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A Flat-plate Solar Collector System for Use in A quacu ltu re

M a n y  p r o c e s s e s  in  a q u a c u l t u r e  r e q u i r e  
h e a t i n g  l a r g e  q u a n t i t i e s  o f w a te r  o n ly  a  few 
d e g re e s ,  e s p e c ia l ly  w h e n  t r y i n g  to in c re a se  
t e m p e r a t u r e s  above  a m b i e n t  for pu rp oses  o f 
f a s t e r  g ro w th  or con tro l led  sp a w n in g .  C osts  of 
h e a t i n g  l a r g e  v o l u m e s  o f  w a t e r  b y  c o n ­
v e n t io n a l  m e t h o d s  a r e  p ro h ib i t iv e .  A l t e r n a ­
t i v e  e n e rg y  so u rces ,  su ch  a s  s o l a r  en e rg y ,  offer 
a  v a r i e ty  o f so lu t io n s  to t h i s  p rob lem . A well 
d e s ig n e d  p a s s iv e  s o l a r  h e a t i n g  sy s te m  is th e

m o s t  d e s i r a b l e  s o l a r  w a t e r  h e a t i n g  m e th o d  
(Ogle, 1982). P a s s iv e  s y s te m s  a r e  n o t  read i ly  
a d a p ta b l e  to e x i s t i n g  s t r u c t u r e s  a n d  w o rk  b es t  
w h e n  i n i t i a l l y  d e s i g n e d  in to  t h e  s t r u c tu r e .  
A c tive  s o l a r  e n e rg y  s y s te m s  a r e  m u c h  m ore  
flex ib le  a n d  c a n  be m o re  eas i ly  r e t ro f i t t e d  to 
e x i s t i n g  b u i ld in g s  a n d  s i te  r e q u i r e m e n ts .  C o n ­
c e n t r a t i n g  a n d  f l a t -p la te  co llec to rs  a r e  th e  two 
m a i n  ty p e s  of a c t iv e  sy s tem s .  C o n c e n t r a t in g  
co llec tors  c a n  p rod uce  e x t r e m e ly  h ig h  te m p e r-
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a t u r e s  b u t  sacr if ice  efficiency a n d ,  there fo re ,  
a r e  n o t  conducive  to h e a t in g  la rg e  v o lu m es  of 
w a te r  on ly  a  few d egrees .  F la t -p la te  collectors, 
h o w e v e r ,  can  be  80% eff ic ient in  t h i s  mode. 
D u e  to i t s  effic iency an d  a d a p ta b i l i ty ,  th e  f la t-  
p la t e  ty p e  of s y s te m  w a s  chosen  for use  a t  th e  
F l o r i d a  D e p a r t m e n t  o f  N a t u r a l  R e s o u rc e s  
B u r e a u  of M a r in e  R e se a rch  (BMR).

T h e  s y s te m  w a s  u sed  in a  ju v e n i le  p r a w n  
(M a c ro b ra c h iu m  rosenberg ii) n u r s e r y  d e m o n ­
s t r a t i o n  project. In te n s iv e  w in te r  n u r s e r y  p ro ­
d u c t io n  a n d  s u b s e q u e n t  s to c k in g  of ju v e n i le s  
e ffec tive ly  e x te n d s  th e  p ra w n  g ro w in g  season  
in F lo r id a .  W il l i s  a n d  B e r r ig a n  (1977) s tocked  
ju v e n i l e s  an d  p o s t l a rv a e  in to  ponds  for a  167 
d a y  g ro w o u t .  P r a w n s  s tocked  a s  ju v e n i le s  h a d  
a  25%  h i g h e r  h a r v e s ta b l e  b io m ass  a n d  a  100% 
in c r e a s e  in th e  n u m b e r  o f in d iv id u a ls  r e a c h in g  
m a r k e t a b l e  size  ( > 3 0 g ) . S a n d if e r  a n d  S m i th  
( 1978) a n d  S m i t h  e t  al ( 1981) h a v e  a lso  sh o w n  
b e t t e r  y ie ld s  w h e n  ju v e n i le s  h a v e  been  s tock ed  
a t  th e  b e g in n i n g  of th e  g ro w o u t  season .  S o la r  
h e a t i n g  re d u c e s  o p e ra t in g  costs in te m p e r a t e  
c l im a te s ,  th u s  in c r e a se s  th e  fea s ib i l i ty  o f such  
a  n u r s e ry .

T h e  s o l a r  h e a t i n g  sy s tem  u sed  a t  th e  B M R  
co n s is ted  of tw o 3.71 m 2 (40 f t2) f la t -p la te  col­
lec to rs ,  tw o 310 .4  L (82 gal)  s to ra g e  t a n k s ,  a n d  
a m a n i fo ld  d i s t r i b u t io n  sy s te m  w ith  h e a t  ex­
c h a n g e r s .  T h e  sy s te m  w as  loca ted  in a n d  on a 
5 '5.74 m 2 (600  f t 2) o n e  s to r y  c e m e n t  b lock  
b u i ld in g  (Fig. 1) w i th  no w all  a n d  ce i l ing  in ­
s u l a t i o n .  F o a m  in s u la t io n  w i th  a n  r  v a lu e  of 
11 w a s  p laced  o ve r  th e  windows.

H e a t  e x c h a n g e r s  w e re  p laced  in four 1250-L 
(3 0 0 - g a l )  f i b e r g l a s s  c u l t u r e  t a n k s .  C u l t u r e  
t a n k  t e m p e r a t u r e  w as  m e a s u re d  d a i ly  (F e b r u ­
a r y  2 0 - M a r c h  22, 1981) a t  0900, w h e n  th e  s y s ­
t e m  w a s  a t  i t s  l o w e s t  t e m p e r a t u r e .  D a i ly  
a m b i e n t  a i r  t e m p e r a t u r e s  w e re  o b ta in e d  from 
th e  N a t io n a l  W e a t h e r  Serv ice  o b se rv a t io n  s t a ­
tion  a t  A lb e r t  W h i t t e d  M u n ic ip a l  A irp o r t ,  S t. 
P e te r s b u rg ,  F lo r id a ,  located  a b o u t  180 m  (200 
y a rd s )  e a s t  of  t h e  te s t  facility .

H e a t  e x c h a n g e r s  co nsis ted  of 3 m  (10 ft) o f  
1.9 cm  (0 .75 in) I.D. ty p e  m copper t u b in g  w i th  
a  90 d e g re e  elbow  15.24 cm (6 in) from  each  
en d  (Fig. 1). T h e  e n d s  w ere  so ld e red  to 1.9 cm 
(0 .75 in) fe m a le  p ipe  th r e a d  a d a p te r s  w h ich  
w e re  co n n ec te d  to th e  o u t l e t  m an i fo ld  on  th e  
o u t l e t  s ide  a n d  to a con tro l  v a lv e  on t h e  in le t  
side .  T h e  c o n t r o l  v a lv e  w a s  co n n e c te d  to a

C P V C  in l e t  m an i fo ld .  T h e  m a i n  c i r c u la t in g  
p u m p  for t h e  d i s t r i b u t i o n  s y s t e m  w a s  con­
n ec te d  to t h e  o u t l e t  m an ifo ld .  All in l e t  a n d  
o u t l e t  l ines  w e r e  in s u la t e d  w i th  1.27 cm  (0.5 
in) w all  f l e x ib le  foam  p ip e  in s u la t io n .  A ll cop­
p e r  in  t h e  h e a t  e x c h a n g e r s  w a s  p a in t e d  w i th  
p o ly u r e th a n e  v a rn i s h  to m in im iz e  toxic effects 
o f exposed  copper .

C o l l e c to r  p l a t e s  w e r e  m a d e  o f  0 .1 78  m m  
(0 .007 in) t h i c k  copper  s h e e t s  (Fig. 2) so ld e red  
to 1.27 cm (0 .5  in) I.D. ty p e  m  copper  tu b in g .  
E a c h  co p p e r  s h e e t  m e a s u re d  61 x  15.24 cm 
(24 x  6 in )  w i th  a  0 .79  cm  (0.31 in) r a d i u s  
d e p re s s io n  a lo n g  th e  c e n te r  l in e  to c ra d le  th e  
copper  t u b i n g .  E ach  tu b e  w a s  jo in e d  w i th  90 
d eg ree  pipe e lb o w s  an d  s h o r t  le n g th s  o f tu b i n g  
so t h a t  e a c h  w a s  15.24 cm  (6 in) on  c e n te r  (Fig.
3). T h e  top a n d  bo t tom  p ipes  of e ach  collector 
w e re  t e r m i n a t e d  w i th  1.27 cm (0.5 in) fem a le  
p ip e  t h r e a d  a d a p te r s .  T h e  e n t i r e  p l a t e  w as  
p a in t e d  w i t h  h ig h  t e m p e r a t u r e  r e s i s t a n t  f la t  
b lack  p a in t .

T h e s e  co l le c to r  p la te s  w ere  p laced  in  boxes 
c o n s t ru c te d  o f  2.54 x  15.24 cm  (1 x  6 in) r e d ­
wood f r a m e s  w i th  a  0 .635 cm (0.25 in) t e m ­
p e r e d  h a r d b o a r d  b a c k in g .  W ood  a n d  h a r d ­
b o a rd  p a r t s  w ere  w ea th e rp ro o fe d  w i th  th r e e  
c o a ts  o f p o ly u r e th a n e  v a rn i s h .  F o a m  in s u l a ­
t io n  7 .62  c m  (3 in) th ic k  w as  p laced  b e h in d  th e  
p la te s  a n d  t h e  p la te s  fixed to w ooden s ta n d -
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Fig. 1. Overall system layout. 1. Flat-plate solar col­
lector. 2. Storage tanks. 3. Culture tanks. 4. Filter. 5. 
Collector circulating pump. 6. Heat exchanger. 7. 
Heat exchanger circulating pump.
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Fig. 2. Copper sheet formed for soldering to pipe.
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Fig. 3. Assem bled copper collector plate.

offs. T h e  co llec tors  w ere  g lazed  w i th  K a lw all®  
f ib e rg la ss  g la z in g  a n d  th e  edg es  se a le d  w i th  
s i l ico ne  s e a l a n t  u n d e r  a n g le  a lu m i n u m  (Fig.
4).

T w o  3 1 0 .4 -L  (8 2-ga l)  w a t e r  h e a t e r s  w e re  
u sed  a s  s to ra g e  ta n k s .  T h e y  w ere  con n ec ted  in 
s e r ie s  w i th  th e  w a te r  p a s s in g  to th e  h e a t  e x ­
c h a n g e r s  e x i t in g  th e  top of th e  second  t a n k  
a n d  r e t u r n i n g  to th e  b o t to m  of th e  f i r s t  t a n k .  
T h e  e l e c t r i c  h e a t i n g  e l e m e n t  w a s  le f t  o p ­
e r a t i o n a l  in  t h e  second t a n k  to p ro v ide  b ac k u p  
h e a t  i f  th e  s to ra g e  t a n k  t e m p e r a t u r e  fell below  
3 7 .8  C (100 F).

W a t e r  g o ing  to th e  co llec tors  w a s  t a k e n  f rom  
t h e  b o t to m  o f  th e  f i r s t  t a n k  a n d  r e t u r n e d  to a 
sp e c ia l  in le t  loca ted  a p p ro x im a te ly  90  cm  (3 ft) 
f ro m  th e  t a n k  base. A m o to r ized  v a lv e  in  th e  
c o l l e c t o r  i n l e t  l i n e  p r e v e n t e d  c o n v e c t i v e  
c i r c u la t io n  a t  n ig h t .  N o rm a l  c i r c u la t io n  w a s  
p r o v i d e d  by  a  L i t t l e  G i a n t  M D  5B p u m p ,  
w h ic h  w a s  co n tro l led  by  a  c o m m e rc ia l  d i f fe r ­
e n t i a l  t e m p e r a t u r e  c o n tro l l e r  for so la r  e n e rg y  
sy s te m s .  C i r c u la t io n  w as  i n i t i a t e d  w h e n  th e  
t e m p e r a t u r e  of th e  collector w a s  6.67 C (12 F) 
ab o ve  th e  t e m p e r a t u r e  o f t h e  w a te r  in  t a n k  1 
a n d  ceased  w h e n  th e  t e m p e r a t u r e  d i f f e re n t ia l  
d e c re a s e d  to 1.67 C (3 F). I n le t  a n d  o u t l e t  l in e s  
w e re  1.27 cm (0.5 in) C P V C  tu b in g .  J o i n t s  b e ­
t w e e n  c o p p e r  a n d  C P V C  w e re  s e a l e d  w i th  
Teflon-- tape .

T e m p e r a t u r e s  in  th e  c u l tu r e  t a n k s  a v e ra g e d  
8.1 C (14.6 F) a b o v e  th e  a v e r a g e  a m b i e n t  t e m ­
p e r a t u r e .  C o n s t r u c t io n  o f  th e  b u i ld in g  g a v e  
l i t t l e  o r  no so la r  h e a t  g a in  d u r i n g  th e  d a y ;  t h u s  
a l l  h e a t  g a in e d  w as  a s s u m e d  to com e f ro m  th e  
co llec tors .  I t  w a s  a lso  a s s u m e d  t h a t  th e  b u i l d ­
in g  a n d  its  c o n te n t s  w ould  e q u i l ib r a te  to a v e r ­
a g e  a m b i e n t  t e m p e r a t u r e  w i th i n  24 ho u rs .  So­
l a r  h e a t i n g  b e g a n  3 d ay s  p r io r  to t h e  b e g in ­
n i n g  o f  t h e  e x p e r i m e n t .  D u r i n g  t h e  e x ­
p e r i m e n t a l  p e r i o d ,  3 1 3  k i l o w a t t  h o u r s  of 
e le c t r ic i ty  w ere  u sed  for l i g h t in g  a n d  a u x i l i a r y
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Fig. 4. Section showing assembled collector. 1. A lu ­
m inum  angle. 2. Kalwall glazing. 3. Redwood board. 
4. Collector plate. 5. Foam insulation. 6. Tempered 
hardboard. 7. Mounting standoff.

h e a t in g .  T h i s  in c lud es  2 d ay s  w h e n  th e  col­
lec to rs  w e re  n o t  fu n c t io n in g  a n d  th e  w a te r  w as 
e lec t r ic a l ly  h e a te d .  T h e  a v e r a g e  so la r  i n p u t  to 
th e  c u l tu r e  s y s te m  w as  122 ,750  B T U ’s p e r  day .  
T h is  is  e q u iv a l e n t  to 36.7 k i lo w a t t  h o u r s  o f 
e le c t r ic i ty  p e r  d a y  u s in g  r e s i s t a n c e  h e a t in g .

T h i s  s y s t e m  w a s  d e s i g n e d  fo r  a n  e x p e r ­
im e n ta l  n u r s e r y  sy s te m  in  a c e n t r a l  F lo r id a  
c l im a te .  T h e  b u i ld in g  u sed  w as s i m i l a r  in con­
s t ru c t io n  to m a n y  b u i ld in g s  c u r r e n t l y  u sed  in 
th e  c e n t r a l  F lo r id a  a q u a c u l tu r e  in d u s t r y  an d  
th u s  r e p r e s e n te d  a  r e a s o n a b le  a p p ro x im a t io n  
of r e s u l t s  o b ta in a b le  by  r e t r o f i t t i n g  ex is t in g  
b u i ld in g s  to u t i l ize  so la r  e n e rg y .  A s s u m in g  a  
120 d a y  u se  p er iod  p e r  y e a r  in  t h i s  c l im a te ,  th e  
s y s te m  w ould  r e s u l t  in  a $ 3 0 5 /y e a r  s a v in g s  in  
e lec tr ic i ty  costs (based  u p o n  $0 .07 /kw h).  T h is  
r e s u l t s  in  a  p a y b a c k  per iod  of s l ig h t ly  m ore  
th a n  five y e a r s  in m a t e r i a l s  costs, poss ib le  tax  
c re d i ts  n o t  inc luded .

S e v e r a l  im p r o v e m e n t s  in  t h e  s y s t e m  a re  
sug g es te d .  M o s t  im p o r ta n t ly ,  e l i m i n a t e  C P V C  
in th e  c o n s t ru c t io n  a n d  u se  copp er  th r o u g h o u t .  
T h e  C P V C  te n d s  to “cold flow” w h e n  h ea te d ,  
r e le a s in g  te n s io n  a t  th r e a d e d  jo in t s  a n d  ca u s ­
in g  leaks .  I t  w as  e s t im a te d  t h a t  a s  m u c h  as  
50% o f  t h e  e n e r g y  co l le c ted  w a s  lo s t  w h e n  
th e s e  l e a k s  deve lop ed  in  t h e  sy s te m .  C o a tin g s  
su ch  a s  epox ies  sh o u ld  be  u sed  d u e  to lack  of 
a b ra s io n  re s is ta n c e  of th e  p o ly u r e th a n e .  N o r ­
m a l  t a n k  m a i n t e n a n c e  a c t iv i t ie s  r e s u l t e d  in 
ex p o su re  of th e  h e a t  e x c h a n g e r s ’ copper  s u r ­
faces in  se v e ra l  in s ta n ce s .

A  f l a t - p l a t e  s o l a r  c o l l e c t o r  s y s t e m  s u c ­
cess fu lly  inc rea sed  t e m p e r a t u r e s  in  a  p r a w n  
n u r s e ry  an d  p ro v id ed  a n  econom ica l a l t e r n a ­
tiv e  to c o n v e n t io n a l  h e a t i n g  s y s te m s .  A  sim-
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i l a r  sy s te m  could be a d a p te d  to e x is t in g  s t r u c ­
t u r e s  a n d  s u p p l y  s u p p l e m e n t a r y  h e a t  fo r  
m a n y  types  of a q u a c u l tu r e .

A cknow ledgm ent
T h is  p roject w as  m a d e  poss ib le  by  a  g r a n t  

f ro m  t h e  U. S. D e p a r t m e n t  o f  C o m m e rc e ,  
N a t io n a l  O cean ic  a n d  A tm o s p h e r ic  A d m in i s ­
t r a t i o n ,  N a t i o n a l  M a r in e  F i s h e r i e s  S erv ice ,  
Act P L  88-309, P ro jec t  N u m b e r  2-206-R. W e 
w ish  to t h a n k  D r. K a r e n  S te id in g e r ,  G eorge  
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M aterials  List
61 cm  x 15.24 (24 x  6 in) 
x  0 . 1 8  m m  ( 0 . 0 0 7  in )  

c o p p e r / sh ee t  
54 .864  m (180 ft) 1.27 cm O/2  in) I.D. ty p e  M 

copper  tu b in g
1.27 cm 0/2 in) I.D . copper 
e lbow s
1.27 cm  ( ‘A in) fem a le  pipe 
t h r e a d  copper  a d a p te r s  
L i t t l e  g i a n t  C M D  100-5B 
" p u m p s
1 .9 0 5  c m  (%  in )  c o p p e r  
fem a le  p ipe  t h r e a d  a d a p t ­
e rs
1.905 cm  (%  in) I.D . type  M 
copper  t u b i n g  
D i f f e r e n t i a l  t e m p e r a t u r e  
c o n t r o l l e r  w i t h  f r e e z e  
se n s o r
1 .9 0 5  c m  (%  in )  c o p p e r  
e lbow s
S o le n o id  o p e r a t e d  v a lv e s  
24V A C
24 v o l t  t r a n s f o r m e r  
T h e r m o s ta t s
5 x  5 cm  (2 in  x  2 in) p ine  
2 .54 x  15.24 cm  (1 in  x  6 
in) redw ood
10 x  20 cm (4 in  x  8 in) 
s h e e t s  t e m p e r e d  h a rd b o a r d

12.19 m (40 ft)

1 ea

8 ea

4 ea

1 ea 
4 ea
6.09 m  (20 ft) 
18.3 m  (60 ft)

3 ea

14.86 m 2 
(160 f t2)

7.43 m 2 
(80 f t2)

60 .96  m  (2 0 0  ft*)

60.96 m (2 0 0  ft) 
0 .94  L (1 q t)

1.89 L (2 q t)*  
17.07 m  (56 ft)

2 .44 m  (8 ft)

2 ea

F o a m  i n s u la t i o n  3 .81  cm 
(IV2  in) th ic k  w all

K a lw a l l  g la z in g
1.27 cm  (V2 in) I.D. C P V C
pipe
Misc. C P V C  f i t t in g s  
F o a m  p ipe  in s u la t io n  
F l a t  b la c k  h ig h  t e m p e r a ­
tu r e  p a in t
P o ly u r e t h a n e  v a r n i s h
2 .94 x  2 .54  (1 in x  1 in)
a lu m i n u m  a n g le
3.81 cm (IV2  in) a lu m in u m
fia t
3 1 0 . 4  L (8 2  g a l )  w á t e r  
h e a t e r s  a s s o r te d  h a r d w a r e  
(na i ls ,  sc rew s ,  so lder ,  etc.) 
B r a s s  V¿ i n  f e m a l e  p ip e  
t h r e a d  coup lings

*Should  be re p la c e d  w i th  a l t e r n a t e  m a te r ia l s .
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