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SUMMARY 

This  r e p o r t  p resen ts  a  h i s t o r y  o f  t h e  s o l a r  garden w i t h  t h e  ad- 

d i t i o n  o f  the  t ransparen t  water c e i l i n g  and g i ves  a statement o f  t h e  

o v e r a l l  goals o f  t h e  program. I t  then d e t a i l s  t he  o b j e c t i v e s  o f  t he  

water c e i l i n g  g ran t .  The r a t i o n a l e  o f  t he  t ransparen t  water c e i l i n g  

i s  developed and i t s  implementat ion i n  t he  s o l a r  garden i s  de- 

scr ibed.  The exper imenta l  procedures f o r  e v a l u a t i n g  t h e  water c e i  1  - 
i n g  as an i n t e g r a l  p a r t  o f  an ongoing garden a g r i c u l t u r a l  exper iment 

a re  discussed. The r e s u l t s  o f  t h e  f i r s t  s i x  months of the  program 

and t h e  f u t u r e  a c t i v i t i e s  f o r  t h e  next pe r i od  are presented. 

INTRODUCTION 

An e x i s t i n g  6000- f t2  Nor thern Cl imate So la r  Garden i s  now i n  

i t s  t h i r d  year o f  ope ra t i on .  The s o l a r  garden i s  a  commercial dem- 

ons t r a t i o n  o f  a  r e l a t i  v e l y  new technology where food p roduc t i on  

growing exper iments have been conducted i n  a  low energy env i ron-  

ment. I t  should be s t ressed t h a t  an energy e f f i c i e n t  greenhouse de- 

s i g n  i s  a  most impor tan t  i n g r e d i e n t  i n  developing t h i s  a g r l c u l t u r a l  

system. I n  a  f ree e n t e r p r i s e  system where ever i nc reas ing  energy 

cos t s  a re  a  dominant f a c t o r  i n  o v e r a l l  costs,  i t  i s .  d i f f i c u l t  t o  

j u s t i f y  a  l o c a l l y  based s o l a r  garden t h a t  i s  more energy i n t e n s i v e  



than competing o r  e x i s t i n g  food d e l i v e r y  systems. I f  i t  takes l e s s .  

energy t o  grow, process, package and t r a n s p o r t  food  from remote l o -  

ca t ions ,  then e x i s t i  ng systems should p reva i  1. The p r i n c i p a l  ob jec-  

t i v e  o f  t he  s o l a r  garden program i s  t o  demonstrate t he  t e c h n i c a l  and 

economic f e a s i  b i l  i t y  o f  p r o v i d i n g  l o c a l l y  grown f r e s h  produce i n  

nor thern  c l i m a t e  snow b e l t  s t a t e s  on a  year  round bas is .  

The bas ic  advantage o f  t h e  s o l a r  garden i s  i t s  a b i l i t y  t o  reduce 

hea t i ng  f u e l  requirements.  The present  s o l a r  garden uses approx i -  

mate ly  one-s ix th  t h e  supplemental heat r equ i r ed  by a  convent iona l  

g lass  o r  s i n g l e  p o l y  greenhouse. Th is  advantage can no t  o n l y  make a  

major c o n t r i b u t i o n  t o  commercial v i a b i l i t y  o f  greenhouse u t i  1  i z a t i o n  

i n  no r t he rn  c l imates ,  b u t  can a lso  r e s u l t  i n  some reduc t i on  o f  na- 

t i o n a l  energy demand. A t  t h e  present  t ime, f u e l  cos t s  f o r  t he  vege- 

t a b l e  produc ing greenhouse i n d u s t r y ,  such as t he  one e x i s t i n g  i n  

Leami ngton, Ontar io ,  rep resen t  about one - t h i r d  t h e  gross ope ra t i on  

costs .  

The p r i n c i p l e s  o f  t h e  Nor thern Cl imate So la r  Garden and i t s  

t echn i ca l  and ope ra t i ona l  r e s u l t s  achieved s ince  i t s  i n c e p t i o n  a re  

presented i n  Appendices I & 11. 

TRANSPARENT WATER CEILING TECHNICAL DISCUSSION 

Dur ing  t h i s  c o n t r a c t  pe r i od  major m o d i f i c a t i o n s  have been made 

i n  t h e  thermal s torage system o f  t he  low energy greenhouse. A 

t ransparen t  water c e i l i n g  has been incorpora ted  i n t o  t h e  design t h a t  

has many des i r ab le  f ea tu res .  The water c e i  l i n g  absorbs i n f r a r e d  

energy bu t  a l lows pho tosyn the t i c  energy t o  pass through t o  t h e  grow- 

i n g  environment. It i s  an inexpens ive s torage medium t h a t  does no t  

take  up use fu l  growing space. I t has an ex tens ive  absorbing and r a -  

d i a t i n g  sur face t h a t  can he lp  t o  keep t h e  greenhouse coo l  i n  t he  

daytime and warm a t  n i g h t .  I t has a lso  prov ided a  source o f  warmed 

water f o r  i r r i g a t i o n  o f  t h e  garden. The water c e i l i n g  has t h e  



e f f e c t  o f  smoothing t h e  temperature  v a r i a t i o n s  i n  t h e  garden ,which 

i n  t u r n  a f f e c t s  the.  growing r a t e  i n  t h e  garden. 

To implement t h e  t r a n s i t i o n  t o  commercial use i t  i s  necessary t o  

conduct  e x t e n s i v e  t e s t s  t o  determine t h e  expected growing parameters 

d u r i n g  a c t u a l  w i n t e r  c o n d i t i o n s .  I tems o f  importance would i n c l u d e  

measurements o f  temperature,  i l l u m i n a t i o n  l e v e l ,  h u m i d i t y ,  and ven- 

t i l a t i o n  i n  c o n j u n c t i o n  w i t h  a  d i v e r s e  a g r i c u l t u r a l  g rowing program. 

T h i s  p r o j e c t  w i l l  c o n c e n t r a t e  on e v a l u a t i n g  a  water  c e i l i n g  i n  

t h e  s o l a r  garden. The t e c h n i c a l  improvements brought  about by  t h e  

water  c e i l i n g  a r e  in tended  t o  i n c r e a s e  t h e  o v e r a l l  e f f i c i e n c y  o f  t h e  

system by p r o v i d i n g  a d d i t i o n a l  means o f  s t o r i n g  s o l a r  energy i n  t h e  

f o r m  o f  heat .  S u b s t a n t i a l  i nc reases  t o  t o t a l  thermal  s t o r a g e  capac- 

i t y  a re  p rov ided  by  an inexpens ive  system o f  t r a n s p a r e n t  r o o f  ponds 

i n s t a l l e d  j u s t  below t h e  r e f l e c t o r - i n s u l a t o r  c u r t a i n s .  

The r o o f  ponds have been i n s t a l l e d  a t  t h e  i n n e r  c e i l i n g  o f  t h e  

A-frame s t r u c t u r e .  T h i s  i s  t h e  l e v e l  s u r f a c e  t h a t  n o r m a l l y  suppor ts  

t h e  p i v o t e d - r e f l e c t o r - i n s u l a t o r  i n  t h e  c losed  p o s i t i o n  and i s  shown 

i n  F i g u r e  1. The c o n t a i n e r  system c o n s i s t s  o f  a  t r a n s p a r e n t  p l a s t i c  

p o l y e t h y l e n e  sheet wh ich i s  p h y s i c a l l y  suppor ted by a  n e t  o f  f e n c i n g  

m a t e r i a l .  T h i s  n e t  i s  secured t o  t h e  h o r i z o n t a l  r o o f  members o f  t h e  

s o l a r  garden. I n  opera t ion ,  t h i s  t r a n s p a r e n t  p l a s t i c  c o n t a i n e r  i s  

f i l l e d  w i t h  water  t o  an average depth  o f  two inches.  T h i s  implemen- 

t a t i o n  i s  shown i n  F i g u r e s  2 and 3. 

The t h i c k n e s s  o r  depth  o f  wa te r  was chosen as a  compromise t o  

f i t  t h e  requ i rements  and l i m i t a t i o n s  o f  t h e  greenhouse. These a r e  

b a s i c a l l y ,  r o o f  l o a d i n g  c a p a b i l i t i e s ,  i l l u m i n a t i o n  degrada t ion ,  and 

thermal  c a p a c i t y  requ i rements .  The o b j e c t i v e  i s  t o  maximize thermal  

s t o r a g e  c a p a c i t y  w i t h o u t  exceeding r o o f  l o a d i n g  l i m i t s  o r  r e d u c i n g  

i n p u t  i l l u m i n a t i o n  t o  an amount lower than  r e q u i r e d  f o r  good p l a n t  
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FIGURE 1. Solar Garden Functional Schematic. 



FIGURE 2. Pivoted-Ref1 ector-Insulator and Water Cei 1 ing. 
-- -2.- - . 

FIGURE 3. Underneath View of Water Ceiling. 



growth. In our case, we used roof loading of approximately 10 

1bs/ft2 and a 24-hour storage capacity as our design goals. In 
the graph of Figure 4 the absorption spectrum of two inches of water 
i s  superimposed on the solar input. As can be seen, most of the 
long wavelength IR i s  absorbed, whereas most of the shorter wave- 
lengths associaled with photosynthesis are transmitted through the 
1 ayer . 

The layer of water constitutes the thermal storage medium, 
Water i s  highly transparent to  visible l ight passing through i t ,  b u t  

absorbs almost a l l  of the infrared portion of the solar spectrum, 
constituting approximately one-fourth of the total  solar energy 
reaching the earth. The water acts as a f i l t e r  t o  transmit that 
part of solar energy most effective for  photosynthesi s ,  b u t  absorb- 
ing the radiant energy which i s  not useful for  th i s  purpose. The 
roof ponds produce minimum interference w i t h  the photosynthesis pro- 
cess, b u t  a t  the same time store excess heat to be released during 
periods when the solar energy i s  not available. 

I t  is also possible that  additional f i l t e r  material located i n  

the roof pond would further improve the discrimination of the roof 
pond between solar radiation i n  the spectral regions needed for 
photosynthesis, and solar radiation useful only for  heating pur- 
poses. One pays the penalty of increased attenuation when f i l t e r s  
are added. 

During a cold winter 24-hour period, the experimental greenhouse 
requires approximately lo6 BTU1s per day t o  maintain inside tem- 
peratures a t  6Z°F. A sunny winter day, the greenhouse receives 6 x 

6 10 BTU's of solar radiation or six times as much energy as needed 
to  maintain th i s  i nq ide temperature. Consequently, adequate thermal 
storage i s  an important requirement for the satisfactory operation 

6 of the system. The roof pond described above will store 10 BTU's 
f o r  a 30°F temperature r i se  in the water. Thus, t h i s  section of 





thermal s torage cou ld  p o t e n t i a l  l y  s t o r e  enough thermal energy t o  

ma in ta i n  the  i n s i d e  temperature a t  6Z°F f o r  24 hours. 

Dur ing  per iods  when thermal energy must be t r a n s f e r r e d  f rom ' t h e  

water t o  t he  s o i l ,  t h i s  t r a n s f e r  would occur r a p i d l y  and e f f e c t i v e l y  

because o f  t h e  h i gh  e m i s s i v i t y  o f  water ( e s s e n t i a l l y  1) i n  t he  i n -  

f r a red  reg ion  where such r a d i a t i o n  would occur,  and because o f  t he  

l a r g e  exposed area o f  water a v a i l a b l e  t o  r a d i a t e  heat.  As a  thermal 

s torage medium roof  ponds have advantages over  o the r  thermal s torage 

components i n  t h e  s o l a r  garden, such as the  water s to red  i n  o i l  

drums. The t o t a l  temperature excurs ion  o f  t h e  water i n  t he  r o o f  

ponds i s  g rea te r  than i n  t h e  o i l  drums, y i e l d i n g  a  g rea te r  t o t a l  

s to rage  capac i t y  per  pound o f  water. Furthermore, as mentioned 

above, heat  t r a n s f e r  r a t e s  are s u b s t a n t i a l l y  h igher  f o r  t h e  water i n  

t h e  roof  ponds. 

Another mode o f  us ing  the '  thermal energy s to red  i n  t h e  water i s  

t o  use t he  c e i l i n g  f o r  warm water i r r i g a t i o n .  Th is  no t  o n l y  pe r -  

forms t h e  i r r i g a t i o n  f unc t i on ,  bu t  prov ides a  r a p i d  method o f  t r ans -  

f e r r i n g  heat  t o  t he  s o i l  a t  s u b s t a n t i a l  depths. Under normal sunny 

cond i t i ons  i n  a  w e l l  f o l i a t e d  greenhouse, ve ry  l i t t l e  o f  t h e  d i r e c t  

r a d i a t i o n  reaches t h e  s o i l .  So lar  energy i n t e r cep ted  by p l a n t  fo-  

l i a g e  i s  blocked f rom d i r e c t  t r a n s f e r  t o  the  s o i l  and i n d i r e c t  

t r a n s f e r  v i a  r a d i a t i o n  must overcome subs tan t i a l  r e s i s t a r ~ c e .  By 

con t ras t ,  heated i r r i g a t i o n  water w i l l  s ink  r a p i d l y  i n t o  the  s o i l ,  

and w i l l  r a i s e  t h e  s o i l  temperature d i r e c t l y .  The r e s u l t i n g  h i ghe r  

temperature w i l l  increase t h e  growth r a t e  o f  t he  vegetat ion,  as de- 

monstrated by va r ious  exper imenters w i t h  s o i l  warming techniques. 



EXPERIMENTAL PROCEDURE 

It i s  d e s i r e d  t o  determine what t h e  p o s i t i v e  and n e g a t i v e  as- 

pec ts  o f  a  t r a n s p a r e n t  water  c e i l i n g  are.  To accompl ish t h i s ,  i t  i s  

necessary i n  t h e  exper iment design t o  separate  t h e  impor tan t  v a r i -  

ables and have methods a v a i l a b l e  t o  measure these v a r i a b l e s .  

The greenhouse was m o d i f i e d  so t h a t  one-ha l f  had water  c e i l i n g  

s to rage  and t h e  o t h e r  h a l f  was open. I n  a d d i t i o n  t o  t h i s ,  each o f  

these s e c t i o n s  were subdiv ided so t h a t  each had a  s i n g l e  g lazed and 

a  double glazed p o r t i o n .  There a re  a l s o  p r o v i s i o n s  f o r  o t h e r  minor  

s u b d i v i s i o n s  w i t h i n  these sec t ions ,  such as supplemental l i g h t i n g ,  

roo fhea ted  i r r i g a t i o n ,  and b u r i e d  p i p e  heat  t r a n s f e r ,  b u t  t h e i r  i m -  

p lementa t ion  has n o t  been completed. 

The performance o f  t h e  va r ious  sec t ions  i s  measured by c rop  r e -  

su l  t;. and env i ronmenta l  mon i t o r s ,  such as thermometers, 1  i ght  meters  

and supplemental heat  i n p u t  r a t e s .  Dur ing  t h i s  r e p o r t i n g  per iod ,  a  

m a j o r i t y  o f  t h e  i n s t r u m e n t a t i o n  equipment i s  s t i l l  i n  t h e  process of 

be ing  completed. A  16-channel da ta  logger  d r i v e n  by a  m ic ro -  

processor  i s  i n  t h e  process o f  b e i n g  i n s t a l l e d ,  whereas e x i s t i n g  mo- 

n i t o r s ,  such as min-max thermometers, remote thermometers and a  

photographic  l i g h t  meter have been a v a i l a b l e  on an ongoing bas is .  

The water c e i l i n g  was ' i n s t a l l e d  September 28 .and 30 i n  t h e  west 

h a l f  o f  t h e  greenhouse. S ix  m i l  p l a s t i c  supported by ch icken w i r e  

form t h e  bot tom l a y e r ;  two m i l  p l a s t i c  covers  t h e  t o p  c u t t i n g  down 

on evapora t ion  losses.  Well water (ha rd )  was t r e a t e d  w i t h  a  water 

s o f t e n e r  and a  d e i o n i z e r  w i t h  expected p u r i f i c a t i o n  o f  50,000 ohms 

r e s i s t a n c e .  Immediately a f t e r  t h e  water was added t h e  cover  was i n -  

s t a l l e d  t o  avo id  contaminat ion.  

The f a l l  c rops i n c l u d e  tomatoes, l e t t u c e  and Chinese cabbage. 

Dur ing t h e  f i r s t  week o f  August new s o i l  (Mich igan p e a t )  was added 



t o  t he  greenhouse and t r e a t e d  w i t h  f e r t i l i z e r  accord ing t o  recommen- 

da t i ons  and s o i l  ana l ys i s  v i a  MSU. Seeded mid-June, t he  tomatoes 

were p lan ted  du r i ng  t h e  f i r s t  week of August i n  double rows runn ing  

t h e  east-west l eng th  o f  the  greenhouse. F i ve  v a r i e t i e s  were used: 

B a l l  Sweet 100, Small Fry,  Super Fan tas t i c ,  Trop ic ,  and Heinz 1520. 

The use of f i v e  d i f f e r e n t  v a r i e t i e s  was no t  op t ima l  f o r  t h i s  e x p e r i -  

ment bu t  were seeded we l l  be fo re  t h e  proposal  was accepted i n  an a t -  

tempt t o  f i n d  V e r t i c i l l i u m  res i s t ance .  I n  e a r l y  October two double 

rows o f  Grand Rapids l e a f  l e t t u c e  and one double row o f  M i c h e l i  Chi -  

nese cabbage was t r ansp lan ted  t o  t he  greenhouse, bo th  seeded J u l y  

15. The diagram i n  F i gu re  5  exp la i ns  t he  p l a n t  d i s t r i b u t i o n .  

E f f o r t s  have been made t o  e l i m i n a t e  va r i ab l es  w i t h i n  t he  green- 

house t h a t  cou ld  a f f e c t  c rop  growth and confuse r e s u l t i n g  data.  A i r  

c i r c u l a t i o n  i s  p rov ided  by t h r e e  l a rge  fans  and two furnace blowers.  

Supplemental heat i s  prov ided by two furnaces, one a combinat ion 

C02 generator / furnace,  placed a t  e i t h e r  end o f  t he  greenhouse and 

c o n t r o l l e d  t h e r m o s t a t i c a l l y .  P l an t s  were f e r t i l i z e d  w i t h  Peters  

42-0-11 v i a  t h e  water system, m i c r o n u t r i e n t  seaweed sprays, and 

i n i t i a l l y  w i t h  s o i l  amendments f o r  phosphorus and pH adjustments.  

Several va r i ab l es  are d a i l y  o r  seasonal changes day length,  s o l a r  

azimuth, and c loud  cover which cannot be changed o n l y  expected. We 

exper ience some shading i n  t h e  most no r t he rn  p a r t  o f  t he  greenhouse 

ill e a r l y  f a l l  and l a t e  sp r i ng  when the  slrn reaches 47" n o r t h  Zen i t h  

approx imate ly  between March 21 and September 24, which r e t a r d s  

growth and p roduc t i on  i n  t h a t  sec t ion .  Humid i ty  was d i f f i c u l t  t o  

c o n t r o l  t h i s  fa1 1  because o f  ( 1 )  t h e  na tu re  o f  po lye the lene  covered 

greenhouses and ( 2 )  a  b u r s t  hose and t he  r e s u l t i n g  p a r t i a l  f l o o d i n g  

o f  t h e  western sect ion.  Pests and diseases were c o n t r o l l e d  

b i o l o g i c a l l y  on an ongoing exper imenta l  bas i s  (success and f a i l u r e s  

w i l l  be noted) .  
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FIGURE 5 .  Fall  Plant  D i s t r i b u t i o n .  



Tomato harvests began October 7 and continued through t h i s  re-  

p o r t i n g  per iod.  The f r u i t  was weighed per  v a r i e t y  per  sec t ion  

(i.e., w i t h  o r  wi thout  double poly, w i t h  o r  wi thout  water c e i l i n g )  

and recorded. Estimates o f  f r u i t  damaged by B o t r y t i s  scenar ia are 

included. Graphs o f  weekly harvests are presented i n  Figures 6, 7, 

and 8 and Tables 1, 2, and 3 show pounds per  p l a n t  and pounds per  sq 

ft, number of p l a n t s  and heights. Let tuce harvest began December 5 

and are no t  inc luded i n  t h i s  repor t .  The Chinese cabbage crop was 

l o s t  t o  aphids. Other data co l l ec ted  on a bimonthly basis  measured 

l e t t u c e  height,  number of clumps of f lowers  and f r u i t ,  number o f  

tomatoes per f r u i t  clump, height  o f  Chinese cabbage and height  o f  a 

few, scat tered cucumbers. 

To date r e s u l t s  are not conclusive due t o  several fac tors ;  p r i -  

mari  l y  d i  ff e r i n g  s o i  1 and moisture cond i t ions  throughout the green- 

house. Tomato harvest i s  s t i l l  i n  progress bu t  some trends are 

noted t o  date; no r th  s ide  product ion i s  lower than south s ide  pro- 

duction, r i pen ing  under the  water c e i l i n g  i s  delayed by approxi-  

mately two weeks-one month ( i t  i s  expected the  harvest i n  sec t i on  D 

w i t h  water c e i l i n g  t o  be approximately equal t o  t h a t  o f  sec t ion  A 

wi thout  water c e i l i n g ;  sec t ion  B and C w i t h  double p o l y  are nea r l y  

t he  same and are too small t o  be used fo r  a data base). 

Two problematic f a c t o r s  s f f ~ c t e d  f a l l  crop growth and produc- 

t i on .  Ea r l y  i n  the  f a l l ,  a  hose connection bu rs t  f l ood ing  a s ize-  
> able area i n  the west end o f  the  greenhouse, k i l l i n g  a few plants,  

damaging others. Those p lan ts  were excluded from the  data. P l a s t i c  

greenhouses usua l l y  have greater  moisture problems than glass - ours 

proved no exception. The h igh  humidity cont r ibu ted  t o  the estab- 

lishment. and spread o f  l e a f  mold B o t r y t i s  scenar ia espec ia l l y  among -- -3 

t h e  tomatoes but also o f  l a t e  a f f e c t i n g  the  l e t t u c e  crop. The hu- 

m i d i t y  was lowered and the  disease he ld  i n  check bu t  crop y i e l d s  

were a f fec ted  v a r i a b l y  throughout the greenhouse. 









TABLE 1 

TOTALS 

WEEKLY TOTALS 

SF Cherry YS-tropic 

A B C D A B C D A 3 C D 

Note: A - s ing le  layer p las t i c .w /o  water c e i l i n g  

B - double layer p l a s t i c  w/o water c e i l i n g  

C - double layer p l a s t i c  w/  water ceil in'g 

D - s ing le  layer p l a s t i c  w/  water c e i l i n g  



TABLE 2 

No. ~lants/Section 

SF Cherry NS-tropic 

D 7 7  D 50 D 115 

As of 1215 the Pounds/~lant/Section 

SF Cherry Tropic 



TABLE 3 

Le t tuce  Height i n  Inches  

TOTAL A 3-112 4-112 5-112 6-112 

Tomato Flower and F r u i t  Product ion 

No. of f r u i t  clumps 

No. of f lower  clumps 

* 
Note. B and C cher ry  tomatoes a r e  a  d i f f e r e n t  v a r i e t y  

( t han  A and D) having  a g r e a t e r  number of  f r u i t  and 

f lower  c l u s t e r s  . 



Phase I 1  of t h e  exper iment p lans t o  p r o v i d e  a  s t e r i l e  growing 

medium f o r  t h e  exper imenta l  p l a n t s ,  separated f rom t h e  inground com- 

m e r c i a l  opera t ion ,  which can be c o n t r o l l e d  and more e a s i l y  s t u d i e d .  

Leaf a n a l y s i s  o f  p l a n t s  f rom b o t h  s e c t i o n s  w i l l  be taken  t o  d e t e r -  

mine d i f f e r e n t i a l  n u t r i e n t  uptake. 

The water c e i l i n g  has performed admirab1.y w i t h  on1.y two 4 - f t  

s e c t i o n s  deve lop ing algae problems. We expect  t h e  a lgae t o  be 

i d e n t i f i e d  and t h e  water t r e a t e d  w i t h  hydrogen perox ide  t o  k i l l  t h e  

algae and c l e a r  t h e  water.  

INSTRUMENTATION 

The s o l a r  garden has, h i s t o r i c a l l y ,  f u n c t i o n e d  w i t h  a  minimum o f  

automati c a l l  y c o n t r o l  l e d  mechanical equipment (ACME). The gas- 

fu rnace  used t o  supplement s o l a r  h e a t i n g  i n  t h e  s o l a r  garden r e p r e -  

sents  i t s  main p i e c e  of ACME. I n  t h e  f u t u r e ,  and most c e r t a i n l y  i n  

a  f u l l - s c a l e  commercial s o l a r  garden, more use w i l l  be made o f  auto- 

mated systems f o r  such t h i n g s  as opening and c l o s i n g  thermal cu r -  

t a i n s ,  p o s i t i o n i n g  s o l a r  r e f  l e c t o r s ,  w a t e r i n g / f e r t i ' l i z i n g  p l a n t s  and 

m o d i f y i n g  C02, h u m i d i t y  and heat  l e v e l s .  Dur ing  t h e  second h a l f  

o f  t h e  s o l a r  garden exper iment we w i l l  e x p l o r e  t h e  use o f  a  m ic ro -  

computer f o r  a c q u i r i n g  t h e  growing environment da ta  r e q u i r e d  f o r  

a u t o m a t i c a l l y  c o n t r o l  l i n g  s o l a r  garden mechanical equipment. 

Var ious p ieces o f  computer and sensor equipment, some o f  i t  E R I M  

suppl ied,  w i l l  be assembled t o  p r o v i d e  most o f  t h e  f u n c t i o n s  shown 

i n  F i g u r e  9. Sensors f o r  d e t e c t i n g  l e v e l s  o f  temperature and sun- 

l i g h t  w i l l  be deployed a t  v a r i o u s  l o c a t i o n s  i n  t h e  s o l a r  garden. 

The analog o u t p u t  f rom these sensors w i l l  f l o w  v i a  w i r e s  t o  an 

ana log- to-d i  i t a1 c o n v e r t e r  coup 1  ed t o  a  m i  crocomputer . The mic ro -  

computer w i l l  read t h e  sensor d i g i t a l  s i g n a l s  a t  some predetermined 

r a t e  such as once per  hour  and t r a n s f e r  t h e  s i g n a l s  t o  a  c a s s e t t e  
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FIGURE 9. Microcomputer-Controlled Solar Garden Function Block Diacram. 
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tape recorder  where they  can be accumulated (see Table 4 f o r  more 

complete d e s c r i p t i o n  o f  p a r t s ) .  A t  c e r t a i n  t imes t he  da ta  w i l l  be 

recovered f rom t h e  tape recorder  casse t te  and analyzed. The o n l y  

system c o n t r o l l e d  by  t he  microcomputer a t  t h i s  t ime  w i l l  t5e t h e  tape 

reco rde r  which w i l l  be turned on when da ta  i s  t o  be recorded and 

shut o f f  a f te rward .  

PROGRAM PLANS 

The second s i x  months o f  t h e  program w i l l  i n c l u d e  a c o n t i n u a t i o n  

o f  t he  growing and measurements exper iments t h a t  have been i n i t -  

i a ted .  The da ta  w i  11 be analyzed and eva luated t o  determine p e r f o r -  

mance o f  t h e  water c e i l i n g  and o the r  f a c t o r s  i n  t h e  greenhouse t h a t  

a f f e c t  performance. The measurements o f  t h e  growing program w i  11 be 

supplemented w i t h  l i g h t  measurements and a thermal ana l ys i s  o f  t he  

greenhouse. 

An at tempt w i l l  be- made t o  i d e n t i f y  problem areas and l i m i t a -  

t i o n s  i n  t h i s  low energy environment. As an example, hum id i t y  i n  

t h e  convent iona l  greenhouse i s  c o n t r o l l e d  by ven t i ng  and then adding 

e x t r a  heat.  I n  t h e  low energy greenhouse a non-vent ing s o l u t i o n  

would be p re fe r red .  The r e s u l t i n g  problem i s  t h a t  mo is tu re  accumu- 

l a t e s  on t h e  g l a z i n g  which i n  t u r n  reduces t h e  s o l a r  r a d i a t i o n  

e n t e r i n g  t h e  greenhouse and thereby  degrades greenhouse performance. 



TABLE 4 

COMPUTER MONITORING EQUIPMENT LIST 

Func t ion .  U n i t  

Thermal Sensor 

L i g h t  Sensor 

Glass Probe Thermis tor  (Newark 
No. 30F1768) 

Cadmi urn S u l f i d e  Photoconduct ive C e l l  
(Newark No. 61 F1366) 

Analog Inpu t /Outpu t  ( I /O)  Analog M a n i f o l d  Modu1.e (Anamanl) 

Coup1 i n g  Analog 1/0 Module 
w/Analog t o  D i g i t a l  (A/D) Converter M a n i f o l d  Module (Manmodl ) 2 

Analog t o  D i g i t a l  Converter Analog I n p u t  Module (AIM 1 6 ) ~  

Couple A/D Converter w/ 
M I  crocompu t e r  

Microcomputer 

Kim I n t e r f a c e  (KIMMOD) 4 

 KIM^ 
Record Data G.E. Casset te  Tape Recorder 

1,2,3,4 Manufactured by Connect icut  Microcomputer, I nc .  , 150 Pocono 
Road, Brookf i e l d ,  Connect icut  06804 

5 Manufactured by MOS Techno1 ogy, I nc .  , 950 R i  t tenhouse Road, 
Norr is town,  Penns.yl van ia  19401 

* U.8. OOVERNMENT PRlNTlNO OFFICE: 1880-840268/2316 




