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ABSTRACT 

Greenhouse heat ing systems can be designed 
t h a t  supply 100% o f  the annual heat requirements 
us ing  geothermal water w i t h  a temperature as low'as 
81OF. 
tem w i t h  f inned c o i l  heaters i n  the a i r  duct ing.  
Design and evaluat ion was based on an energy e f f i -  
c i e n t  semic i rcu lar  arching r o o f  type w i t h  double 
polyethylene covering. The 1 acre o f  greenhouses 
were located i n  t h e  LaGrande area o f  Oregon where 
8 loF water e x i s t s  a t  a shal low depth. Three cases 
were considered i n  the economic evaluat ion which 
savings were ca l  cu l  ated based on d i s p l a c i n g  39,330 
therms of na tura l  gas annually. The t h r e e  20-year 
1 i f e - c y c l e  cos t  analyses generated ra tes  of r e t u r n  
on c a p i t a l  investment o f  19.7%, 27.2% and 15.5%. 
The highest r a t e  o f  r e t u r n  (27.2%) i s  f o r  the  new 
greenhouse where an e x i s t i n g  geothermal we1 1 and 
water disposal system e x i s t s .  Lowest r a t e  of r e t u r n  
-is iirr -ti15 t eiroi-i i  s i  t u a t i o n  t h t z ~ * ~  we1 1 s ace rieedeci 
and c a p i t a l  c r e d i t  cannot be taken f o r  t h e  conven- 
t i o n a l  hydronic system. 

The heat i s  ex t rac ted  us ing a fo rced a i r  sys- 

INTRODUCTION 

I n  many areas o f  the western Uni ted States, 
low temperature geothermal water i s  a v a i l a b l e  a t  
r e l a t i v e l y  shal low depths. Three such areas are the 
Yakima Valley, o f  Washington, and the LaGrande and 
Burns areas o f  Oregon. 
LaGrande area was chosen where i t  i s  known t h a t  8 loF 
water can be found i n  many loca t ions  a t  a depth of 
800 feet. A system was developed us ing t h i s  8loF 
water t o  prov ide the t o t a l  heating requirements f o r  
one acre o f  a commercially a v a i l a b l e  greenhouse. 
The system maintains a minimum ins ide  temperature 
o f  60OF. Capi ta l  and opera t ing  costs were developed, 
and savings were determined based on d i s p l a c i n g  
na tura l  gas f u e l  . Economic f e a s i b i l  i ty  was deter- 
mined f o r  several cases inc lud ing ;  ( 1 )  new construc- 
t i o n  w i th  e x i s t i n g  we l l  and water d isposal ,  (2 )  new 
cons t ruc t ion  w i t h  new we l l  f a c i l i t i e s ,  and (3) r e t r o -  
f i t  o f  e x i s t i n g  greenhouse o f  i d e n t i c a l  design w i t h  
new we l l  f a c i l i t i e s .  

For t h i s  eva lua t ion  the 

Heat Requirements fo r  the Greenhouses 

c i r c u l a r  arch ing r o o f  which i s  12 f e e t  h igh a t  the 
center, and 30 f e e t  wide a t  t h e  base. Two 96 f o o t  

The greenhouses used f o r  t h i s  study have a semi- 

u n i t s  are connected end t o  end t o  form a p a i r .  Then, 
8 p a i r s  a re  g u t t e r  connected t o  form an o v e r a l l  ground 
space o f  192 f e e t  by 240 feet ,  o r  46,080 square fee t .  
This i s  about 1.06 acres. The roo fs  are covered 
w i t h  6. m i l  double polyethylene. To ta l  transparent 
area i s  approximately 60,000 square f e e t  which y i e l d s  
a r o o f / f l o o r  r a t i o  o f  1.3: l .  

F igure 1 shows design peak heat ing  requirements 

The curves 

For these condi t ions t h e  double poly- 

versus ins ide-ou ts ide  temperature d i f f e r e n c e  f o r  
s i n g l e  and double po lyethy lene covering. 
were ca lcu la ted  based on one a i r  change per  hour, and 
a 5 mph wind. 
e thy l  ene covered greenhouse requi res 45% 1 ess heating 
than the s i n g l e  po lyethy lene covered greenhouse. 

For t h e  LaGrande area the ou ts ide  design tempera- 
t u r e  was se lected a t  l0F.  
teiiiperature w i l l  be i C F  o r  higher 952 o f  tne t ime 
dur ing t h e  three w i n t e r  months o f  December through 
Februdry. During ihe  t r  i e f  per ' - ids  wiieii i i ie  outs ide 
a i r  temperature i s  l e s s  than lOF the temperature i n -  
s ide would be l e s s  than 6OoF unless supplemental 
heat i s  used. For instance, a t  an ou ts ide  tempera- 
t u r e  o f  -lO°F, and a 5 mph wind, a n igh t t ime i n s i d e  
temperature o f  about 57OF could be expected. 
peak heat ing  requ i red  w i t h  the double polyethylene 
w i t h  the 59OF temperature d i f fe rence i s  49.4 Btu/hr 
f t 2  f o r  a t o t a l  requirement o f  j u s t  under 2.3 m i l l i o n  
Btu per hour. 

It i s  est imated t h a t  the 

The 

Descr ip t ion  o f  Heating System 

resource a forced a i r  system using f inned tube c o i l s  
was selected. Greenhouses t h a t  a re  a i r  heated nor- 
ma l ly  u t i l i z e  2 t o  3 SCFM (standard cubic  f e e t  per 
minute) o f  a i r  per  square f o o t  o f  f l o o r  space. For 
the  geothermal l y  heated greenhouse , 140,672 SCFM of 
r e c i r c u l a t i n g  a i r  i s  needed t o  supply the  design 
amount o f  heat. Th is  amounts t o  3.05 SCFM o f  a i r  
per  square f o o t  o f  f l o o r ,  The a i r  i s  suppl ied by 
16 c e n t r i f u g a l  fans i n s t a l l e d  i n  each o f  the  outs ide 
ends. Fan discharqe a i r  enters the  c o i l  a t  6OoF and 
leaves a t  75OF, and i s  d i s t r i b u t e d  us ing  a l a r o e r  
diameter p l a s t i c  tube t h a t  runs overhead alono the 
length  o f  the greenhouse. 

Table 1. gives t h e  d e t a i l s  o f  the  f inned tube 
c o i l s .  Two cond i t ions  are shown: (1)  the design 
cond i t ion  w i t h  6OoF i n s i d e  a i r  temperature and l 0 F  

Due t o  the low temperature o f  t h e  geothermal 
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ou ts ide  , and (2)  a co lder  cond i t ion  w i t h  57OF i n s i d e  
and a -1OOF outs ide  a i r  temperature. Not ice  t h a t  the  
c o i l  heat output  increases as the i n s i d e  a i r  tempera- 
t u r e  decreases. A t  constant  a i r  f low and water f low 
the heat output  increases 14%. The co lder  a i r  temp- 
eratures t o  the c o i l  a l lows a lower water discharge 
temperature. 

The 460 gpm geothermal water supply and d is -  
posal p i p i n g  i s  p o l y v i n y l  c h l o r i d e  (PVC) , vary ing 
i n  s i z e  from 1 1/4 i n .  t o  6 i n .  I t  i s  n o t  necessary 
t o  insu la te ,  s ince dur ing  peak condi t ions the  water 
w i l l  a r r i v e  a t  t h e  f u r t h e s t  f inned c o i l s  a t  a temp- 
e ra tu re  above 80OF. Both production w e l l  and d is-  
posal system are located w i t h i n  100 feet  o f  the 
greenhouses. The new 800 ft production w e l l  i s  
12 i n .  t o  150 f t  w i t h  10 i n .  casing, and t h e  re-  
mainder i s  8 i n .  w i t h  6 i n .  casing. The new 800 ft 
i n j e c t i o n  w e l l  i s  8 i n .  w i t h  6 i n .  casing. 

Operating and Cap i ta l  Cost 

costs  f o r  t h e  three cases t h a t  were considered, and 
the conventional na tura l  gas heated greenhouse w i th ,  
which comparisons were made. 

Table 2. summarizes t h e  c a p i t a l  and operat ing 

Economic Evaluat ion 

p l a c i n g  na tura l  gas i n  a convent ional ly  heated 
greenhouse w i t h  a hydronic  system. 
ciency, the annual gas usage amounts t o  39,330 
therms o r  $21,002.22 a t  $0.534 per therm. 

Economic evaluat ions were made based on d is-  

Using 75% e f f i -  

A 20-year 1 i f e - c y c l e  cos t  analys is  was comple- 
t e d  f o r  a greenhouse complex heated w i t h  naLurd1 gas 
versus geothermal energy. Three d i f f e r e n t  cases 
were considered . 
Case 1 evaluated na tura l  gas versus geothermal f o r  
new const ruct ion.  This inc luded d r i l l i n g  a pro- 
duc t ion  and an i n j e c t i o n  w e l l  f o r  the geothermal 
system. 

Case 2 i s  t h e  same eva lua t ion  as the f i r s t  except 
t h a t  i t  i s  assumed t h a t  t h e  geothermal system i s  
hooked up t o  an e x i s t i n g  w e l l  w i t h  e f f l u e n t  d is -  
posed i n t o  an e x i s t i n g  drainage d i tch .  The capita7 
investment requ i red  i s  o n l y  f o r  the heat ing system 
p lus  a $30,000 product ion w e l l  pump. Both o f  the 
above cases inc lude a $46,000 b o i l e r  f o r  the  natura l  
as system, making the  incremental c a p i t a l  investment 1 129,000 f o r  Case 1, and $84,000 f o r  Case 2. 

Case 3 assumes r e t r o f i t  o f  an e x i s t i n g  gas- f i red  
heat ing system. 
the  geothermal heat ing  system, $45,000 fo r  a produc- 
t i o n  and an i n j e c t i o n  w e l l ,  and $30,000 f o r  the pro- 
duc t ion  we l l  pump. 
were no t  subt racted s ince i t  was assumed t o  be already 
i n  p lace  w i t h  l i t t l e  o r  no n e t  salvage va lue and 
t h e r e f o r e  was assumed t o  be a sunk cost. 

Th is  case includes $100,000 f o r  

Costs of the gas- f i red  b o i l e r  

I n  Table 3, t h a t  fo l lows,  column two shows the 
20-year forecasted costs  fo r  na tura l  gas , i n f l a t i n g  
as fo l lows:  9% per  annum through 1984, 9.2% per 
annum from 1985 through 1989, 10% per annum from 
1990 through 1994 , and 10.2% per annum t h e r e a f t e r  . 

Column t h r e e  forecasts the maintenance costs  o f  the 
na tura l  gas system i n f l a t i n g  a t  7% per annum over 
the  20-year 1 i f e .  

Column four  p ro jec ts  insurance costs of t h e  na tura l  
gas system i n f l a t i n g  a t  2% per annum. 

Column f i v e  p ro jec ts  t h e  20-year cost  of e l e c t r i c i t y  
assoc iated w i t h  the  na tura l  gas System i n f l a t i n g  a t  
7.9% p e r  annum through 1987 and 9.1% per annum there- 
a f t e r .  

Column s i x  shows the t o t a l  annual cash flow f o r  the 
na tura l  gas system. 

Column seven pro jec ts  t h e  maintenance costs f o r  the  
geothermal system i n f l a t i n g  a t  7% per annum. Sal- 
a r i e s  were no t  inc luded i n  maintenance costs  f o r  
e i t h e r  system s ince they were assumed t o  be t h e  
same f o r  bo th  systems. 

Column e i g h t  p ro jec ts  insurance costs f o r  t h e  geo- 
thermal heat ing i n f l a t i n g  a t  2% per annum. 

Column n i n e  p r o j e c t s  the  e l e c t r i c a l  costs f o r  t h e  
geothermal system us ing the same i n f l a t i o n  r a t e s  
as column f i v e .  

Column t e n  shows the 20-year n e t  cash flow savings 
o f  t h e  geothermal system over the  natura l  aas sys- 
tem. Notes one, two and three i n  t h i s  column i n d i -  
cate s imple payback f o r  Cases 1, 2 and 3, respect -  
i v e l y .  

I n t e r n a l  rates o f  r e t u r n  a re  shwn i r .  t h e  
lower le f t -hand corner of Table 3. For Case 1 , a 
$1 29,000 a d d i t i o n a l  c a p i t a l  investment requ i red  
f o r  t h e  geothermal provides a 19.7% r e t u r n  on i n -  
vestment. Case 2 prov ides a 27.2% r e t u r n  on inves t -  
ment f o r  $84,000 a d d i t i o n a l  c a p i t a l  investment r e -  
qu i red f o r  the  geothermal system. For Case 3, 
$175,000 c a p i t a l  investment requi red t o  r e t r o f i t  
an e x i s t i n g  na tura l  gas greenhouse y i e l d s  a 15.5% 
r e t u r n  on investment. 
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FIGURE 1. HEAT REQUIRED FOR GREENHOUSES 

FINNED TUBE COILS FOR GEOTHERMAL GREENHOUSE 

TABLE 1 

Descr ip t ion:  

Number requi red 
F i n  he ight  ( i n . )  x 
f i n  length ( i n . )  

Face area (sq f t )  
Tubes per  row 
Number of rows 
Tube s i z e  
Fins per inch 
Number o f  feeds 
Number o f  passes 

16 

40 1/2 x 51 
14.34 

26 
5 

5/8" 
12 
13 
10 

Operating Conditions: 
Outside a i r  temp. (OF) 
I ns ide  (enter ing)  a i r  temp. (OF) 6.3 

Enter ing water temp. ( O F )  81 
Leaving water temp. ( O F )  71 

A i r  f l ow  (scfm) 8,792 
Elevat ion ( f e e t )  2,755 
A i r  v e l o c i t y  through c o i l  (afm) 666 
Heat output  (Btu/hr )  143,751 
Water f l ow  through c o i l  ( pm) 28.75 
Water s ide pressure drop fft H20) 4.63 
A i r  s ide pressure drop ( i n .  H20) 0.79 

Leaving a i r  temp. (OF)  75 

A i r  f l ow  (acfm) 9,545 

A1 ternate 
-1 0 

57.3 
74.3 
81 
69.6 

9,545 
8,838 
2,755 

666 
163,880 

28.75 
4.63 
0.79 

653 



Higbee and Ryan 
SUMMARY OF CAPITAL AND OPERATING COST - TABLE 2 

CASE I CASE I 1  CASE I11 CONVECTIONAL 
piew, with.New New, w i t h  E x i s t i n g  R e t r o f i t ,  w i t h  New Natural Gas F i r e d  

I tem Well & W t r  Disposal Well ?I W t r  Disposal Well 81 W t r  Disposal Hydronic System 
CAPITAL COST 

Production we1 1 24,000 
I n j e c t i o n  we1 1 21,000 
Turbine pump 30,000 
Pip ing  18,000 
Cent r i fuga l  fans 27,000 
Finned c o i l s  & duct ing 29,000 
Misc. mechanical & e l e c t r i c a l  6,000 

Subtotal 

Contingency 81 Engr. fee 

Tota l  Capi ta l  Cost - 
OPERATING COST (FIRST YEAR) 

Ma i n ten a nce : 
Pip ing  & f inned c o i l s  
Cent r i fuga l  fans 
Pump 
Remainder 

Taxes & insurance 
E l  e c t r i  c power (3 $. 038/ kWh 

Tota l  Operatin Cost 
( F i r s t  Year! 

‘ 1 )  Based on $1 .00/f t2 
3% o f  $46,000 

155,000 
20,000 

$175,000 

243.75 
1,012.50 
1,500.00 

875.00 
$3,631.25 

500.00 
4,892.99 

$9,024.24 

- - 
30,000 
18,000 
27,000 
29,000 
6,000 

1 10 ,OOQ 
20,000 

$1 30,000 

243.75 
1,012.50 
1,500.00 

875.00 
$3,631 .25 

500.00 
4,892.99 

$9,024.24 

24,000 
21,000 
30,000 
18,000 
27,000 
29,000 
6,000 

155,000 
L 20 000 

$1 75,000 

243.75 
1,012.50 
1,500.00 

875.00 
$3,631.25 

500.00 
4,892.99 

$9,024.24 

1 

YEAR - 

1982 
1983 
1984 
1985 
198€ 
1987 
1988 
1989 
19s3 
1991 
1992 
1993 
1934 
1 s95 
1996 
1997 
1998 
1999 
2000 
2001 

2 
NATURAL 

GAS 
PER 

ANNUM 
21,002.22 

TOTAL 

22,892 
24,953 
27,198 
29,701 
32,433 
35,417 
38,675 
42,234 
46,457 
51,103 
56,213 
61,834 
68,018 
74,955 
82,601 
91,026 

100,311 
110,543 
121,818 
1 34,243 

LIFE CYCLE COST ANALYSIS FOR GREENHOUSE HEATING SYSTEMS: TABLE 3 
NATURAL GAS VS. GEOTHERMAL 

3 
MAINT. 
COSTS 

PER 
ANNUM 
1,380 

4 
INS.  

COSTS 
PER 

ANNUM 
230 

5 
ELEC. 
COSTS 

PER 
ANNUM 
302.16 

1,477 
1,580 
1,691 
1,809 
1,936 
2,071 
2,216 
2,371 
2,537 
2,715 
2,905 
3,108 
3,326 
3,558 
3,807 
4,074 
4,359 
4,664 
4,991 
5,340 

235 
239 
244 
249 
254 
259 
264 
269 
275 
280 
286 
292 
298 
303 
31 0 
31 6 
322 
328 
335 
342 

326 
352 
380 
41 0 
442 
477 
520 
568 
61 9 
676 
737 
804 
877 
957 

1,044 
1,139 
1,243 
1,356 
1,479 
1,614 

6 
TOTAL 

CASH FLOW 
NATURAL 

GAS 

24,930 
27,124 
29,513 
32,168 
35,067 
38,224 
41,676 
45,442 
49,888 
54,773 
60,141 
66,038 
72,518 
79,774 
87,762 
96,555 

106,235 
11 6,891 
128,623 
141,539 

1,334,878 
I n t e r n a l  Rate o f  Return: (1) 19.7%, (2) 27.2%, (3) 15.5% 

6 54 

7 
MAINT. 
COSTS 

PER 
ANNUM 

3,631 .25 

3,885 
4,157 
4,448 
4,760 
5,093 
5,450 
5,831 
6,239 
6,676 
7,143 
7,643 
8,178 
8,751 
9,363 

10,019 
10,720 
11,470 
12,273 
13,133 
14,052 

8 
INS.  

COSTS 
PER 

ANNUM 
500 

51 0 
520 
531 
54 1 
552 
563 
574 
586 
598 
609 
622 
634 
647 
660 
673 
686 
700 
71 4 
728 
743 

$ 46 ,000(1) 

- - 

$1,380. 00(2) 
230.00 
302.16 

$1,912.16 

9 10 
ELEC. 
COSTS 

PER NET 
ANNUM SAVINGS 

4,892.99 

5,280 
5,697 
6,147 
6,632 
7,156 
7,722 
8,424 
9,191 

10,027 
10,940 
11,935 
13,021 
14,206 
15,499 
16,909 
18,448 
20,127 
21,958 
23,957 
26,137 

15,255 
16,750 
18,387 
20,235 

(2. .  .22,263 
24 490 

(1. .  .26,846 
29,426 

( 3 . .  .32,587 

39,941 
44 204 
48,914 
54,252 
60,161 
66,701 
73,938 
81,945 
90,806 

100,608 

36,081 

903,790 


