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ABSTRACT 

A preliminary study of the technical and economic feasibility of 

installing a retrofit geothermal heating system is analyzed for the 

Environmental Research Laboratory Farms greenhouse facility located in 'hcson, 

Arizona. The facility consists of 10.6 acres of greenhouse area, of which 7.4  

acres are currently operational. Natural gas or diesel fuel are presently 

used for heating. The maximum heating load is estimated to be 28,620,000 

Btulhr. Average annual heating energy consumption between 1974 and 1979 was 

35,684 million Btu/year for 7.4 acres of greenhouse, costing an estimated 

$96,703 at 1981 natural gas prices. 

'Jho 2,500 foot geothermal production wells are required, each capable of 

producing 1,500 gpm of 130°F water. 

contain 500 ppm total dissolved solids. Total estimated capital cost for 

installing the system is $902,946. 'he expected first year geothermal energy 

cost savings are estimated to be $58,920. A simple payback of 9 . 1  years is 

calculated and the project has a net present value of $961,751.  Geothermal 

heat could be supplied at a cost of $5.39 per million Btu in the first year of 

operation. 

'he geothermal water is expected to 

The project as herein present is marginally economic. However, it became 

clear after the study that an attractive economic case could be made for 

providing about 50-60 percent of the required heating load as a base load 

using geothermal energy. TIIS remaining peak load would then be provided by 

the existing natural gas €ired boilers. 'his option should be studied i n  

greater detail. 
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I N T R O D U C T I O N  

G e n e r a l l y ,  t h e  s o u r c e s  of energy f o r  greenhouse h e a t i n g  a r e  f o s s i l  f u e l  

and e l e c t r i c i t y .  However, w i t h  t h e  e v e r - e s c a l a t i n g  p r i c e  of t h e s e  e n e r g y  

s o u r c e s ,  geo the rma l  greenhouse h e a t i n g  s y s t e m s  might become more a t t r a c t i v e .  

An i m p r e s s i v e  expans ion  i n  t h e  development of  t h e s e  s y s t e m s  h a s  t a k e n  p l a c e  i n  

c o u n t r i e s  such  as Japan ,  I ce l and  , Hungary, New Zealand and t h e  U. S. S.R. Low- 

t o - m o d e r a t e  t e m p e r a t u r e  geothermal  ene rgy  h a s  been s u c c e s s f u l l y  u t i l i z e d  t o  

p r o v i d e  t h e  h e a t  t h a t  i s  needed t o  grow v e g e t a b l e s  and f l o w e r s  i n  g reenhouses  

i n  t h e s e  c o u n t r i e s .  

During 1981, and on t h e  recommendation of t h e  Arizona So la r  Energy 

Commission, t h e  f o l l o w i n g  a n a l y s i s  was performed as a f i r s t  s t e p  i n  t h e  

i n i t i a t i o n  of a s t a t e  funded geothermal  energy p r o j e c t .  During t h e  f i r s t  

three y e a r s  of e v a l u a t i o n  of geo the rma l  r e s o u r c e s  i n  Ar i zona ,  i t  became 

e v i d e n t  t h a t  most a p p l i c a t i o n s  would i n v o l v e  t h e  use of d i r e c t  h e a t ,  r a t h e r  

t h a n  €o r  t h e  g e n e r a t i o n  of e l e c t r i c i t y .  In 1981, aEter c o n s u l t a t i o n  w i t h  t h e  

Arizona S o l a r  Energy Commission, a greenhouse h e a t i n g  p r o j e c t  f o r  t h e  

Environmental  Research Labora to ry ,  L h i v e r s i t y  of Ar i zona ,  u t i l i z i n g  low 

t e m p e r a t u r e  geo the rma l  water w a s  s e l e c t e d  f o r  a n a l y s i s .  ?he f o l l o w i n g  s t u d y  

was i n t e n d e d  t o  p r o v i d e  t h e  b a s i c  documentat ion n e c e s s a r y  t o  secure f u n d i n g  

f o r  a more d e t a i l e d  a n a l y s i s ,  i f  i t  should l o o k  a t t r a c t i v e .  

S e v e r a l  f a c t o r s  l e d  t o  t h e  s e l e c t i o n  of  a g reenhouse  h e a t i n g  p r o j e c t .  

The U n i v e r s i t y  of Arizona Foundat ion r e c e n t l y  a c q u i r e d  a l a r g e  greenhouse 

complex l o c a t e d  i n  Tucson, Ar i zona ,  p r o v i d i n g  p u b l i c  a c c e s s i b i l i t y .  

Geo log ica l  i n d i c a t i o n s  s u g g e s t  t h a t  t h e  g reenhouses  are l o c a t e d  ove r  a s h a l l o w  

(<3000 f t )  geo the rma l  r e s o u r c e .  U t i l i t y  r e c o r d s  showed t h a t  t h e  g reenhouses  

r e q u i r e d  h e a t i n g  e i g h t  months o u t  of t h e  yea r  and t h a t  low t empera tu re  h e a t  

cou ld  be u t i l i z e d  f o r  t h o s e  needs.  T h e r e f o r e ,  i t  was sugges t ed  t h a t  a 
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greenhouse heating project might have potential as a profitable investment in 

addition to demonstrating the utilization of geothermal energy. 

Other peripheral issues also enhanced the attractiveness of a greenhouse 

heating project. Greenhouses require a significant amount of water (though 

considerably less than open field agriculture) for irrigation and for 

evaporative cooling during the summer months. Presently, water requirements 

are fulfilled by drawing ground water from shallow aquifers and from the 

purchase of city water. Geothermal water, previously encountered in the 

Tucson basin, is of useable quality for non-drinking purposes. The drilling 

for the utilization of geothermal water for irrigation and evaporative cooling 

would provide an alternate source of water and partially replace the use of 

potable water supplies. 

The potential benefits resulting from the project deserve 

consideration. Drilling a geothermal well in the Tucson basin could confirm 

the existance of a geothermal resource and provide data on its quality, 

quantity, recharge and longevity. lhe utilization of geothermal water would 

demonstrate the technical feasiblity of geothermal heating. In addition, the 

development of the project would provide long run energy cost savings, 

conserve fossil fuel and potentially prove to be a profitable investment for 

the University of @zona and the State of Arizona. Further, the use of non- 

potable water for agricultural and research purposes would conserve high 

quality water resources. Greenhousing, because of its water conservation and 

controlled environment advantages, could be a future agricultural opportunity 

for Arizona. The addition of a long-term supply of stable priced heat would 

allow year round production of agricultural products. This would help 

preserve, agricultural productivity and income in Arizona despite the 

depletion of a dependable water supply. 
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The following analysis represents a preliminary retrofit design for 

converting the natural gas heating system of the University of Arizona's 

Environmental Research Laboratory Farms greenhouse facility to a geothermal 

energy heating system. As the analysis progressed, a number of assumptions 

were necessary when specific information was lacking. It should therefore be 

noted that this analysis is a preliminary one, and therefore does not evaluate 

all of the energy conservation options available nor does it contain precise 

knowledge oE resource characteristics or heating loads. Rather, the analysis 

provides an estimate of equipment and capital costs necessary for installing a 

geothermal heating system. It Eurther provides an indication of the energy 

and dollar savings such a system might provide and serves as an overview of 

the issues, risks and problems associated with the development of geothermal 

resources for greenhouse agriculture. In essence, this paper represents a 

starting point for considering the utilization of local geothermal energy 

resources and attempts to highlight the costs and benefits which a geothermal 

heating system offers. 

ENV IRONPENTAL RE SEAKC3 LABORATORY GREENHOUSE COXPLEX 

The Environmental Research Laboratory (ERL) Farms are located at 6818 

South Country Club Road in Tucson, Arizona. 'Ihe facility was constructed in 

the late 1960 's  and has been owned by several private agricultural firms over 

the years. The greenhouses were most recently used to grow commercial 

vegetables in a controlled environment. ?he most recent owner was Superior 

Farms Company, who grew tomtoes and cucumbers before going out of business in 

1980. At that time, the greenhouse facility was donated to the University of 

Arizona Foundation, which established the greenhouses as a research facility 

for the Environmental Research Laboratory. 

The Environmental Research Laboratory was founded in 1967 at the 
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U n i v e r s i t y  of Arizona and i s  c u r r e n t l y  a s e l f - s u p p o r t i n g  r e s e a r c h  branch. The 

Lab c o n d x t s  r e s e a r c h  i n  t h e  development of  con t ro l l ed -env i ronmen t  s y s t e m s  f o r  

t h e  i n t e g r a t e d  p r o d u c t i o n  of wa te r l food lpower .  

l a b o r a t o r y  pe rmi t  t h e  growing of a g r i c u l t u r a l  c r o p s  w i t h i n  a i r  i n f l a t e d  

g reenhouses .  Research i s  a l s o  conducted i n  t h e  use  of s o l a r  energy as a n  

i n t e g r a l  p a r t  of con t ro l l ed -env i ronmen t  systems.  Current  r e s e a r c h  a t   he 

farms i n c l u d e  p r o j e c t s  f o r  Disneyland,  K r a f t  Foods,  an a g r i c u l t u r e  r e s e a r c h  

p r o j e c t  and a h a l o p h y t e  r e s e a r c h  p r o j e c t .  

Systems developed by this 

The g reenhouse  complex of t h e  ERL Farms is composed of s i x  g reenhouse  

s t r u c t u r e s .  The g reenhouses  are c o n s t r u c t e d  of  f i b e r g l a s s  s i d e w a l l  w i t h  a i r -  

i n f l a t e d  p o l y e t h y l e n e  r o o f s .  ?he t o t a l  area of t h e  complex i s  10.6 acres. 

However, g reenhouse  #4  w i l l  no t  be  o p e r a t i o n a l  i n  t h e  i m n e d i a t e  f u t u r e .  'Ihe 

a c t u a l  g reenhouse  area t o  be h e a t e d  f o r  pu rposes  of t h i s  r e p o r t  i s  7.4 acres. 

The ERL g reenhouses  are p r e s e n t l y  h e a t e d  by a h o t  wa te r  d i s t r i b u t i o n  

system. B o i l e r s  f i r e d  by n a t u r a l  g a s  o r  d i e s e l  f u e l  h e a t  water which i s  then  

c i r c u l a t e d  t o  u n i t  h e a t e r s  ( r a d i a t o r  and f a n  u n i t s )  through an underground 

network of s u p p l y  and r e t u r n  p ipes .  'Ihe u n i t  h e a t e r s  i n  each g reenhouse  are 

suspended ove rhead  and p r o v i d e  b o t h  t h e  h e a t i n g  and a i r  c i r c u l a t i o n  n e e d s  of 

the  grecn!iouses. A diagram of t h e  greenhouse complex and i t s  h e a t i n g  sys t em 

i s  shown i n  F i g u r e  1. 

The e s s e n t i a l  e l emen t s  of a u n i t  h e a t e r  are a f a n  and motor ,  a r a d i a t o r  

and an e n c l o s u r e .  F i l t e r s ,  dampers and d i r e c t i o n a l  o u t l e t s  are  a l s o  

i n c l u d e d .  Lhit h e a t e r s  have t h r e e  p r i n c i p a l  c h a r a c t e r i s t i c s :  1) r e l a t i v e l y  

l a r g e  h e a t i n g  capac i t i e s  i n  compact c a s i n g s ,  2 )  t h e  a b i l i t y  t o  p r o j e c t  h e a t e d  

a i r  in a c o n t r o l l e d  manner ove r  a c o n s i d e r a b l e  d i s t a n c e ,  and 3) a r e l a t i v e l y  
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low installed cost per Btu of output. 

The first step in the analysis is to estimate the design heating load for 

the greenhouses. An estimate is necessary because over the years the actual 

engineered heat load calculations of the facility were lost. However, it is 

known that hot water enters each unit heater at 160°F and exits at 130°F. 

Also, the total water flow for the entire heating system is 1 ,908  gpm. Given 

these conditions, the current ERL heating system, when operating at full 

capacity, can deliver an estimated 28,620,000 Btu/hr. 

The heated air is currently distributed with two types of specially 

designed unit heaters. Thirty-two of the models are Greenheck Dual VA22 unit 

heaters and 24 of the models are &dine GHS 210 unit heaters. Figure 1 

presents the distribution of these unit heaters within the five operating 

greenhouses. The water flow to each Greenheck unit heater is 47.7 gpm, and 

the water flow to each Nodine unit heater is 15.9 gpm. Given the above inlet 

and outlet water temperature, Table 1 presents estimated heating loads and 

calculated Btu/hr ratings €or each of the five operational greenhouses. 

Greenhouse energy consumption is directly related to weather conditions 

and temperature to be maintained in the greenhouse. Table 2 presents average 

monthly natural gas Consumption for the period 1974-1979 based on Superior 

Farm Company records. 

65'7 during the night and 65'-75'F during the day. 

monthly and annual cost of the natural gas based on actual natural gas rates 

in effect on January 1, 1981. 

During this period, the greenhouses were kept at 60'- 

Table 2 also presents the 

From the information contained in Table 2, it i s  concluded that €or the 

10.6 acre greenhouse complex the expected natural gas cost f o r  1981 would h e  

$138,521. However, greenhouse # 4  will not be operational in the immediate 

future. Therefore, the estimated natural gas cost for 7.4 acres is $96,703 

6 



TABLE 1: CALCULATED H E A T I N G  LOADS AND UNIT HEATER CAPACITIES* 

-- -- 

Greenhouse Eodel Number of To ta l  Flow Heat C a l c u l a t e d  
# d Heaters Rate De l ive red  b t p u t  p e r  

( g p d  ( B t u / h r )  Unit Heater 
( B t u / h r )  

--___ 

1 VA22 3 143.1 2,146,500 715,500 

2 VA22 6 286.2 4,293,000 715,500 

3 VA22 6 286.2 4,293,000 715,500 

5 VA2 2 1 7  810.9 12,163,500 715,500 

6 
TOTAL 

GHS 210 24 381.6 5 ,724 ,000  238,500 
1 ,908  28,620,000 

* E f f i c i e n c y  l o s s e s  are not  i n c l u d e d  i n  t h e s e  c a l c u l a t i o n s .  

TABLE 2: NATURAL GAS CONSUEPTION 

----_I_- 

Month Average W n t h l y  Cost a t  1 /1 /81  n a t u r a l  gas r a t e  
Consumption, 1974-79 ($2.71/MCF i n c l u d e s  f u e l  a d j u s t -  

(PICF) ment and a p p l i c a b l e  t a x e s )  

J anua ry  
Februa ry  
March 
Apr i l  

June 
J u l y  
August 
September 
October 
November 
December 

TOTAL (10.6 a c r e s )  

8 ,964 
8,642 
7,082 
5,580 
2,240 
-- 
-- 
-- 
-- 

1,623 
7,646 
9 , 3 3 8  

51,115 i-lCF 
______ 

$24,292 
23,420 
19,192 
15,122 
6,070 
-- 
-- 
-- 
-- 

4 , 3 9 8  
20,721 
25,306 

$138,52 1 
-___. 

(7.4 a c r e s )  $ 96,703 
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for the year 1981. 

THE PROPOSED GEOTHERMAL GREENHOUSE HEATING SYSTEM 

"he following analysis provides a preliminary design for a retrofit 

geothermal heating systen for the ERL greenhouse complex using the existing 

unit heaters, pumps and piping system wherever possible. Tne analysis also 

includes additional unit heaters, pumps and pipes as needed. Lastly, an 

economic analysis is performed in order to judge the profitability or benefit 

from the use of geothermal energy in place of natural gas as a heat source. 

For purposes of this analysis, it is assumed that a significant 

geothermal resource capable of  producing 130°F water exists beneath the 

greenhouse site. Tne assumption is based in part on preliminary exploration 

of the geothermal resource potential of  the Tucson Basin, undertaken in 1979 

by J.C. Witcher of the Arizona Bureau of Geology and Mineral Technology - 

Geothermal Group. In addition, a well owned by Tucson Electric Power Company 

located one mile east of Irvington Road and Palo Verde Road, approximately 

three miles from the greenhouse site, produces 57OC (135'F) water from 

aquifers between 410 meters (1,350 ft) and 640 meters (2,100 ft). The wells 

greatest water production is obtained at 5 6 4  meters (1,850 ft). 'Ihe averagc 

temperature gradient is 60°C/km (4.3'F/100 ft) while the normal gradient in 

the Tucson Basin is 35' to 45"C/km (2.9 t o  3.4'F/100 ft). The anomalous 

60°C/km (4.3'F/100 ft) temperature gradient indicates upward migration of 

thermal water from depth (see Glossary of Geological Terms). 

It is assumed that a geothermal well could be drilled at the greenhouse 

sits and exhibit characteristics similar to the Tucson Elect.ric Power Company 

well. Production wells would be drilled to a depth o f  762 meters (2,500 ft) , 

though actual production may occur  nt  a shallower depth. It is further 

assunied that the geothermal water, under artesian pressure, would rise to 

a 



w i t h i n  400 f e e t  of t h e  s u r f a c e ,  where pumping rates of up t o  2,000 gpm would 

be p o s s i b l e .  In a d d i t i o n ,  t h e  geothermal  f l u i d  would c o n t a i n  an e s t i m a t e d  500 

ppm of t o t a l  d i s s o l v e d  s o l i d s .  Geothermal water of t h i s  q u a l i t y  would 32 

s u i t a b l e  € o r  d i r e c t  :ise i n  t h e  h e a t i n g  systzln ( i . e .  a h e a t  Gxchanger would no t  

be r e q u i r e d ) .  

A s  a Twrd of c a u t i o n ,  i t  h a s  no t  been proven t h a t  t h e  ERL Farms 

greenhouse s i t e  s i t s  a t o p  a geothermal  r e s o u r c e  of t h e  c h a r a c t e r  and q u a l i t y  

d e s c r i b e d  above. Geo log ica l  e x p l o r a t i o n  i s  recommended i n  o r d e r  t o  p r o p e r l y  

s i t e  a p r o d u c t i o n  w e l l  which would minimize t h e  r i s k  of f a i l u r e .  It i s  beyond 

t h e  scope of t h i s  a n a l y s i s  t o  p r e s c r i b e  a d e t a i l e d  e x p l o r a t i o n  and d r i l l i n g  

program. It i s  b e l i e v e d  t h a t  based on t h e  r e s o u r c e  ev idence  a l r e a d y  

a v a i l a b l e ,  t h e  assuinpt ions o u t l i n e d  above a r e  r e a s o n a b l e  and a c c u r a t e .  

The geo the rma l  h e a t i n g  systern would r e p l a c e  t h e  b o i l e r s  w i t h  g e o t h e r n a l  

ene rgy  p r o d u c t i o n  w e l l s .  -4 d i a g r a n  of t h e  proposed geo the rma l  systern i s  shown 

i n  F i g u r e  2. llie geothermal  f l u i d  would be pumped through main supp ly  l i n e s  

and i n t o  t h e  u n i t  h e a t e r s  by t u r b i n e  pumps. Motorized v a l v e s ,  c o n t r o l l e d  by 

t h e r m o s t a t s ,  would r e g u l a t e  t h e  ra te  of f low r e q u i r e d  t o  m a i n t a i n  g reenhouse  

t e m p e r a t u r e s .  Lpon e x i t  from t h e  u n i t  h e a t e r s ,  t h e  coo led  geo the rma l  water 

would be c o l l e c t e d  th rough  a network of r e t u r n  l i n e s  f o r  d i s p o s a l  o r  r e u s e .  

A s  a r e s u l t  of t h e  geothermal  f l u i d  t e m p e r a t u r e  (130'F) be ing  lower t h a n  

t h e  b o i l 2 r - s u p p l i e d  water t empera tu re  ( 160°F), a d d i t i o n a l  u n i t  h e a t e r s ,  pumps 

and p i p i n g  would be needed i n  o r d e r  t o  meet t h e  h e a t i n g  demand. To assess t h e  

performance of t h e  e x i s t i n g  u n i t  h e a t e r s  when 130°F i n l e t  water i s  p r o v i d e d ,  

i t  i s  n e c e s s a r y  t o  d e r a t e  t h e  h e a t i n g  c a p a c i t y  of each u n i t  h e a t e r .  Based 

upon s p e c i f i c a t i o n s  of u n i t  h e a t e r  m a n u f a c t u r e r s ,  i t  i s  assumed t h a t  e a c h  10°F 

d rop  i n  i n l e t  t e m p e r a t u r e  r e s u l t s  i n  a 7 .2  p e r c G n t  l o s s  of h e a t i n g  

c a p a b i l i t y .  T h e r e f o r e ,  w i th  a 130 F i n l e t  t e m p e r a t u r e ,  21.6 p e r c e n t  of t h e  o 
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h e a t i n g  c a p a b i l i t y  w i l l  be l o s t .  By comparing Table 3 w i t h  Table 1 ,  a h e a t i n g  

d e f i c i e n c y  of 6 ,181 ,920  B t u l h r  i s  c r e a t e d  because of t h e  reduced i n l e t  

t e m p e r a t u r e .  

~~~ ~~ ~ 

TABLE 3 : CORRECTED HEATING CAPABILITIES FOR EACH GREENHOUSE 

Greenhouse hit To ta l  Flow Ca lcu la t ed  Output Ca lcu la t ed  Cutput 
il Heat e r s ( E P d  pe r  Machine p e r  Greenhouse 

(130 I: I n l e t )  (B tu /Hr )  ( B t u / h r )  

1 3 143.1 560,952 1 ,682 ,856  

2 6 286.2 560,952 3,365,712 

3 6 286.2 560,952 3,365,712 

5 17 810.9 560,952 9 ,536 ,184  

6 24 381.6 186,984 4,487,616 
TOTAL 22,43 8,080 

SYSTEM COMPONENTS AVD CAPITAL COSTS __- 

lbo geo the rma l  p r o d u c t i o n  w e l l s ,  each w i t h  a d e p t h  of 2,500 f e e t  would be 

r e q u i r e d  f o r  t h e  greenhouse h e a t i n g  system. B & G D r i l l i n g  Company, Mesa, 

Ar izona ,  recommended d r i l l i n g  two 26-inch d i a m e t e r  wel l s  w i t h  16 i n c h  c a s i n g  

t o  t h e  bottom of t h e  h o l e .  The e s t i m a t e d  c o s t  of  comple t ing  such a w e l l  i s  

$80 pe r  f o o t .  The two wel ls  would be adequa te  t o  meet t h e  peak h e a t i n g  load  

f o r  t h e  greenhouse c m p l e x  and p rov ide  a d d i t i o n a l  capac i ty  should greenhouse 

$4 be used i n  t h e  f u t u r e .  

In  a d d i t i o n  t o  t h e  p r o d u c t i o n  wel l s ,  a method o E  d i s p o s i n g  of  t h e  

geothermal  f l u i d  must a l s o  be d e v i s e d .  Current  Arizona Oil and Gas 

Conse rva t ion  Commission r e g u l a t i o n s  r e c o g n i z e  two a c c e p t a b l e  d i s p o s a l  methods 

f o r  geothermal  f l u i d ,  r e i n j e c t i o n  o r  d i s p o s a l  by ponding. The ERL Farms 
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f a c i l i t y  h a s  an e v a p o r a t i o n  pond c u r r e n t l y  used f o r  d i s p o s i n g  of pumped h i g h  

n i t r a t e  i r r i g a t i o n  water. However, t h e  pond p robab ly  could n o t  hand le  che 

a d d i t i o n a l  geo the rma l  f l u i d .  T h e r e f o r e ,  t h e  c o s t  estimate i n c l u d e s  a 12" 

r e i n j e c t i o n  w e l l  d r i l l e d  t o  1,800 Eeet. 'Ihe e s t i m a t e d  c o s t  of t h e  r e i n j e c t i o n  

w e l l  i s  $99,000. 

A second o p t i o n  f o r  d i s p o s a l  might a l s o  be c o n s i d e r e d .  Table 4 p r z s e n t s  

a chemical  a n a l y s i s  of waters o b t a i n e d  from t h e  Tucson Electr ic  Power Campany 

h o t  well. Tne d i s s o l v e d  s o l i d s  c o n t e n t  of t he  geothermal  water i s  f a v o r a b l y  

low and s u i t a b l e  f o r  i r r i g a t i o n .  Should similar water be found b e n e a t h  t h e  

ERL Farms f a c i l i t y ,  t h e  geothermal  water might be p r o d u c t i v e l y  used f o r  c r o p  

i r r i g a t i o n  and as makeup water f o r  t h e  e v a p o r a t i v e  c o o l e r s .  l i e  r e s u l t  would 

be t h e  r ep lacemen t  of c u r r e n t l y  pumped i r r i g a t i o n  water wi th  cooled g e o t h e r n a l  

water o b t a i n e d  from t h e  deepe r  a c q u i f e r .  The r e d u c t i o n  i n  i r r i g a t i o n  water 

pumping would r educe  e l e c t r i c a l  c o s t s  and r educe  s h a l l o w  ground water 

wi thd rawa l s .  However, c u r r e n t  ground water r e g u l a t i o n s  i n  t h e  S t a t e  o f  

Arizona may p r o h i b i t  such  secondary use of geothermal  f l u i d .  The i s s u e  has 

not been a d e q u a t e l y  r e s o l v e d  b u t  t h e  o p t i o n  a p p e a r s  t o  o f f e r  f a v o r a b l e  

results. 

Each w e l l  would r e q u i r e  a 300 hp pump c a p a b l e  of supp ly ing  1,500 gpm. 

"lie pumps s e l e c t e d  f o r  t h e  p r o d u c t i o n  w e l l s  are t w o  Johns ton  7-s tage 14 cc 

pumps and would be  set a t  600 f e e t .  The p r i c e  of t h i s  pump i s  e s t i m a t e d  a t  

$54,900 each .  Maintenance of t h e  Johns ton  pumps depends g r e a t l y  upon t h e  

t y p e ,  t e m p e r a t u r e  and a b r a s i v e n e s s  of f l u i d  be ing  pumped, t h e  d e p t h  of t h e  

pump s e t t i n g  and s t r a i g h t n e s s  of t h e  w e l l .  A s  a r e s u l t ,  t h e  pump l i f e  must be 

e s t i m a t e d .  

The p r o d u c t i o n  w e l l s  are assumed t o  be l o c a t e d  one-half  m i l e  from t h e  

greenhouse complex. This assumption i s  made i n  o r d e r  t o  i n c l u d e  a c o s t  item 
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TABLE 4 :  SAMPLE OF C;iIEMISTRY FOR 135'F WATER ENCOUNTERED IN "HE TUCSON B A S I N  

C o n s t i t u e n t  Concen t r a t ion  

Calcium 
NFI gne s -i urn 
Sodium 
B i c a r b o n a t e  
Carbonate 
Hydro x i d e 
S u l f a t e  
C h l o r i d e  
F l o u r i d e  
T o t a l  Hardness ( g r a i n s / g a l l o n s )  
T o t a l  Hardness 
P h e n o l p t h a l e i n  A l k a l i n i t y  
Bromcresol Green-Methyl Red Alka 

S i l i c a  
T o t a l  Conduc t iv i ty  
Di s so lved  S o l i d s  

PH 

3 PPm 
.8ppm 

174 pprn 
6 9  PPm 
20 PPm 
0 PPm 

220 ppm 
40.5 ppm 
4 . 9  ppm 

.6 
14  PPm 
1 m l  

5.4 ml 
9.1- 

39 PPrn 
790 m h o s  

51A ppn 

Source : Tucson Elec t r ic  Power Company 

f o r  f l u i d .  t r a n s m i s s i o n  wi thou t  knowledge of an a c t u a l  p r o d u c t i o n  w e l l  s i t e .  

The c a l c u l a t e d  p i p e  d i a m e t e r  of t h e  main supp ly  l i n e  i s  13 i n c h e s .  Commercial 

s tee l  p i p e  i s  t h e  p r e f e r r e d  p i p e  material ,  and would c o s t  $25 p e r  foo t .  T o t a l  

c o s t  of t h e  p i p e  i s  e s t i m a t e d  t o  be $66-,000. P ipe  i n s t a l l a t i o n  a t  $45 per 

hour would c o s t  a p p r o x i a a t e l y  $6,000. 

Table 5 summarizes t h e  h e a t i n g  d e f i c i e n c y  c r e a t e d  by t h e  lower i n l e t  

t empera tu re  f o r  each  greenhouse and provid.es a n  estimate of t h e  c o s t  of  

pu rchas ing  a d d i t i o n a l  u n i t  h e a t e r  c a p a c i t y .  It should be noted t h a t  u n i t  

h e a t e r s  are common, o f f - t h e - s h e l f  items a v a i l a b l e  from l o c a l  who lesa l e  

o u t f i t s .  However, t h e  c o s t  of t h e  a d d i t i o n a l  h e a t e r s  w i l l  v a r y  w i t h  t h e i r  

r a t e d  capac i t ies .  The e s t i m a t e d  c o s t s  provided h e r e  are based on un i i :  h e a t e r  

s i z e s  g r e a t e r  t h a n  200,000 B t u / h r .  
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-____- _____ ___ - - -___---- - 

TABLE 5 .  COST ESTIMATE FOR A D D I T I O N A L  UNIT HEATERS BY GREENHOUSE 

Greenhouse Current  Heat ing Cor rec t ed  Heat ing A d d i t i o n a l  Est imated 
# C a p a b i l i t y  Heat ing D s f i c i e n c y  Water Flow U n i t  

( B t u / h r )  C a p a b i l i t y  Reg u i  r ed  Heater 
( g p d  Cost* 

1 2 , 1 4 6 , 5 0 0  1 ,682 ,856  46'3,644 39.4 $ 1 , 3 9 1  

2 4 , 2 9 3 , 0 0 0  3 ,365 ,712  927 ,288  79  2 , 7 8 2  

3 4 , 2 9 3 , 0 0 0  3 ,365 ,717  927 ,288  79  2 , 7 8 2  

5 12,163,500 9 , 5 3 6 , 1 8 4  2 , 6 2 7 , 3 1 6  224 7 , 3 8 2  

6 5 , 7 2 4 , 0 0 0  4 , 4 8 7 , 6 1 6  1 , 2 3 6 , 3 8 4  105 3 , 7 0 9  

TOTAL 28 ,620 ,000  22 ,438 ,080  6 , 1 8 1 , 9 2 0  526.4 $ 1  8 , 5 4 6  

*Cost estimates are based on a u n i t  h e a t e r  p r i c e  of $3.00  p e r  1000 Btu of peak 
o u t p u t  * 

~ - -  -_ - ~ -  

Also c l e a r  from Table 5 ,  a d d i t i o n a l  water f low is  r e q u i r e d  f o r  t h e  

o p e r a t i o n  of t h e  geothermal  s y s t e m .  The c a l c u l a t e d  i n c r e a s e  i n  f low is  526.4 

gpm, implying t h a t  t h e  geothermal  p r o d u c t i o n  w e l l s  must produce a t  l eas t  2 ,435  

gpm t o  meet t h e  maximum h e a t i n g  l o a d  f o r  t h e  f i v e  greenhouse b u i l d i n g s .  To 

p r o v i d e  h o t  water t o  t h e  added u n i t  h e a t e r s ,  a d d i t i o n a l  supp ly  and r e t u r n  p i p e  

are a l s o  r e q u i r e d .  C u r r e n t l y ,  s u p p l y  and r e t u r n  p i p e s  are two i n c h  d i a m e t e r  

s tee l  p i p e .  Although t h e  e x a c t  l e n g t h  of p i p e  r e q u i r e d  was not  c a l c u l a t e d ,  

t h a t  depends on t h e  placement of t h e  a d d i t i o n a l  u n i t  h e a t e r s  w i t h i n  each  

g reenhouse ,  i t  is  e s t i m a t e d  t h a t  6 , 5 0 0  f ee t  of two-inch d i a m e t e r  s tee l  p i p e  

would be r e q u i r e d .  The e s t i m a t e d  c o s t  of t:lro-inch d i ame te r  s tee l  p i p e  is 

$1.80 p e r  f o o t .  Tne t o t a l  e s t i m a t e d  d i s t r i b u t i o n  p i p i n g  c o s t  i s  $ 1 1 , 7 0 3  and 

p i p e  i n s t a l l a t i o n  i s  e s t i m a t e d  t o  c o s t  $ 4 , 0 0 0 .  

In  a d d i t i o n  t o  p i p i n g  and t r e n c h i n g  c o s t s  f o r  t h e  p r o d u c t i o n  and 

t r a n s m i s s i o n  sys t em,  a t  l ea s t  one 50 horse-power c i r c u l a t i o n  pump i s  needed t o  
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h a n d l e  t h e  a d d i t i o n a l  water f l o w  ra te  t o  the t ini t  h e a t e r s .  The e s t i m a t e d  c o s t  

of a g e n e r a l  purpose s i n g l e  s t a g e  5 0  horse-power pump i s  $ 7 , 5 0 0 .  

A d d i t i o n a l  c o s t  would a l s o  be i n c u r r e d  i n  i n s u l a t i n g  t h e  p i p e l i n e s  

e x t e n d i n g  from the p r o d u c t i o n  w e l l  t o  t h e  greenhouse s i te .  Although these 

c o s t s  were n o t  d i r e c t l y  e s t i m a t e d ,  a con t ingency  f i g u r e  of $30,000 i s  i n c l u d e d  

i n  t h e  a n a l y s i s  t o  i n c l u d e  po lyure thane  foam i n s u l a t i o n ,  pump and we l lhead  

v a l v e s  and o t h e r  m i s c e l l a n e o u s  f i t t i n g s  and v a l v e s .  

Table 6 p r e s e n t s  a summary of  c o s t s  n e c e s s a r y  f o r  t h e  c o n s t r u c t i o n  of a 

geo the rma l  h e a t i n g  system f o r  t h e  Environmental  Research Labora to ry .  Although 

TABLE 6. COST SLPlMARY - GEOTHERMAL GREENHOUSE H E A T I N G  SYS'I'EY 

I t e m  Cost 

-__ - .~ -- --- 

P r o d u c t i o n  Well ( 2 )  ( 2 5 0 0  f t  @ $80 per  f t )  $400 ,000  

R e i n j e c t i o n  Well (1)  (1800 f t  @ $55 p e r  f t )  9 9 , 0 0 0  

P r o d u c t i o n  Well ?uap ( 2 )  @ $ 5 4 , 9 0 0  ea 109,800 

Transmission P i p e  66,000 

Transn i  s s i o n  P i p  2 Ins  t a1 l a  t i o n 

D i s t r i b u t i o n  P i p e  Cost 

D i  s t r i bu t  i o n  P i  pe  Ins  t a 1 1 a t i  on 

C i r c u l a t i o n  Pumps 

A d d i t i o n a l  3 n i t  Heaters 

6 , 0 0 0  

1,700 

4 , 0 0 0  

7 , 5 0 0  

8 ,546  

30,000 I n s u l a t i o n ,  v a l v e s ,  f i t t i n g s ,  misc. 

SUB TOTAL $752 ,456  

_______  

Enginee r ing  (10%) 7 5 , 2 0 0  

75,200 ___- 
Contingency (lo?:) 

TOTAL INVES'PlENT COST $902 ,946  --- - 
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t h e s e  r e p o r t e d  c o s t s  are estimates,  i t  i s  b e l i e v e d  t h a t  t h e y  c o n s e r v a t i v e l y  

approximate an a c t u a l  i n s t a l l e d  system c o s t .  However, c o s t  s a v i n g s  s h o u l d  be 

c o n s i d e r e d  and appea r  p o s s i b l e .  For example,  avo idance  o f  r e i n j e c t i o n  well 

c o s t s  would p r o v i d e  a s i g n i f i c a n t  s a v i n g s .  It might a l s o  be p o s s i b l e  t o  

deepen e x i s t i n g  w e l l s  r a t h e r  than d r i l l i n g  two new p r o d u c t i o n  we l l s ,  p r o v i d i n g  

a s u b s t a n t i a l  c o s t  s a v i n g s .  E x i s t i n g  water w e l l  pumps might a l s o  be u s e f u l ,  

r a t h e r  t han  p u r c h a s i n g  new pumps. S i m i l a r  o p t i o n s  might be a v a i l a b l e  f o r  

o t h e r  needed equipment.  In summary, t h e  c o s t  estimate p r e s e n t e d  h e r e  i s  

c o n s e r v a t i v e  by d e s i g n  and s i g n i f i c a n t  c a p i t a l  c o s t s  s a v i n g s  are p o s s i 5 l e .  

A s  a r e s u l t  of t h e  replacement  o f  t h e  c u r r e n t  ERL Farms h e a t i n g  s y s t e m  

w i t h  a geo the rma l  h e a t i n g  system, t h e  b o i l e r s  c u r r e n t l y  i n  use would no l o n g e r  

p r o v i d e  t h e  pr imary h e a t i n g  water. The EX, has seven b o i l e r s ,  a l l  c o m m e r c i a l  

water tube b o i l e r s  manufactured by Cleaver-Brooks. Tne t o t a l  pu rchase  p r i c e  

of t h e  seven  b o i l e r s  w a s  $119,000. Since t h e  b o i l e r s  w i l l  no l o n g e r  b2 

needed,  i t  may be p o s s i b l e  t o  rese l l  some o r  a l l  of them t o  h e l p  o f f s e t  t h e  

geothermal  system c o s t .  For t h e  f o l l o w i n g  a n a l y s i s ,  i t  i s  assumed t h a t  t h e  

b o i l e r s  are r e t a i n e d  f o r  backup i n  t h e  e v e n t  of a f a i l u r e  i n  t h e  geo the rma l  

system. 

ECONOMIC AiALYSIS 

From t h e  p r e c e d i n g  a n a l y s i s ,  t h e  t e c h n i c a l  f e a s i b i l i t y  of i n s t a l l i n g  a 

geothermal  h e a t i n g  system a t  ERL is  r e l a t i v e l y  s t r a i g h t f o r w a r d .  U n c e r t a i n t i e s  

e x i s t  r e g a r d i n g  t h e  e x a c t  c h a r a c t e r i s t i c s  of t he  r e s o u r c e  bu t  f u r t h e r  

e x p l o r a t i o n  cou ld  e l i m i n a t e  those  u n c e r t a i n t i e s .  ?he r a n a i u i n g  q u e s t i o n s  i s  

whether  t h e  geo the rma l  system makes economic s e n s e .  'Ibo a n a l y s e s  are 

performed t o  answer t h i s  q u 2 s t i o n .  F i r s t ,  t h e  p r o j e c t  w i l l  be ana lysed  as an 

inves tmen t  o p p o r t u n i t y  f o r  t h e  U n i v e r s i t y  of Arizona.  Second, i t  i s  compared 

t o  a c o n v e n t i o n a l  n a t u r a l  g a s  h e a t i n g  s y s t e m  i n  terms of d o l l a r s  p e r  u n i t  of  

ene rgy  del ivere 'd .  Favorab le  answers  t o  bo th  of t h e s e  q u e s t i o n s  are n e c e s s a r y  



b e f o r e  t h e  p r o j e c t  shou ld  be cons ide red .  

As w a s  p r e v i o u s l y  shown, t h e  t o t a l  i nves tmen t  c o s t  € o r  t h e  geo the rma l  

sys t em i s  c o n s e r v a t i v e l y  e s t i m a t e d  a t  $902,946. Once t h e  s y s t e m  i s  i n s t a l l e d ,  

i t  w i l l  a l s o  e x p e r i e n c e  o p e r a t i n g  c o s t s  i n  t h e  form O E  e l e c t r i c a l  ene rgy  t o  

r u n  pumps and a d d i t i o n a l  f a n  u n i t s  p l u s  normal maintsnance c o s t s .  Table 7 

p r e s e n t s  a n  estimate of normal o p e r a t i n g  and maintenance c o s t s .  E lec t r ica l  

c o s t s  are e s t i m a t e d  based upon a c u r r e n t  e l e c t r i c a l  c o s t  of $.05 per  k i l o w a t t -  

hour and 1 ,790  h o u r s  of e q u i v a l e n t  f u l l  l oad  o p e r a t i o n .  Annual maintenance 

c o s t s  are c o n s e r v a t i v e l y  e s t i m a t e d  a t  two p e r c e n t  of t he  t o t a l  i nves tmen t  c o s t  

o r  $62,406 p e r  y e a r .  

TABLE 7 : ESTIWTED OPER4TING AXD N A I N T E N A N C E  COSTS 

Annual Lh in tenance  Cost $ 18,060 

E l e c t r i c a l  Costs : 
P r o d u c t i o n  Well Pumps ( 2  a t  300 hp each )  40,051 
C i r c u l a t i o n  Pump (50 hp) 3 ,311  
- 4 d d i t i o n a l  Unit Heaters (15  hp) 9 84 

Tota l  E12ctrical Cost S 44.346 

$ 6 2 , 4 0 6  __- ~ 

TOT-AL OPERATING AND IYAINTEYJANCE COSTS 
_-  

- -I ________ -__ 

I n  a d d i t i o n  t o  the annua l  o p e r a t i n g  and maintenance e x p e n s e s ,  t h e  c a p i t a l  

i nves tmen t  c o s t  must be d e p r e c i a t e d .  It i s  assumed t h a t  t h e  U n i v e r s i t y  of  

Arizona cou ld  i s s u e  A-rated t a x  exempt 15 y e a r  bonds a t  12  p e r c e n t  i n t e r e s t .  

I f  $902,946 were borrowed f o r  15 y e a r s ,  an annua l  payment of $130,042 i s  

r e q u i r e d .  ' I he re fo re ,  t h e  t o t a l  annual  c o s t  ( o p e r a t i o n ,  maintenance and d e b t  

s e r v i c e )  of t h e  g e o t h o r n a l  h e a t i n g  system i s  $192,448. R e  ac tua l  s a v i n g s  I>€ 

t h e  geo the rma l  s y s t e a  is t h e  (1981) f u e l  c o s t  ;ivoided (see Table 2 )  minus the 

o p e r a t i n g  c o s t  i n c u r r e d ,  o r  534,297. 

Although s a v i n g s  are a v a i l a b l e  i n  the  f i r s t  year ,  changing  sne rgy  mil 
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main tenance  c o s t s  w i l l  create d i f f e r e n t  s a v i n g s  i n  each f u t u r e  year.  Table 8 

p r e s e n t s  a 20-year p r o j e c t i o n  of n a t u r a l  g a s  c o s t s ,  geothermal  s y s t e m  

o p e r a t i n g  and maintenance c o s t s ,  annua l  s a v i n g s  and p r e s e n t  v a l u e  of 

s a v i n g s .  Data Resources ,  Inco rpora t ed  (DRI) long-range p r i c e  f o r e c a s t s  a re  

used as t h e  b a s i s  f o r  p r o j e c t i n g  f u t u r e  n a t u r a l  g a s  c o s t s .  D R I  f o r e c a s t s  

nominal n a t u r a l  g a s  p r i c e  i n c r e a s e s  t o  ave rage  19 p e r c e n t  p e r  y e a r  between 

1982 and 1991, and 10 p e r c e n t  pe r  year between 1992 and 2001. Underlying 

i n f l a t i o n  ra tes  d u r i n g  t h e s e  t i m e  frames are p r o j e c t e d  t o  be 10.3 p e r c e n t  and 

6.7 p e r c e n t ,  r e s p e c t i v e l y .  To s i m p l i f y  the  f o l l o w i n g  a n a l y s i s  and r e n a i n  

c o n s e r v a t i v e ,  a 20 year annual  i n f l a t i o n  ra te  of 7 p e r c e n t  is assuned and 

n a t u r a l  g a s  p r i c e  i n c r e a s e  assumptions are rsduced t o  13 p e r c e n t  between 1982 

and 1991 and 10 p e r c e n t  between 1992 and 2001. Use of t h e  h i g h e r  c o s t  

e s c a l a t i o n  rates would r e s u l t  i n  s u b s t a n t i a l l y  h i g h e r  c o s t  s a v i n g s  and improve 

t h e  economic f e a s i b i l i t y  a n a l y s i s .  

E l e c t r i c i t y  p r i c e s  and maintenance c o s t s  are assumed t o  i n c r e a s e  a t  e i g h t  

p e r c e n t  p e r  year o v e r  t h e  l i f e  of t h e  p r o j e c t .  E l e c t r i c i t y  p r i c e  i n c r e a s e s  

are expec ted  t o  r e s u l t  p r i n c i p a l l y  from i n c r e a s e s  i n  Euel ,  l a b o r  and t a x  ove r  

t h e  next  20 y e a r s  r a t h e r  t han  Eron t h e  c o n s t r u c t i o n  of new g e n e r a t i n g  

c a p a c i t y .  A d i s c o u n t  r a t e  of 10 p e r c e n t  is  used t o  c a l c u a t e  the present v a l u e  

of s a v i n g s .  

From t h e  r e s u l t s  of Table 8 ,  i t  i s  c lear  t h a t  t h e  geothermal  system 

p r o v i d e s  s i g n i f i c a n t  s a v i n g s  i n  energy c o s t s .  Tne p r e s e n t  v a l u e  of t h e  

s a v i n g s  d i s c o u n t e d  a t  10 p e r c e n t  i s  $1,864,697.  Xowever, two f u r t h e r  

c o n s i d e r a t i o n s  are n e c e s s a r y .  F i r s t ,  t h e  c o s t  of geothermal  h e a t  compared 

w i t h  t h e  1982 c o s t  of n a t u r a l  gas .  It i s  e s t i m a t e d  t h a t  t h e  1952 c o s t  O F  

n a t u r a l  gas i s  $3.40 per m i l l i o n  3 t u  d e l i v e r e d  t o  t h e  greenhouse s i t e .  

Assnning 80 p e r c e n t  b o i l e r  e f f i c i e n c y  i n  the  c u r r e n t  s y s t m n ,  t i l e  x t u a l  c o s t  

o f  h o t  *latar i s  Sh.25 2t?r ! i i l l i o n  B t u .  



TABLE 8 :  20 YEAR PROJECTION OF GEOTHERMAL SYSTEM SAVINGS 

Year Annual N a t u r a l  E l e c t r i c i t y  & Geothermal P r e s e n t  Worth o f  
Gas Cost Main. Costs Savings Savings 

(10% Discount)  

1982 
1983 
1934 
1935 
1985 

1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

1987 

$ 1 2 1 , 3 2 6  
1 3 7 , 0 9 8  
1 5 4 , 9 2 1  
175 ,060  
1 9 7 , 8 1 8  
223,53A 
252 ,594  
2 8 5 , 4 3 1  
322 ,537  
364 ,467  
4 0 0 , 9 1 4  
441 ,005  
4 8 5 , 1 0 6  
533 ,616  
5 8 6 , 9 7 8  
6 4 5 , 6 7 5  
7 1 0 , 2 4 3  
781 ,267  
8 5 9 , 3 9 4  

200 1 9 4 5 , 3 3 3  

$ 62,406 
6 7 , 3 9 8  
7 2 , 7 9 0  
78 ,614  
84 ,903  
91 ,695 
99 ,030  

106,953 
115 ,509  
124 ,750  
134 ,730  
145 ,508  
157,149 
169 ,721  
1 8 3 , 2 9 8  
197 ,962  
213 ,799  
230,903 
249 ,376  
269,326 

TOTAL 

$ 5 8 , 9 2 0  
6 7 , 7 0 0  
8 2 , 1 3 1  
96 ,446  

112 ,915  
131,839 
153 ,564  
1 7 8 , 4 7 8  
2 0 7 , 0 2 8  
239,717 
266 ,184  
295,497 
327,957 
363 ,895  

447 ,713  
496 ,444  
550 ,364  
610 ,018  
676 ,007  - .  

$ 5 , 7 6 8 , 4 9 7  

403,680 

$ 58,920 
6 3 , 3 6 4  
67 ,877  
7 2 , 4 6 1  
77 ,122  
8 1 , 8 6 2  
86 ,683 
91 ,587  

101 ,663  
102,625 
103 ,570  
104 ,497  
105,407 
1 0 6 , 3 0 2  
1 0 7 , 1 7 9  
108 ,041  
108 ,887  
109 ,717  
1 1 0 , 5 3 3  

$1,86$,637 '  

96 ,580  

To estimate t h e  c o s t  of t h e  geothermal  e n e r g y  p e r  m i l l i o n  Btu,  t h e  a n n u a l  

c o s t  i s  d i v i d e d  by a n n u a l  h e a t  used.  The annua l  geothermal  c o s t  i s  a 

combina t ion  of o p e r a t i n g  costs  p l u s  d e b t  s e r v i c e  n e c e s s a r y  t o  a m o r t i z e  t h e  

o r i g i n a l  c a p i t a l  i nves tmen t .  Based on a f i v e  y e a r  a v e r a g e ,  35 ,684  Pkf of 

n a t u r a l  g a s  i s  consumed each y e a r  € o r  7.4 acres of g reenhouse ,  which i s  

e q u i v a l z n t  t o  35,68G m i l l i m  Btu p e r  year  a s s w i n g  1,000 Btu p e r  s t a n d a r d  

c u b i c  Eoot. The annua l  geothermal  c o s t  is $ 1 9 2 , 4 4 8  r e s u l t i n g  i n  a geothermal  

u n i t  energy c o s t  o f  55.39 per m i l l i o n  Btu .  A d d i t i o n a l  sys t ex  u t i l i z a t i o n  

d u r i n g  any yea r  would r educe  t h e  geothermal  c o s t  because a d d i t i o n a l  u n i t s  of 

energy would o E f s e t  t h e  f i x e d  d e b t  p a y m e n t .  F u r t h e r ,  i f  e r eenhouse  114 were 

brought  i n t o  u s e  i n  t h e  f u t u r e ,  t h e  geothermal  ene rgy  c o s t  would € a l l  t o  $3.76 

per  m i l l i o n  Btu. tiowever, f o r  t h e  7.4 a c r e s  c o n s i d e r e d ,  geothermal  ener,y i s  
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c u r r e n t l y  more e x p e n s i v e  t h a n  n a t u r a l  gas. 

From the above a n a l y s i s  we can conc lude  t h a t  a geo the rma l  sys t em 

a t t e m p t i n g  t o  p r o v i d e  t h e  peak h e a t i n g  l o a d  i s  o n l y  m a r g i n a l l y  economical .  

However, more t h a n  t h e  ave rage  h e a t i n g  l o a d  cou ld  be m e t  by a s i n g l e  

geother inal  w e l l ,  r e q u i r i n g  a c a p i t a l  c o s t  i nves tmen t  of o n l y  a p p r o x i n a t e l y  

$600,000, a b o u t  66% of t h e  i n i t i a l  proposed system. In  a d d i t i o n ,  t h e  

maintenance and o p e r a t i n g  c o s t  would be reduced by approx ima te ly  $25,000 pe r  

y e a r .  'Ihe geo the rma l  system cou ld  be backed up by t h e  e x i s t i n g  n a t u r a l  g a s  

b o i l e r s  t o  meet t h e  peak h e a t  demand. Such a system d e s i g n e d  t o  p r o v i d e  t h e  

a v e r a g e  h e a t i n g  l o a d  i s  more economical and can compete s u c c e s s f u l l y  w i t h  t h e  

p r e s e n t  p r i c e  of n a t u r a l  gas.  

SUMMARY AND REMARKS - 
The geo the rma l  greenhouse h e a t i n g  system as proposed f o r  t h e  

Environmental  Research Labora to ry  Farms i s  t e c h n i c a l l y  f e a s i b l e  bu t  o n l y  

m a r g i n a l l y  a t t r a c t i v e  under c u r r e n t  n a t u r a l  g a s  p r i c e s .  From a t e c h n i c a l  

s t a n d p o i n t ,  hardware n e c e s s a r y  t o  c o n s t r u c t  such  a system i s  r e a d i l y  a v a i l a b l e  

and has proven r e l i a b l e .  However, t h e  economic a n a l y s i s  s u g g e s t s  t h a t  t h e  

geo the rma l  sys t em have a n i n e  y e a r  payou t ,  and would n o t  p r o v i d e  a n  a d e q u a t e  

r e t u r n  on inves tmen t  from ene rgy  s a v i n g s .  In a d d i t i o n ,  d e s p i t e  r e c e n t  n a t u r a l  

g a s  p r i c e  i n c r e a s e s ,  n a t u r a l  g a s  can  be purchased a t  lower u n i t  c o s t  t h a n  t h e  

g e o t h e r a a l  h e a t .  N a t u r a l  g a s  p r i c e s  have n o t  y e t  reached a l e v e l  n e c e s s a r y  t o  

j u s t i f y  a p r o j e c t  of t h i s  magnitude. The geo the rma l  system c u r r e n t l y  o f f e r s  

less r e l i a n c e  on f o s s i l  f u e l  ene rgy  s o u r c e s  and r educes  t h e  r i s k  of 

i n t e r r u p t i b l e  n a t u r a l  g a s  s e r v i c e .  

S e v e r a l  o t h e r  comments are a p p r o p r i a t e .  

t h e  l e v e l  of f u t u r e  ene rgy  p r i ces ,  a t o p i c  of 

s e n s i t i v i t y  a n a l y s i s  i s  not  i n c l u d e d ,  changes 

would a f f e c t  t h e  f i n a l  r e s u l t s .  Energy price 

2 0  

The a n a l y s i s  re l ies  h e a v i l y  on 

much s p e c u l a t i o n .  Although a 

i n  ene rgy  pr ice  a s sumpt ions  

i n c r e a s e s  o v e r  twenty y e a r s  were 



- 

I 

chosen  c o n s e r v a t i v e l y  so as not  eo b i a s  t h e  r e s u l t s  i n  a more f a v o r a b l e  

manner. F u r t h e r ,  c a p i t a l  c o a t  estimates do nox r e f l e c t  e f f o r t s  t o  avo id  

c e r t a i n  c o s t s  O K  t o  o p t i m i z e  t h e  system. A f u t u r e ,  d e t a i l e d  a n a l y s i s  

shou ld  c o n s i d e r  less expens ive  d i s p o s a l  n e t h o d s ,  the u s e  of h o t  water storaze 

f a c i l i t i e s  t o  meet peak h e a t i n g  demand and avoid w e l l  c o s t s ,  or t h e  use  of 

c u r r e n t l y  a v a i l a b l e  equipment.  F u r t h e r ,  t h e  u s e  of geothermal  energy t o  

p r o v i d e  a b a s e  l o a d  o f ,  s a y ,  60 p e r c e n t ,  and t h e  use  of t h e  b o i l e r s  f o r  peak 

l o a d  shou ld  be i n v e s t i g a t e d .  

I 

I 

I 
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GLOSSARY OF GEOLOGICAL TERMS 

Anomalously shallow depth - unusually o r  unexpectedly shallow depth. 

Basin-range graben bound by deep faults - an area usually ten to hundreds of 
km' i n  area that has been down dropped along deep faults relative to 
the surrounding mountains; the grabens become filled with sediments to 
become valleys. 

Curie-depth - the depth at which rocks become hot enough to lose their 
magnetic properties, - 525OC. 
surface are an indicator of geothermal resource potential. 

Curie temperature within 5-10 km of the 

Deep circulation - the natural movement or flow of ground water, as a result 
of convection, whereby it descends and becomes heated at depth and then 
rises toward the surf ace. 

Deep sediment-filled, faulted basin - see basin - range graben. 
Depth of Curie-isotherm analysis - technique used to estimate depth to the 

Curie temperature. 

Hot dry rock production - a method for extracting useful heat in a deep dry 
hole; accomplished by fracturing the hot rock between two deep holes, 
and pumping cold fluid into one and bringing hot fluid out of the 
other. 

Geothermometer - an empirical formula, based on the temperature-dependent 
solubility of certain minerals, used for estimating deep fluid 
temperatures in a geothermal reservoir. 

Magnetotelluric survey - an electromagnetic method in which natural electric 
and magnetic fields are measured. Models of the crust can then be 
constructed and resistivities at great depth can be predicted. 

Major range bounding faults - fractures of fracture zones along which 
mountains have risen relative to down dropped grabens. 

Shallow magmatic intrusion - a body of magma that has intruded its way upward 
into shallower crust. 

Na-K-Ca geothermometer -- (also, quartz geothermometer, chalcedony 
geothermometsr) - see geothermometer. 

Tectonic history - the cycle that relates the larger structural features of 
the Earth's crust to gross crustal movements and to the kinds of rocks 
that form in the various stages of developments of these features. 
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