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ABSTRACT 

A s tudy  o f  the  use o f  a low-to-moderate temperature hydrothermal 

resource f o r  space hea t ing  a 140-home r e s i d e n t i a l  community has been under- 

taken. 

supply  system t o  supply  heated water  t o  the  homes, the  c u l i n a r y  water  

be ing  heated a t  a s i n g l e  pumping s t a t i o n  and then d i s t r i b u t e d  throughout  

the  community through un insu la ted ,  b u r i e d  water  mains. 

water  i s  pumped through i n d i v i d u a l  house w a t e r - t o - a i r  heat  exchangers us ing  

sealed, magnet ic -d r ive  house pumps and re tu rned t o  the  s t r e e t  d i s t r i b u t i o n  

l i n e s .  These house heat  exchangers a r e  e i t h e r  add-on, w a l l  mounted, con- 

v e c t i v e  hea t ing  u n i t s  o r  c o i l s  added t o  e x i s t i n g  fo rced  a i r  hea t ing  systems. 

The eng ineer ing  f e a s i b i l i t y  o f  t h i s  approach has been examined and pre-  

The approach centers  on use o f  t he  e x i s t i n g  c u l i n a r y / p o t a b l e  water  

The heated po tab le  

v i o u s l y  r e p 0 r t e d . l  I n  t h a t  work, a r e a l  140-home s u b d i v i s i o n  approx imate ly  

17 m i l e s  f rom the  water  t reatment/pumping/heat ing p l a n t  was considered,  and 

t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  thermal losses i n  the  main supply  l i n e s  t o  t h e  

s u b d i v i s i o n  and those i n  the s u b d i v i s i o n  s t r e e t  mains would be acceptable.  

That s tudy a l s o  considered t o t a l  water f l o w  requirements,  pumping r e q u i r e -  

ments, main heat  exchanger s i z i n g ,  and house system design i n c l u d i n g  house 

heat  exchanger s i z i n g  f o r  s u i t a b l e  ranges o f  des ign parameters. 

the  study, a two- th i rds  des ign hea t ing  load f o r  a t y p i c a l  three-bedroom 

Throughout 

house under D0F, 15 mph wind c o n d i t i o n s  was employed. The eng ineer ing  fea-  

s i b i l i t y  s tudy i n d i c a t e d  t h a t  such an approach i s  workable o n l y  i n  communi- 

t i e s  w i t h  s i g n i f i c a n t  water  usage r a t e s  (o r  f low- through)  t o  ma in ta in  a 

l F e a s i b i 1  i t y  Study of  Res iden t ia l  and Commercial D i s t r i c t  Heat ing Using 
E x i s t i n g  Water Supply Systems, Report No. D O E / C S / 3 1 7 4 4 - A O O l - l  , May, 1979. 
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sufficiently high water temperature in the distribution lines and to supply 

a large percentage of the the'rmal load required for district or subdivision 

heat 

to d 

ng 

The present work focuses upon the economic feasibi 

strict heating, speclfically for the corcmunity def 

cond i t ions of 

.Rot a 'part of 

mater 

Report, 'F.!urnbe'r DOE/CS/31744-A00 1. ' Econom 

that report. The cost factors included 

ity of this approach 

nition and thermal 

c considerations were 

n this study are: 

a1 cost of a main heat exchanger to uti1 ze waste energy from 

a power plant condenser cooling water or geothermal resource 

material cost of a community flow booster pump 

material and installation cost of an individual house piping system 

material and installation cost of an individual house heat exchanger 

material and installation cost of an individual house pump 

twenty year electrical power operating costs of house and community 

Pumps 

Cost factors that were omitted in this study are '(i) those for installation 

of the main heat exchanger and booster pump, ( i i )  allowance(s) for maintenance 

and contingencies, ( i i  i )  charges for geothermal fluid, and (iv) engineering costs. 

A present worth analysis of the 20 year operating costs added to the 

initial installation and equipment costs'formed the total heating system 

cost. For this analysis the escalation rate of the cost of electrical power 

was assumed equal to the present interest rate (approximately 114%). Thus 

multiplying the present annual electrical power cost by 20 yielded the 

.. 
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present  wor th  o f  20 ' years  o f  o p e r a t i n g  cos ts .  

Paramet r ic  s t u d i e s  o f  t he  t o t a l  system c o s t  included: 

Three po tab le  water temperatures: 

Three house hea t ing  system e x i t  a i r  

and 90°F 

35"F, 125OF, and 115°F 

temperatures: l lO°F, 100°F, 

E l e c t r i c a l  power cos ts  rang ing  f r o m  2c t o  4e pe r  k i l o w a t t  hour 

Heat ing  season load f rom 3000-to-7000 OF-day pe r  year 

i n d i v i d u a l  house copper p i p e  s i zes  o f  1/2 i nch  and 3 /4  inch. 

0 

A t o t a l  20 year system c o s t  f o r  a 140-house community ranged from $205,100 

t o  $597,300 fo r  3000 and 7000 OF-day per  year h e a t i n g  seasons, r e s p e c t i v e l y ,  

-using t h e  lowest  p resent  e l e c t r i c a l  power cos t .  T h i s  represents  a c o s t  of 

$73.25 t o  $213.32 per  house-year. 

t h i s  range i s  f rom $221,300 t o  $959,200 f o r  3000 and 7000 OF-day per year,  

r e s p e c t i v e l y .  

For t h e  h ighes t  e l e c t r i c a l  power cos t ,  

Th i s  t r a n s l a t e s  t o  a c o s t  o f  $79.04 t o  $342.57 pe r  house- 

The major c o s t  i s  t h a t  of "booster pumping" i n  the  community d i s t r i b u -  

t i o n  system. The community s tud ied  has a preponderance o f  two- inch diameter 

s t r e e t  water  mains. Larger s t r e e t  mains would markedly reduce t h e  o p e r a t i n g  

cos ts .  

... 
I l l  
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1. INTRODUCTION 

The purpose o f  t h i s  s tudy i s  t o  analyze t h e  cos ts  i nvo l ved  i n  a t tempt ing  

t o  supply heated water  t o  a 140-house r e s i d e n t i a l  a r e a l  us ing  the  e x i s t i n g  

cu i na ry /po tab le  water d i s t r i b u t i o n  system. I n i t i a l  cos ts  r e s u l t  f rom modi- 

f y  ng the  present  water  system t o  p rov ide  two- th i rds  o f  t he  des ign hea t ing  

requirement f o r  each residence. The m o d i f i c a t i o n s  t o  the  system inc lude:  

( 1 )  A main heat  exchanger and pumping i n s t a l l a t i o n  t o  supply  

heated water  t o  the 140-house r e s i d e n t i a l  area through the  

e x i s t i n g  p i p i n g  system. 

(2) A heat  exchanger, pump, and p i p i n g  system f o r  each house t o  

p rov ide  a supply and r e t u r n  network f rom and t o  the  s t r e e t  

main as w e l l  as p r o v i d i n g  heated a i r  f o r  t he  house. 

The t o t a l  cos t ,  f o r  purposes o f  t h i s  r e p o r t ,  c o n s i s t s  o f  (i) i n i t i a l  

cos ts  and (ii) y e a r l y  ope ra t i ng  cos ts  f o r  t he  l i f e  o f  t he  system. These 

two a re  combined i n  a present  wor th  a n a l y s i s  comparing va r ious  system de- 

s igns.  Th is  prov ides a method o f  s e l e c t i n g  an optimum design f rom a c o s t  

s tandpo in t .  

Costs no t  considered i n  t h i s  " f e a s i b i l i t y  s tudy ' '  economic a n a l y s i s  

i nc lude  i n s t a l l a t i o n  of main heat exchanger and main pump, geothermal f l u i d  

cos ts ,  a l lowance f o r  maintenance, i n i t i a l  eng ineer ing  cos ts ,  and al lowance 

f o r  i n i t i a l  installation/construction cont ingenc ies .  

For t h e  purposes o f  t h i s  study, t he  present  wor th  method o n l y  i s  used 

f o r  ana lys i s ,  and the  i n t e r e s t  r a t e  on borrowed money and the  i n f l a t i o n  r a t e  

on energy c o s t  a re  assumed t o  be t h e  same, a l though examples us ing  d i f f e r e n t  

r a t e s  f o r  these a r e  inc luded i n  Appendix A. 

For a complete d e s c r i p t i o n  o f  the  r e s i d e n t i a l  community d i s t r . : t  hea t ing  
system, i n c l u d i n g  water f low, pumping requirements and thermal loads, 
see Reference 1 .  

1 - 



I I .  INITIAL COSTS 

A. Main Heat Exchanger 

The size of the main heat exchanger is dependent on the following 

factors: 

(1) Temperature of water supplied to the residential area. 

(2) Available resource (hot) and ground (cold) water supply 

tempera tu res. 

The water supply temperature to the residential area is the most important 

parameter. For this study a temperature range of 115°F - 135°F was chosen. 
This range was selected due to the available resource water temperatures 

and the necessity o f  a comfortable residence temperature. The midpoint 

temperature of 125°F was used as a third data point to allow construction 

of pa ramet r i c curves . 
As the supply temperature is reduced, the required water flow rate is 

increased because the energy requirement of the community is assumed constant. 

The energy required to heat this additional water is much larger than the 

energy gained in reducing the water supply temperature because a 4x flow 

factor is used to minimize the temperature decay in the street mains due to 

energy extraction in the houses. The "4x factor" is four times the flow re- 

quired to supply the heat extracted for house heating in the community. 

Therefore, the 135OF supply temperature requires the smallest heat exchanger 

and also represents the lowest water flow rate. 

A flat plate heat exchanger design was chosen for this application 

because of its low cost, small size, and commercial availability in stain- 

less steel. 

known to be approximately $15,000. Using the following equation as a rule 

The cost of a 4 x lo6 Btu/hr flat-plate heat exchanger was 

2 



o f  thumb 

125°F t 1 1 5 O F  

/ \ 

$54,550.00 

$67,943.00 

\ 0.6 f ..dat Exchanger 
OU t pu t ( B  t u/h r ( 4 X i o 6  ) x $15,000 = Cost o f  Heat 

Exchanger 

f o r  scale-up, t he  cos ts  of the  heat  exchangers f o r  the  th ree  supply  tempera- 

tu res  were ca l cu la ted .  The r e s u l t s  a r e  shown below: 

TABLE 1 1 - 1 .  M A I N  HEAT EXCHANGER COSTS 

t- 1 3 5 O F  i $48,150.00 

B. House Heat Exchanger 

The heat  t r a n s f e r  area o f  the  i n d i v i d u a l  house heat exchanger i s  depen- 

dent on the  h o t  water  supply temperature and the  des i red  a i r  e x i t  temperature.  

The u n i t  i s  t o  be i n s t a l l e d  i n  an e x i s t i n g  duct ,  and the  chosen des ign i s  a 

f in -and- tube type. 

f o r  use i n  s o l a r  a p p l i c a t i o n s  where t h e  e n t e r i n g  water  temperature is no t  

h igh ,  and p r o v i s i o n  has been made f o r  i n c o r p o r a t i n g  the  u n i t  i n t o  a house 

The o,Ff- the-shel f  heat  exchanger se lec ted  was designed 

hea t ing  system. 

135"F, 125"F, and ll5OF. To prevent  excess ive temperature drops i n  t h e  water 

The water  supply  temperatures as a l ready  mentioned were 

d i s t r i b u t i o n  system, the  water  e x i t  temperature f rom t h e  heat  exchanger was 

l i m i t e d  t o  100°F. The a i r  e x i t  temperatures used were 9OoF, 100°F, and l lO°F.  

The heat  exchanger area was c a l c u l a t e d  f o r  each o f  the  n i n e  p o s s i b l e  condi -  

t i o n s  and matched t o  a s u i t a b l e  o f f - t h e - s h e l f  h o t  water  c o i l  (heat  exchanger). 



The c o i l  cos t  f o r  each design c o n d i t i o n  i s  shown i n  the  t a b l e  below: 

TABLE I 1-2. HOUSE HEAT EXCHANGER COSTS 

35°F A T  $68.00 

25°F AT $88.00 

$88.00 

I T;L~t I 90°F I 100°F I l lO°F  I 
$88.00 $88.00 

$88.00 $1 10.00 

$ 1  10.00 $125.00 

C. House P i p i n g  System 

A p i p i n g  system i s  requ i red  f o r  each res idence t o  form a supply  and 

r e t u r n  network t o  c a r r y  the  h o t  water f rom and t o  the  main d i s t r i b u t i o n  

system. Copper water  p ipe  was chosen f o r  the  system because o f  t he  tempera- 

tu res  invo lved.  Var ious p ipe  diameters were considered. One-half inch  

p i p e  i s  t h e  most common, and p i p e  o f  smal le r  d iameter i s  more expensive per  

u n i t  area. Th is  r e l a t i v e  h igh  p ipe  c o s t  combined w i t h  a l a r g e  pump and 

pumping power c o s t  e l i m i n a t e d  t h e  use o f  p i p e  smal le r  than 1/2". 

d iameters l a r g e r  than 3/4" were inapprop r ia te  because o f  l a r g e  p i p e  c o s t .  

P ipe  

The d e c i s i o n  t o  use 3/4" o r  1/2" was based on an ana lys i s  o f  m a t e r i a l  cos ts ,  

i n s t a l l a t i o n  costs ,  pump cos ts  and power cos ts .  

The m a t e r i a l  cos ts  inc luded t h a t  o f  200 f e e t  o f  copper p i p e  as w e l l  as 

t h e  cos ts  o f  t he  elbows and gate va lve .  The i n s t a l l a t i o n  cos ts  inc luded 

t h e  cos t  o f  i n s t a l l i n g  the  p i p i n g ,  pump, and heat  exchanger. I n  a d d i t i o n ,  

t h e  i n s t a l l a t i o n  cos t  took i n t o  account d i g g i n g  and b a c k f i l l i n g  the  t rench  

- 

. f o r  the  p i p e  and w i r i n g  o f  t he  pump by an e l e c t r i c i a n  [2]* .  

* 
Numbers i n  square brack.ets a r e  those o f  re ferences l i s t e d  on page 32. 



Summing these f o r  the  1/2" and 3/4" p i p i n g  systems r e s u l t s  i n  an i n i t i a l  

c o s t  o f  $860.00 and $942.00 (1979 d o l l a r s ) ,  r e s p e c t i v e l y ,  per  house. By 

adding the  i n i t i a l  c o s t  of the  requ i red  pump and the  present  wor th  c o s t  o f  

t h e  pump power f o r  a s u i t a b l e  system l i f e ,  an optimum c o s t  p i p i n g  system can 

be se lec ted  (see Sect ion  I V ) .  

D. Main and House Pumps 

A pump i s  needed i n  the  main d i s t r i b u t i o n  system t o  p rov ide  f o r  t he  

a d d i t i o n a l  head loss  caused by the  increased f l o w  r a t e  through t h e  res iden-  

t i a l  area. Th is  a d d i t i o n a l  head loss  w i l l  be ve ry  l a r g e  compared t o  t h e  

head loss due to consumptive water  f low o n l y  as shown i n  re fe rence 1 .  

The t h e o r e t i c a l  horsepower f o r  pumping the  water  through the  res iden-  

t i a l  area i s  ob ta ined by forming the  product  o f  t he  f l o w  r a t e  and the  pres- 

sure drop and summing these f o r  each p i p e  sec t i on .  

pump e f f i c i e n c y  o f  80% and a motor e f f i c i e n c y  o f  85%, which a r e  conserva t i ve  

va lues i n  t h e  ranges quoted f o r  t h i s  s i z e  and type o f  equipment, t h e  approx i -  

mate s i z e  pump requ i red  i!; obta ined [31, [41. These r e s u l t s ,  a long w i t h  the  

Then, us ing  a c e n t r i f u g a l  

pump cos ts ,  a r e  l i s t e d  i n  the  f o l l o w i n g  t a b l e :  

TABLE 11-3. M A I N  PUMP COST 

50 HP $2390.00 

100 HP $3640.00 

500 HP $14250.00 

5 



The pump s i z e  f o r  use i n  each house i s  dependent on t h e  water  tempera- 

t u r e  drop i n  t h e  house heat exchanger and on t h e  s i z e  p i p i n g  used. 

11-4 and 11-5 show the  c o s t  of the  pump as a f u n c t i o n  of t h e  above para- 

meters. 

Tables 

Water 
AT 

TABLE I 1-4. I ND I V I  DUAL HOUSE 

PUMP COST FOR 'I/2".PIPE 

c o s t  Water I AT 
cos t  

$60.30 

$64.30 

$'I 20 .oo 

$60.30 

$60.30 

I 15'F I $64.30 

E. M u l t i p l e  Main Heat Exchanger and Pump Cost Cons idera t ions  

Another c o s t  f a c t o r  t h a t  should be considered from a p r a c t i c a l  p o i n t  o f  

v iew i s  t h e  p o s s i b i l i t y  o f  t h e  main heat exchanger and main pump r e q u i r i n g  

maintenance d u r i n g  the  hea t ing  season. I n  t h i s  case, a m u l t i p l e  main heat 

exchanger-pump design would be used t o  a l l o w  i n d i v i d u a l  u n i t s  t o  be cyc led  

o u t  o f  s e r v i c e  f o r  maintenance. The use o f  severa l  smal l  u n i t s  i n  p l a c e  of 

one l a r g e  u n i t  r e s u l t s  i n  an added i n i t i a l  system cos t .  An es t ima te  of 

a d d i t i o n a l  m a t e r i a l  cos ts  f o r  a three-main heat exchanger des ign  i s  presented 

i n  Appendix C. Note t h a t  l a c k  o f  s p e c i f i c  geothermal f l u i d  i m p u r i t y  i n f o r -  

mat ion  precludes s p e c i f i c i t y  o f  system design; hence a s i n g l e  u n i t  des ign  

was employed f o r  t h e  majo i r i t y  of t h i s  economic study. 

No m u l t i p l e  main pump system has been considered s ince  t h i s  pump uses 

p o t a b l e  water  o n l y .  

6 



I l l .  OPERATING COSTS 

A. Main and House Pump Power Requirement 

Both the house and main pump sizes required for each of the operating 

conditions have been determined in previous sections of this report. Since 

the pump sizes were selected either (i) from head-capacity curves (house 

pump) or (i i) by assuming a pump and motor efficiency (main pump), the exact 

pump efficiency and thus the power input for each of the various flow con- 

ditions are not known. Therefore, the maximum power rating of the pump was 

used to determine the operating energy cost. While this i s  a slightly con- 

servative approach, it nevertheless represents the only practical method 

for estimating this fractiion of the total system cost. The power input ob- 

tained in this manner was combined with cost per kilowatt-hour and heating 

period per year to yield the operating cost of the pump. The power cost 

range per kilowatt-hour for 1979 was assumed between 2 and 4 cents. 

heating period range of 3000 to 7000-'F-day per year was chosen as typical 

for areas in the U.S. where such a project would be feasible. These ranges 

were used in a parametric study of operating cost versus power cost and 

heating period length. 

A 

The operating costs were examined for a 20 year period, assuming that 

the escalation rate of the cost of electrical power is equal to the present 

interest rate of ll%i%. Tables 1 1 1 - 1  through 111-5 give the present worth 

of 20 year operating cost:; for the house pumps as a function of supply tem- 

perature, house piping system size, power cost and heating period.length. 

Some of the results are identical due to the same size pumps being appli- 

cable to more than one of the flow conditions. 
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TABLE 1 1 1 - 1 .  Present wor th  o f  20-year o p e r a t i n g  cos ts  f o r  a 
house pump fo r  135°F supply temperature, 1/2" 
p i p e  or  3/41'  pipe. '  

3e/kw- h r 

$ 9.26 

$12.34 

$15.43 

$18.51 

F- Day 
3''' Year 

4 c /  kw- h r 

$12.34 

$16.46 

$20.57 

$24.69 

4000 OF-Day 
Year 

$21.60 

5000 OF-Day 
Year 

$28.80 

" F- Da 
Year 6000 3 

I I 7000 OF-Day Year 

2c/ kw- h r 

$ 6.17 

$ 8.23 

$10.29 

$12.34 

$14.40 

I 

'Est imated opera t i ng  cos ts  f o r  these c o n d i t i o n s  a r e  the  same as exp la ined  
i n  t e x t .  
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TABLE 111-2. Present: wor th  o f  20-year o p e r a t i n g  cos ts  f o r  a 
house pump f o r  125OF supply temperature, 1/2" 
p ipe .  

2 e / kw - h r 3c /  kw- h r 

$24.52 F- Day 
6ooo Year $36 - 78 

4c / kw- h r 1 

$28.61 
F- Da 
Year 7000 2 

$24.52 

$32.70 

$40.87 

$42.91 

7 $49.04 

$57.22 I 
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TABLE 111-3. Present w o r t h  of  20-year o p e r a t i n g  c o s t s - f o r  a 
house pump f o r  125'F supp ly  temperature, 3/4" 

$ 9.26 

$12.34 

p ipe .  

$12.34 

$16.46 

Ehergy 

Heat ing  
Per iod  

$15.43 

$18.51 

F- Day 
3''' Year 

$20.57 

$24.69 

F- Day 
4000 Year 

F- Day 
50°0 Year 

OF-Da 
Year 6000 3 

o F- D; 
7000 2 

Year 

2 c / kw- h r 

$ 6.17 

$ 8.23 

$10.29 

$12.34 

$14.40 

3 c/kw-  hr 4 c /  kw- h r 

$21.60 $28.80 

10 



TABLE 111-4. Present  wor th  o f  20-year o p e r a t i n g  c o s t s  f o r  a 
house pump f o r  115°F supp ly  temperature,  1/2" 
p i p e .  

Energy 

Heat ing  
Per iod  

F- Day 
3''' Year 

" F- Day 
4000 Year 

F- Day 
5''' Year 

6000 "F-Day 
Year 

7000 "F-Day 
Year 

2e/kw- h r 

$38.35 

$51 - 13 

$63.91 

$76.69 

$89.47 

3e / kw- h r 

$ 57.52 

$ 76.69 

$ 95.86 

$ 1  15.04 

$134.21 

~ 

4 e / kw- h r 

S 76.69 

$102.25 

$127.82 

$1 53.38 

$178.94 

1 1  
. . ,. . 



TABLE 111-5. Present wor th  of 20-year o p e r a t i n g  c o s t s  f o r  a 
house pump f o r  115OF supp ly  temperature,  3/4" 
p ipe .  

Energy 

Hea t ing  
Per iod  

' F- Day 
30°0 Year 

6000 "F-Day 
Year 

' F- Day 
Year 1 7000 

$12.26 

$16.35 

$20.43 

$24.52 

$28.61 . 

3C/kw-hr 

$18.39 

$24.52 

$30.65 

~ 

$36.78 

'$42.9 1 

4c/ kw- h r 

$24.52 

~ 

$32.70 

$40.87 

$49.04 

$57.22 

12 



Tables 111-6 through 111-8 l i s t  the present  wor th  o f  20 year o p e r a t i n g  

cos ts  f o r  the  main pumps as a f u n c t i o n  o f  supply temperature, power cos t ,  and 

hea t ing  pe r iod  length ,  assuming equal i n t e r e s t  and energy cos t  e s c a l a t i o n  ra tes .  

I n  t h e  nex t  s e c t i o n  o f  t h i s  r e p o r t  t he  opera t i ng  cos ts  o f  the  house 

pumps a r e  combined w i t h  the  i n i t i a l  cos t  o f  the  house p i p i n g  systems t o  de te r -  

mine t h e  optimum system based on p i p e  s i z e ,  supply  temperature,  power c o s t ,  

and hea t ing  pe r iod  l eng th  f o r  a 20 year  ope ra t i ng  l i f e .  Th i s  cos t ,  a long w i t h  

t h e  house heat  exchanger cos t ,  i s  m u l t i p l i e d  by t h e  number o f  houses i n  the  

r e s i d e n t i a l  area and added t o  the  i n i t i a l  cos t  o f  t h e  main pump and main heat 

exchanger a long w i t h  the  opera t i ng  cos t  o f  t he  main pump t o  y i e l d  the  t o t a l  

system c o s t  as a f u n c t i o n  of supply temperature, hea t ing  p e r i o d  length ,  and 

house hea t ing  a i r  e x i t  temperature. 

I n  Appendix B of  t h i s  r e p o r t  t he  opera t i ng  cos ts  o f  t h e  t o t a l  system a r e  

g iven f o r  one year  as a f u n c t i o n  o f  supply  temperature, cos t  per  k i l o w a t t -  

hour, and hea t ing  pe r iod  length.  

13 



TABLE 111-6. Present wor th  o f  20-year o p e r a t i n g  cos ts  f o r  a 
main pump fo r  135°F supply temperature. 

Encrgy 

Heat ing  
Per iod  

4000 OF-Day 
Year 

F- Day 
5''' Year 

F- Day 
6ooo Year 

7000 OF-Day 
Year 

2c/ kw- h r 

$15,340 

J 

$20,453 

$25,567 

$30 ;68O 

$35,793 

3 C / kw- h r 

~ 

$23,010 

$30,680 

$38,350 

$46, Q20 

$53,690 

4 c / kw- h r 

$30,680 

$51,134 

$61,360 

$71,587 
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TABLE I 11-7. Present  w o r t h  o f ' 2 0 - y e a r  o p e r a t i n g  c o s t s  f o r  a 
main pump f o r  125OF supp ly  temperature.  

Energy 

P e r i o d  

F- Day 
Year 

F- Day 
5''' Year 

6000 % 
Year 

F- Da 
Year 7000 

2(/kw- h r 

$ 30,680 

$ 40,907 

$ 51,134 

$ 61,360 

$ 71,587 

~~ 

$ -  46,020 

$ 61,360 

$ 76,701 

$ 92,040 

$107,380 

4c /kw- h r 

$ 61,360 

$ 81,814 

$102,268 

$ 1  22,720 

$143,174 

15 
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TABLE 111-8. Present  w o r t h  of 20-year o p e r a t i n g  c o s t s  f o r  a 
main pump for 115°F supp ly  temperature.  

2c / kw- h r 2c / kw- h r 

I $153,!+00 F- Day 

I I 

$255,670 
" F- Day 

5''' Year 

$306,80 1 F- Da 
Year 6000 2 

$357,936 F- Day 

3C/kw-hr 

$230,101 

$306,802 

$383,506 

$406,202 

$536,904 

$306,80 1 

$409,070 

$51 1,341 

$613,603 

$71 5,872 
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p i p i n g  system (exc lus i ve  o f  the  house heat  exchanger) 

s i z e ,  supply  temperature,  power cos t ,  and he'ating per  

20 year ope ra t i ng  l i f e .  These r e s u l t s  a r e  shown i n  F 

For t h i s  s tudy a 140 house community was assumed 

I V .  COMBINED INITIAL AND OPERATING COST 

I n  sec t i ons  I t  and I l l  o f  t h i s  r e p o r t  a l l  t h e  cos t  f a c t o r s ,  except 

i n s t a l l a t i o n  o f  t he  main heat exchanger and t h e  main pump, t h a t  a re  needed 

t o  determine the  cos t  of a r e s i d e n t i a l  hea t ing  system f o r  a 20 year oper-  

a t i n g  l i f e  have been considered. I n s t a l l a t i o n  cos ts  o f  t h e  main heat  ex- 

changer and the  main pump were n o t  inc luded due t o  the  u n c e r t a i n t y  i n  the  

r e l a t i v e  l o c a t i o n  o f  t h e  resource energy and the  ease i n  which i t  can be 

supp l ied .  

cos ts ,  then these i n s t a l l a t i o n  cos ts  would range f rom 17% o f  t he  h ighes t  t o  

50% o f  t he  lowest 20 year present  wor th  c o s t  o f  the  e n t i r e  system. 

20-year  p resent  wor th  inc ludes,  o f  course, t he  opera t i ona l  energy cos ts . )  

I f  the  i n s t a l l a t i o n  cos ts  a r e  assumed t o  be t w i c e  the  m a t e r i a l  

(The 

As mentioned i n  t h e  prev ious  sec t i on ,  combining the  i n i t i a l  and opera- 

t i n g  cos ts  o f  the  house p i p i n g  system g ives  the  optimum i n d i v i d u a l  house 

as a f u n c t i o n  o f  p i p e  

od l eng th  based on a 

gures 1 through 5. 

M u l t i p l y i n g  t h e  

house heat  exchanger cos t ,  which i s  a f u n c t i o n  o f  water supply  and a i r  e x i t  

temperatures, and the  optimum p i p i n g  system cos t  f o r  each s e t  o f  parameters 

by the number o f  houses i n  the  community g i ves  the  cos t  o f  i n s t a l l i n g  and 

opera t i ng  the  complete house p i p i n g  systems f o r  a 20 year per iod .  By adding 

t h e  i n i t i a l  c o s t s o f  the main pump and heat  exchanger, which a r e  a f u n c t i o n  

o f  po tab le  water supply temperature on ly ,  and the  opera t i ng  c o s t  o f  t he  main 

pump, which i s  a f u n c t i o n  o f  po tab le  water  supply  temperature, power cos t ,  

and hea t ing  pe r iod  length ,  t he  cos t  o f  t he  r e s i d e n t i a l  hea t ing  system based 

on a 20 year ope ra t i ng  l i f e  i s  determined. These r e s u l t s  a r e  shown i n  

17 
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FIGURE 4 .  Present wor th  o f  20-year ope ra t i ng  cos ts  p lus  
i n i t i a l  cos t  f o r  3/4" p i p e  s i n g l e  house system, 
135OF E 125OF supply  temperature. (House heat 
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Figures  6 through 12. Some o f  t he  r e s u l t s  a r e  the  same fo r  d i f f e r e n t  hea t ing  

a i r  e x i t  temperatures s ince  the  same s i z e  house heat exchanger was a p p l i c a b l e  

i n  bo th  cases. 

The i n i t i a l  cos ts  of  the  t o t a l  system a r e  g iven separa te l y  i n  Appendix D 

o f  t h  i s r e p o r t .  
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V .  CONCLUSIONS 

Upon comparing t h e  cos t  o f  a 1/2" versus a 3/4" p i p i n g  system, as shown 

i n  F gures 1-5, t he  f o l l o w i n g  becomes apparent. F i r s t ,  w i t h  p o t a b l e  water 

supp y temperatures o f  135OF and 125OF, the  1/2" system i s  s u p e r i o r  t o  the  

3/4" system i n  t h e  ranges considered regard less  o f  t h e  e l e c t r i c  power c o s t  

o r  hea t ing  p e r i o d  length .  Th is  i s  n o t  t r u e  for  the  115OF supply temperature; 

i n  t h i s  case w i t h  power cos ts  o f  2e, 3 c ,  or 4e/kw-hr, t h e  c o s t  o f  t h e  3/4" 

p i p i n g  system i s  l e s s  than t h e  1/2" system throughout t h e  ranges considered. 

The optimum system from a c o s t  v iewpo in t  f o r  a 140 house community can 

be concluded f rom F igures  6-12. These f i g u r e s  show t h a t  t he  135°F water  

supply temperature g i ves  a much lower o v e r a l l  c o s t  than the  t w o  lower tempera- 

tu res .  T h i s  i s  a r e s u l t  o f  t he  requ i red  heat r a t e  supp l i ed  t o  t h e  s u b d i v i s i o n  

be ing  cons tan t .  As mentioned e a r l i e r ,  t h i s  r e q u i r e s  the  water  f l o w  r a t e  t o  

t h e  s u b d i v i s i o n  t o  increase g r e a t l y  (and r e c a l l  t h a t  a f l o w  r a t e  f o u r  t imes 

t h a t  r e q u r i e d  t o  supply the  heat load is used) as the  supp ly  temperature 

drops. The energy f o r  hea t ing  t h i s  a d d i t i o n a l  water  i s  much g r e a t e r  than 

the  energy gained by lower ing  the  po tab le  water  supply temperature. T h i s  

causes t h e  heat  exchanger area t o  increase as the  s u b d i v i s i o n  supply tempera- 

t u r e  drops. Since t h e  lower temperatures r e q u i r e  l a r g e r  f l o w  ra tes ,  t h e  

pump i n i t i a l  c o s t  and pumping power c o s t  a l s o  increase. I n  a d d i t i o n ,  t h e  

house heat exchanger i s  l a r g e r  f o r  t h e  lower supp ly  temperatures. There- 

fore,  i t  seems t h a t  t he  h ighes t  p o s s i b l e  supp ly  temperature i s  t h e  most de- 

s i r a b l e  s ince  i t  lowers a l l  i n i t i a l  cos ts  as w e l l  as o p e r a t i n g  cos t .  However, 

t h e  supply temperature may be l i m i t e d  by c e r t a i n  f a c t o r s ,  such as t h e  need t o  

coo l  t h e  water f o r  consumption, t h a t  were n o t  considered i n  t h i s  economic 

study . 
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APPENDIX A 

Present Worth of 20-Year Operating Electrical 
Energy Costs Using 5 and 15 Percent Assumed 

Annual Escalation Rates 

A- 1 



The present  wor th  of 20-year o p e r a t i n 9  e l e c t r i c a l  energy cos ts  i s  

dependent on t h e  e s c a l a t i o n  r a t e  o f  energy cos ts  f o r  t h i s  20 year pe r iod .  

As p r e v i o u s l y  mentioned, the  e s c a l a t i o n  r a t e  o f  energy cos ts  used i n  t h e  

main body o f  t h i s  r e p o r t  i s  equal t o  t h e  present  i n t e r e s t  r a t e  o f  ll@. 

E s c a l a t i o n  r a t e s  d i f f e r e n t  from t h i s  a r e  bo th  p o s s i b l e  and probable,  and 

these cou ld  s i g n i f i c a n t l y  a f f e c t  t he  t o t a l  system cos t .  Tables A-1 t o  

A-4 and Tables A-5  t o  A-8  show t h e  o p e r a t i n g  cos ts  f o r  t he  system pumps 

f o r  annual e s c a l a t i o n  r a t e s  o f  5% and 15%, r e s p e c t i v e l y .  The i n t e r e s t  

r a t e  used i n  these t a b l e s  i s  ll%, and h o t  c u l i n a r y  water supply tempera- 

t u r e s  of 135°F and 115'F o n l y  ( t h e  extremes o f  t h i s  study) were considered. 

By combining the  o p e r a t i n g  cos ts  from t h e  f o l l o w i n g  t a b l e s  w i t h  the  

i n i t i a l  cos ts  a l ready  given, t h e  t o t a l  c o s t  o f  t he  140 house h e a t i n g  sys- 

tem can be determined fo r  e i t h e r  o f  these d i f f e r e n t  e s c a l a t i o n  r a t e s  f o r  

t he  c o s t  o f  e l e c t r i c a l  energy. 

A-2 



TABLE A-1. Present wor th  o f  20-year o p e r a t i n g  c o s t s  f o r  a 
s i n g l e  house pump f o r  135°F supply temperature, 
1/2" o r  3/4" p ipe ,  5% energy e s c a l a t i o n  r a t e .  

3000 "F-Day 
Year 

I 

F- Day 
5''' Year 

F- Day 
6ooo Year 

7009 2%~. 
Year 

2c/kw-hr 

$ 3.55 

$ 4.74 

$ 5.92 

$ 7.10 

~ 

$ 8.29 

3 c / kw- h r 

$ 5 . 3 3  

$ 7.11 

$12.44 

4c/kw-h r 

$ 7.11 

$ 9.48 

$ 1  1.84 

$14.21 

$16.58 
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TABLE A-2. Present wor th  o f  20-year o p e r a t i n g  cos ts  f o r  a 
s i n g l e  house pump f o r  115'F supply temperature, 
1/2" p ipe ,  5% energy e s c a l a t i o n  r a t e .  

Energy 

Per iod  

F- Da 
Year 7000 3 

2c /kw- h r 

$22.07 

$23.42 

$36.78 

$44.14 

$51.49 

3c/kw- h r 

~~ 

$33.12 

$44.16 

$55.20 

$66.24 

$77.28 

4c/kw-h r 

$44.15 

$58.87 

$73 * 59 

$83.31 

$133.03 
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TABLE A-3 .  Present wor th  o f  20-year o p e r a t i n g  cos ts  f o r  
main pump f o r  135°F supply temperature, 5% 
energy e s c a l a t i o n  r a t e .  

Energy 

Heat i ng 
Per iod  

F- Da 
Year 3000 

" F- Day 
Year 

F- Day 
5''' Year 

OF-Da 
Year 6000 2 

F- Day 
Year 7000 

2 c / kw- h r 

$ -8,828 

$ 1  1,771 

$14,714 

$1 7,656 

$20 9 599 

3 / kw- h r 

$13,250 

$17,667 

$22 ,oar! 

$26,500 

$30,917 

4 ~ / k w - h  r 

$17,664 

$23,552 

$29,440 

$35,328 

$41,216 
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TABLE A-4.  Present wor th  o f  20-year o p e r a t i n g  cos ts  f o r  
main pump f o r  115°F supply  temperature, 5% 
energy e s c a l a t i o n  r a t e .  

Energy 

Per iod  

" F- Day 
Year 5000 

7000 OF-Day 
Year 

2 / kw- h r 

$ 88,282 

$ 1  17,710 

$147,138 

$170,564 

$205,992 

3 e /  kw- h r 

$132,503 

$176,667 

$220 , 836 

4~ / kw- h r 

$176,641 

$235 , 522 

$294,405 

$353,232 

$412,163 
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TABLE A-5 .  Present wor th  o f  20-year o p e r a t i n g  cos ts  fo r  a 
s i n g l e  house pump f o r  135'F supply temperature, 
1/2" o r  3/4" p ipe ,  15% energy e s c a l a t i o n  r a t e .  

Energy 

Per iod  

6000 ?k 
Year 

OF-Da 
Year 7000 2 

2c/kw- h r 

$ 8.90 

$ 1  1.87 

$14.84 

$17.80 

$20.77 

3c/kw-h r 

$13.35 

$17.80 

$22.25 

$26.70 

$31.15 

4 e / kw- h r 

$17.80 

$23.74 

$29.67 

$35.61 

$41.54 
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TABLE A-6 .  Present wor th  o f  20-year o p e r a t i n g  cos ts  f o r  a 
s i n g l e  house pump f o r  115°F supply temperature, 
1/2" pipe, 15% energy e s c a l a t i o n  r a t e .  

Energy 

Heat ing  
Per iod  

" F- Day 
4003 Year 

5080 "F-Day 
Year 

6000 "F-Day 
Year 

~~ 

2 e / kw- h r 

$ 55.31 

$ 73.75 

$ 32.19 

$ 1  10.63 

$129 .ob 

3C/kw- h r 

$ 82.96 

$ 1  1 O . G l  

$ 1  38.27 

$165.92 

$193.57 

k / k w - h  r 

$ 1  10.63 

$ 1  'i 7.50 

$184.38 

$221.25 

$258.13 
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TABLE A-7. Present wor th  o f  20-year o p e r a t i n g  cos ts  f o r  
main pump fo r  135OF supply temperature, 15% 
energy e s c a l a t i o n  r a t e .  

Energy 

Heat ing 
Per iod  

3000 "F-Day 
Year 

5000 "F-Day 
Year 

F- Day 
6ooo Year 

7000 OF-Day 
Year 

2 c / kw- h r 

$22,128 

$29,504 

$36,881 

$44,256 

$51,632 

3c / kw- h r 

$33,188 

$lt4,25 1 

$55,314 

$66,377 

$77,439 

4c / kw- h r 

$44,256 
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TABLE A-8 .  Present wor th  o f  20-year o p e r a t i n g  cos ts  f o r  
main pump fo r  115°F supply temperature, 15% 
energy e s c a l a t i o n  r a t e .  

Energy 

Iiea t i ng 
Per iod  

F- Da 
Year 3000 

" F- Day 
l+ooo Year 

5000 "F-Day 
Year 

F- Da 
Year 

6000 3 

7000 "F-Day 
Year 

2 ~ / k w -  h r 

$221,251 

$368)  805 

$442 ) 562 

$516,323 

3C/kw- h r 

$33 1 , as3 

$ 4 4 2 3  2 

$553,144 

$663,766 

$774,395 

4 c / kw - h r 

$442,562 

$590,084 

$737,610 

$885,123 

$1,032,645 

A-10 



APPENDIX B 

M a t e r i a l  Costs o f  a M u l t i - U n i t  
Main Heat Exchanger Design 
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The main heat exchanger cos ts  g i ven  i n  Sec t ion  11-A a r e  f o r  one l a r g e  

heat exchanger and t h i s  precludes u n i t  c lean ing ,  e t c . ,  d u r i n g  the  h e a t i n g  

season. Depending upon the  geothermal f l u i d ,  i t  i s  p o s s i b l e  t h a t  i m p u r i t i e s  

i n  the  resource water would r e q u i r e  m u l t i p l e  heat  exchangers t o  a l l o w  i n d i -  

v i d u a l  u n i t s  t o  be cyc led  o u t  o f  s e r v i c e  f o r  maintenance. I f ,  f o r  example, 

a t h r e e - u n i t  main heat  exchanger design i s  chosen, f o u r  heat exchangers w i l l  

be r e q u i r e d  to  a l l o w  one u n i t  t o  be cyc led  o u t  fo r  se rv i ce .  Using t h e  same 

scale-up method as be fo re  (Sec t ion  I l - A )  t o  o b t a i n  main heat  exchanger cos ts ,  

t h e  c o s t  o f  a t h r e e - u n i t  main heat  exchanger design as a f u n c t i o n  o f  p o t a b l e  

water  supply temperature i s  shown i n  Table B - 1 .  

TABLE B-1.  M a t e r i a l  cos ts  o f  a t h r e e - u n i t  main heat exchanger 
design as a f u n c t i o n  o f  po tab le  water supply temperature. 

I Main Heat Exchanger I 
T cos t  

supply (4-uni  t s )  

135°F $ 99,627 

125OF $112,870 

1 

I 
I I $140,583 

115°F 

Note t h a t  the  cos ts  i n  Table B - 1  a r e  f o r  f o u r  heat exchangers; hence t h i s  
represents a o n e - t h i r d  reserve hea t ing  capac i t y  f o r  extreme weather. 
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APPENDIX C 

Yearly Operating C o s t s  For A 
140 House Heating System 
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Tables C - 1  to C-3 show the operating electrical energy costs o f  the 

total system (this consists o f  the electrical operating costs for the main 

pump and for 140 house pumps) as a function of potable water supply tempera- 

ture, electric energy cost per kilowatt-hour, and heating period length. 

As discussed previously, the cost per kilowatt-hour was assumed to range 

between 2 and 4 cents, and the heating season range was assumed between 

3030 - 7000 OF-Day/year. 

c-2  



I- 

TABLE C - 1 .  Year ly  e l e c t r i c a l  o p e r a t i n g  cos ts  f o r  140 house 
hea t ing  system f o r  135'F po tab le  water supply 
temperature. 

Energy 

Per iod  

5800 "F-Day 
Year 

2c/kw-hr 

$ 810 

$1030 

$1350 

$1621 

3 c / kw- h r 

$1215 

$1621 

$2025 

$243 1 

$2836 

4 c / kw-h r 

$1€21 

$2 160 

$270 1 

$3240 

$3 752 
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TABLE C-2. Yearly electrical operating costs for 140 house 
heating system for 125°F potable water supply 
tempera tu re. 

Energy 

Period 

F- Day 
4000 Year 

F- Day 
6ooo Year 

F- Day 
Year 7090 - 

2e/kw- h r 

$1619 

$2 160 

$2700 

~ 

$3240 

$3780 

I 
3 e / kw- h r 

$2430 

$32110 

$4850 

$5670 

4C/kw- h r 

$4319 

$5399 

$6479 

$7559 
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TASLE C-3. Year ly  e l e c t r i c a l  o p e r a t i n g  cos ts  f o r  140 house 
hea t ing  system f o r  115°F po tab le  water  supply 
temperature. 

Energy 

Per iod  

" F- Day 
3'''' Year 

" F- Day 
4000 Year 

" F- Day 
6300 Year 

" F- Day 
7''' Year 

2 ~ / k w - h r  

$ 76,785 

~~ 

$102,382 

$127,978 

$153,537 

$179,168 

3 ~ / k w -  h r 

$ 1  15,190 

$153,574 

$191,967 

$230,359 

$268,753 

4e /  kw- h r 

~- ~ 

$153,573 

$255,956 

$303,145 

$353,336 
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APPENDIX D 

T o t a l  I n i t i a l  Cost of 140 House Heat ing  System 
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The i n i t  

t h i s  r e p o r t .  

main pump and 

1 10°F 

a1 cos ts  of the  h e a t i n g  system a r e  discussed i n  Sect 

By summing the  i n i t i a l  u n i t  costs  (not  i n s t a l l e d )  o f  

100°F 90" F 

( i i )  t h e  main heat exchanger w i t h  t h e  i n s t a l l e d  c o s t  

( i i i )  1110 i n d i v i d u a l  house h e a t i n g  systems, t h e  t o t a l  i n i t i a l  c o s t  

i 

on I I  of 

(i) t h e  

o f  

o f  t h e  

d i s t r i c t  h e a t i n g  system was obta ined.  Table D - 1  l i s t s  t h i s  c o s t  as a func- 

t i o n  o f  p o t a b l e  water  supply  temperature and house h e a t i n g  a i r  e x i t  tenpera- 

t u r e  on ly ,  s i n c e  the  house and main i n i t i a l  cos ts  a r e  i n  e f f e c t  dependent 

on these two parameters o n l y .  Some o f  t h e  values a r e  i d e n t i c a l  due t o  t h e  

same s i z e  heat  exchanger o r  pump being a p p l i c a b l e  t o  more than one s e t  o f  

c o n d i t i o n s .  

$240,575 $238,475 I 

TABLE D - 1 .  T o t a l  

$235,395 

135°F I 
125°F 

115°F 

i n i t i a l  c o s t  o f  140 house h e a t i n g  system 

$202,992 I ' $199,912 I $199,912 I 
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APPENDIX E 

Bas i c  Cost Factors  
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The data  g i ven  below were used i n  the  study o f  c a l c u l a t i n g  the  i n i t i a l  

cos ts  o f  t he  r e s i d e n t i a l  hea t ing  system. 

1 .  Labor and equipment r a t e s  f o r  l a t e  1978 were ob ta ined from John Aus t in ,  
CH2M H i l l ,  Boise, Idaho. These are :  

U n s k i l l e d  l a b o r e r  - - - - - - - - - - $ 9.30/hour 

P i p e f i t t e r / p l u m b e r  - - - - - - - - - - $lO.OO/hour 

Backhoe opera to r  - - - - - - - - - - - $ 1  1.65/hour 

E l e c t r i c i a n  - - - - - - - - - - - - - $12.50/hour 

Backhoe machine r a t e  - - - - - - - - - $30 ,, OO/hou r 

2. The approximate excavat ion  c o s t  pe r  house f o r  i n s t a l l i n g  the  house supply 
and r e t u r n  p i p i n g  system underground was c a l c u l a t e d  us ing  re fe rence  1. 
The amount o f  s o i l  excavated was ob ta ined by assuming t h e  house t o  be 
75 f e e t  f rom a s t r e e t  main and the  t rench  be ing  2 f e e t  w!de and 3 f e e t  
deep. The man-hours requ i red  f o r  d i g g i n g  t h i s  t rench w i t h  a backhoe i n  
medium s o i l  and b a c k f i l l i n g  by hand was 1.85 man-hours and 13.34 man- 
hours, r e s p e c t i v e l y .  I n  o r d e r  t o  p rov ide  a margin f o r  rough t e r r a i n ,  
rock,  e t c . ,  t he  t ime f o r  d i g g i n g  the  t rench  w i t h  a backhoe was increased 
t o  4 man-hours. 

3 .  The house pump requ i res  w i r i n g  and i n s t a l l a t i o n  o f  a c o n t r o l  panel by a 
e l e c t r i c i a n  f o r  ope ra t i on .  I t  was assumed t h i s  would r e q u i r e  4 man-hours 
f o r  comple t ion  f o r  each house pump. 

The i n s t a l l a t i o n  o f  t h e  house heat exchanger i n  e x i s t i n g  house ductwork 
was assumed t o  r e q u i r e  7 man-hours. The l a b o r  r a t e  chosen was t h e  same 
as the  p i p e f i t t e r / p l u m b e r  l a b o r  r a t e .  

4 .  The f o l l o w  
v i o u s l y  i n  

1/2" r i g  

3/4"  r i g  

1 /2" goo 

3/4" goo 

ng m a t e r i a l  cos ts  were used i n  a d d i t i o n  t o  those g i ven  pre-  
t he  body o f  t he  r e p o r t  t o  c a l c u l a t e  the  i n i t i a l  cos ts .  

d copper p i p e  - - - 7 -  - - - - '19 c / f 00 t 

d copper p i p e  - - - - - - - - 79C /f 00 t 
19c each 

bend - - - - - - - - - - - -  43c each 

bend - - - - - - - - - - - - 

E-2 



0 

js i 

The house p i p i n g  system c o n s i s t e d  o f  200 f e e t  o f  p ipe ,  5 elbows, and 1 
g a t e  v a l v e  ( i n  a d d i t i o n  t o  t h e  pump and heat  exchanger) .  

5. A s e a l l e s s  magnet ic -d r ive  pump was chosen for  use i n  t h e  house p i p i n g  
system. The c o s t  o f  t h e  pump f o r  each des ign f l o w  c o n d i t i o n  was ob- 
t a i n e d  f rom the  Cole-Parmer Inst rument  Company 1979-1980 Catalog. 
L i s t e d  below i s  t h e  c a t a l o g  number, horsepower r a t i n g ,  and c o s t  o f  
each o f  t h e  pumps. 

Cata log 
Number HP COST - 
7004- 10 1 /50 $60.30 

7004-30 1 /25 $64.30 

7023 1 /8 $120.00 

6. A Crane-Deming c e n t r i f u g a l  pump was chosen f o r  t h e  main o r  "booster"  
pump. Ey u s i n g  t h e  assumptions s t a t e d  i n  Sec t ion  11-D, pump s i z e s  o f  
50, 100, and 500 horsepower were r e q u i r e d  f o r  t h e  p o t a b l e  water  supply  
temperatures o f  135'F, 125"F, and 115'F, r e s p e c t i v e l y .  The t o t a l  c o s t  
o f  50, 100, and 400 horsepower pump-motor u n i t s  were o b t a i n e d  f rom 
Tidewater  Machinery and Machine Tool Company, G r e e n v i l l e ,  SC, w i t h  t h e  
500 horsepower pump-motor u n i t  be ing  e x t r a p o l a t e d  f rom these c o s t s .  
The c o s t s  o f  these pump-motor u n i t s  a r e  g i v e n  below. 

Cata log 
Number HP COST - 
506 1 50 $2390 

5062 100 $3640 

5064 400 $ 1  2,300 

500 $ 1  4,250 (a pp r o x  i mat e) 

7. S o l a r  h o t  water  c o i l s ,  manufactured by t h e  Magic A i r e  D i v i s i o n  - U n i t e d  
E l e c t r i c  Company, W i c h i t a  F a l l s ,  Texas, were s e l e c t e d  fo r  t h e  house heat  
exchangers. The c o s t s  o f  c o i l s  o n l y  a r e  l i s t e d  below: 

Mode 1 Face c o s t  
Area 

SHW- 130 12% x 15 $68 
S H \J- 2 0 8 15 x 20 $88 
SHW-347 20 x 25 $110 

SHW-4 17 20 x 30 $125 
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APPENDIX F 

Review and C r i t i q u e  by CH2M H i l l  
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