r s t ,  o r  f i r s t  

and second tanks. Thie allows t h e  t h i r d  o r  l a s t  tank i n  s e r i e s  t o  

d e l i v e r  t h e  h o t t e s r  water t o  t h e  house. 

A p a r a l l e l  plumbing p a t t e r n  allows the  cold i n l e t  water t o  

be evenly d i s t r i b u t e d  among a l l  the  tanks. This reduces the  e f f e c t  

of the  incoming cold water ,  s ince  each tank experiences only a 

small temperature drop. There i s .  sane ind ica t ion  t h a t  s e r i e s  

plumbing indeed provides the  h o t t e s t  water t o  the  house, but  l i t t l e  . 

q u a n t i t a t i v e  research comparing series and p a r a l l e l  plumbing has 

been done. 

.The f & r t h  important v a r i a b l e  is t h e  co lo r  of the  box i n t e r i o r .  

Breadbox i n t e r i o r s  have genera l ly  been e i t h e r  painted f l a t  black or  

l i n e d  with r e f l e c t i v e  mate r i a l s ,  although t h e r e  a r e  designs t h a t  

use white i n t e r i o r s . a s ' w e l 1 .  Black i n t e r i o r s  have been used on the 

assumption t h a t  any sofar  r a d i a t i o n  enter ing the  box should be 

absorbed, and would the re fo re  heat the' box i n t e r i o r .  The warm a i r  

i n  the box i n  tu rn  h e a t s  the  tank. Ref lec t ive  i n t e r i o r s  have a l s o  

been used i n  an attempt t o  g e t  a l l  the  s o l a r  r a d i a t i o n  t ransmit ted  

through t h e  g laz ing ref lec . ted  onto the  tank. The e f fec t iveness  of 

r e f  l ec to r i zed  systems v a r i e s  with r e f  l e c t o r  placement wi th in  the  

box. A t  present  t h e r e  is l i t t l e  research t o  demonstrate the  super- 

i o r i t y  of e i t h e r  system. 

A f i f t h  major 'va r i ab le  is  tank s i z e ' a n d  shape. This v a r i a b l e  
. . 

i s  mainly a funct ion of the  a v a i l a b l e  supply and c o s t  of tanks. 

Optimal tadksnare long andnarrow because of t h e i r  l a r g e r  su r face  

t o .  volume r a t i o .  This,  however, may r e q u i r e  a l a rge r  box and. higher 



c o s t s .  The l a r g e r - t h e  tank  s u r f a c e ,  t h e  more absorbant  a r e a  f o r  

s o l a r  r a d i a t i o n .  

a he' f i n a l  - v a r i a b l e ,  g l az ing  t o  mass r a t i o ,  has  only ' r ecen t ly  

been considered.  Although t h e  g l a s s  is a l s o  a  major sou rce  of h e a t  

l o s s ,  adequate  g l a z i n g  a r e a - - i s .  e s s e n t i a l  f o r  provid ing  a p p r o p r i a t e  

water '  temperatures .  Without s u f f i c i e n t  g l az ing  a r e a ,  a  system 

simply cannot  admit enough h e a t  t o  r a i s e  the  water  i n  t he  tank  t o  

t h e  d e s i r e d  temperature.  

Current  c a l c u l a t i o n s  by D.A.T.A. i n d i c a t e  a  maximum of 2.25 

- ga l lons  of water  f o r  each square  f o o t  of c o l l e c t o r  g l a s s .  For 

s tandard  domestic h o t  water  app l i ca t ions , ,  t h i s  r a t i o  of water  t o  

g l a s s  w i l l  provide llO°F minimum tank  temperatures  i n  double g lazed  

boxes i n  C e n t r a l  Val ley  c l ima te s  i n  summer. A lower r a t i o  of water  

t o  g l a s s  is  necessary f o r  h ighe r  temperatures  o r  f o r  increased  
' 

demand. 

Overa l l ,  t h e r e  has  been l i t t l e  q u a n t i t a t i v e  r e sea rch  on t h e  

performance and des ign  parameters  involved i n  breadbox des ign .  

Despi te  t he  c u r r e n t  popu la r i t y  of computer modeling of s o l a r  h e a t i n g  

and coo l ing  systems,  very  l i t t l e  s imu la t ion  and.modeling of h o t  

water  h e a t e r s  have been done. ~ e v e r t . h e l e s s , ' a  number of breadbox 

systems of vary ing  des ign  have been b u i l t  and i n s t a l l e d ,  and t h e  

systems a r e  proving t o  be a  low c o s t  sou rce  of h o t  water .  



SECTION 2. DESIGN CRITERIA 

The c r i t e r i a  used, t o  develop and e v a l u a t e  p ro to type  breadbox 

des igns  range  from t h e  s i t e ,  t h e  cliplagy, and t h e  load p r o f i l e  

t o  c o n s t r u c t i o n  cons ide ra t ions  such a s  ~ h e l i f e t i m e  of m a t e r i a l s .  

Although each f a c t o r  d i scussed  herg+was2gonsidered c a r e f u l l y ,  t h e  

r e l a t i v e  weight of each f a c t o r  v a r i e s .  Furthermore, s e v e r a l  f a c t o r s  

c o n f l i c t  and p a r t  of t h e  des ign  process  involved r e so lv ing  t h e s e  

c o n f l i c t s ,  o r  a t  l e a s t  m i t i g a t i n g  t h e i r  adve r se  e f f e c t s  on performance. 

'The S i t e  

The Fred Young Farm Labor Center i n  I n d i o ,  C a l i f o r n i a  c o n t a i n s  

253 .housing u n i t s  and houses approximately 1775 people.  The r e s i d e n t s  

a r e  farm workers who r e s i d e  i n  t h e  c e n t e r  throughout t h e  year .  The 

b u i l d i n g s  c o n s i s t  of one s t o r y ,  f l a t  roof l i n e a r  s t r u c t u r e s ,  wi th  

4-6 housing u n i t s  i n  each s t r u c t u r e .  Each 4-6 u n i t s  is  served by 

one 100 g a l l o n  90,000 BTU water  h e a t e r .  There a r e  a  t o t a l  of 39 

water  h e a t e r s  i n  t h e  c e n t e r .  The p r o j e c t  goa l  is  LU ~ e t r a f i t  brcod- 

box water  h e a t e r s  o n t o  a s  many water  h e a t e r s  a s  p o s s i b l e ,  f o r  t h e  

amount of money a v a i l a b l e .  

. . .  The Ci ty  of I n d i o  is l o c a t e d  i n  C a l i f o r n i a ' s  Coachel la  Val ley.  

The c l i m a t e  i s  c l a s s i f i e d  a s  d e s e r t ,  cha rac t e r i zed  by extremely ho t  

summers, warm winters .  and low r a i n f a l l .  Average daytime temperature 

maximums from June t o  September a r e .  above 100°F, wh i l e  average mini- 

mums from dur ing  t h e  same per iod  a r e  above 70°F. December - February 

maximums average  70°F o r  h i g h e r , . w h i l e  t h e  average minimums range 

from 38-42OF.. The a r e a  has., abundant s o l a r  r ad i a t ion .y .wi th  over  740 

K B ~ ~ / f t * / ~ e a r  i n c i d e n t  on a  south  f a c i n g  s u r f a c e  t i l t e d  15' from t h e  

h o r i z o n t a l .  



The Load P r o f i l e  

The water consumption p a t t e r n s . o f  r e s i d e n t s ' i s  one of t h e  s i n g l e  

most important  v a r i a b l e s  i n  des igning  and eva lua t ing  p r e h e a t e r  

systems. The load prof i1e:~~Coiisists '  of two main f a c t o r s :  

1. The t o t a l  amount 'SfWater  used du r ing  a 24 hour per iod .  

2. The d i s t r i b u t i o n  of water u s e  throughout t h e  day. 

The load p r o f i l e  and t h e  t o t a l  amount consumed by r e s i d e n t s  of t h e  

Farm Labor Center  vary  g r e a t l y '  from t h e  average load f o r  a .  " t y p i c a l  

American £amilyn. ' . 

A r u l e  of thumb o f t e n  used f o r  s i z i n g  water h e a t e r s  i s  t h a t  ' .", 

t h e  t y p i c a l  American family consumes approximately 20 g a l i o n s  of 

ho t  water  per  person each day. . A  r e c e n t  s tudy  by t h e  Sacramento 

Municipal U t i l i t y  D i s t r i c t  (SMUD), however, i n d i c a t e s  a n  average 

use  of only 12  g a l l o n s  pe r  person .each day. (Home Appliances and 

Their  Energy Use, by Conservat ion Department, SMUD, J u l y  3,  1978) 

This  water  u s e  i s  normally spread throughout t h e  day, w i t h  a sub- 

s t a n t i a l  p o r t i o n  of t h e  h o t  water  used between 7:OOam and 9:OOam 

and t h e  l a r g e s t  percentage of water  use  occuring i n  t h e  evening.  

I n  c b n t r a s t  t o  t h e  " t y p i c a l  American family" Farm Labqr Center  

r e s i d e n t s  r i s e  e a r l y ,  between 3:OOam and 5:OOam; i n  t h e  a f t e rnoon ,  

£ran  2:OOpm t o  5:00pm, t h e  workers r e t u r n  from t h e  f i e l d s  and 

shower. Thus, t he  g r e a t e s t  demand , fo r ' ho t  water  occurs  i n  l a te  a f t e r -  

noon. Solar  ho t  water  systems a r e  w e l l  s u i t e d  f o r  t h i s  load p r o f i l e ,  

s i n c e  they  provide  t h e  h o t t e s t  water  i n  t h e  l a t e  a f te rnoon.  

Two c o n t r a s t i n g  load p r o f i l e s  a r e  shown below. The p r o f i l e  f.or 

t h e  " t y p i c a i  family" was taken from Duf f i e  and Beckman, So la r  Energy 



Thermal Processes. The load p r o f i l e  f o r  the  Farm Labor Center was 

developed by D.A.T.A. s t a f f ,  i n  p a r t  by using u t i l i t y  b i l l  informa- 

t i o n  provided by the  Center.  

The second key f a c e t  of thd load t p r 6 f i l e  i s  t h e  o v e r a l l  water 

demand. The t o t a l  ga l lon  demand pe'r Bidg'center  housing u n i t s  is 

q u i t e  high, over 400 gal lons  per  day. Even though da ta  Ind ica tes  

t h a t  the  r e s i d e n t s  probably use l e s s  water per  c a p i t a  (10 t o  12 

WATER DEMAND LOAD PROFILES 
Davis Alternative Technology Associates 

Figure 1 Standard Load Profile 
14 - 

IZ  
12 - n 

Time of Day 



g a l l o n s  per  person) than  a  t y p i c a l  American fami ly  of fou r ,  fami ly  

s i z e  a t  t h e  c e n t e r  ranges  from 5 t o  15  persons,  w i th  7 being average.  

Cost 

The main c o s t  cons ide ra t ion  was low i n i t i a l  c o s t ,  wh i l e  s t i l l  

provid ing  a  proven and durgbke system t h a t  performs we l l .  ~ l l  

breadbox systems were evaluated on t h e  b a s i s  of t o t a l  m a t e r i a l  c o s t ,  

c o s t  /f t2 of c o l l e c t o r  a r e a ,  and annual  KBTU o u t p u t / d o l l a r  i nves t ed .  

Labor c o s t  was no t  c a l c u l a t e d  because CDC w i l l .  be  u s ing  t r a i n e e s  

whose l abo r  c o s t s  w i l l  be  subs id ized  by CETA and o t h e r  a s s i s t a n c e  

programs and g r a n t s .  

Performance 

The performance goa l  w a s  t o  provide a t  l e a s t  25% of t h e  annua l  

ho t  water  needs of each bu i ld ing .  The perf.ormance of each of t h e  

pro to type  breadbox des igns  was modeled by computer, and each system 

compared f o r  s easona l  and annual  BTUs de l ive red .  

The system had t o  be l i g h t  enough no t  t o  impose a  l a r g e  load on 

t h e  r o o f ,  l e s s  than  twenty pounds a d d i t i o n a l  roof load per  squa re  f o o t .  

Aes the t i c s  

The system a l s o  had t o  be  a e s t h e t i c a l l y  a c c e p t a b l e  t o  housing 

agency o f f i c i a l s  and r e s i d e n t s .  Systems wi th  low p r o f i l e s  presented  

no a e s t h e t i c  problems, s i n c e  they could no t  b e  seen  from ground l e v e l .  

Mas.s Product ion 

S ince  28 h e a t e r s  had t o  be b u i l t  a t  one t ime,  the  system s e l e c t e d  

had t o  be  designed f o r  Ass product ion.  This  r equ i r ed  us ing  s tandard  

s i z e d ' m a t e r i a l s  w i th  a  minimum amount of requi red  c u t t i n g .  Wood frame 



cons t ruc t ion  was p re fe r red  because C.D.C.'s shop opera t ions  a r e  

c u r r e n t l y  s e t  up t o  handle wood. However, some sheet  metal  designs 

w e r e  a l s o  considered. 

Reproducibi l i ty  n .  a 

Since C.D.C. p lans  t o  cont inue  bui ld ing and i n s t a l l i n g  breadboxes 

a f t e r  t h i s  p r o j e c t  ends, t h e  design chosen had t o  be s u i t a b l e  f o r  

s i n g l e  a s  we l l  a s  mult ifamily housing u n i t s .  There was some c o n f l i c t  

between t h i s  des ign considera t ionand the  na tu re  of the  load p r o f i l e .  

Farm Labor Center i n s t a l l a t i o n  requ i res  v i r t u a l l y  no n ight  s t o r a g e ,  

s i n c e  t h e  water use  i n  'the af ternoon i s  so high. An optimal system 

f o r  t h i s  p r o j e c t  h e a t s  up quickly and d e l i v e r s  hot  water immeddately. 

A more t y p i c a l  s i n g l e  family i n s t a l l a t i o n  uses l e s s  water ,  but  re- 
. . 

q u i r e s  more n igh t  hea t  s to rage  t o  provide hot  water i n  the  morning 

. hours. 

Locally Available Mate r i a l s  

The breadboxes shouid be  constructed of l o c a l l y  a v a i l a b l e  

m a t e r i a l s  wherever poss ib le  t o  minimize shipping c o s t s ,  de l ive ry  

l ead  t i m e  and the  energy consumed i n  shipping mate r i a l s .  

Lifet ime of Mate r i a l s  

The systems had t o  be constructed of durable  m a t e r i a l s ,  and 

the'plumbing design had t o  minimize corrosion.  The l i f e t i m e  of 

plywdod was assumed t o  be 20 years ;  t h e  l i f e t i m e  of the  Kalwall 

g laz ing m a t e r i a l  10 years .  

Shipping 

Since t h e  systems w i l l  be constructed i n  S a n . ~ e r ~ r d i n o  and: 

shipped t o  Indio  f o r  i n s t a l l a t i o n ,  they must sh ip  e a s i l y  and with 
, ' 

minimal damage. . 



I n s t a l l a t i o n  Ease 

I n s t a l l a t i o n  h a d - t o  be a s  s imple and quick a s  p o s s i b l e ,  wi th  

t h e  system l i g h t '  enough f o r  a  four-person crew t o  c a r r y .  On s i t e  

f a b r i c a t i o n  had t o  be  minimized and t h e  plumbing connect ions a l s o  

made s imple.  .i .L~.,wd :. 
. . 

Vandalism 

Since  proper ty  i n  t h e  Farm Labor Center  is prone t o  vandalism, 

t h e  system's  g l az ing  needed t o  wi ths tand  t h e  impact of rocks ,  b o t t l e s ,  

and o t h e r  p r o j e c t i l e s .  A l l  p ro to type  systems used Kalwall  g l az ing  

because of i t s  r e s i l i e n c e  and r e s i s t a n c e  t o  impact. Systems w i t h  

low p r o f i l e s  no t  v i s i b l e  from t h e  ground a r e  a l s o  l e s s  s u s c e p t i b l e  

i t o  vandalism. 

I Maintenance 

I Since  'components and c o n s t r u c t i o n  a r e  f a i r l y  s imple,  t h e  key 

I maintenance des ign  requirement is t h e  a b i l i t y  t o  remove t h e  g l az ing  

f o r  acces s  t o  t h e  box i n t e r i o r .  Ove ra l l ,  t h e  box and components 

1 should r e q u i r e  l i t t l e  maintenance. . . 

I Risk and Innovat ion 

There is some r i s k  and u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  c o n s t r u c t i o n ,  

i n s t a l l a t i o n ,  and . ope ra t ion  of any new system; un te s t ed  p l a t e r i a l ,  

improper des ign  or f a u l t y  cons t ruc t ion  &ay resu1.t  i n  impaired per- 

I formance o r  m a t e r i a l  f a i l u r e .  Each breadbox des ign  had t o  be c a r e f u l l y  
I 
I evalua ted  f o r  such r i s k s .  High r i s k  sys tems-were  judged incompatible  

! with  t h e  p r o j e c t ' s  goa l  of c o n s t r u c t i n g  and i n s t a l l i n g  ope ra t ing  

systems, r a t h e r , , t h a n  conducting r e s e a r c h  on breadbox.design.  
; 



SECTION 3. BREADBOX PROTOTYPES 

Based,on the  state-of- the-art  i n  breadbox design and t h e  design 

c r i t e r i a  discussed in t ' heprev ious  sec t ion ,  e i g h t  prototype breadbox 

des igns  were. developed. Two important f a c t o r s  were used i n  develop- 

ing  these  prototypes--tank a v a i l a b i l i t y  and r a t i o  of g laz ing t o  t h e  

volume of water .  The performance of each system was modeled by 

computer, and each system was evaluated and compared. 

One of the  c e n t r a l  problems fac ing breadbox des igners  and 

b u i l d e r s  is  the  a v a i l a b i l i t y  and c o s t  of tanks. There i s  c u r r e n t l y  

one main.source of new unjacketed, g lass- l ined s t e e l  tanks i n  

Ca l i fo rn ia ,  American Appliance. Tank p r i c e s  vary enormously among 1 
the  var ious  d i s t r i b u t o r s  and jobbers who s e l l  t hese  tanks. During 

t h e  p r o j e c t ,  30 ga l lon  tank p r i c e s  were quoted a s  ranging from 

$54 .OO (p lus  shipping) t o  $122.00 (p lus  - shipping) . A l l  of these  

tanks .were manufactured by Amer.ican Appliance. 

Al te rna t ives  t o  American Appliance tanks are ava i l ab le .  Stone- 

l i n e d  tanks ,  f o r  ins tance ,  can be shipped from New York, but  a t  

s u b s t a n t i a l  shipping cos t .  Recycled gas and e l e c t r i c  water hea te r  

tanks a r e  a l s o  a v a i l a b l e  i n  small q u a n t i t i e s ,  but  these  must be  

c a r e f u l l y  t e s t e d  s i n c e  many have l eaks .  I n  some a reas  it is l e s s  

expensive t o  buy a new e l e c t r i c  water hea te r  and dismantle i t ,  

r a t h e r  than t o  buy a new unjacketed tank. 

Some innovative m a t e r i a l s  a r e  a l s o  a v a i l a b l e ,  b u t .  t he re  a r e  

drawbacks t o  many of these .  Large diameter p ipes  a r e  a v a i l a b l e ,  

bu t  most cannot withstand heat  and l i n e  pressure .  Polybutylene 

has exce l l en t  c h a r a c t e r i s t i c s  i n  withstanding both high temperature 



. and p re s su re ,  bu t  un fo r tuna te ly  i t  i s  a v a i l a b l e '  on ly  i n  d iameters  

of iess than  1 112 inches. '  One manufacturer ,  SAV, uses  ga lvanized  

tanks wi th  a device  t h a t  they c la im n e u t r a l i z e s  t h e  c o r r o s i v e  

p r o p e r t i e s  of water .  

A s imple low-cost method o f .  c o a t i n g  aluminum i r r i g a t i o n  p ipe  

wi th  s i l i c o n e  had been developed be fo re  t h i s  p r o j e c t  by p r o j e c t  

c o n s u l t a n t ,  Horace McCracken. These coa ted  p ipes  appear  extremely 

promising, because of t h e  low c o s t  pe.r g a l l o n  of tank  and t h e  

a b i l i t y  of C.D.C.  or  o the r  small bus ines ses  t o  apply  t h e i r  own 

coa t ings .  Addi t iona l  r e sea rch ,  development, and t e s t i n g  need t o  be 

undertaken,  however, be fo re  t h i s  system can  be used. 

copper  can  be used f o r  tank m a t e r i a l s ,  bu t  a t  a h ighe r  c o s t  

than  s t e e l .  A t  p r e sen t  t h e r e  a r e  no commercially manufactured 

copper tanks a v a i l a b l e .  Large diameter  copper p ipe  i s  a v a i l a b l e ,  

b u t  i t  too  i s  extremely expensive. 

The second key des ign  f a c t o r  used i n  t h e  breadbox des ign  was 

t h e  g l az ing  t o  water 'mass  r a t i o .  Computer s t u d i e s  by D.A.T.A., 

undertaken be fo re  t h i s .  p r o j e c t ,  i n d i c a t e  t h a t  t h e  g l az ing  t o  w a t e r  

mass r a t i o  i s  one of t h e  more important  f a c t o r s  i n  breadbox des ign .  

The pro to type  breadboxes were designed wi th  a maximum of 2.0 g a l l o n s  

per  square  f o o t  of g l az ing  a r e a .  

Computer Analysis  

A l a r g e  number of v a r i a b l e s , . s u c h  a s  g l a z i n g  a r e a ,  tank s i z e ,  

g l az ing  t o  mass r a t i o ,  t o t a l  s t o r a g e  capac i ty ,  and box c o n f i g u r a t i o n ,  

a f f e c t  breadbox des ign .  A t  l e a s t  one v a r i a b l e  must be  he ld  cons t an t  

when comparing d i f f e r e n t  systems. I n i t i a l  s t u d i e s  showed t h a t  



breadbox performance f o r  l a r g e  load s i t u a t i o n s  i s  most a f f e c t e d  by 

t h e  t o t a l  e f f e c t i v e  g l az ing  a r e a .  ~ h u s ,  t h e  e f f e c t i v e  g l az ing  a r e a  

of a l l  systems w a s  he ld  .cons tan t  a t  120 f t 2  per  i n s t a l l a t i o n .  In 

a d d i t i o n ,  t h e  ratio of mass t o  g l az ing  a r e a  w a s  l i m i t e d  w i t h i n  

1.5-2 g a l l o n  per  , f  t2 wherever poss ib l e .  A s  s t r i ted - e a r l i e r . ,  t h i s  

v a r i a b l e  is  l e s s  c r i t i c a l  t han  t h e  t o t a l  g l a z i n g  a r e a  per  syskem. 

F i n a l l y ,  most of t h e  breadboxes us ing  g l a s s - l i ned  s t e e l  tanks 
. .  . 

were designed wi th  40 g a l l o n  tanks  measuring 25 by 33 inches .  

These tanks  were considered t h e  most c o s t  e f f e c t i v e  tanks  a v a i l a b l e  

when t h i s  a n a l y s i s  w a s  be ing  undertaken. 



SYSTEM # 1'- TWO TANK VERTICAL BREADBOX 

Description: This systdm uses two 40, gallon tanks set at a 45' 

tilt. The insulated plywood box has a simple triangglar-shape. 

The box is glazed with a'single layer or Kalwall also tilted at 

a 45' angle. The two tanks are plumbed in,series. . . 

Water, storage: 80 gallons/unit 

Glazing Area: . 60 ft. 2/unit, 120 f t .2/installation 

2 Number of Units: 

Estimated Materials Cost: $320/unit, $640/installation : 

Performance: 

Advantages: 

Disadvantages : 

33% Solar, 37.45 KBTU annually/dollar invested 

Extremely simple box design lends -itself 

to mass production. . 

Law risk, since similar designs have 

been built throughout California. 

Simple glazing detail makes maintenance easy. 

Heavy and bulky construction makes 

installation difficult . 
High profile makes system susceptible 

to vandalism. 



System # 1  Two Tank Vertical 
Figure 3 

System "2 Three Tank Vertical 
Figure 4 



SYSTEM /I 2 - THREE TANK BREADBOX 

Descript ion:  T h i i  system uses t h r e e  30 gal lon  tanks t i l t e d  a t  a  45O 

angle.  The t r i a n g u l a r  box conf igura t ion  is the  same a s  t h e  one used 

f o r  system #1., The tanks used a r e  long and narrow (48"x18") and 

have a g rea te r  su r face  a r e a  r e l a t i v e  . t o  the  amount of water  they 

contain.  The tanks a r e  plumbed i n  s e r i e s .  

Water Storage: 90 ga l lons  /un i t  

Glazing Area: 60 f  t . 2 / u n i t ,  120 f  t . / i n s t a l l a t i o n  

Number of Units: 2 

Estimated Mater ia ls  Cost: $400/unit ,  $800 / ins ta l l a t ion  

Performance: 35% Solar ,  31.40 KBTU annua l ly /do l l a r  invested 

Advantages: Narrow diameter 30 ga l lon  tanks provide 

b e t t e r  performance than l a r g e r  40 ga l lon  

tanks. 

Simple box design lends i t s e l f  t o  mass 

production. 

Low r i s k ,  s ince  s i m l l a r  designs have been 

b u i l t  throughout t h e  West. 

Disadvantages : Higher c o s t  sin.ce t h r e e  tanks a r e  used 

ins tead  of two. 

Extremely bulky and heavy box makes shipping 

and i n s t a l l a t i o n  d i f f i c u l t .  

Large p r o f i l e  makes g laz ing suscep t ib le  

t o  vandalism. 

Basic design can be reproduced, bu t  system 

may be t o o  heavy and l a r g e  f o r  many resi- 

d e n t i a l  r e t r o f i t s .  



SYSTEM /\ 3 - TWO TANK -BREADBOX WITH SUPERHEATERS 

Descript ion:  This  system uses  a two tank breadbox system t o  warm 

the  water,  supplemented by a one tank system with a l a r g e  g laz ing 

t o  water r a t i o  t o  boost  t h e  water up t o  high temperatures. Both 

t h e  two tank and t h e  one tank boxes a r e  t h e  same s i z e  and shape; 

both use 40 ga l lon  tanks. A l l  of the  tanks a r e  plumbed i n  s e r i e s .  

Water Storage: 120 ga l lons  

Glazing Area: 120 f t . 2 / u n i t ,  120 f t . 2 / i n s t a l l a t i o n  

Number of Units:  1 

Estimated Mate r i a l s  Cost: $546/unit,  $S46 / ins ta l l a t ion  

Pe-f ormance: 31% Solar ,  41.01 KBTU annua l ly /do l l a r  invested 

Advantages: System i s  we l l  s u i t e d  f o r  water demand 

p a t t e r n ,  s ince  i t  d e l i v e r s  h o t t e s t  water 

i n  t h e  a f  ternoon. 

The hasic box designs a r e  simple and easy 

t o  mass produce. 

F a i r l y  low r i s k  system s ince  box designs 

have been b u i l t  before .  Although t h i s  

superheater  has never been t e s t e d ,  the re  

a r e  no foreseeable ,  t h e o r e t i c a l  o r  p rac t i -  

c a l  cons idera t ions  t h a t  would prevent 

its use.  

Easy maintenance due t o  access t o  tanks. 



Disadvantages : 

19 

System i s  u n s u i t a b l e  f o r  s i n g l e  family 

home r e t r o f i t s  s i n c e  i t  i s  designed t o  

handle  extremely lar.ge, , ,af ternoon . . loads.  

Dif f i c b l t  i n s t a l l a t i o n  s i n c e  large 

boxes a r e  d i f f i c u l t  t o  handle.  

Plumbing between boxes inc reases  i n s t a l l a -  

t i o n  c o s t  and l abo r  t ime s l i g h t l y .  

Large g l az ing  a r e a s  and l a r g e  p r o f i l e  

make system s u s c e p t i b l e  t o  vandalism. 



System "5 Two Tank Bubble System 
Figure 7 

System #6 Narrow ~ i a m e t e r  Bubble System' 
Figure 8 



I 

SYSTEM # ' 4  - TWO TANK HORIZONTAL SYSTEM 

Description: This system is a slightly modified version of the 

breadbox currently being built by the San ~ernardino C .D.C. The 

system was redesigned. to include a larger glazing area using 

standard glazing sizes. Two horizontal 40 gallon tanks plumbed 

in series are used. 

Water Storage: 80 gallons/unit 

Glazing Area: 60 f t . 2/unit, ,120 f t . /installation 
Number of Units: 2 

. .  . 
Estimated.Materials Cost: $305/unit, $6lO/installation 

. ' 

performance: . . .  
34% Solar, .39.66 KBTU annually/dollar invested 

Advantages: Easily M s s  produced since c .D .c. is 

accustomed to working with this box 

configuration. 

Extremely reproducible desi'gn, since this 

low profile system is well suited for 

residential applications. 

Low profile also minimizes vandalism 

potential. 

Easy installation, since system is relatively 

compact and easy to handle. 

I Low risk, since C.D,C. has built and 

. . 
. . installed these boxes before. 
. .  . 

Disadvantages: Box shape is not optimal for mass production 

since a large amount of lumber cutting and 

glazing flashing is required. 



SYSTEM /I 5 - TWO TANK BUBBLE SYSTEM 

Desc r ip t ion :  Two 30 g a l l o n  tanks ,  plumbed i n  s e r i e s ,  a r e  mounted 

i n  a  24" diameter  Kalwall  c y l i n d e r .  Th i s  con f igu ra t ion  minimizes 

s o l i d  box a r e a  r equ i r ed ,  and i s  advantageous when g l a z i n g  c o s t s  a r e  

less than  t h e  lumber c o s t s  f o r  t h e  box. There may be problems 

developing a low cost .method of s e a l i n g  and weather-proofing t h e  

bubble -ends w h i l e  a l s o  al lowing f o r  thermal  expansion. 

Water Storage:  60 g a l l o n s  /un i  t 

Glazing Area : 

Number of Uni t s :  

62.8 f t .  2 / u n i t ,  377 f t .  * / i n s t a l l a t i o n  

6 

Estimated M a t e r i a l s  Cost:  $208/uni t ,  $ 1 3 4 8 / i n s t a l l a t i o n  

Performance : 76% s o l a r ,  46.68 KBTU a n n u a l l y / d o l l a r  inves ted  

Advantages: E a s i l y  mass produced, s i n c e  box framing 

is minimal. 

Light-weight system imposes small loads  

on roof and makes sh ipping  and hafldl l l~g 

e a s i e r .  

Highly r ep roduc ib l e  system s u i t a b l e  f o r  

r e s i d e n t i a l  i n s t a l l a t i o n ;  

Low p r o f i l e  minimizes vandalism hazard.  



Disadvantages: Cost per instal1ation.i~ extremely, high. 

Maintenance-is difficult since glazing 
. . 

is nit easily removable. 

Moderate risk system since weather proof- 

ing may be difficult. 

Increased installation costs due to large 

number of plumbing connections required 

to hook up 6 units. 



System #3 Two Tank Box with Superheater 
Figure 5 

System "4 Two Tank Horizontal 
Figure 6 



SYSTEM 6 - NARROW DTAMETER BUBBLE SYSTEM 

Descr ip t ion :  Th i s  system uses  6" diameter  aluminum i r r i g a t i o n  p ipe  

placed i n s i d e  a 30' long,  8'' diameter  Kalwall  c y l i n d e r .  The aluminum 

p ipe  i s  s i l i c o n e  coa ted ,  u s ing  t h e  method developed by H. McCracken. 

The narrow diameter  p ipe  a l lows  f a s t  water  hea t ing .  The. system 

ope ra t e s  very  e f f i c i e n t l y ,  s i n c e  t h e  demand r a t e  is  s o  h igh  t h a t  t h e  

water  does' no t  s t and  i n  t'he p ipes  long 'enough t o  l o s e  h e a t .  Plumbing 

connect ions f o r  t h e  p ipe  a r e  expensive s o  longer  p ipe  runs  a r e  more 

. c o s t  e f f e c t i v e  than  s h o r t  ones.  

Water Storage: 

Glazing 'Area : 

Number of Units :  

Estimated Mate r i a l s  Cost: $ l O l / u n i t ,  $ 6 0 6 / i n s t a l l a t i o n  

Performance: 41% So la r ,  51.15 KBTU a n n u a l l y l d o l l a r  inves ted  

Advantages : Extremely easy t o  mass produce due t o  

s imple des ign  and inexpensive,  a v a i l a b l e  

r a w  materials. 

Moderately easy i n s t a l l a t i o n .  Glazed 

p ip ing  l eng ths  a r e  easy t o  handle,  b u t  

connec t ions  between p ipes  must be  done 

on site. 

Design is w e l l  matched t o  load p r o f i l e ,  

. s i n c e  i t  provides  quick,  e f f i c i e n t  water 

hea t ing .  



Disadvantages: High risk system since aluminum coating 

method is untested. 

Not reproducible £or single residential 

applications, although system is well 

suited for multi-family or commercial 

use. 



SYSTEM /I 7 - NARROW DIAMETER TRIANGULAR SYSTEM 

Descr ip t ion :  This.  system, developed by Horace McCracken, u ses  

3" diameter  s i l i c o n e  coated aluminum i r r i g a t i o n  p i p e  i n s i d e  a 

t r i a n g u l a r  s h e e t  meta l  box. The system h e a t s  up extremely f a s t  

d u e . t o  t h e  narrow tube  d i a m e t e r s a n d o p e r a t e s  very  e f f i c i e n t l y .  

Since t h e  connect ions a r e  expensive and' t he  p ipes  hold a  sma l l  

amount of water ,  t h i s  system would be  b u i l t  i n  16 f o o t  l eng ths .  

Water s t o r a g e  f i g u r e s  a r e  l i s t e d  below, b u t  they a r e  r e l a t i v e l y  

meaningless ,  s i n c e  water  flow through t h e  system is  q u i t e  f a s t .  

Water Storage:  0.37 g a l l o n s / u n i t  . 

Glazing Area: 12.8 f t . 2 / u n i t ,  128 f t . * / i n s t a l l a t i o n  

Number of Units :  10 

Estimated Mate r i a l s  Cost: $29 /un i t ,  $ 2 9 0 / i n s t a l l a t i o n  

Performance: 32% S o l a r ,  82.0 KBTU a n n u a l l y / d o l l a r  i nves t ed  

Advantages: Eas i ly  mass produced s i n c e  t h e  system has 

few components. 

S u i t a b l e  f o r  mul t i - fami ly ,  commercial and 

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

Easy i n s t a l l a t i o n  s i n c e  systems a r e  

l i gh twe igh t  and easy t o  handle.  

Very low p r o f i l e  is  no t  s u s c e p t i b l e  t o  

vand a1  i s m  . 
System matches load p r o f i l e ,  s i n c e  i t  

is  a  minimal s t o r a g e ,  f a s t  h e a t i n g  device .  



Disadvantages : High r.isk system since silicone coating 

method is untested. Improperly coated 

pipe will corrode rapidly. 

Potential health hazard, since long term 

effects of silicone in contact with drink- 

ing-water supply are unknown. , 

May be unsuitable for single family units 

since the system has minimal heat storage. 



System #7 Narrow Diameter Triangular 
Figure 9 

System "8 ,One Tank Triangular 
Figure 10 



SYSTEM 8 - ONE TANK TRIANGULAR BREADBOX 

Desc r ip t i on :  This  one tank  system placed i n  a  t r i a n g u l a r  box was 

developed midway through t h e  p r o j e c t  t o  meet t h e . c r i t e r i a  of a  small, 

ea sy  t o  handle  system wi th  a  s imple box des ign .  I n  t h i s  system, t h e  

t a n k . l i e s . w i t h  t h e  long  a x i s  running e a s t l w e s t ,  a l l o w i n g ' s o l a r  r a d i a -  

t i o n  t o  be  b e t t e r  d i s t r i b u t e d  a c r o s s  t h e  tank s u r f a c e  i n  w i n t e r .  

This  system i s  modular; i t  is  easy t o  add tanks  a s  needed. 

40 g a l l o n s / u n i t  Water Storage:  

Glazing Area: 28 f  t .  2 / u n i t ,  112 f  t .  / i n s t a l , l a t i o n  

Number of U n i t s  : 4 

Estimated M a t e r i a l s  Cost:  $183/uni t ,  $ 7 3 2 / i n s t a l l a t i o n  

Performance: 19% S o l a r ,  18.14 KBTU annucll . ly/dollar inves ted  

Advantages: Eas i l y  mass produced. This  box r e q u i r e s  

l i t t l e  lumber c u t t i n g .  

*Highly r ep roduc ib l e  f o r  s i n g l e  fami ly  

r e t r o f i t s ,  s i n c e  box i s  f a i r l y  compact 

and t h e  number of boxes can be  e a s i l y  

va r i ed  t o  match t h e  h o t  water  l oad .  

E a s i l y  maintained,  s i n c e  an  e n t i r e  box 

could be  removed. and rep laced  i f  necessary .  

Glazing d e t a i l  a l lows  f o r  qu ick  g l a z i n g  

removal. 

Low p r o f i l e  minimizes s u s c e p t a b i l i t y  t o  

vandalism. 

Glazing set  a t  optimum t i l t  f o r  l o c a t i o n .  



System is costlier since separate box is 

used for each tank. 

Plumbing connections between the boxes 

can be time-consuming and costly for 

installat ions. of more than two systems. 



SECTION 4 . .  PERFORMANCE EVALUATION 

The performance of each breadbox system w a s  analyzed us ing  

D.A.T.A.'s computer code BBX, v a l i d a t e d  a g a i n s t  d a t a  ga thered  by 

D.A.T.A.'s Suncatcher Monitoring P r o j e c t  i n  t h e  summer of 1979. 

The program uses  hour by hour s imula t ion  and y i e l d s  tank  tempera- 

t u r e s  as w e l l  a s  t h e  t o t a l  h e a t  de l ive red  by t h e  system. The 

r e s u l t s  of t h e  a n a l y s i s  f o r  each system a r e  presented  i n  t h e  

Breadbox Performance Summary Sheet i n  t h i s  s e c t i o n .  This  s e c t i o n  

a l s o  inc ludes  a d d t t i o n a l  a n a l y s i s  of two systems developed dur ing  

t h e  f i n a l  s t a g e s  of t h e  s e l e c t i o n  process .  

Program Descr ip t ion  

The computer code BBX uses  hour by hour s imu la t ion  t o  model . , 

t h e  annual performance of t h e  breadbox systems. Rather than  us ing  

t h e  very expensive method of modeling t h e  performance f o r  an  

e n t i r e  year ,  breadbox performance is  modeled dur ing  e i g h t  des ign  

days,  c o n s i s t i n g  of one t y p i c a l  SUL~LV and one typi,cal cloudy day 

f o r  each of t he  four  seasons.  The program m u l t i p l i e s  t h e  c l e a r  day 

performance by t h e  number of c l e a r  days i n  t h e  season,  and t h e  

number of cloudy days by t h e  cloudy day performance. The number 

of p a r t l y  cloudy days a r e  then  mul t ip l i ed  by 213 of t h e  sunny day 

performance and 113 of t h e  cloudy day performance. S t a t i s t i c a l  

s t u d i e s  of s o l a r  r a d i a t i o n  i n d i c a t e  t h a t  most of t h e  d a i l y  r a d i a t i o n  

on p a r t l y  cloudy days a c t u a l l y  s t r i k e s  t h e  e a r t h ' s  s u r f a c e . .  

The program inpu t s  inc lude  t h e  phys i ca l  and thermal c h a r a c t e r i s -  

t i c s  of t h e  box and tanks ,  a s  w e l l  a s  t h e  load p r o f i l e ,  c l i m a t i c  

and s o l a r  r a d i a t i o n  da t a .  The box c h a r a c t e r i s t i c s  i nc lude  t h e  a r e a ,  

o r i e n t a t i o n  and R-value of a l l  w a l l s  and g l az ing  su r f aces .  The 



i npu t  on t h e  tanks inc ludes  water capac i ty  i n  pounds, s u r f a c e . a r e a  

of t h e  tank ,  and t h e  s u r f a c e  a r e a  exposed t o  s o l a r  r a d i a t i o n .  

Cl imat ic  d a t a  i nc ludes  maximum and minimum da i ly - t empera tu re s ,  

average number' of c l e a r ,  p a r t l y  cloudy and cloudy days each month, 

e t c .  

The program c a l c u l a t i o n s  inc lude  a h e a t  ba lance  between t h e  

key elements of t h e  system, i . e .  t h e  o u t s i d e  a i r  temperature,  

i n t e r n a l  temperatures  and tank  temperature.  T h i ~  h e a t  ba lance ,  

c a l c u l a t e d  100 t imes per  hour ,  a l s o  i n t e r f a c e s  w i th  t h e  load p r o f i l e .  

The hour ly  load p r o f i l e  a l lows  hea ted  m a s s  t o  be  drawn from t h e  

tanks  and co ld  water t o  be  introduced.  

The program outputs  i nc lude  a n  hourly sumrnary of t h e  maximum 

and minimum tank temperatures ,  o u t s i d e  a i r  temperatures ,  and 

i n t e r i o r  box temperature.  It a l s o  summarizes n e t  h e a t  exchanges 

between t h e  va r ious  components i n  t h i s  system and t h e  environment. 

A t  t h e  end of each day t h e  maximum and minimum temperatures ,  n e t  

BTU.output from t h e  system, and a complete summary of t h e  h e a t  

ba lance  of each element a r e  p r i n t e d .  

The annual ized output  i nc ludes  annual  BTU suppl ied  by s o l a r  

h e a t i n g ,  annual  BTUs suppl ied  by t h e  back-up h e a t e r ,  t o t a l  number 

of g a l i o n s  used per  yea r ,  and t h e  percent  s o l a r  c o n t r i b u t i o n  t o  

t he  t o t a l  water  hea t ing  demand. It i s  important t o  no te  t h a t  t h e  

mbdel s imu la t e s  t h e  brkadbox system when i t  is  a c t u a l l y  connected 

t o  t h e  back-up system. 



Performance Summary 

The summary of t he  performance is presented i n  t h e  Breadbox . 

Performance Summary Sheet .  System iI5, t h e  two tank bubble,  has  

t h e  l a r g e s t  'percent  s o l a r  and de l ive red  t h e  l a r g e s t  amount of h e a t .  

Th i s  is  due p r imar i ly  t o  t h e  l a r g e  number of u n i t s  used. I n  con- 

t r a s t ,  t h e  t r i a n g u l a r  system performed worst by d e l i v e r i n g  t h e  

sma l l e s t  amount of h e a t .  This  appears  t o  be due t o  t h e  l a r g e  h e a t  

l o s s e s  through t h e  box w a l l s ,  s i n c e  each tank i s  enclosed i n  a n  

i n d i v i d u a i  box. With the except ion  of system #5 and system il8, 

t h e  systems us ing  more than  one 30 o r  40 g a l l o n  tank performed 

s i m i l a r l y .  This  shows t h a t  t h e s e  systems a r e  not  p a r t i c u l a r l y  

s e n s i t i v e  t o  changes i n  box conf igu ra t ion .  

The performance d i f f e r e n c e  i n  system /I4 using 30 g a l l o n  tanks  

v s .  40 g a l l o n  tanks is  extremely small. . Thus, t he  system perform- 

ance  f o r  a l l  the  tank systems (iIl-iI5 and iI8) would no t  change g r e a t l y  

i f  30 ga l lon  tanks  were s u b s t i t u t e d  f o r  40 g a l l o n  t anks ,  30 ga l lon  

tank  systems a r e  a b e t t e r  choice  s i n c e  they lower t h e  c o s t  (30 

ga l lon  tanks a r e  l e s s  expensive) wi thout  s i g n i f i c a n t l y  lowering 

system performance f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n .  I n  f a c t ,  t h e  

KB~U/dol la r  c o s t  d i f f e r e n c e s  between t h e  two systems show t h a t  30 

g a l l o n  t a n k s ' a r e  extremely economical--43.97 K . ~ ~ u / d o l l a r  compared t o  

39.65 ~ ~ ~ U / d o l l a r  f o r  t h e  40 g a l l o n  tank system. 



BREADBOX PERFORMANCE SUMMARY SHEET ' :  

System Number Tanks/Unit o f . U n i t s  T o t a l  Capac i ty .  MBTUS Annual Output % So la r  -- KBTU/$ 

'1. 2  tank  v e r t i c a l '  

2. 3  tank v e r t i c a l  ' 

3. 2  tank  p l u s  ' 

superhea te r  

4. 2  tank  
h o r i z o n t a l  

5 .  2  tank bubble 

6 .  Narrow diameter  
bubble--6" p ipe  

160 g a l .  

180 g a l .  

3  1 120 g a l .  , 22.39 

2  2 120 g a l .  
2  2  160 g a l .  

2 6  360 g a l .  62.93 

' 30 6 264 g a l .  
l i n .  f t .  

3  3  43.97 (30 g a l . )  
34 ' 39.66 ,(40' g a l . )  

W 
0 

7  6  .46.68 

7.  Narrow diameter  16 10 59 gal'. 23.78 32 82.00 
t r i a n g u l a r  l i n .  f t .  

(McCracken) 3" p ipe  - 
8 .  1 tank  1 4  160 g a l .  13.28 .19 18.14 

t r i a n g u l a r  



SECTION 5. BREADBOX MONITORING RECOMMENDATIONS 

Severa l  l e v e l s  o r  op t ions  f o r  monitor ing a r e  a v a i l a b l e .  The 

c o s t s  and informat ion  gathered w i l l  g ene ra l ly  vary  i n v e r s e l y ,  t hus  

t h e  f i n a l  d e c i s i o n  w i l l  be  made i n  conjunct ion  w i t h  o t h e r  p r o j e c t  

c o n s i d e r a t i o n s . ~ e v e r a l  op t ions  have been developed so. t h a t  an  

i n t e l l i g e n t  and informed d e c i s i o n  which ba lances  p r o j e c t  and 

monitor ing goa l s  can  be made. . . 

Basic Output Performance 

1. Minima 1 Requirements 

The minimal requirement f o r  monitor ing equipment i s  a s i n g l e  

BTU meter f o r  each system t o  be  monitored.. This. instrument .  should 

be placed i n  a  s h e l t e r e d  l o c a t i o n  between t h e  breadbox o u t l e t  and 

the  hot  water  h e a t e r  i n  f r o n t  of any i n s t a l l e d  bypass va lves .  The 

i n l e t  water  temperature a l s o  needs t o  be  measured f o r  t hese  u n i t s  

t o  work; t hus ,  t h e  i n l e t  and o u t l e t  plumbing f o r  t h e  breadbox f o r  

monitored systems needs t o  be reasonably close and i n  a o h e l t c r s d  

l o c a t i o n .  The BT'J meter must be  i n s t a l l e d  i n  a  h o r i z o n t a l  s e c t i o n  

of pipe.  A-110 v o l t  e l e c t r i c a l  o u t l e t  o r  c i r c u i t  nearby is necessary .  

The Conserdyne BTU meter is recommended due t,o i t s  reasonable  c o s t  

and l o c a l  a v a i l a b i l i t y  (Glendale,  C a l i f o r n i a ) .  There a r e  r e g r e t t a b l y  

few.manufacturers  producing such ins t ruments  f o r  hof water  a p p l i c a t i o n s .  

2 .  Secondary Cons idera t ions  

. The second s t e p  i n  monitor ing should inc lude  another  BTU meter  

a t  t h e  h o t  water  h e a t e r  o u t l e t .  The i n s t a l l a t i o n  i n s t r u c t i o n s , a r e  

s i m i l a r  t o  t hose  above except  t h i s  i n s t a l 1 a t i o n . i ~  f o r  t h e  h o t  water  , 

h e a t e r .  Both t h e s e  op t ions  r e q u i r e  pe r iod ic  reading  of t h e  output  



of t h e  BTU and gas  meters .  The more of t e n  readings  a r e  taken ,  t h e  

b e t t e r  t h e  information,  although monthly readings  a r e  s u f f i c i e n t .  

More f requent  readings  would y i e l d  information about t h e  load pro- 

f i l e ,  i f  done hour ly ,  and t h e  day t o  day o r  week to 'week v a r i a t i o n ,  

i f  done d a i l y  o r  weekly. Hourly readings  f o r  24 f u l l  hours one o r  

two days a  month would g i v e  usefu1 . informat ion  about both d a i l y  load 

p r o f i l e  and o v e r a l l  performance. This  l e v e l  of monitor ing w i l l  

adequately i n d i c a t e  performance, bu t  w i l l  r e v e a l  l i t t l e  about  t h e  

dynamics of t h e  system o r  how i t  might be modified t o  improve per- 

formance. The meter readings  may need t o  be compared t o  s o l a r  

r a d i a t i o n  d a t a  al though t h e  s i t e  has  a  very  h i g h  percentage of 

c l e a r  days even i n  w in te r .  This  monitor ing could not compare 

breadboxes t o  o t h e r  f l a t  p l a t e  c o l l e c t o r s  o r  o the r  systems due t o  

. . 
t h e  s p e c i a l  aspec.ts of t h e  Ind io  p r o j e c t  and s i t e .  

Temperature Monitoring 

1. Hand Read 

I n  a d d i t i o n  t o  t h e  use  of BTU meters  d i scussed  i n  s e c i o n  1 

above, t h e  inc lus2on of a  multi-channel temperature measuring dev ice  

would be  u s e f u l  f o r  ga the r ing  more informat ion  about breadbox per- 

formance. Various temperature measuring ins t ruments  a r e  s o l d  wi th  

a c t i v e  s o l a r  system c o n t r o l l e r s ,  and t h e r e  a r e  a l s o  ins t ruments  

a v a i l a b l e  exc lus ive ly  f o r  measuring temperature.  These range i n  

p r i c e  from $85-$400 and can  accomodate anywhere from 3-11 channels .  

Such temperature measuring devices  have t o  be read  p e r i o d i c a l l y  de- 

pending on t h e  frequency of temperature .measurement des i r ed .  ~ e n e r a l l ~ ,  

t h e  frequency of readings  must be  g r e a t e r  than  four  t imes pe r  day 

t o  be  u s e f u l ,  w i th  hourly measurements being most t y p i c a l .  S t r i p  



c h a r t  r eco rd ing  ins t ruments  a r e  a l s o  a v a i l a b l e ,  bu t  t h e  a b s o l u t e  

c o s t  and p r i c e ' p e r  channel  jumps s u b s t a n t i a l l y .  For example, a  

. twochannel record ing  system c o s t s  $400. This  c o s t . m u s t  be  balanced 

a g a i n s t  t h e  c o s t  of ga the r ing  t h e  in format ion  by hand and must I 
a l s o  cons ider  t h e . ' t o t a l  number o f ,  temperature  measurements per  

- . . . . : , r , . . 

system t o  b.e monitored. The. instrument  recommended f o r  t h i s  a p p l i -  

c a t i o n  i s  s o l d .  by Hawthorne I n d u s t r i e s  (provided i t  is  r e a d i l y  

a v a i l a b l e ) ,  and c o s t s  approximately $200 f o r  e i g h t  channels  and' 

temperature  s enso r s .  The fo l lowing  temperatures  should be monitored: 

i n l e t  and o u t l e t  temperatures  of t h e  system and of each tank  w i t h i n  

t h e  system; i n s i d e  breadbox temperatures ,  and o u t s i d e  temperature .  

S e n s o r s ' a r e  a v a i l a b l e  a s  screw-in f i x t u r e s  f o r  t h e  tanks  and f o r  t h e  

i n l e t  and o u t l e t  temperatures .  Care must be  taken t o  avoid s t r a t i -  

f i c a t i o n  where i n l e t  and o u t l e t  temperatures  a r e  measured. I d e a l l y ,  

t h e  temperatures  should be  monitored dur ing-3-4  s e p a r a t e  pe r iods  of 

d i s t i n c t l y  d i f f e r e n t  weather cnndi t . i n n s .  T h i s  l eve1 of monitoring 

i s  u s e f u l  t o  compare wi th  computer models f o r  v a l i d a t i o n  and f o r  

s i m u l a t i o n  of breadboxes of d i f f e r e n t  de s igns  and a p p l i c a t i o n s .  

Someone f a m i l i a r  w i th  monitor ing of s o l a r  systems should i n s t a l l  

t h e  s enso r s ,  a l though c a r e  must be  taken  t o  recognize  t h a t  bread- 
. . 

boxes a r e  d i f f e r e n t  from s tandard  f l a t  p l a t e  c o l l e c t o r s .  A 

schematic diagram of suggested sensor  placement appears  below: 



Figure 1 1 Sensor Placement Schematic 

2 .  Automated Recording 
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t o  s t r i p  c h a r t s  which cont inuously record temperatures .  

I n  any even t ,  t h e  c o s t  of each monitor ing system should n o t  

exceed $1',200, s i n c e  t h e r e  i s  a package instrument  t h a t  w i l l  record 

and p r i n t  t e n  channels  of . temperature informat ion  a v a i l a b l e  from 

DATEL. I f  t he  s t r i p  c h a r t s  a r e  used, t h e  t ime r equ i r ed  t o  reduce 

d a t a  from the  s t r i p  c h a r t s  should be  considered,  and i f  no record-  

i ng  system i s  used,  f o r  t h e  time r equ i r ed  i n  record ing  and ana lyz ing  

any da t a  ga thered .  

3 .  I n s o l a t i o n  Measurement 

A pyranometer may be added t o  the  monitor ing system, al though 

the  output  of a pyranometer is usua l ly  d i f f e r e n t  from t h e  output  

of temperature s enso r s  and t h e  system chosen may no t  be  a b l e  t o  

accommodate t h e  pyranometer ou tput .  I n  a d d i t i o n ,  ins tan taneous  

pyranometer ob tput  is not  very  u s e f u l ,  e s p e c i a l l y  i f  recorded o r  

sensed in f r equen t ly . ,  Therefore,  i n t e g r a t o r s  a r e  u sua l ly  used wi th  

pyranometers t o  i n t e g r a t e  t h e  r o t a 1  r a d i a t i v e  f l u x .  These i n t e g r a t o r s  

must e i t h e r  be read d a i l y  dur ing  t h e  monitor ing per iod  o r  have a n  

output  t h a t  is compatible w i t h  t h e  record ing  dev ice  used. Pyrano- 

meters  a r e  f a i r l y  expensive ins t ruments ,  w i th  medium q u a l i t y  devices  - 

- cos t ing  $700, a l t h o u g h ' i t  i s . p o s s i b l e ' t o  purchase a n  adequate  sensor  

f o r  $100. The i n t e g r a t o r  r a i s e s  t h e  p r i c e  by $400 - $1000. 

D.A.T.A. f e e l s  t h a t  inc luding  a pyranometer is  not  necessary 

f o r  t h i s  p r o j e c t  un le s s  comparisons wi th  s i m i l a r l y  monitored p r o j e c t s  

i s  a n t i c i p a t e d ,  o r  s e p a r a t e  funding is  a v a i l a b l e .  So la r  d a t a  from 

a nearby s o l a r  s t a t i o n  w i l l  probably be adequate 'when c o r r e l a t e d  

wi th  l o c a l  weather d a t a .  



4 .  F u l l y  Automated Data Gathering System 

The most ex t ens ive  monitoring system would s t i l l  need t h e  

minimum s p e c i f i c a t i o n s  given above, bu t  could a l s o  use  a top q u a l i t y ,  

r e n t a l  monitor ing system. Sensors  f o r  t h i s  system could be purchased 

and i n s t a l l e d  during the  f i r s t , p a r t  of t h e  p r o j e c t .  The d a t a  acqu i s i -  

t i o n  system would a l low f o r  a  wide range i n  temperatures  and senso r s  

of a l l  types ,  inc luding  pyranometers and pu l se  counting devices .  

Therefore,  t h e  c o s t  of s p e c i f i c  ins t rumenta t ion  f o r .  pyranometer sens- 

i ng  could be  avoided. Recording and hardcopy of t h e  d a t a  could b e  

au tomat ic ,  avoiding t h e  n e c e s s i t y  f o r  human reading of d a t a .  A 

t r a i n e d  t echn ic i an  would be  needed, however, t o  s e t  up t h e  monitor- 

i ng  p r o j e c t  and .check  t h e  ins t ruments  r e g u l a r l y  dur ing  t h e  monitor- 

i n g  per iod .  The instrument  r e n t a l  would be approximately $400 per  

month, and t h e  t echn ic i an ' s  s e r v i c e s  would c o s t  a n  equal  amount o r  

more. 



SECTION 6. RECOMMENDATIONS AND CONCLUSIONS 

Design Matr ix 

The fol lowing system des ign  ma t r ix  summarizes how each system 

r e l a t e s  t o  t h e  des ign  c r i t e r i a  developed i n  Sec t ion  3 .  Each system 

is  ranked g r a p h i c a l l y .  A b l ack  c i r c l e  shows t h a t  t h e  system r e l a t e s  

pok i t i ve ly  t b  t he  des ign  f e a t u r e s .  The empty c i r c l e  s i g n i f i e s  t h a t  

i t  does no t  conform t o  the  des ign  c r i t e r i a .  A h a l f - f i l l e d  c i r c l e  

shows t h a t  t h e  system has some p o s i t i v e  and some nega t ive  f e a t u r e s .  
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Recommendations 

One system w a s  found s u i t a b l e  f o r  use  i n  t h i s  p r o j e c t ,  t h e  two 

tank  h o r i z o n t a l  system, #4, s i m i l a r  t o  t h e  c u r r e n t  C.D.C. -system. 

This  system has D.A.T.A.'s h ighes t  recommendation. The performance 

of t h e  recommended system f a l l s  w i t h i n  t h e  middle range f o r  systems 

us ing  tanks.  The KBTU/dollar is  t h e  h ighes t  of a l l  t h e  low r i s k  

systems. The f a c t  t h a t  C.D.C.  i s  Famil iar  w i t h  t h i s  system and i ts  

cons t ruc t ion  was a l s o  a  major dec id ing  po in t .  I n  a d d i t i o n ,  C . D . C . ' s  

f a m i l i a r i t y  means s h o r t e r  lead  times before  mass product ion begins.  

F i n a l l y ,  t h i s  system can  be  r e p l i c a t e d  f o r  use  i n  o t h e r  r e s i d e n t i a l  

a p p l i c a t i o n s ,  so  t h a t  t h i s  p r o j e c t  l a y s  t h e  groundwork f o r  C.D.C. 

t o  bu i ld  and i n s t a l l  breadboxes a s  a n  ongoing bus ines s .  

The narrow diameter  t r i a n g u l a r  system developed by Horace 

McCracken was f o u n d . t o  have t h e  h ighes t  performance r e l a t i v e  t o  c o s t ,  

i . e .  82.0 ~ B T U / d o l l a r .  .Although t h e  h igh  r i s k  ix~volved wi th  us ing  

an  i i n t ~ s t ~ . d  idea makes t he  McCracken system u n s u i t a b l e  f o r  t h i s  pro- 

j e c t ,  i t  neve r the l e s s  d e s e r v e s . f u r t h e r  r e sea rch  and suppor t .  The 

system has  b r o a d . a p p l i c a t i o n  f o r  h igh  volume, low s t o r a g e  appl ica-  

t i o n s  such a s  mult i - family housing, commercial and i n d u s t r i a l  use .  

The s i l i c o n e  coa t ing  technology is extremely s imple and o f f e r s  t h e  

p o t e n t i a l  f o r  C.D.C. and o the r  small  bus9nesses t o  c o a t  t h e i r  own 

p ipes  f o r  system i n s t a l l a t i o n s .  The coa t ing  technique could a l s o  

apply t o  galvanized tanks and may be a  s i g n i f i c a n t  breakthrough i n  

so lv ing  t h e  problem of tank  supply c u r r e n t l y  f ac ing  t h e  breadbox 

indus t ry .  The McCracken system, and t h e  s i l i c o n e  coa t ing  technique,  

deserve  s e r i o u s  i n v e s t i g a t i o n ,  and D.A.T.A. recommends t h a t  funding 

be  provided f o r  a d d i t i o n a l  r e sea rch .  



APPENDIX 

BREADBOX SYSTEM S P E C I F I C A T I O N S  





SPECIFICATIONS FOR BREADBOX SYSTEM 

The frame s h a l l  be-constructed of 2x mate r i a l ,  
. .  % . . 

const ruct ion  grade o r  be't.t&. The sk in  s h a l l  be 318' B-C 
\. %- 

Medium Density Overlay (M.D.O.), a long-last ing coated 

plywood; The 2x frame members s h a l l  use a minimum of .. 

2-16d n a i l s .  For j o i n t s  i n  the  s idewal ls  and back, 

f a s t e n e r s  applied with a compressed a i r  gun should be 

used. The s k i n  s h a l l - b e  a t tached t o  the  frame with 8d 

nai l s . ,  o r  tacks ,  and mastic .  A l l  j o i n t s  on the  e x t e r i o r  

of t h e  box s h a l l  be taped with flashband (ava i l ab le  

from Kalwall) . 

PAINTING 

Al.though the  M.D.O. may be i n s t a l l e d  without pa in t ing ,  . 

sea l ing  edges and su r faces  i s  recommended. I f  the  box is 

pain ted ,  t h e  Riverside cobnty Housing Authority should be 

consulted regarding co lo r  se lec t ion .  

Any wood i n  the  box in te r i0 . r  t h a t  is  not  covered 

by insulat io-n s h a l l  be painted with aluminum pa in t .  

Aluminum p a i n t  increases  r e f l e c t i o n  i n  t h e  box a i d  a l s o  

prevents t h e  wood from checking and warping due, t o  heat .  



BOX INTERIOR 

T h e . i n t e r i o r  of t he  box s h a l l  be f u l l y  i n s u l a t e d  wi th  1 114" 

f o i l  faced r i g i d  i n s u l a t i o n .  I n s u l a t i o n  on t h e  bottom s h a l l  .be 
7 ij 

s e t  s o  t h a t  i t  r e s t s  between t h e  2x4 membyrs, wi th  t h e  top  s u r f a c e  
". 

of t h e  i n s u l a t i o n  f l u s h  wi th  t h e  toprof  t h e  2x4. I n s u l a t i o n  on 
.rroria 

t h e  s i d e s  and back i s  placed d i r e c t l y  aver t h e  framing. The in su la -  

t i o n  should be secured wi th  t acks  o r  mas t ic  t o  i n s u r e  t h a t  i t  does 

no t  ge t  dis lodged i n  shipping.  

A l l  j o i n t s  i n  t h e  i n s u l a t i o n  and any edges exposed t o  s u n l i g h t  

s h a l l  be s ea l ed  wi th  aluminum f o i l  t a p e . ,  A l l  ho l e s  f o r  plumbing 

s t u b s  s h a l l  be a s  smal l  a s  possib' le and sea led  wi th  t ape ,  o r  foam 

s e a l a n t  ( P o l y c e l l  1 o r  equiva len t )  and tape .  

PLUMBING ' 

Breadbox tanks  s h a l l  be  American Appliance 18"x48" (30 ga l lon )  

g lass - l ined  e l e c t r i c  water  h e a t e r  model. The tanks should be placed 

wi th  t h e i r  c e n t e r s  12" i n  f r a n  t h e  o u t s i d e  s k i n  of t he  box. There 

s h o u l d b e  a  minimum of 9" between the  top  of t h e  tank and t h e  s i d e  

of t h e  f i n i s h e d  box inc luding  t h e  i n s u l a t i o n .  The tanks s h a l l  be 

he ld  down by a minimum of 3 galvanized s t r a p s .  Screws wi th  l a r g e  

washers should be used t o  f a s t e n  t h e  s t r a p s  t o  t he  2x4 hold down 

blocks.  



One p re s su re  r e l i e f  va lve  s h a l l  be loca t ed  i n s i d e  

t h e  box wi th  a d r a i n  p ipe  t h a t  goes t o  t h e  ou t s ide .  A l l  

o t h e r  Galves s h a l l  be i o c i t e d  ou t s ide  the  box. I f  used, 

I t h e  a i r  r e l i e f  va lve  which al lows a i r  t o  e x i t  when t h e  

1 d . ~  ' lo a, 
tanks a r e  being f i l l e d ,  should have i ts  n i p p l e  a t  t h e  

h ighes t  p o i n t .  on the  tank. 

The n ipp le s  and plugs may be s t a i n l e s s  s t e e l ,  b r a s s ,  
l 

o r  ga lvanized ,  although t o  minimize co r ros ion ,  s t a i n l e s s  

s t e e 1 , i s  recommended. Brass i s  t h e  next  b e s t  choice .  

A l l .  o t h e r  p ip ing  s h a l l  be  copp,er. F l e x i b l e  copper connect ions 

wi th  d i e l e c t r i c  couplings should be  used f o r  j o in ing  n ipp le s  

t o  coppe r .p ipe .  Brass  g a t e  va lves  s h a l l  be used wherever 

va lves  a r e  s p e c i f i e d .  However, t h e  a i r  r e l i e f  va lve  may 

be  a s imple galvanized assembly, s i n c e  ga lvanic  co r ros ion  

is  unimportant i n  t h i s  l o c a t i o n .  Before g l az ing  i n s t a l l a -  

t i o n ,  each breadbox should be  p re s su re  t e s t e d  wi th  a i r  t o  

t h e  l i m i t  s p e c i f i e d  by l o c a l  code o r  50 p s i ,  whichever 

i s  h igher .  

GLAZING 

The g l az ing  m a t e r i a l  s h a l l  be Kalwall  S u n l i t e  premium 

grade,  .040 th ickness .  F lash ing  s h a l l  be galvanized shee t  

metal .  See p lans  f o r  exac t  diinensions of va r ious  f l a s h i n g  

s i z e s .  Glazing s h a l l  be i n s t a l l e d  wi th  s i l i c o n e  cau lk  and 

galvanized f l a s h i n g ,  and fas tened  by neoprene gaske t  hex 

head screws ( a v a i l a b l e  from GM I n d u s t r i a l ) .  



INSTALLATION . 

The support s t r u c t u r e  s h a l l  be i n s t a l l e d  on s i t e ,  using screws 

a t  l e a s t  2 112" long. I n s t a l l  breadbox plumbing accordihg t o  plans.  

A l l  p ipes  containing hot  water must be -56sulated with Armaflex. 

The Armaflex should be painted t o  ~re tv '&ig~degradat ion  by sun l igh t .  

The backup hot  water heater  must be insu la ted  with R-6 f i b e r g l a s s  

b a t t s .  I f  b a t t s  with Kraft .paper backing a r e  used, the  backing 

must be removed f o r  f i r e  s a f e t y  purposes. 



ASSEMBLY AND INSTALLATION GUIDELINES 

INTRODUCTION - 1 :<< 

The f,ollowing is  a b ~ + e f  . s e t  of i n s t r u c t i o n s  t h a t  s p e l l  out 

t h e  va r ious  s t e p s  i n  c o n s ~ ~ u _ . e J ~ i n g  and i n s t a l l i n g  t h e  system. 

These i n s t r u c t i o n s  a r e  intended a s  gu ide l ines  f o r  l ay ing  out and 

phasing cons t ruc t ion  of t he  system. C.D.C. should modify ' t he se  

gu ide l ines  wherever necessary.  

Since the  cons t ruc t ion  d e t a i l s  of t h i s  system a r e  d i f f e r e n t  

from previous  systems,  C.D.C. should bu i ld  one sample box , to  become 

f a m i l i a r  w i th  t h i s  des ign .  Building a sample box w i l l  a l low 

p r o j e c t  supe rv i so r s  t o  s p o t  p o t e n t i a l  problems and enable  C.D.C.  

t o  s e e  what types of templates  and other  product ion a i d s  a r e  

needed. 

A.  FRAMING AND BOX ASSEMBLY. 

T;. speed t h e  c u t t i n g  and assembly of framing members, C .D .C.  

should cons ider  a . c o d i n g  system f o r  framing members. This code 

could u s e  c o l o r s ,  o r  1 e t t e i . s  and numbers. Coding would a l low a l l  

t h e  c u t t i n g  t o  be done a t  one time. Each p i ece  could be coded and 

placed i n  a b i n  conta in ing  only s i m i l a r  p i eces .  For examplei t h e  

code f o r  t h e  box bottom could . b e  red .  Each framing member i n  t h e  

bottom would be marked red  and would a l s o  have a number. A l l  

p a r t s . t h a t  have t h e  same dimensions would have the  same number. 



Layout and framing could be  s t reaml ined  by us ing  s t e n c i l s  t o  

mark t h e  layout  p a t t e r n  on . the plywood p i eces .  The s t e n c i l  would 

be app l i ed  t o  a  f u l l  4 'x8'  plywood s h e e t  b e f o r e  c u t t i n g . .  The . . , . 

s t e n c i l  would show t h e  c u t  l i n e s ,  a s  w e l l  a s  t he  p a t t e r n  f o r  l ay ing  

out fhe  2x4 frame. 

Guide l ines :  

1. Mark and c u t  2x4's f o r  back, bottom, s i d e s ,  g l az ing  

suppor t  and suppor t  s t r u c t u r e .  Spot check some c u t s  t o  i n s u r e  

t h a t  the  dimensions a r e  c o r r e c t .  

2. Mark and c u t  plywood f o r  t h e  e n t i r e  box. 

3 .  D r i l l  h o l e s  f o r  plumbing ' s t u b s  and va lves  (op t iona l :  

t h i s  s t e p  may be  performed a s  Guide l ines  #7 ) .  

4. .Paint  i n t e r i o r  framing members and g l az ing  suppor t s  n o t  

t o  be covered wi th  i n s u l a t i o n .  The recommended c o l o r  is r e f l e c t i v e  

aluminum. 

5. Lay ou t  t h e  2x4 frames on t h e  a p p r ~ p r i a t e ~ p l y w o o d  p i e c e ,  

The 2x4 frame merr>oers should be f l u s h  w i th  t h e  plywood edge except  

i n  a r e a s  noted on t h e  p lans .  

6 .  Assemble e a c h 2 x 4  frame. Fas ten  each frame t o  t h e  a p p r o p r i a t e  

plywood p i ece  w i t h  n a i l s ,  o r  t a c k s ,  and mas t ic .  

7. D r i l l  h o l e s  f o r  plumbing (no te : ,  t h i s  s t e p  may be  performed 

a s  Guidel ine #3)  

8. Assemble t h e  box. U s e  mas t i c  on a l l  s u r f a c e s  where plywood 

meets t h e  2x4 frame. 



9. I n s t a l l  the  glazing supports.  

10: sh ip  breadboxes t o  the  site. 

11. Place them on r 'mf .  

12. I n s t a l l  t h e  support  s f  ructures.  

13. Secure a s  necessary. 

B. PAINTING / STAINING 

Sta in ing the  box is recommended, even though the  M.D.O. is  

an?exce l l en t  weather r e s i s t a n t  surface.  I f  the  box is painted ,  

the  f l a sh ing  may a l s o  be painted,  but  t h i s  i s  opt ional .  C.D.C. 

should check with t h e  Riverside County Housing Authority regard- 

ing paint ing t h e  f l a sh ing  and se lec t ing  a color .  

I f  C.D.C. decides t o  pa in t  the  f lashing,  f l a sh ing  should 

be precut  t o  the .  proper length.  Repainting the  tanks is a l s o  

optional .  While t h e  tanks a r e  painted a t  t h e  fac to ry ,  repaint -  

ing  insures  t h e i r  having a good uniform.col lec tor  s u r f a c e . .  

Paint ing a l s o  p,revents e x t e r i o r  r u s t  t h a t  may occur due t o  
, 

occasional condensation on t h e  tanks. The tanks should be 

cleaned with TSP o r  the  equivalent  before repaint ing.  F l a t  black 

high temperature barbecue o r  engdne pa in t  should be used. 

C. INSULATION AND TANK INSTALLATION , 

1. Cut a l l  i n s u l a t i o n  and mark and c u t  out  holes  f o r  

plumbing . 



2 .  I n s t a l l  t h e  n ipp le s ,  elbows, and plugs on tanks.  

Note: do not i n s t a l l  t he  f l e x  connectors  u n t i l  s t e p  6 .  This  

prevents  t h e  connectors  from g e t t i n g  i n  t h e  way dur ing  t h e  

tank i n s , t a l l a t i o n  o r  from g e t t i n g  damaged o r  bent .  

3 .  I n s t a l l  insuiat- ion i n  the bottom of t h e  box. 

4 .  I n s t a l l  t h e  t ank . suppor t  blocks.  

5. I n s t a l l  and s t r a p  down t h e  tanks .  

6.  I n s u l a t e  t h e  r e s t  of t h e  box. A l l  i n s u l a t i o n  should 

I f i t  snugly i n  t h e  box.  ast tic or  t acks  may be used t o  f a s t e n  

t h e  i n s u l a t i o n  t o  prevent  i t s  becoming dis lodged i n  sh ipping  

and i n s t a l l a t i o n .  A l l  j o i n t s  must be taped wi th  aluminum f o i l  

t ape  t o  reduce i n f i l t r a t i o n .  

7 .  I n s e r t  t h e  i n l e t  and o u t l e t  s t u b s ,  and t h e  a i r  r e l i e f  

va lve  through the  i n s u l a t i o n  and i n t o  the  s t u b  box. Be s u r e  t o  

s e a l  around t h e  openings wi th  tape  o r  foam s e a l a n t  and t ape .  

8. I n s t a l l  t h e  p re s su re  r e l i e f  d r a i n  p ipe  through t h e  

i n s u l a t i o n  and through t h e  box wa l l .  Again, t ape  o r  s e a l  around 

t h e  rough opening. 

9. I n s t a l l  t h e  d r a i n  va lve  assembly and s e a l  ho le .  

10. I n s t a l l  t h e  f l e x  connectors  and connect t h e  two tanks .  

Before t h e  g l az ing  i s  i n s t a l l e d ,  p re s su re  t e s t  t he  system and 

I 
I 

a l l  connect ions t o  50 p s i ,  o r  the  p re s su re  s p e c i f i e d  by the  l o c a l  



D. GLAZING 

Guidel ines:  

1. Measure and c u t  g l az ing  m a t e r i a l .  

2. Place  g l az ing  i n  p o s i t i o n  and t ack  i t  down i n  two o r  

t h r e e  p l aces .  

3 .  P o s i t i o n  the  f l a s h i n g  and then  p l ace  a  s i l i c o n e  caulk  

bead around t h e  g l az ing  edge. Screw t h e  f l a s h i n g  down p a r t  way, 

u n t i l  i t  r e s t s  on t h e  s i l i c o n e  b u t  i s  not  t i g h t .  

4. A l l o w  t h e  s i l i c o n e  t o  d ry  overn ight ,  and then  t i g h t e n  

down t h e  screws t h a t  hold the  f l a s h i n g .  

E. SHIPPING 

Due t o  t h e  weakness of t h e  g l az ing  and t h e  number of p i p e s  

and va lves  coming ou t  of the  box, t h e s e  systems a r e  f r a g i l e .  

Every e f f o r t  should be  made t o  avoid damage t o  t h e  boxes i n  sh ipping .  

A s e r i e s  of sh ipping  blocks has  been designed t o  a l low two systems 

t o  be s tacked toge the r  without  damaging t h e  g laz ing .  These sh ipping  

b locks  a r e  f a s t ened  by screws (hex head o r  s q u a r e  d r i v e )  o r  

.staff old n a i l s ,  s o  they can be  e a s i l y  removed on s i t e .  A minimum 

of t h r e e  f a s t e n e r s  is requi red  t o  hold each box on to  t h e  sh ipping  

block.  



F . INSTALLATION 

Guidel ines  : 

1. P lace  system on roof wi th  f o r k l i f t ,  

2. Remove shipping b locks ,  pa tch  ho le s ,  and apply touch-up 

p a i n t  t o  t h e  ho le s  and any o t h e r  p a r t s  damaged i n  sh ipping .  

3 .  I n s t a l l  t h e  support  blocks.  

4 . '  Layout, c u t ,  and p a r t i a l l y  assemble t h e  plumbing needed 

t o  connect t h e  boxes t o  each o t h e r  and t o  t h e  backup system. 

5. P re s su re  t e s t  t h e  e n t i r e  plumbing..system and i n s p e c t  a l l  

j o i n t s  and connect ions.  

6.  I n s u l a t e  a l l  t h e  p ipes  except  f o r  t h e  unions and connectors  

before  t h e . f i n a 1  plumbing connect ions a r e  made. Be c a r e f u l  n o t  t o  

sweat s o l d e r  p ipes  t h a t  have been in su la t ed .  

7 .  Apply i n s u l a t i o n  over j o i n t s  and unions. .It w i l l  b e  

necessary t o  s l i t  t h e  i n s u l a t i o n  t o ' p l a c e  i t  on the  j o i n t s .  The 

i n s u l a t i o n  should h e  tape w-t-app~d tn  spa1 t he  slit(s) wi th  1 

s t rong  weather r e s i s t a n t  t ape  wrapped around and s l i g h t l y  over- 

lapped f o r  b e t t e r  holding power. 

8. P a i n t  t h e  p ipe  i n s u l a t i o n  wi th  Armaflex p a i n t  t o  prevent  

degrada t ion  of t h e  i n s u l a t i o n .  

9 .  I n s u l a t e  t h e  backup system. 



SOURCES FOR BREADBOX PLANS 

H O ~  To Build A Passive System Solar  water Heater,  1976 
Horace McCracken 
29 West Carlos 
Al turas ,  CA 96101 
c o s t  - $6.00 

A hor izon ta l  system using duct  i n s u l a t i o n  t o  reduce n ight  hea t  
l o s s .  Includes perf 0rmanc.e. 

Breadbox 'Water Heater Plans 
Zomeworks 
Box 712 
Albuquerque, NM 

Includes plans f o r  a 2 tank hor izon ta l  system w i t h .  insula ted  
UDI and .a 1 tank v e r t i c a l  system with n ight  insu la t ion .  

Inexpensive Do-It-Yourself Solar  Water Heater O r  Pre-Heater 
Pe te r  Zweig 
Fara l lones  I n s t i t u t e  
1520 Coleman Valley Rd. 
Occidental,  CA 95465 
Cost - $1.00 

A simple t r i a n g u l a r  1 tank system, with a t i l t e d  v e r t i c a l  tank. 

Vertical-Two Tank-Passive Solar  Water Heater (1929) 
Horizontal-Two Tank-Passive Solar  Water Heater (1979) 
John Burton 
I n t e g r a l  Design 
3825 Sebastapol Rd. 
Santa Rosa, CA 95401 
Cost - $15.00 f o r  each set of p lans  



BREADBOX MANUFACTURERS AND DISTRIBUTORS & INSTALLERS 

I n t e g r a l  Designs 
3825 Sebastapol  Rd. 
Santa Rosa, CA 95401 

S i t e  b u i l t  two tank h o r i z o n t a l  and v e r t i c a l  system 

Solar  American Co. . 

P.  0 .  Box 2088 
Newport News, VA 23602 

Mass produced s i n g l e  tank h o r i z o n t a l  system 

Fred Rice Product ions  
P .  0 .  Box 91277 
Los Angeles, CA 90009 

Manufacturers and d i s t r i b u t o r s  of SAV s o l a r  water h e a t e r s .  
S ing le  tank systems, a l s o  a v a i l a b l e  pa rabo l i c  concent rac ions .  

Sun Energy Bui lders  
5838 Robertson Ave. 
Carmichael, CA 95608 

A mass produced 2 tank system designed t o  s i t  f l u s h  wi th  t h e  
r o o f l i n e  of a house. 

Sun Energy I n t e r n a t i o n a i  
P .  0 .  Box 6542 
Concord, CA 94524 

D i s t r i b u t o r s  f o r  a Japanese narrow diameter  i n t e g r a l  c o l l e c t o r  
s t o r a g e  u n i t .  

Horace McCracken 
29 West Car los  
A l t u r a s ,  CA 96101 

A v a r i e t y  of s i t e  b u i l t ,  custom designed systems. 

American Appliance 
P.  0 .  Box 1456 
Santa Monica, CA 

Manufacturers of g l a s s - l i ned  s t e e l  tank.  Tank p r i c e s  vary 
depending on d i s t r i b u t o r  o r  jobber ,  and q u a n t i t y .  

Pe l i can  Assoc ia tes  
2584 Leghorn S t .  
Mountain View, CA 94043 

D i s t r i b u t o r s  f o r  s tone- l ined  s t e e l  t anks .  
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