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ABSTRACT 

T h i s  report analyzes the operating characterist ics and economies o f  several 
representative space heating systems. The analysis techniques used i n  this 
report may be applied t o  a larger variety of systems than considered herein, 
thereby making this document more useful t o  the residential developer, heat- 
i n g  and ventilating contractor, or homeowner considering geothermal space 
heating. 
tures as low as 120°F i n  forced aPr systems and 140°F i n  baseboard convec- 
tion and radiant floor panel systems. 

These analyses are  based on the use of geothermal water a t  tempera- 

This investigation indicates the baseboard convection system is likely t o  
be the most economical type of geothermal space heating system when geo- 
thermal water of a t  least 140°F is  available. Heat pumps.ut i l iz ing water 

are particularly a t t ract ive when space cooling is included i n  system designs. 

Generally, procurement and instal la t ion costs for  similar geothermal and 
conventional space heating systems are about equal, . so  geothehal space 
heat ing is  cost competitive when the u n i t  cost of geothermal energy i s  less 
than or  equal t o  the u n i t  cost of conventional energy. Guides are  provided 
for estimating the u n i t  cost of geothermal energy for cases where a geo- 
thermal resource is known t o  exist b u t  has n o t  been developed for  use i n  
residential space heating. 

;5 

- c near 70"F, with-negligible water costs, are economically feasible and they 
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1.0 INTRODUCTION 
LJ 

Increased interest in the use of geothermal energy for residential space 
heating, due to recent escalation in fossil fuel costs, will lead to greater 
use of relatively abundant low-temperature (c 200OF) geothermal resources, 
provided that the economics are attractive. Relative costs for geothermal 
and conventional electric, natural gas, and oil fired forced air, convec- 
tion and radiant floor slab residential space heating systems and factors 
affecting the cost of geothermal energy are examined in this report. 

Due to the wide variety of operating, economic, and geothermal resource 
conditions which may be encountered, representative space heating systems 
and a representative set o f  operating conditions were chosen for investi- 
gation, assuming geothermal water temperatures as high as 180°F. Section 
Five of this report suggests methods for estimating prel iminary economic 
feasibility at locations where an undeveloped. geothermal resource is known 

v 

- to exist. 

a . The following definitions are used to typify design operating conditions: 

Inside Design Temperature T = 65OF 
Outside Design Temperature 
Design Temperature Difference DT = T - To 
Degree Heating Days 

T = Local outside design temperature, O F  

DD = One Fahrenheit degree heating day 
is accrued for each degree that 
daily mean temperatures are below 
65OF 

0 .  

Ahnual Degree Days ADD = Degree heating days per year 

Annual Operating Hours OH = F x 365 x 24 
Annual Heat Load Factor F = ADD/365(T - To). 

It is convenient to define a residential unit to be an'1800 ft2, rectangular, 

struction can then be defined as follows: 
* single-floor heated space. Typical heat loads for several classes o f  con- 

I 
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t/' ' Construction2C1 ass Desi n Feat Load Annual Heat toad 
(1800 f t  ) 9 B t u  / h r ) @ t u )  

Best Energy Effici-ency DT x 500 ADD x i2,ooo 
DT x 800 ADD x 19,200 2. 

DT x 1200 , ADD x 28,800 
Average Energy Efficiency 
Average Residence 
Poor Energy Efficiency DT x 2000 ADD x 48,000 

For heating system comparison, assume climate similar t o  Sa l t  Lake C 
Utah or Boise, Idaho as follows: 

w 

Design Temperature Difference 
Annual Degree Days 

Annual Heat Load Factor 
'Annual  Operating Hours 

DT = 70°F 
ADD = 6,000 

then \ 

F = 6,000/(365 x 79) 4 0.235 
OH = 0.235 x 365 3 24 'L 2059 

ously defined ayerage energy effi d e n t  construction, the des 

heat load i s  56,000 B t u / h r  (70OF x 800 Btu/hr OF), and the annual .heat load 
is  about 1.152 x lo8 Btu (6000 Degree Days x 19,200 BtulDegree Day). 

All units of measurement is  this report are  given i n  t h e  Engl i sh  system, 
because applicable equipment and material specifications are not generally 
available i n  SI uni'ts. SI conversions are  given below: 

, 

. . .  . . -  

- Temperature, "C - 
Length, cm - - 

- - m 
- Flow rate,  1/s - 

Heat rate,  cal lhr  = 

cal/sec = 

. .  , , .  

5 
( O F  - 32) x -g 
i n .  x 2.54 
cm x 0.01 
gal/min x 0.063088 
B t u / h r  x 251.98 
Btu /hr  x 0.07 

c 
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IDENTIAL SPACE HEATING SYSTEMS 

In areas of the United States w i t h  s ignificant heating requirements the 
most widely used residential space heating systems are forced a i r ,  circu- 
la t ing water, and radiant e l ec t r i c  resistance. The use of e l ec t r i c  resis-  
tance radiant heating designs has been restr ic ted i n  California recently 
due t o  the inefficiency inherent i n  conversion of heat energy t o  e lec t r ic i ty  
and then back t o  heat energy. Whether or not such restr ic t ions will spread 
to  other areas remains to be seen. In any event, forced a i r  and circulating 
water residential heating systems will remain popular for the foreseeable 
future. 

Design and equipme uirements of the systems copsidered here d i f f e r  
chiefly due t o  the rent modes of transmitting heat t o  the conditioned 
space. Forced a i r  eated a i r  through d r ibu t ion  duct- 
work t o  diffusers,  usual 
innovations replace the d i s t r i b u t i o n  ductwork w i t h  a large plenum i n  the 
crawl space, so tha t  the f loor  omes a radiating surface that  provides 
the comfort of e l ec t r i c  radian at .  Hydronic system sually dis t r ibute  
heated water t o  baseboard convectors similarly located along outside walls, 
or  through heating coi ls  installed i n  a concrete slab floor. Typically, 
the instal led cost of the furnace or boiler employed i n  these systems repre- 

ng outside walls. 

sents significantly less than half the total  heating system cost. Air condi- 
t ion ing ,  f i l t r a t ion ,  and humidity control can readily be incorporated i n  
a forced a i r  system as par t  of e i ther  the Snitial  design or a l a t e r  re t rof i t .  
Hydronic systems, however, lack this incorporation .feature. The design and 
s ize  of the heating system components presented here appear i n  handbooks 
and manuals of the American Society of Heating, Refrigeration and Air Condi- 
t i on ing  Engineers (ASt iRAE) ,  reference 1 ,  the Nation 

tors  Association (NESCA), reference 2, 
v i  ronmental Systems 
er ia l s  available from 

manufacturers o f  spa 
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Geothermal Residential Space Heating 

Forced air and hydronic'space heating systems may be employed i n  geothermal 
residential space heating designs where appropriate geoth a1 water temper- 
ature and flow rates are available. Circulation of geoth af water fhro 
heating system components should be avoided where the water contains chem 

resu l t  i n  deposition i n  the heating 
eliminate 'these problems is  discussed l a t e r  i n  this report. Some 
residential applications of geothermal space heating systems are  discussed 
i n  Reference 3. 

L 

cons ti tuents which are del.eterious may 

cal 

-Conversion o f  existing conventional space hea t ing  systems t o  geothermal 
systems may be made a t  relatively low cost, while retaining the conventional 

convent i ona 'I e 1 ect r i cal he a t  i ng c apabi i t y  i n  geothermal sys 

the peak load  instead of s i t i n g  the ge thermal system t o  car 
heating 1 oad. Rep1 acement of existi ng heating sys tem compo 
thermal components m a y  result i n  cost 25-30% greater t h a n  t 
installation o f  the same components i n  new construction, due t o  work i n  
confined spaces t o  remove or modify the existing system and in s t a l l  the 
geothermal components. Geothermal conversion designs typicaily retain the 
existing ductwork and p ip ing .  ' 

r 

heating capability for backup i n  some cases, It may be bene de 

The conventional e lec t r ic  *heating coil  or fossil-flred burner is replaced 
w i t h  a hot  water finned coil i n  geothermally dr iven forced ai r  systems. 
Air blown th rough  the coil is heated and distributed through ductwork as 
i n  conventional forced air  systems. Selection o h o t  water c o i l  design i s  
based on the heat load o f  the system and the t e m  r a  
the geothermally heated water. heating-coil ratings are based o n  d e  
conditions for  water temperature and Flow rate, and air flow through the 
coil which produce a design water temperature drop-in the co i l ,  Man 
provide conversion factors for rating of coi l s  operating under other than 
design conditions. Selection of appropriate coil  design,  .air h a n d l i n g  capa- 
c i ty  and water flow rate  through the coil may allow forced a i r  systems to  

* 
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be used w i t h  average water temperature i n  the coi l  as low as 120°F under 
appropriate design conditions. Low water temperatures require increased 
water and a i r  circulation rates,  which entai l  higher operating cost  and may 
require larger circulation pump and fan motor sizes. 

- 

A residential-sized water-to-air heat pump may be used i n  a forced a i r  system 
where the geothermal water temperature is  i n  the range 6O-9O0F, which is  
too low for  effective use of a ho t  water coil .  Residential heat pumps 
become economically feasible i n  locations experiencing significant space 
cooling as well as space heating loads which can be serviced through the 
capabili t ies of the heat pump. I t  is technically feasible t o  extend the 
source temperature range upward; however, equipment for residential use is  
not readily available for use w i t h  water temperatures greater than 90°F. 

Forced a i r  systems may be converted by replacement of the conventional heat 
source w i t h  a hot water coil  and modification of the a i r  handler drive system 
t o  provide adequate a i r  moveme-nt w i t h  the additional resistance due t o  the 
water coi l .  T h i s  may only require a change i n  pulley s ize  i n  some cases, 
while i n  others a more powerful fan motor may be required. 

I t  may be practical t o  consider hydronic residential space heating systems 
using geothermally-heated water a t  a temperature as low as 100°F i n  radiant 
f loor  s lab co i l s  and as low as 14OOF i n  baseboard convection systems. Low 
d r i v i n g  temperatures (heat source temperature) may no t  be practical where 
h i g h  heat loads are  ered due t o  severe climatic conditions or  poor 
energy efficiency i n  esign and construction. Coil spacing and l eng th  
i n  radiant f loor  slab instal la t ions and convector length i n  baseboard con- 
vection systems are influenced by the average water temperature i n  the system. 
Heating e f fec t  is determined from the temperature drop across the system 
o r  system component and the flow rate ,  and is specified as Btu/hr/ft a t  a 
specific flow ra t e  and temperature drop. Increasing the length of a coil 
or convector will result i n  a proportional increase i n  heating e f f ec t  only 
i f  the flow is increased t o  maintain the average water temperature. An 
increase i n  heating e f fec t  can be obtained by increasing the water flow rate.  

5 
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This i n  turn reduces the temperature d r o p  through the system and increases 

space t o  be heated, thus creating greater heat flow per u n i t  time between 
them. 
systems. The systems are engineered t o  carry the design heat load a t  a 
specified design water flow rate and are usually designed i n  a zone heating 
context t o  provide for optimum distribution of heating effect  and optimum 
control f lexibi l i ty .  

A practical limitation on total  baseboard convector length is  the length of 
exterior walls unless i t  i s  desired t o  include convector instal la t ion on 
interior walls i n  high heat loss locations such as in entry ways, family 
rooms, or other areas where interference w i t h  furniture placement i s  minimal . 
Standard convection units with higher heat ratings may be considered where 
baseboard units cannot provide adequate heating capacity and aesthetic con- 
siderations do n o t  prohibit their  use.' 

the temperature difference between the heating system component and the L 
Flow control i s  used t o  regulate the heating effect  of hydronic 

1 

< 

Pri nc3 pal differences between conventional and geothermal hydrgnic space 
heating systems are the omission of the conventional boiler for  water heating, 
the use of a lower temperature working f luid in many cases, and the inclusion 
of a heat exchanger, if necessary, t o  isolate  the heating system from 
geothermal water containing chemical constituents which may be harmf 
the efficiency or  material of the system. 

Hydronic systems may be converted by p i p i n g  the geothermally-heaied 'water 
i n  parallel w i t h  the existing heat source and.retaining i t  for system backup 
heating. In some cases, flow circuit ing of the hydronic system may have t o  
be modi f ied and additional ci ra i l  ation pumping capacity may be required. 
T h i s  mus t  be determined on a e-by-case basis, 

. 
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3.0 HEATING SYSTEM COSTS 
u 
* 

Many factors affect  design and cost of residential heating systems. Con- 
struction materials and quality, design and configuration of the conditioned 
space , 1 oca1 cl imati c and economic conditions , as  we1 1 as contractor experi - 
ence may a l l  have an effect  on heating system capacity and cost. Geothermal 
space heating system design is also affected by the temperature and quality 
of the geothermal water. 

Heating system capacity i s  customarily determined by computing heat losses 
from the heated space a t  design temperature conditions. The magnitude of 
these losses depends on the design inside-outside temperature difference 
(T-To) , construction materials, amount of insulation used, s ize  of the 
residential - u n i t ,  and the amount of outside a i r  which in f i l t r a t e s  the heated 
space through seams and openings in to  the space. Estimation of annual oper- 
sting and fuel cost i s  based on residential and heating system design condi- 
tions. Climatic conditions are specified i n  terms of outside (design tempera- 
ture  (To) and the Fahrenheit heating degree day ( D D )  . The difference 
between an inside design temperature of 65OF and the customary 68 - 7OoF 
thermostat set t ing is accounted for  by in t r ins ic  heat sources, such as body 
heat and e l ec t r i c  l i g h t s .  
the lowest climatic temperature, b u t  is  'representative of the average' cold 

R 

6 
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The outside design temperature is not  customarily 

nighttime temperature. 

Estimated costs for  components of representative forced a i r  and hydronic 
residential heating systems, both conventional and geothermal, were obtained 
brom " B u i l d i n g  Construction Cost Data 1977," reference 4,  wherever possible 
t o  reduce the possibi l i ty  of bias due t o  localized cost information. These 
costs include an appropriate allowance for  instal la t ion,  and contractor 

- 
CalDegree days fo r  a specific area ( s t a t e )  can be obtained by ordering the 

July "C1 imatological Data" Pub1 ication from: 
* Environmental Data Service 

Nat i onal Ocean i c and Atmos p heri c Admi n i s t r a t i  on 

As hevi 1 1 e ,  North Carol i na 28801 
. National Climate Center 

a7d 
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overhead and prof i t .  Current costs for convectors, fan coil u n i t s ,  and hot 
water coi ls  were obtained from vendors for small l o t  o r  single-unit purchase. 
Installation cost, contractor overhead 'and p r o f i t  are assumed to  equal one- 
t h i r d  of the bare cost of hot  water co i l s  and fan coil u n i t s .  Costs for  * 
corresponding conventional systems were determined as above. Oil storage 

cost figures. Installed costs of the representative systems a re  shown i n  
Tables I through 111. 

. tank cost and flue cost are  included i n  the appropriate furnace or boiler Y 

Based on f i r s t  costs, geothermal space heating systems w i t h o u t  heat exchangers 
compare favorably w i t h  conventional systems, except natural gas forced a i r  
systems and e lectr ical  forced a i r  systems i n  cases where the geothermal 
water temperature is  below 16OOF. 
w i t h  a tube-side flow ra te  greater than seven gallons per minute (gpm) is 
required "(geothermal water temperature less t h a n  150°F) , conventional space 
heating systems general3y have lower first costs. The baseboard convection 
system i s  the most cost-competitive geothermal system. When a heat exchanger 
is included, f i r s t  costs for  this system compare favorably w i t h  those of 
conventional heating systems , providing t ha t  geothermal water temperature 
is a t  l eas t  160°F. 

In those cases where a heat exchanger 

I 
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TABLE I 
FORCED AIR HEATING SYSTEM, INSTALLED COSTS ($) 

(For "Average Energy Efficient Construction" System, 56,000 B t u / h r )  

System Type Geothermal 

Water Temperature , (OF) 70 1 20 
Temperature Drop, (OF) 10 10 
Flow Rate (gpm) 6 11.2 

D u c t  Work 1800 1800 
Furnace, Assoc. Equip. 
Heat Pump (water-to-air) 1800 . 

Hot Water Fan' Coil U n i t  1000 
Controls 200 

TOTAL 3600 ,3000 

- - 

Secondary Sys tem, i f 
required - tube & shell 

% heat exchanger (no special 
materials) 

TOTAL 3790 

For retrof i tti ng of exist- 
ing  Electric or Gas Furnaces: 
Hot water coil for  conversion 21 0 
(p ipe ,  valves, instal la t ion 
of suppl /return lines n o t  
included J 

790 

- - 

140 160 180 
12 25 35 
9.3 4.5 3.2 

1800 1800' 1800 

680 545 545 
200 200 200 - - -  

2680 2545 2545 

790 550 550 

3470 3095 3095 

200 170 100 

El ectri c 

1800 
750 

- 
2550 

\ 

N. Gas 011 

1800 1800 
500 1500 

- 7 
2300 3300 



TABLE I 1  
BASEBOARD CONVECTION HEATING SYSTEM, INSTALLED COSTS ($) 

(For "Average Energy E f f i c i en t  Construction" System, 56,000 Btu/hr)  

System Type 

Water Temperature, ( O F )  

Temperature Drop, ( O F )  

Flow Rate (gpm) . 

D i s t r i b u t i o n  Pipe 
Convectors 

B o i l e r  and Controls, Expansion 
Tank, C i r c u l a t i o n  Pump, and 
Zone Control , as appropriate 

TOTAL 

Secondary Sys tern, i f  required- 
tube and s h e l l  heat exchanger 
(no special mater ia ls)  

TOTAL 

- Gea t he r m a l  

140 160 
12 20 
9.3 5.6 

240 200 
1700 1490 

270 21 0 

221 0 1900 

790 550 

3000 2450 

180 
28 
4 

180 
1255 

21 0 

- 
1545 

550 - 
2095 

\ 

E l e c t r i c  N. Gas 

200 200 
37 37 
3 3 

180 180 
1010 1010 

1075 1230 

2265 2420 



b 

C 
I U 4 c 

TABLE I11 

(For "Average Energy E f f i c i e n t  Construction" System, 56,000 Btu/hr) 
RADIANT FLOOR COIL. SYSTEM, INSTALLED COST ($)La]  

System Type - Geothermal ' -- E l e c t r i c  N. Gas 

Water Temperature ( O F )  140 ' 160 180 200 200 

Temperature Drop, (OF) 12 20 28 37 37 
Flow Rate (gpm) 9.3 5.6 4 3 3 

Underf loor Pipe Coil ,  Header 
Cbl r 4400 4400 4400 4400 Steel Pipe, 12 i n  spacing 

Steel Pipe, 10 i n  spacing Cbl 

B o i l e r  and Controls 27 0 21 0 21 0 1075 1230 

Expansion Tank, C i r cu la t i on  

5280 

A 
A 

- - - - Pump, and Zone Control - 
55 50 461 0 461 0 5475 ~ 5630 TOTAL 

Secondary Sys tem, i f  required- 
tube and s h e l l  heat exchanger 790 550 550 

- - (no speci a1 materi a1 s ) - 
TOTAL 6340 51 60 51 60 

CalFloor costs, which may be affeeted, are not  considered. 

[blUse o f  p l a s t i c  pipe may reduce costs, i f  water temperature i s  less than 170°F. 



Annual Cost for Space Heating 

The annual cost  for  space heating is the sum of costs for heating and oper- 
ating energy, maintenance, and the annualized cost of equipment %based on 
the equipment lifetime and the cost  of borrowed money. In the following 
examples, these costs a r e  estimated for the typical heating systems, based 
on assumed u n i t  energy costs for  e lec t r ic i ty ,  natural gas, and o i l .  A 
range of cost for geothermal energy is used due t o  the extreme variation 
i n  cost which  may be encountered, U n i t  cost of conventional energy may 
also vary greatly so i t  is suggested tha t  local costs be used t o  extend 
the applicability of this report. Geothermal energy cost may be estimated 
using the methods of the following section for specific cases. Ene 
cost is based on the energy requirements of the selected systems which  
w i  11 vary only s l ight ly  among equipment available -from various manufacturers. 
Estimated annual energy requirements are shown i n  Table IV, and estimated 
annual energy costs, based on e lec t r ic i ty  a t  EQlktlhr, natural gas a t  
30Q/therm, o i l  a t  40Q/gal., and geothermal energy a t  $1 
B t u E a l ,  a re  shown i n  Table Y. 

- - 

5-$6-Wmi 11 ion 

In an equal u n i t  energy cost si tuation, the water-to-air heat pump can 
recover from 60 t o  125 dollars per year i n  reduced energy cost which can 
t o  applied against the greater equipment and maintenance cost of heat Pump 
systems. 
parison w i t h  e lec t r ic i ty  and natural gas. No consideration has been given 
t o  escalation rates which may have a significant effect  on cost recovery 

The range of cost recovery i n  energy expense is based on com- 

through energy savings. 
of energy will escalate a t  a ra te  greater than the general economy, perhaps 
tending to  make geothermal energy even more competitive than a t  present. 

Annual maintenance costs for  typical residenti a1 space heating sys tems are 
estimated (1975 costs) i n  reference 5. These costs, based on owner and 
contractor experience, have been increased approximately 15%, rounded to  
the nearest 5 dollars,  and are presented i n  Table VI. 

I t  is l ikely that  costs of conventional sources 

r 

Ib 

[a lThis  range of cost i s  based .on rates charged by the Boise Warm Spr ings  
Water District  ($1.75/rnillion B t u )  , and estimated annualized cost for  a - 

C? new system comprised of a 3000-ft well, a disposal well, 10,000 f t  of 
distribution and disposal p i p i n g ,  and 1000 gpm flow capacity, producing 
about 4.3 x 1010 B t u  annually for  space heating ($6/million B t u ) .  

12 
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TABLE I V  

ANNUAL ENERGY REQUIRED FOR SELECTED SPACE HEATING SYSTEMS 

Annual heat 1 oad = 1.152 x lo8 B t u  
Annual operating time = 2060 hrs 

Conventional Heating Systems Forced Air 

Heating energy source[a1 & thermal efficiency 
Electricity kWhr @ 100% 33,750 
oi 1 gal @ 70% 1,059 
Natural Gas therm @ 75% 1,536 

Operating energy - e lec t r ic i ty ,  kWhr 
I Fan 1500 cfm - 626 

Circulation pump (80% efficiency) 

Convection H.W. Panel 
(3 zone) (3 zone)' 

33,750 33,750 

1,536 1,536 
1,059 - 1,059 

78 192 

Convection Radiant Panel 

Water temperature, O F  70 120 140 160 180 140 160 180 140 160 180 

Temperature drop, O F  10 10 12 25 35 12 20 28 12 20 28 
Flow rate ,  gpm 6 11.2 9.3 4.6 3.2 9.3 5.6 4 9.3 5.6 4 

Geothermal Heating Systems Forced Air (3 zone) (3 zone) 

Air flow, cfm 1500 1600 1500 1500 1300 

Heating Energy Source 
Geothermal, B t u  x 10 652 1152 1152 1152 1152 
Electrical kWhr 14675 
(heat pump COP = 2.3) 

Operating energy, e lec t r ic i ty  , kWhr 
Fan 626 1584 978 978 939 
Circulation pump, (80% efficiency) 

Heating energy version constants 
Electr ic i ty  3413 Btu/klJhr 
oi 1 
Natural gas lo5 Btu/therm 

1.45 x lo5 Btu/gal 

13 

1152 1152 1152 1152 1752 1152 

393 168 114 1068 402 270 



L/ 
TABLE V 

ANNUAL ENERGY COST FOR SELECTED SPACE HEATING SYSTEMS ($) 

Electricity (3 2Q/kWhr, 100% efficiency, ($5,86/million B t u )  
Natural gas @ 30@/therm, 75% e 4.00/milIion Btu  'net) 
Oil Q 40$/gal, 70% efficiency, ($3.94/million B t u  net)  
Geothermal $1.75-$6.00/million 8tu, 100% efficiency over operating 

A t ,  cost range based on Boise Warm Spr ings  Water District  
rate and new system estimated rate  

Annual Heat Load, 1.152 x lo8 B t u  

RADIANT HOT WATER 
HEATING SYSTEM FORCED A t R  CONVECT I ON FLOOR PANEL 

Electric 687 676 0 
Natura 1 ,gas 474 465 470 
O i l  436 
Geothermal geothermal energy 

Additional energy (electr ic i ty  
ontyl 202-690 202-690 202-690 

required for system Bperation pump o r  fan) Cbl t 
ater-to-ai r heat pump ( At=1o0 F) 300 

Operating energy, 120°F water 32 

Operating energy, ? G O O F  water 20 4 8 
Operattng energy, 140°F water 25 8 21 

Operating energy, 180°F water 12 2 5 

7 CaJHeat pump requires 6.52 x 10 B t u  ge 
COP = 2.3, where COP = Btuh output/k 

Eb'Conven ti onal heati ng sys tem cost i ncl udes el ectri caT'.operatIng costs 
about equal t o  the 180°F geathermal systems. 

ermal energy @ $ 
n p u t .  x 3413 B t u h  

$390 annually, 



W TABLE V I  

ESTIMATED ANNUAL MAINTENANCE 
RESIDENTIAL SPACE HEATING SYSTEMS ($) 

- 

? TYPE - ,ANNUAL MAINTENANCE ($) 

35 
25 
10 

O i l ,  gas furnaces 
Electric furnaces 
E l  ectr i  c baseboard or panel 
Geothermal 

Heat' pump 

45 (heat exchanger, 

70 
$50 addi ti onal ) 

These average annual maintenance costs are based on owner and contractor 
experi ence . 
In order t o  compare the overall annual cost for the various space heating 

expressed as an annual: amortization cost based on an interest  ra te  o f  nine 
percent and system lifetime of twenty-five years, can be summed; these 
estimated annual costs are shown i n  Table V I I .  

. 
e  systems considered the energy,- maintenance, and estimated equipment costs 



TABLE VI1 
ESTIWTED ANNUAL SPACE HEATING COSTS ($) 

(Annual Heat Load 1.152 x lo8 Btu) 

w 

- 
RADIANT HOT WATER 

HEATING SYSTEM FORCED AIR CONVECT ION , FLOOR PANEL 

Electric ( to ta l  annual cost)  965 917 1244 
Natural gas ( total  annual cost)  736 743 1069 . 

011 ( total  annual cost)  800 
Geothermal energy, (cost i n  202-690 202-690 202-690 

addition t o  capital  and 
operating costs shown below) 

[a1 Mater-to-air heat- pump (At=lo"s) . 

837 (943)Cb1 
362 (493) 
325 (455) 272 (404) 617 (747) 
311 (416) 240 (346) 520 (626) 
310 (415) 204 (310) 518 (624) 

1 20°f water 
140" F water 
160°F water 
180°F water 

CaJHeat pump requires 6.52 x 

CblCost w i t h  heat exchanger 

COP = 2.3 
7 10 B t u  geothermal energy Q $114-$390 annually, 

ndicated as ( ) 
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Table VI1 shows that geothermal space heating systems can be cost competitive 
w i t h  the corresponding conventional systems whenever the annual cost  of geo- 
thermal energy i s  less than the difference between the annual cost of the 
conventional system (including energy cost) and the annual cost of the geo- 
thermal system excluding the cost  of geothermal energy. 

Based on< the cases presented and the typical costs of conventional energy, 
i t  appears tha t  when no heat exchanger is  necessary, geothermal energy for  
residential space heating is  cost competitive w i t h  natural gas forced a l r  
heating when the u n i t  cost o f  geothe 
cost of natural gas ($4/million B t u  
water are  cost competitive a t  u n i t  energy cost equal t o  natural gas and a t  
180°F the cost of geothermal energy may exceed the cost of natural gas by 
15 - 20%. Geothermal forced a i r  space heating i s  competitive w i t h  electrical  
forced a i r  space heating when the cost o f  the geothermal energy is less  than 
o r  equal to  about 95% of the cost of e lectr ical  energy a t  2Q/kWhr ($5.86/ 
million B t u  net). Geothermal energy cost must be less than 90% the cost of 
e lec t r ic i ty  for  the 120°F systems. With  160°F water, hydronic geothermal 
systems a re  cost competitive w i t h  corresponding electrically-driven systems 
a t  equal u n i t  energy costs and a t  180"F, the cost of geothermal energy may 
exceed the cost of e lectr ical  energy by 5. - 10%. A t  present, water-to-air 
heat pumps do not appear t o  be cost competitive w i t h  e i ther  natural gas 
forced a i r  o r  w i t h  convection systems. 
is  available a t  about half  the cost  of e lec t r ic i ty  (about $3/million B t u  net), 
the cost of the heat pump operating from 70°F water is  competitive w i t h  
e lectr ical  space heating systems 
i n  the heating system, however, 
Competitive; the heat pump system, w i t h  I t s  inherent cooling capability, 
would not require the extra investment tha t  would be necessary i n  the con- 

1 energy is less than 90% of the net 
). Hydronic systems heating w i t h  140°F 

However, i f  the geothermal energy 

If space cooling capability was included 
cost of the heat pump would become more 

c 

A 

4 

ventional system. 
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U n i t  energy cost is based on development and production, delivery, and over- 
head costs; a profit margin will be included where the energy i s  provided 
by a comnercial enterprise. 
peti t ive u n i t  cost of geothermal energy may range from about 60% of natural 
gas cost to  near 120% of e lec t r ic i ty  cost, depending on the type of heating 
systems considered, water temperature, and water quality. By assuming that 
overhead and prof i t  are  equal t o  25% of the annual energy cost, the remain- 
i n g  75% <of annual geothermal energy cost can be assumed t o  represent the 
annual amortization cost of the capital investment fo r  the development, pro- 
duction, and delivery systems. I f  the system had a twenty-five year life- ~ 

time, and interest  on borrowed money was 9%, the capital w h i c h  may reasonably 

For the cases considered i n  this report, com- 

for  development, production, and del ivery of geathefmal energy 
would range from about $2200 to  $6000 for  each residential u n i t  serviced Ea1 . 

-_ 

L./ 
Inclusion of a heat exchanger i n  the geothermal system increases costs t o  
the point that  a water-to-air heat pump is cost competitive only i f  geo- 
thermal energy cost i s  negligible. Geothermal energy costs must be less 
than 75-80% of e lectr ical  energy costs or less than 60-65% of natural gas 

remal’n cost competitive w i t h  the respective conventional forced a i r  systems. 
Geothermal hydronic systems operating on 14OOF water have similar limita- 
tions for cost competition; a t  water temperatures of 160-180°F, geothermal 
energy costs for  hydronic systems w i t h  a heat exchanger may be 85095% o f  
the cost of conventional energy. The systems should remain cost competitive 
w i t h  the corresponding conventional heating systems, even’ w i t h  the additional 
cost and maintenance due t o  the heat exchanger. A sumnary of these results 

b 

- 
rder for-geothermal forced air systems w i t h  heat exchanger t o  

. 

own i n  TabTe ‘VIII. 

Ca36ased on u n i t  costs for natural gas and e lec t r ic i ty  of 30&/therm 
and 2Q/kWhr, respectively. 

18 
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u' TABLE VI11 

COMPETITIVE COST OF GEOTHERMAL ENERGY 
RELATIVE TO ELECTRICITY AND NATURAL GAS 

. -  

E l e c t r i c i t y  @ 2Q/kWhr, 100% e f f i c i ency  ($5.86/million Btu) 
Natural gas @ 30Q/therin, 75% e f f i c i e n c y  ($4.00/million Btu ne t )  

Geothernial Energy Geothermal .Energy 
% E l e c t r i c i t y  Cost % Net Natural Gas 'Cost Water 

Temp. With Heat With Heat 
System Type O F  -- Exchanger Exchanger 

Forced A i r  -- (Heat Pump) 70 55 
120 87 68 78 50 
140 94 75 88 59 
160 96 80 91 66 
180 96 81 91 66 

- Convect ion 
140 95 75 101 73 
160 100 84 109 86 
180 106 90 117 94 

Radiant Floor 
Slab 140 91 72 96 68 

160 107 91 119 96 
180 108 92 120 97 

.) 

, .  
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4.0 GEOTHERMAL RESOURCE DEVELOPMENT u 
The u n i t  cost of geothermal energy is critica7 i n  the investjgation of the 
economi c feasi b i  1 i ty of geothermal space heating systems. Geothermal ene 
is an alternative only wheii the resource can be obtained, the energy ext 
and the disposal of spent fluids made a t  costs which ca ompete w i t h  other 
energy sources. Once a resource has beerr obtained, residential owners may 
be able t o  determine the feas ib i l i ty  o f  geothema’f space heating by direct ly  
compari ng geothermal and conventional energy heating system costs. The 
feas ib i l i ty  of using a surface thermal spring for space heating caR readily 
be determined based on local costs for transmission piping, circula€fon 
pumping capacity, acceptable disposal, and heating systems which sa t i s fy  
the residential heat toad, Spring flow rates,  temperature and chemical 
+constituency which may necessitate expensive heat exchange equipment must 
be considered i n  the selection of appropriate materials and system designs. 
Royalty, lease, and easement costs must also be taken into account, Finally, 
the escalation of conventional energy costs may be a determining factor i n  
the feas ib i l i ty  assessment. 
assumed unless a. conservative escalation rate for  conventional energy costs 
can be determined. 

A feas i bi  1 i ty  study i nvolvi ng geothermal energy from an undevel oped sub- 
surface resource is  more diff icul t .  The degree of risk involved i n  success- 
ful  development may be much greater, due to  uncertainties associated w i t h  
the obtainable energy production rate, the resource depth,  and the chemical 
constituency of the geothermal fluids. Resource evaluation, well d r l l l i n g ,  
and well head equipment a l l  increase the cost of successful development. 
When development of a geothermal resource provides a benefit In addi t ion  
t o  energy for space heating, only a reasonable share of cost should be borne 
by the space hea t ing  application. A determination tha t  development is  not 
feasible results i n  loss of any costs incurred i n  arriving a t  t h a t  conclusion. 

* 

In this event, an element a f  risk must be 



As above, feas ib i l i ty  may be investigated by comparing the costs f o r  devel- 
opment and use of the geothermal ' heating system w i t h  conventional heating 
costs. A1 ternatively, development can be investigated by assuming the geo- 
the,rmal energy must be available to  the space heating system a t  a cost which 
does not exceed local conventional fuel costs. An estimate of the capital 
which can reasonably be expended for development, system maintenance, and 
distribution can be made by employing an annuity relationship t o  determine 
the present value of conventional energy required t o  service the residential 
heat load over the l i f e  of the system: 

-N PV = c - C ( l + I )  
(1 1 I- I 

, where 

PV = development capital ($) 
C = average annual cost o f  conventional energy ($) 
I = current annual interest ra te  
N = system design l i f e  (years). 

Estimating the average annual cost of conventional energy over a period of 
years may be a source o f  significant-error due t o  uncertainty about the 
rate  of inflation for energy rates; however, t h e  relationship i s  useful 
i n  a preliminary economic feas ib i l i ty  assessment. Development costs can 
be estimated based on information characterizing a particular geothermal 
resource and heat load. If  i t  appears tha t  development may be accompl ished 
w i t h i n  the estimated development cost limitation, and the risk of fa i lure  
is acceptably small, development can proceed. Because a low ra te rof  return 
on investment may be expected, signlficant risk is .probably not acceptable 
for  space heating applications. 

Mechanisms for cost sharing or load leveling can improve the economics of 
resource development i n  particular cases. District heating concepts t o  share 
costs and benefits among several users should be considered. Some load 
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days of the heating season and us ing  supplemental conventional fuels for 
the necessary peak heating capacity on the coldest days will improve’the 
load factor. Operating the geothermal system a t  capacity for a larger 
percentage of time would t h u s  reduce u n i t  geothermal energy costs, because 
additional users could obtai 
from the geothermal sys tem. he additional ost of the sup ementary con- 
ventional heating would be recovered by using lower capacigy residential 
geothermal systems and reducing geothermal energy costs, The dis t r ic t  
heating concept also provides a reduced likelihood of resource degradation 
by reducing the number of wells required. Improved economic and Shermal 
efficiencies are possible w i t h  a larger supply system servicing a larger 
heat load, 

a large fraction o f  their t o t  heating energy 

sal of geothermal effluent must be considered as a development cost  
m for any well - t h a t  removes fluids from the othermal reservoir. ’Sur- 

face disposal and reinjection are  possibi l i t ies  t o  conslder. If the geo- 
thermal f lu ids  are obtained from or near a thermal spring, the natural 
sp r ing  discharge channel may be the most economical vehicle for disposal. 
Other natural channels may be considered, b u t  environmental restrictions 
may be more severe. 
a cool i n g  pond o r  spray pond might‘be considered. 
geothermal effluent could recharge ground water aquifers or the geothermal 

tsel f. Reservoir engineering considerati-ons are beyond the 
of this report, however, and reinjection of the fluids is considered 
only as an a1 ternative -to surface disposal. 

If  the effluent temperature is the only consideration, 
In appropriate si tuations 

Distr ic t  Heating IJniSs 

In some cases, an industrial-sized heat pump i n  a district heating system 
may be more economical than individual residential  heat pumps , even consider- 
ing the cost of necessary backup capacity. Model selection of 4ndlv idua l  
units is  based on the desired capacity, source and delivery temperatures, 
and an annual operation time. These f lu id - to - f lu id  heat pumps lack rever- 
s ib l e  flow circui t ry ,  and are available as either s ingle--sr  two-stage . 

/ 



I u 
u n i t s  i s  based on the desired capacity, source and de l i ve ry  temperatures, 
and an annual operation time. These f l u i d - t o - f l u i d  heat pumps lack rever- 
s i b l e  f l ow  c i r c u i t r y ,  and are avai lab le as e i t h e r  s ingle- o r  two-stage 
cen t r i f uga l  compressor u n i t s  f o r  e i t h e r  50- o r  60-cycle e l e c t r i c  service. 
Standard f a b r i c a t i o n  mater ia ls are m i l d  s tee l  and copper, w i t h  other mater ia l  
select ions avai lable.  The pumps were designed f o r  operation w i t h  source 
temperatures i n  the  range o f  40 - 140°F, de l i ve ry  temperatures i n  the range 
o f  120 - 230°F, a 
capaci ty ranges from 1 - 10 Btu/hr w i t h  c o e f f i c i e n t s  o f  performance 
(COP) i n  the range o f  2.5 4.6 i n  appropriate appl icat ions. Single-stage . 
reciprocat ing compressor u n i t s  are a lso ava i l ab le  w i t h  capaci t ies i n  the 
range o f  l o 5  - 10 Btu/hr. 
neighborhood o f  $15,000. I n  a favorable climate, t h i s  p r i c e  would a l low 
t h e i r  use i n  d i s t r i c t  heating s i t ua t i ons  i nvo l v ing  as few as 15 homes. 

* 

' 

source fl'ow rates i n  the range o f  40 - 2000 gpm. Unit , 
6 

6 Low-to-medium'capacity u n i t s  cost  i n  the 

i 

* The q u a l i t y  o f  geothermal water i n  most locat ions w i l l  probably requi re  
heat exchange equipment t o  prevent corrosion and deposi t ion i n  the  residen- 
t i a l  system, where low water v e l o c i t y  tends t o  combine w i t h  low-temperature. 
The geothermal water should be'analyzed f o r  components which may a f f e c t  the 
choice o f  mater ia ls and maintenance. 

E i the r  conventional tube and s h e l l  o r  downhole U-tube heat exchangers a r e  
s u i t a b l e  f o r  r e s i d e n t i a l  heating applications.. Plate-type heat exchangers ' 

may be the most economical i n  l a r g e r  syst  , as discussed l a t e r .  
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L, 5.0 GEOTHERMAL RESOURCE DEVELOPMENT COSTS 

G The per-unit cost of energy from a geothermal system is normally estlimated 
by summing the system's amortized cost w i t h  operational costs and-dfviding 

. '  

to  the per-unit quantity .o ea t  delivered by the system.. * 

A preliminary estimation of system costs can be made by considering appro- 
prtate costs f o r  major elements o the system: welt, pipe,  heat exchanger, 
and pumps. These costs a r  rincipally determined by sizes, capacities, 
and installed costs, which i n  turn are functions of the particular appli- 
cation. Local costs may vary significantly due t o  contractor ,experience 
and availabil i  

Prel lminary s i t i n g  of s tem elements'will be determined by the heat 'loail - 
and .the temperature a f  the avai'lable geothermal flufds, Material selection 
will be affected by the chemical content of the geothermal fluids. 

, labor costs, and purchase discounts. 

Heat Load, Flow Rate, and Pumping Requirements 

For space heating applications a good estimation of heat loads can be made 
by d e f i n i n g  an average residential space heating u n i t  t o  be  1800 f t  of 
well-insulated modern construction, having a heat load of 800 B t u / h r  fo r  
each degree Fahrenheit difference'between the inside and outside design 
temperatures. The annual heat load is then about 19,200 B t u  for  each 

result i n  heating requirements 2.5 times greater than this heat 2oad 
figure. 

Heat loads for  iriultiple u n i t s  or  small district heating systems may be 
represented by proportionate values. 
an estimate of transmission heat loss must be made, or a t  l ea s t  accounted 
for ,  w i t h  increased flow requirements. 

2 

h r g n h e i t  degree day. Poorly insulated construction, 

In larger d i s t r i c t  heating systems 

. 
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The f low r a t e  required t o  supply a given heat load can be computed: 

i 

where 

\ i r =  H 
500 A t  

61 = f low rate, gpm 
H = heat load, Btu/hr 
A t  = temperature drop, O F  

An estimate o f  the temperature drop t h a t  can be rea l i zed  economically, 
using conventional heat exchange equipment, i s  given by: 

A t  = 0.6 x i n l e t  temperature - 70 ( 3 )  
where the i n l e t  temperature i s  i n  O F  

With a given heat load and a given geothermal water temperature drop, these 
r e l a t i o n s  can be employed t o  estimate required f low through e i t h e r  a r e s i -  
den t ia l  heating system o r  another heat exchange mechanism. 

The pumping horsepower (HP) required t o  produce t h i s  desired f l ow  r a t e  can 
be computed: 

HP = K x Q x L  (4) 

where 

2.525 x , 

pumping e f f i c i ency  = 

L = pump head, f t 

This equation can be used t o  estimate the pump horsepower required f o r  c i r -  
c u l a t i o n  o r  wel l  pumping. Improved accuracy i s  possible if pressure losses 
and a r e a l i s t i c  pump e f f i c i e n c y  fac to r  are included i n  the.values f o r  L and 
K. 
l a t i o n  pumps and $400/hp f o r  wel l  pumps. 
values f o r  the above re1 at ionshi  ps. The nomograph f o r  pump horsepower 
assumes 100% ef f ic iency.  

* 

. I n s t a l l e d  pump cos t  can be approximated by assuming $100/hp f o r  c i r cu -  

Figures 1 and 2 show the calculated 

b, 
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The se lec t ion  o f  p ipe must consider water chemistry, pressure, and tempera- n 
I 
I 
I t u re -  F l u i d  ve loc i t i es  should be less than 8 f t / sec  i n  c i r c u l a t i o n  loops c 
I 

i n  order t o  prevent unreasonable f r i c t i o n  losses and unneccessarily h igh 
pump and pumping costs. Somewhat higher v e l o c i t i e s  may be allowed i n  d is-  
t r i b u t i o n  system l ines,  Pipe diameters and f r i c t i o n  losses, whlch are a 

Estimated insta lTed costs far warious types o f  p ipe  are shown irt Figure 5. 
These costs do no t  include vaTves or f i t t i n g s  ( f i t t i n g s  inc luded - PVC), 
The r e l a t i v e l y  high-cost, f langed- jo in t ,  s tee l  p ipe should be used anTy 
where i t  may ne necessary t o  qu ick ly  remove a pipe sect ion o r  system com- 

a- 

, 
f unct ion o f  t he  required flows, can be determined from Figures 3 and 4. P 

ponent, and the service l i n e  i s  4 in .  o r  larger .  Pump o r  heat exchanger 
nsta l l -a t ions comprise the bulk.  o f  these appl icat ions.  

Standard pipe sizes must be used and excavation and b a c k f i l  

and may increase total: costs s i g n i f i c a n t l y .  

l i n i n g ,  i n s t a l l e d  cos t  o f  the 4 and 6 i n .  s izes increases t o  a 
and $1700, respect ively.  

added fGir under- 
. ground placement. Valve -and ifi t t t n g  costs-must be added .where appropriate, 

For example1. 4-to-lO-fn- cast- 
I i r o n  gate valves seTl f o r  from $300 t o  $8Z5,  i ns ta l l ed .  Wf€h 
I 

I n s t a l l e d  costs inc lude subcontractar overhead 

, and p r o f f t .  
~ 

Well Cost 

Well costs are a funct ion o f  diameter, depth, and l o c a l  d r i l l i n g  conditions. 
For resident ia l -domest ic wells, t y p i c a l  costs range from $1 t o  $2 pe r  i nch  
diameter per f o o t  depth. Deeper, l a rge r  capaci ty we l ls  w i l l  enka i l  h igher  
per- foot  d r i l l i n g  costs. An fns ide well-casing s i ze  f o r  p rov id ing  adequate 
flow can be estimated using Figure 6, and the required. f low f o r  se rv i c ing  
a speci f ied heat load a t  a reasonable temperature drop can be determined 
as above. 

Figure 7 g raph ica l l y  shows a range o f  we l l  costs, w i th  cos t  as a ’ funct ion 
of casing diameter and w e l l  depth. 

- 

c 

Local condi t ions,  economic and geological  
w i l l  determine actual. costs; however, an i n i t i a l  r e a l i s t i c  estimate may be 
made us ing a value from t h i s  f igure.  

s 

- 
fw 
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Volumetric fluid flow rate versus pipe diameter and velocity 
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COST (S! 

Fig. 7 Well cost versus production r a t e  and depth. 

33 



Heat Exchanger Cost . 

Heat exchangers must be selected on the basis o f  local conditions, such as 
the temperature and quality o f  the geothermal water, and the s ize  o f  the 
heat load t o  be serviced. Geothermal water quali ty may require a material 

L! 

4 

selection which greatly increases the cost o f  heat exchange equipment. 
Typical heat exchangers which could be used i n  space heating applications 
are tube and she l l ,  down-hole U-tube, and plate.. Tube and shell and simple 
down-hole U-tube heat exchangers are probably the most economical f o r  i n d i v -  
idual residential applications. 
type and tube and shell heat exchangers w i t h  spiral tubes may be more com- 
peti t ive.  Table f X  shows the bare costs o f  representative heat exchange equip- 
ment; ins ta l la t ion  costs are n o t  included, b u t  may be expected t o  range 
from 10% o f  equipment cost for  large systems to  2U% f o r  individual residen- 
t i a l  systems. Down-hole heat exchangers may entai l  h i g h  instal.lation costs 
because of the need f o r  derrick equipment t o  lower the heat exchanger i n t o  

Also, where corrosion i s  a problem, extra mai-ntenance will con- 

T 

In larger multi-user,systems , both plate 

' 

tr ibute t o  the total  cost. 

TABLE I X  

REPRESEEJTATLVE HEAT EXCHANGER COST 

Type/Materials 

Tube-ShelTICast I. shell copper 
tube$ 

Tube-ShellfCast I. shell , ss type 
304 spiral  tube 

Plateltype 316 ss 

U- tube/s tee1 

Workfng F l u i d  Flow Rate 
(gpm) 

10 
150 
250 

10-15 
300 

10 
250 

10 

460 
7000 
20000 

1 I00 
7500 

2500 
6000 

500 E 
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Disposal Sys tern Cost 

In general, the geothermal effluent will be reinjected into wells or dis- 
charged on the surface. Major cost items may include a reinjection well, 
transmission p ipe ,  and cooling or  evaporation pond. 
specific information concerning location, 50% of production well cost is 
customarily assumed for  reinjection cost. 

In the absence of 

Surface discharge costs can 
rapidly approach this magnitude when cooling ponds or a long transmission 
distance i s  involved. 

Supply and Disposal System Design Costs 

Design costs fo r  geothermal space heating supply and disposal systems probably 
range from 10 - 20% of system cost. For a single residential developer w i t h  
his own nearby resource, these system design costs will probably be included 
i n  the installation costs specified by a subcontractor. About $500, equiva- 
lent to  twenty hours of an engineering consultant's time, should be adequate. 

Annual Operating Cost 

Annual operating cost i s  determined by the lifetime of the component and 
the requirements for  maintenance and power, together w i t h  debt service, 
applicable royal ty  or  easement, and taxes. Unless specific maintenance 
items are  known, annual maintenance cost is  generally assumed t o  be a frac- 
tion of the capital cost of the system component. 
such as heat exchanger cleaning or  pump servicing, can be based on manu- 
facturers '  recommendations and local labor costs. Typical' annual maintenance ' 
costs, as a fraction of capital cost o r  as  labor. hours, are as follows: 
(1) heat pumps, 4%; (2)  heat exchangers, 16 hrs; (3) pumps, 4 h r s ;  (4) p ipe  
systems, 2-3%. Overall system lifetime must be based on local operating 
conditions and the operating environment; systems may be designed for  a 
lifetime of 20 - 40 years; Amortization o f  capital  costs over the system 
lifetime provides an additional element of annual operating cost. 

- .  

Scheduled maintenance, 
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Finally, the annual cost of electrical pumping can be estimated: 

E($) ' =  ER x HP x 365 x 24 x 

where 

E($) , = $/yr electrical cost 

HP = pump horsepower 

FLoad 
lkWh = 0.7457 horsepower hour. 

= $/kWhr electrical rate 

= load factor 

ER 

Cost o f  Geothermal Energy 

I .  

T 

The various contributing costs can be wnmarized,. and--an app 
or totaT project-capital cost cim be estimated. The project 
should. be totaled according to component lifetim 
appropriate determined project 1 ifetime. 
rate on borrowed money, the annual capital amortization rate f o r  a system 
or component can be determined: 

Using an appropriate interest 

n id 1  + i) R - P  
(1 + i)" - T 

where 

R = annual capital cost 
P = present project ualue 
3 = interest rate damuaT,) 
n = Tife a f  project (years). 

The total annual cost of the geothermal energy cart be derived b y s  
up the annual maintenance and tax costss R valuets), and the annua 
of conventional energy used by the system. 

3 

" 
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. 
The cost o f  energy from a geothermal system i s  determined by the cost o f  
the system \and i t s  operation and the r a t e  o f  heat de l i ve ry  from the system; 
the nomograph, Figure 8, re la tes  these factors. Actual heat cost  should 
be determined a f t e r  ad just ing on-stream factors  and e f f i c i e n c i e s  t o  actual  
conditions. 
energy cost  f o r  smaller or l a rge r  pro jects  t o  be determined. 

The cost o f  geothermal energy can thus be compared w i t h  the cost o f  con- 
ventional energy t o  assess the economic f e a s i b i l i t y  o f  a geothermal system. 

Scal ing both annual cost  and f low r a t e  by fac to rs  o f  10 al lows 

h/ 

4 

3 

Q 

L 

, 



Annual 
Cost 

WYr. )  

\ 

200 00 

150.00 

100’00 

7500 

50 00 

37 5 0  

25 00 

flow 
( I  bs/h r) 

80P 00 

400 00 

200.00 

100 00 

50 00 

25 00 

Reference 
L ? 

I 

li 
Temp. 
Drop 
I” F) 

Heat 
cost 

($/IO6 BTU) 

- 6.25 

- 1-2.5 

’ 25 

50 

’ ‘loo 

- -00 

p *bo 

Fig. 8 Geothehnal energy cost  nomograph. 
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6.0 CONCLUSIONS - 
13 
I 
-< . Components of geothermal residential space heating systems are currently 

available as off-the-shelf i tems from manufacturers and vendors. Hot’water 
convection systems are probably the mQst economical ; under sui table condi- 
tions’ they can use geothermally heated water’at  temperatures as low as 
140°F. A minimum water temperature of 15OOF is  desirable from an economic 
standpoint, however. These geothermal systems are cost competitive w i t h  
e l ec t r i c  and natur gas fired systems when geothermal energy costs about 
the same as e lec t r ic i ty  or  up  t o  15% more than natural gas. 
radiant f loor  panel systems may use water a t  lower temperature (perhaps 
as  low as 100°F), bu t  the systems are  relatively expensive. 
will be used only where sufficient geothermal water is available a t  very 
low cost and the water temperature prohibits economic use o f  other types 

1 

Hydronic 

They probably 

e of geothermal heating systems. 

2 
Geothermal forced a i r  space heating is probably the most desirable type of 
a residential heating system, because o f  the general acceptance of forced 
a i r  systems and the ease of adapting the system to  include additional featGes 
such as cooling, a i r  f i l t r a t ion  and humidity control, Geothermal forced 
a i r  systems can use water a t  temperatures as low as 12OOF. In addition, 
these systems respond t o  changing load conditions nluch more rapidly than 
hydronic systems. 
&y readily be converted to,  geothermal operation by adding a hot water coil  , 
modifying the fan drive, i f  necessary, and providing supply and return lines 
for the geothermal water. 
of the cost of e lec t r ic i ty  o r  natural gas and geothermal systems will remain 
cost competitive w i t h  the corresponding conventional system. 

4+ 

In many cases, existing conventional forced a i r  systems 

Cost of geothermal energy may range up t o  90 - 95% 

+ 

* 



4 

_- Water-to-air heat pump forced a i r  systems can use water a t  much lower 
temperatures (below 100OF). The fac t  remains, t h o u g h ,  t h a t  i f  heat putnp 
systems are used only for heating they are among the most expenstve of 
the systems considered. In cases where space cooling i s  required, however, 
these, systems may compete w i t h  con.ventiona1 space condi t i m i n g  systems of 
equivalent capacity for heating and cooling, 

icant use of egis-ting geothermal espurces f o r  res 
heating h T 1  depend largely OD the av 
a heliyered, cost which is less t h a n  that  of competing conventhnal energy 
foms.  For some cases, where water temperatures are. above 160°F and water 
quali ty is acceptable, u n i t  geothermal energy cost may s l igh t ly  exceed 

LJ 

F- 

conventional energy’ costs and still remain cmpet i t lue.  

3 
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