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ABSTRACT 

An appra isa l  o f  the  use o f  geothermal energy 
f o r  space heat! ng requirements f o r  se lected s ta te -  
owned bu i ld ings  i n  s i x  communities i n  Colorado was 
performed fo r  the  Colorado' Geological Survey. The 
complete apprai sa l  addressed several components o f  
a f e a s i b i l i t y  study f o r  geothermal appl icat ions,  
i n c l u d i n g  resource assessment, p i p e l i n e  r i g h t s - o f -  
way , we1 1 design and d r i  11 i ng program, conceptual 
engineering designs f o r  r e t r o f i t s  o f  b u i l d i n g  heat- 
i n g  systems, evaluations o f  economic f e a s i b i l i t y ,  
i n s t i t u t i o n a l  requirements, and environmental con- 
s iderat ions.  Economic f e a s i b i l i t y  was determined 
from evaluat ion o f  f o u r  economic measures : simp1 e 
payback per iod i n years ; twenty-year annual i zed 
system costs (geothermal system versus convention- 
a l  system) ; t o t a l  twenty-year undi scounted "energy" 
savings ; and t o t a l  twenty-year present value "ener- 
gy" savings. The r e s u l t s  showed t h a t  several o f  
t h e  s t a t e  f a c i l i t i e s  a re  l i k e l y  candidates f o r  con- 
vers ion t o  geothermal h o t  water systems. The bes t  
candidate i s  the  Colorado' State Reformatory a t  
Buena Vis ta.  

INTRODUCTION 

The Colorado Geological Survey has been con- 
duct ing assessments of t h e  geothermal resources of 
the State f o r  several years. I n  add i t ion ,  a major 
geothermal commercial i z a t i  on p l  anni ng program has 
been underway s ince  1977. Results o f  these pro- 
j e c t s  are documented i n  numerous pub l ica t ions  by 
the  Survey. 
p r i a t e d  funds f o r  an appra isa l  o f  t h e  use of geo- 
thermal energy i n s tate-owned bui 1 dings . 
p o r t  represents the product o f  t h a t  appra isa l ,  
which was conducted dur ing  the  f a l l  and w i n t e r  o f  
1 980. 

I n  1980, the  State Leg is la tu re  appro- 

Thi s re-  

E l  even s tate-owned b u i  l d i  ngs i n  s i x  Colorado 
communi t i e s  were se lected by t h e  Colorado Geologi- 
c a l  Survey fo r  the appra isa l .  The s e l e c t i o n  of 
loca t ions  and f a c i l i t i e s  was based upon prox imi ty  
t o  documented geothermal resource areas w i t h i n  the  
s ta te .  The loca t ions  and b u i l d i n g s  are:  

0 Alamosa - Adams Sta te  College and State Highway 

0 Bur l ing ton  - State Highway Department B u i l d i n g  
Department Bui 1 dings 

0 G  

O S  

0 Durango - F ish  Hatchery, Ft. Lewis College, 
National Guard B u i l d i n g  and Sta te  Highway 
Department Bui 1 d i  ng 
enwood Springs - State Highway Department 
Bui ld ings 
eamboat Springs - State Highway Department 
Bui 1 d ing 

ECONOMIC EVALUATIONS 

The purpose o f  t h e  economic evaluat ions o f  
t h e  prospective geothermal space heat ing  systems 
f o r  the state-owned bu i ld ings  i s  t o  determine 
which geothermal systems are economically competi- 
t i v e  w i t h  t h e  e x i s t i n g  conventional f u e l  systems 
according t o  s p e c i f i e d  dec is ion c r i t e r i a .  Gener- 
a l l y  speaking, new heat ing systems can o n l y  be 
compet i t ive w i t h  e x i s t i n g  systems when t h e  sum of 
i n i t i a l  c a p i t a l  costs  and the associated annual 
energy , operat ing and maintenance expenses , aggre- 
gated over a per iod  o f  years, are l e s s  than the 
aggregated f u e l  , operat ing and maintenance costs 
f o r  the e x i s t i n g  system over the same per iod  of 
years. E x i s t i n g  systems have the o u t r i g h t  advan- 
tages t h a t  the i n i t i a l  c a p i t a l  costs f o r  those 
systems have a l ready been expended i n  the  e a r l i e r  
cons t ruc t ion  of t h e  f a c i l i t y  and/or a r e  being amor- 
t i z e d  i n  the p r i c e  o f  fuel de l ivered t o  t h e  f a c i l -  
i t y  by the fue l  supp l ie r .  Therefore, f rom a pure- 
l y  economic p o i n t  o f  view, new systems must a- 
chieve savings i n  ac tua l  energy costs  over  some 
f u t u r e  per iod  o f  t ime i n  order t o  be compet i t ive.  

Factors o t h e r  than j u s t  economic compet i t ion 
can e x i s t  fo r  some f a c i l i t i e s  o r  circumstances, 
however, which can in f luence a dec is ion  t o  i n s t a l l  
a new heat ing system. One example occurs i f  the 
e x i s t i n g  system i s  o ld ,  wearing out, and i n  need 
o f  subs tan t ia l  r e p a i r .  A second example occurs if 
t h e  a v a i l a b i l i t y  of the  conventional f u e l  becomes 
1 i m i  ted o r  h i g h l y  i n t e r r u p t i b l e .  Another example 
occurs when a governmental e n t i t y  dec lares t h a t  a 
g iven type of fue l  can no longer be used as a 
heat ing fuel by c e r t a i n  classes o f  f a c i l i t i e s .  
I n  these s i t u a t i o n s  and others, economics may no 
longer  be important. 

For the purpose of t h i s  appra isa l  o f  geother- 
mal systems fo r  state-owned bu i ld ings ,  f o u r  d i f -  
f e r e n t  economic measures have been c a l  c u l  ated. 
The four  measures are  ( 1 )  simple payback per iod  i n  
years, ( 2) twenty-year annual i zed costs  , ( 3 )  t o t a l  
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20-year "energy" savings wi thout  d iscount ing the 
f u t u r e  value o f  money, and (4)  t he  present value o f  
the 20-year "energy" savings w i t h  a 10 percent per 
annum discount f z c t o r  applied. 

ECONOMIC AND FINANCIAL ASSUMPTIONS 

Cer ta in  economic and f i nanc ia l  assumptions are 
made i n  the ca l cu la t i ons  of the f o u r  economic meas- 
ures because the f u t u r e  cannot be p ro jec ted  w i t h  
absolute accuracy. Speci f ic  values have t o  be as- 
sumed f o r  the esca la t i on  rates of fuel  and e l e c t r i -  
c i t y  pr ices,  escalat ion rates o f  l a b o r  and mainte- 
nance expenses, costs o f  cap i ta l  f o r  cons t ruc t i on  
and investment, and i n t e r e s t  and bond rates.  For 
t h e  purpose o f  t h i s  appraisal ,  t he  assumed basel ine 
s e t  o f  economic and f i n a n c i a l  f ac to rs  are:  cost  o f  
c a p i t a l  f o r  const ruct ion - 8%; annual esca la t i on  
rates f o r  l abo r  and maintenance - lo%, f o r  natura l  
gas, propane and f u e l  o i l  - 9%, f o r  e l e c t r i c i t y  - 
9%; s t a t e  investment r a t e  - 10%; and general i n f l a -  
t i o n  r a t e  - 8%. Values other  than those assumed 
f o r  the basel ine s e t  o f  economic and f i n a n c i a l  fac- 
t o r s  are equal ly  v a l i d ,  s ince i t  i s  d i f f i c u l t  t o  
p r o j e c t  the fu tu re  i n  today's energy and economic 
environment . 

GEOTHERMAL CAPITAL IMPROVEMENT COSTS 

The geothermal c a p i t a l  improvement costs f o r  
each state-owned b u i l d i n g  are compiled from the re- 
source assessment data, the product ion we1 1 engi- 
neer i  ng program, the bu i  1 d i  ng r e t r o f  i t engi neer i  ng 
designs, and the f l u i d  disposal procedures. The 
data are provided i n  d e t a i l  i n  the p r o j e c t  r e p o r t  
t o  the Colorado Geological Survey, b u t  are summar- 
i z e d  here i n  Table 1. The t o t a l  c a p i t a l  costs span 
a l a rge  range, from $23,597 f o r  t he  Highway Depart- 
ment Bu i l d ing  i n  Bu r l i ng ton  t o  $16,721,437 f o r  Ft .  
Lewis College i n  Durango. Most of the wa te r - to -a i r  
heat pump systems f o r  the smal ler  Highway Depart- 
ment Bui ld ings f a l l  i n  the cost  range o f  $23,000 t o  
$40,000; next  i s  t he  heat exchanger/deep we l l  sys- 
tem f o r  t he  Highway Department Bu i l d ings  a t  Glen- 
wood Springs a t  $114,356; then the F i sh  Hatchery a t  
Durango a t  $721,138 and the Highway Department 
Bui ld ings a t  Alamosa a t  $722,880. The l a r g e r  f a c i -  
l i t i e s ,  t he  two co l leges and the reformatory w i t h  
t h e i r  several geothermal options, a1 1 run  several  
m i  1 1 i o n  dol  1 ars each. The geothermal sys tern costs 
f o r  the F ish Hatchery, Highway Department Bui 1 d i  ng , 
and Ft .  Lewis College i n  Durango a r e  excep t iona l l y  
h igh  because o f  the prorated costs from t h e  15-mile 
geothermal t runk 1 i ne from the T r i  pp/Trimbl e and 
Pinkerton resource areas. 

SUMMARY OF ECONOMIC EVALUATIONS 

Table 2 summarizes the resu l t s  o f  the economic 
evaluat ions f o r  the geothermal opt ions considered 
f o r  each state-owned bu i l d ing ;  they a re  f o r  an as- 
sumed 15 percent per year  conventional f u e l  p r i c e  
escalat ion,  a 20-year l i f e  cycle, and a 10 percent 
discount ra te .  I n  a l l  cases except the Colorado 
S ta te  Reformatory, an average accumulated use dura- 
t i o n  o f  4320 hours (approximately 6 months) per 
year  i s  assumed; domestic ho t  water requirements 
dur ing the warm months are assumed t o  be provided 
by e x i s t i n g  o r  replacement conventional f u e l  ho t  
water heaters. The Colorado State Reformatory 

uses a considerable amount o f  ho t  water a l l  year  
round, so the  geothermal system i s  prescr ibed t o  
operate cont inuously . 

On the  simple payback per iod measure o f  20 
years,  the geothermal opt ions a t  the f o l l o w i n g  
f a c i l i t i e s  appear t o  be economically f e a s i b l e :  

Adams State College (cen t ra l  heat  exchanger o r  

a Colorado State Reformatory ( a l l  three resource 

a Buena Vis ta Highway Department B u i l d i n g  (heat  

e B u r l  i ngton H i  ghway Department Bui  1 d ing (heat  

a Durango Nat ional  Guard Bu i l d ing  (heat pump) 
0 G1 enwood Highway Department Bui 1 d ing (heat  

a Steamboat Spr i  ngs Highway Department Bui  1 d i  ng 

heat pump) 

s i  tes ) 

Pump 1 
Pump) 

exchanger) 

(heat exchanger and heat pump). 

On the  20-year annualized cos t  measure and on the 
t o t a l  20-year present value savings measure, s i x  , 

f a c i l i t i e s  (and ten geothermal opt ions)  appear eco- 
nomical ly  feas ib le ;  the Bur l i ng ton  Highway Depart- 
ment B u i l d i n g  i s  excluded by these measures. The 0 

t o t a l  20-year undi scounted savings measure, however, 
f i n d s  a l l  o f  the f a c i l i t i e s  and geothermal opt ions 
t o  be f e a s i b l e  except f o r  the Alamosa Highway De- 
partment Bui ld ings and the heat exchanger o p t i o n  
fo r  F t .  Lewis College. 

CONCLUSIONS 

Several o f  the state-owned bu i l d ings  appear t o  
be economi ca l  1 y f easi b l  e f o r  r e t r o f  i t t o  geothermal 
hea t ing  systems. The Colorado State Reformatory a t  
Buena V is ta  i s  the most economically a t t r a c t i v e  fa-  
c i  1 i ty  f o r  a geothermal c a p i t a l  improvement because 
of t h e  year-round consumption o f  l a r g e  quac t i  t i e s  
o f  h o t  water, the h igh p r i c e  o f  natura l  gas, t h e  
match between the resource temperature and the  re-  
q u i r e d  h o t  water temperature, and the  ease o f  d i s -  
posal o f  the discharge water. Adam S ta te  Col lege 
a l s o  appears t o  be economically s u i t e d  t o  a geother- 
mal demonstration pro ject ,  a t  l e a s t  f o r  a c e n t r a l  
heat  pumps system and i f  domestic h o t  water requi re-  
ments dur ing the warm months can be prov ided by aux- 
i l i a r y  heaters. The Highway Department Bu i l d ings  
a t  Glenwood Springs and Steamboat Springs a r e  eco- 
nomical l y  p r a c t i c a l  appl icat ions o f  geothermal heat 
exchanger systems under e i t h e r  the s imple payback o r  
the t o t a l  20-year undi scounted savings measures, if 
the  geothermal w e l l  costs are prorated t o  o t h e r  us- 
e rs  o f  t he  excess f low o f  ho t  water. The use o f  
heat  pumps f o r  the Highway Department B u i l d i n g  a t  
Buena V is ta  and f o r  the Nat ional  Guard B u i l d i n g  a t  
Durango i s  economically feas ib le  i f  f u e l  p r i c e s  es- 
c a l a t e  fas te r  than e l e c t r i c i t y  pr ices.  Geothermal 
systems f o r  the Fish Hatchery, Ft .  Lewis Col lege 
and t h e  new State Highway Department B u i l d i n g  i n  
Durango are no t  economically p r a c t i c a l  . 
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Table 1. Sumnary o f  Geothermal Capital Improvement Costs for the State-Owned Buildinqs 

.OCATION/FAC I L  I TY GEOTHERMAL ?RODUCTION TRANSMISSION CENTRAL BUILDING REINJECTION TOTAL 

SYSTEM SYSTEM SYSTEM COSTS 
OPTION UELL LINE OlSTRI8UTION RETROFIT OR DISPOSAL CAPITAL 

\LAMOSA 

idams State 
Col 1 ege 

Iighway Oept. 
ilu i 1 d i ng 

IUENA VISTA 

:olorado State 
Ref onna tory  

lighway Dept 
8ui 1 d i  ng 

IURLINGTON 

lighway Dept 
8ui 1 ding 

IURANGO 

' ish Hatchery 

' o r t  Lewis 
College 

lighway Oept 
Bur 1 ding 

lat ional Guard 

iLENWOO0 

lighway Dept 
8ul l d l  ng 

;TEAMBOAT SPRINGS 

li ghway Oept . 
Bu l l  ding 

Heat exchanger, 
Artesian f low 
w i th  pumping. 
on-si te  

Heat pump. 
Artesian flow 
w i th  pumping. 
on-si t e  

Heat exchanger. 
Artesian flow 
w i th  pumping, 
on-si t e  

Oirect heating, 
pumped f low from 
Chalk Creek No 1 

D i  r e c t  heating , 
grav l ty  f low from 
Chalk Creek No. 2 

D i  rec t  heatf ng , 
grav i ty  f low from 
Co ttowuood 

Heat pump, 
shallow we1 1 
on-si t e  

Heat pump, 
shal l  ow we1 1 
on-si te  

Heat exchanger 
coupled t o  trunk 
l i n e  

Heat pump 
coupl ed t o  trunk 
l i n e  

Heat exchanger 
coupled t o  trunk 
l i n e  

Heat exchanger 
coupl ed t o  trunk 
l i n e  

Heat pump, 
shallow wel l  
on-s i te 

Heat exchanger, 
deep wel l  
on-si t e  

Heat exchanger, 
deep wel l  
on-s i te  

Heat pump, 
shallow wel l  
on-si te, 
Artesian flow 

5828,800 $45.738 

$391,900 $15,246 

$379.500 $4.235 

$408,600 $3,201,759 

$581.100 $3,251,095 

$402,900 52,904.31 9 

51 1,475 $1.331 

$6,500 $1.331 

'Includes prorated por t ion o f  trunk l i n e  

570,298 $592.1 91 

$666,000 $5.639,912* 

51,329,957 $ll,235,2DO* 

S132.996 $1.127.634* 

512.150 $1.331 

$26,440 0 

5 1 0.700 51.331 

$1 0.775 51.331 

$281.325 

51,017,445 

544,813 

$423,016 

$423,016 

$423.01 6 

$38.018 

$1,597,890 

$597.220 

$17,951 

$38.306 

55.082 

0 

$1,962,325 

5387,926 

$22,687 

$350.91 0 

$350.91 0 

$350,910 

520.963 

$1 4.798 

$19.663 

$2,643,695 

5243.2 1 0 

526.116 

$23.474 

521.151 

51 7,600 

$556,490 $3,674,678 

S298.870 $2.1 11,387 

5271,645 5722,880 

$36,300 54.420.585 

536.300 54,642,421 

$36,300 54.11 7,445 

$484 $34,253 

$968 $23,597 

$968 $721 ,138 

$461,615 $8,365.417 

5915.365 516.721.437 

$21,296 S1.543.087 

$968 540.565 

526.136 $114,356 

$968 539.232 

5968 530,674 
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Table 2 Summary o f  Economic Evaluatiolis for Geothermal Options Compared to  Conventional Fuel 
Systems f o r  State-Owned 8 u i l d i n g j  (Assumptions 15'8 Fuel Pr ice Escalation, 10, 

Discount Factor, 20-Year L l f e )  

LOCATION/FACI L I TY GEOTHERMAL CAPITAL SIHPLE ANNUAL I ZED COSTS TOTAL PO-YEAR SAVINGS AN0 
OPTION COSTS PAYBACK CONVENTIONAL GEOTHERMAL PAYBACK PERIOD (years) 

(years 1 Undiscounted Present Valui 

ALAMOSA 

Adams State 
Col 1 ege 

Highway Oept. 
Bui ld ing 

BUENA VISTA 

Colorado State 
Refonna tory  

Highway Oept 
Bui ld ing 

BURL I NGTON 

Highway oept 
Bui ld ing 

DURANGO 

Fish Hatchery 

-- 

For t  Lewis 
College 

Highway Dept 
Bui l d i  ng 

National Guard 

GLENWOOD 

Highway Oept 
Bur 1 ding 

STEAMBOAT SPRINGS 

Highway Oept 
Bui ld ing 

Heat exchanger, 53,674,678 
Artesian f low 
w i th  pumping, 
on-si t e  

Heat pump, 52,111,387 
Artesian f low 
w i th  pumpi ng, 
on-si t e  

Heat exchanger, 5722.803 
Artesian flow 
w i  t h  pumping , 
on-si t e  

Oiract heating, $4,420,585 
pumped f low from 
Chalk Creek No. 1 

D l  r e c t  heating , $4,642,421 
g rav i t y  f low from 
Chalk Creek No. 2 

01 r e c t  heat i  ng. 
grav i ty  f low from 
Cottonwood 

Heat pump. $34.253 
shallow wel l  
on-si t e  

54.1 17,445 

Heat pump, $23,597 
shallow we1 1 
on-si t e  

Heat exchanger $721 ,138 
coupled t o  trunk 
l i n e  

Heat pump $8,365,417 
coup1 ed t o  
trunk l i n e  

Heat exchanger $16,721,437 
coupled t o  
trunk l i n e  

Heat exchanger SI ,543,087 
coupled to  
trunk l i n e  

Heat pump. 540,565 
shallow wel l  
on-si t e  

Heat exchanger, 5114,356 
deep wel l  
on-si t e  

Heat exchanger, 539,232 
deep wel l  
on-si t e  

Heat pump, 530.674 
shallow wel l  
on-si te, 
Artesian f low 

16 

9 

47 

12 

13 

11 

12 

16 

59 

28 

55 

44 

10 

12 

11 

9 

5720.535 

5720.535 

650,946 

$1,159,497 

$1,159,497 

$1,159,497 

69.021 

$4,779 

$40.170 

$905, E8 

5905,338 

5119.737 

514.327 

529.974 

511,651 

S11.651 

5658.049 

$476.91 2 

$1 38,145 

581 9,544 

$691,077 

$562,871 

$6.600 

$5.757 

$97,090 

$1.388.312 

$2.404.646 

$21 5,442 

51 3.599 

520.081 

56,882 

59.870 

51 5.336.331 
(11-12) 

$1 5,670,359 
(9-10) 

(S245.141) 

527,202,360 
(10) 

$31.063.857 
(8-9) 

$32,970,061 
(7-8) 

$200,629 
(11) 

$62,852 
(16-17) 

5798.258 
(20) 

$1 6,338.123 
(16) 

513,784,921 
(21) 

51.917.916 
(19) 

51 92,606 
(13) 

5697.883 
(9-10) 

5282,555 
(10) 

51 70,900 
(12) 

J4.096.455 
(18-19) 

$4.1 94.979 
(13) 

Nega ti ve 

$7,333,888 
(15) 

$8.597.520 
(13) 

$9.21 5.01 2 
(1 1-12) 

$53,800 
(17) 

$14.425 
P20 1 

$209.530 
('20 1 

$4.220.014 
9 2 0 )  

53,410,250 
V20) 

3497.658 
('20) 

543.955 
(1 9-20) 

5 1 92,360 
(14) 

576,773 
(14) 

540.537 
( 1  7-18) 
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