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The resu l t s  of the engineering 
region and conditions fo r  economic 
a predicted fuel i n f l a t ion  r a t e  o f  7% 

S E C T I O N  I 

4. ABSTRACT 

and  economic study current ly  indicate  the 
Based on 

and a municipal bond in t e re s t  r a t e  o f  lo%,  
f e a s i b i l i t y  summarized i n  Figure 1 .  

The objectives o f  t h i s  study are  t o  determine the economic and  technical 
f e a s i b i l i t y  o f  using the low t o  moderate temperature geothermal resource in the 
Susanville anomaly i n  a d i s t r i c t  heating/cooling system for public or  pr ivate  
users a n d  i n  a Park o f  Commerce developed i n  conjunction w i t h  the resources 
development. The Susanville resource temperature is  known t o  be a minimum of 
150°F and is  projected t o  be a maximum o f  2 3 9 O F .  

The d r i l l i n g  o f  a production well i s  scheduled fo r  th i s  f a l l .  For any 
geothermal project where the reservoir  has been ident i f ied  b u t  n o t  completely 
defined, there  a re  three major uncertaint ies  which a f f e c t  the engineering and 
economic analysis : 
well flow ra t e ,  and ( 3 )  the cost  per production and re- inject ion well .  
reservoir  temperature a f fec ts  the s i z e  of geothermal system components and the 
type o f  system used. 
the number of wells required and therefore ,  the cost  of the reservoir  development. 
The cost  per production and re- inject ion well depends on d r i l l i n g  cost  per foot ,  
success r a t e  i n  d r i l l i n g ,  and the depth of the well .  
contribute t o  major capi ta l  outlays , design approaches have been studied which 
w i l l  permit economical u t i l i za t ion  of the resource regardless of the outcome 
of the d r i l l i n g .  

(1  ) the reservoi r production temperature, ( 2 )  the production 
The 

The flow r a t e  per production and re- inject ion well a f f ec t s  

Because these factors  a l l  

The system selected will  depend on the r e s u l t  of the d r i l l i n g  
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Section I ,  (cont.) 

B. PROJECT DESCRIPTION 

The study of Multi-Use Geothermal Energy System w i t h  Augmentation for 
Enhanced Utilization i s  a study of a Geo-Heating Distr ic t  for  Susanville, 
California. 
under Department of Energy Contract Number ET-78-C-03-1740. 
the second quarterly period of the program. 

The work is  being performed by Aerojet Energy Conversion Company 
This report covers 

The program i s  divided into f ive major tasks, w i t h  the following schedule: 

Tasks Completion Date 

1.  Establish Requirements for  Susanville Application 2/28/78 
2 .  System Design Studies 8/31 /78* 
3.  Recommended System Definition 9/29/78* 
4. Application Plans 10/10/78 
5. Reports (Draft Final Report t o  DOE) 11/3/78 

Scheduled 

The task definitions are as follows: 

Task 1 - Establish Requirements for  Susanville Application 
Define the requirements for Susanvil l e  application, including user energy 

demands, prevai 1 i ng  energy costs and avai 1 ab1  e resource data. 
shall  be coordinated w i t h  the City of  Susanville and the U .  S .  Bureau of 

Reclamation, the l a t t e r  interface p r o v i d i n g  on-going Susanville reservoir definition 
The Park of Commerce i s  also defined as part of this task. 

The defi ned c r i t e r i a  

Task 2 - System Design S tudy  
Perform system evaluation studies including design, performance, and 

economic assessment for  direct  heat geothermal u t i l i za t ion ,  geothermal resource 
w i t h  energy augmentation, and non-geothermal approaches. 
evaluation of energy augmentation u s i n g  e lectr ical ly  driven heat pumps. 

The emphasis i s  on the 

*Tasks 2 and 3 have a revised completion date which will n o t  affect  the final 
report date. 

3 



Sect ion  I ,  B, P r o j e c t  Desc r ip t i on  (cont . )  

Task 3 - Recommended System D e f i n i t i o n  

Se lec t  and de f i ne  an economical ly v i a b l e  system f o r  a p p l i c a t i o n  i n  a 

commercial Susanvi 1 l e  geothermal energy system. 

Task 4 - A p p l i c a t i o n  Plans 

Prepare a system development p lan  desc r ib ing  f u r t h e r  R&D needed ( i f  any), 

f i e l d  experiments, o r  o the r  methods o f  ach iev ing  user  acceptance i n  order  t o  

acce le ra te  commerc ia l izat ion i n  the  Susanv i l l e  geothermal energy system. 

Task 5 - Reports 
Prov ide monthly p r o j e c t  management repo r t s ,  q u a r t e r l y  t echn ica l  i n fo rma t ion  

repo r t s ,  a management implementation p lan,  and a f i n a l  r e p o r t .  
rev iew o f  program s ta tus  w i t h  regard  t o  techn ica l ,  a d m i n i s t r a t i v e  and f i n a n c i a l  

progress s h a l l  be conducted. 

A semi-annual 

A l l  o f  Task 1, the  requirements d e f i n i t i o n  phase, has been completed. 
Task 2, the system design s tudy , is  about 80% complete w i t h  the Park o f  Commerce 

design the  l a r g e s t  remain ing task.  
des ign w i l l  be s tud ied  i n  g rea te r  depth i n  Ju l y ,  bo th  f o r  the Park o f  Commerce 
and the  Susanv i l l e  Geo-Heating D i s t r i c t .  

Also, t he  impact o f  a i r  c o n d i t i o n i n g  on system 

4 
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SECTION I 1  

A.  REQUIREMENTS FOR SUSANVILLE APPLICATION 

1. Geothermal Resource Data Update 

No new resource data has been ob ta ined from the  Bureau o f  Reclamation 

d r i l l i n g  program s ince  the  l a s t  q u a r t e r l y  r e p o r t .  However, d r i l l i n g  o f  new 

t e s t  ho les  i s  underway now. The temperature range and f l o w  ra tes  i n i t i a l l y  

adopted have n o t  been changed. 

The assumed f l o w  r a t e  per  w e l l  i s  700 2 50 gpm. 
The temperature range s t u d i e d  i s  150 t o  239°F. 

2. D e f i n i t i o n  o f  a Park o f  Commerce 

I n  the  f i r s t  q u a r t e r l y  r e p o r t ,  the  energy survey o f  the candidate 

b u i l d i n g s  f o r  the  S u s a n v i l l e  Geo-Heating D i s t r i c t  was completed. 
were grouped and t h e i r  design hea t ing  loads, design c o o l i n g  loads, and annual 

f u e l  consumption were determined. 

Park o f  Commerce f o r  the  City o f  S u s a n v i l l e  was de f i ned  and energy u t i l i z a t i o n  
data compi l e d  (Reference 3 ) .  

The b u i l d i n g s  

About t h e  midd le  o f  t h i s  qua r te r ,  t he  planned 

Approximately 100 acres of l a n d  south o f  t he  City w i l l  c o n s t i t u t e  
the  Park area. A t  t h i s  t ime, i t  i s  l i k e l y  t h a t  the  Park w i l l  be composed o f  

bo th  p r i v a t e  and p u b l i c  land .  

Geo therma 1 Anoma 1 y . 
The Park area should ove r lay  the  S u s a n v i l l e  

For the  f i r s t  increment, t he  Park w i l l  c o n t a i n  two i n d u s t r i e s :  

o I n d u s t r y  #1 
A greenhouse opera t i on  producing p o t t e d  p l a n t s  , capable o f  e i t h e r  

f l o w e r i n g  o r  green p l a n t  p roduc t ion .  

p o s s i b i l i t y  o f  a s h i f t  i n  the  produc t  m i x  f o r  t he  market. 

Th i s  f l e x i b i l i t y  i s  r e q u i r e d  t o  meet the  

The f a c i l i t y  will  be 

5 



Sect ion  11, A, 2, D e f i n i t i o n  o f  a Park o f  Commerce (con t . )  

owner-designed, s t e e l  framed, f i b e r g l a s s  covered w i t h  a the rma l - i n te rna l  b lanket .  

I n i t i a l l y ,  t h ree  acres w i l l  be under "g lass" ,  i nc reas ing  t o  f i v e  acres i n  two 

years and t o  10 acres i n  f i v e  years.  I f  the  endeavor i s  successful and competi- 
t i v e  w i t h  o the r  s i t e s ,  i t  w i l l  increase t o  15 acres o r  more o f  "g lass" .  The 

owner w i l l  want t o  purchase up t o  20 acres o f  f l a t  land.  The 10 acre system w i l l  
have 10,000 square f e e t  o f  c o l d  f a c i l i t y  ope ra t i ng  a t  38°F from September through 

May. 

n i g h t .  

w i t h  seven u n i t s  gable-connected, (peaks runn ing  East-West f o r  325' dimension). The 

i n i t i a l  three-acre system w i l l  operate as a s a t e l l i t e  t o  a home p l a n t .  For t h i s  
phase, the  greenhouse u n i t s  can be about 1 /2 o f  325' i n  leng th .  

The greenhouses w i l l  operate a t  up t o  80°F du r ing  the day and a t  65°F a t  

The greenhouse modules a re  nomina l l y  168' wide (N-S) by 325' long  (E-W), 

0 I n d u s t r y  #2 

A l i v e s t o c k  feed and meat p roduc t ion  f a c i l i t y  w i l l  be capable o f :  
(1 )  i n t e n s i v e  growing o f  green grass, ( 2 )  purchase and d r y i n g  o f  food cons t i t uen ts ,  

( 3 )  m i l l i n g  and process ing o f  complete animal feeds, ( 4 )  feed sa les,  

( 5 )  conf.ined feed ing  o f  l i v e s t o c k ,  ( 6 )  purchase o f  l i v e s t o c k ,  ( 7 )  s laughter ,  

break ing t o  ha lves,  (8)  h i d e  and p e l t  processing, ( 9 )  waste management, and (10) 

marketing. 

growth t o  6000 tons per  month. 

(1 /2 acre)  and the process ing and s to rage (1  ac re ) .  

i n s u l a t e d  metal b u i l d i n g s .  A l l  animal r a i s i n g  and waste management func t i ons  a re  

conf ined,  env i ronmenta l l y  c lean opera t ions .  C a t t l e  w i l l  n o t  be r a i s e d  i n  t h i s  

i n s t a l l a t i o n .  A 36,000 square f o o t  u n i t  w i l l  r a i s e  10,000 hogs per  year  w i t h  

growth t o  50,000 hogs per  yea r .  A 22,000 square f o o t  u n i t  w i l l  r a i s e  120,000 

r a b b i t s  pe r  year  w i t h  growth t o  400,000 r a b b i t s  per  year .  

a l t e r n a t i v e  t o  r a b b i t s  and would u t i l i z e  s i m i l a r  f a c i l i t i e s .  

f a c i l i t y  w i l l  i n i t i a l l y  s laugh te r  and break t o  halves 100 head per  day o f  purchased 

c a t t l e ,  50-100 heads per  day o f  hogs and 500 r a b b i t s  per  day. 

a d d i t i o n  of 1/2 acre, t he  s laugh te r  f a c i l i t y  w i l l  i nc lude  process ing t o  box ready, 

The feed produc t ion  w i l l  y i e l d ,  i n i t i a l l y ,  1,500 tons per  month w i t h  
I n s u l a t e d  b u i l d i n g s  w i l l  house the feed growing 

A l l  s t r u c t u r e s  a r e  Bu t le r - t ype ,  

Chickens a re  an 

A two-acre s laughter  

With an op t i ona l  

depending upon the  market. 
r e q u i r e  an a d d i t i o n a l  1/2 ac re  f a c i l i t y .  

w i l l  i nc lude  methane produc t ion  p r i m a r i l y  f rom the hog wastes. 

s tock  complex w i l l  r e q u i r e  about n i n e  acres w i t h  growth t o  about 15 acres. 

complex w i l l  employ about 200 people. 

A h i d e  and p e l t  process and s to rage opera t i on  w i  
The conf ined waste management f a c i  

The e n t i r e  1 
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Sect ion  11, A, 2, D e f i n i t i o n  o f  a Park o f  Commerce (con t . )  

The feed produc t ion  w i l l  r e q u i r e  space c o n d i t i o n i n g  (heat  and 

evapora t i  ve cool  i ng ) , process ( d r y i  ng) heat  and cool  i ng, and hydraul  i c d r i v e  

energy. The animal r a i s i n g  w i l l  r e q u i r e  heat  and a i r  c o n d i t i o n i n g  f o r  space 

cond i t i on ing .  The s laughter  f a c i l i t y  w i l l  r e q u i r e  h o t  water, space heat, 

r e f r i g e r a t i o n ,  and hyd rau l i c  energy. 
space c o n d i t i o n i n g  and h y d r a u l i c  energy. 
r e q u i r e  process heat  and hyd rau l i c  energy. 

The h ide  and p e l t  process ing w i l l  r e q u i r e  

The waste management f a c i l i t y  w i l l  

The Park o f  Commerce heat ing,  a i r  cond i t i on ing ,  and r e f r i g e r a t i o n  

requirements a re  summarized i n  Table 1. 

have a design heat  load  o f  16.0 m i l l i o n  BTU/Hr. ,  about 70% of the Susanv i l l e  Geo- 
Heating D i s t r i c t  load  o f  23.4 m i l l i o n .  A i r  c o n d i t i o n i n g  i s  n o t  requ i red  and on ly  

th ree  tons o f  r e f r i g e r a t i o n  f o r  a c o l d  c o n d i t i o n i n g  box i s  needed when the green- 

house opera t i on  reaches 10 acres i n  s i z e .  

A f i ve-acre  greenhouse complex w i l l  

The greenhouse opera t i on  would e i t h e r  use iow temperature we1 1 

water  d i r e c t l y  o r  the  e f f l u e n t  water  from the d i s t r i c t  heat ing  system. 

w e l l  f lows 700 - + 50 gpm, the  design l i m i t s  f o r  a f i v e - a c r e  module a re  shown 

i n  F igure 2. 

used f o r  s o i l  s t e r i l i z a t i o n  (120°F). S o i l  s t e r i l i z a t i o n  i s  u s u a l l y  accomplished 
w i t h  steam. 

I f  a 

A small  amount o f  h ighe r  temperature geothermal water cou ld  be 

I n  the  i n t e g r a t e d  meat p roduc t i on  f a c i l i t y ,  meat and by-products a re  

produced from a process t h a t  s t a r t s  w i t h  feed growing and process ing and cont inues 

through meat p roduc t ion  and organic  waste u t i l i z a t i o n .  The processes a re  a l l  
enclosed i n  i n s u l a t e d  sheet metal b u i l d i n g s  on one 9 t o  15 acre s i t e .  These 

b u i l d i n g s  have a very low heat  l oss  because they w i l l  be t o t a l l y  enclosed and 
space cond i t ioned w i t h  a minimum number o f  doors and windows. Ca lcu la t ions  us ing  

ASHRAE methods i n d i c a t e  a heat ing  load as low as 11.5 BTU/ft2. However, unknown 
f a c t o r s  a re  a n t i c i p a t e d  such as snow load, wind load,  and unexpected i n f i l t r a t i o n  
losses which would double t h i s  l oad  t o  about 23.0 BTU/ft . This h ighe r  f a c t o r  

w i l l  be used i n  the o v e r a l l  system design. The t o t a l  hea t ing  l o a d  f o r  a l l  b u i l d i n g s  

i s  s e t  a t  about 4.0 m i l l i o n  BTU/hr. 

2 
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TABLE 1 

PARK OF COMMERCE 

NO. INDUSTRY/BUILDING 

1.0 GREENHOUSES 

1.25 ACRE MODULE 

3.00 ACRE MODULE 

5.00 ACRE MODULE 

10.00 ACRE MODULE 

15.0 ACRE MODULE 

03 
2.0 INTEGRATED MEAT PRODUCT101 

I N T E N S I V E  FEED GROWING 

FEED PROCESS & STORAGE 

CONFINED HOG R A I S I N G  

CONFINED R A B B I T  R A I S I N G  

SLAUGHTER & BREAK 

H I D E  & PELT PROCESSING 
& STORAGE 

WASTE MANAGEMENTS & 
METHANE PRODUCTS 

SUBTOTAL = 

HEATING REQUIREMENTS 

DESIGN SPACE DESIGN PROCESS WATER HOT WATER 
S I $ E  HEAT LOAD TEMP LOAD TEMP 
F T  M I L L I O N  BTU/HR "F M I L L I O N  BTU/HR "F 

54,450 

130,680 

21 7,800 

435,600 

653,400 

22,000 

44,000 

36,000 

22,000 

87,000 

22,000 

22,000 

255,000 

4.0 

9.6 

16.0 

32.00 

48.0 

0.23- .46 

0.35-. 70 
0.50-1 .OO 

0.42-. 84 

REFRIGERATED SPACE 

0.23- .46 

0.20- .40 

1.93-3.86 

65 

65 

65 

65 

65 

65 

65 

65 

65 

50 

65 

65 

LOW 
LOW 

LOW 

LOW 

LOW 

NONE 

20 

NONE 

NONE 

16.8 

LOW 

36.8 

Steri 1 e 

180 

180 

180 

180 

180 

120-1 80 

180 

82-90 

A/C REQUIREMENTS 

DESIGN ROOl DESIGN 
COOLING LOAD TEMP 

TONS " F  

EVAPORATIVE 80 

EVAPORATIVE 80 

14 80 
12 80 

I N  REFRIGERATION 40-50 

12 80 

NONE 

38 

LEFRIG. REQ'MS 

TEMP. 
- TONS O F  

135 



i 

LOAD = 16.2 MILLION BTU/HR 

800 

7 00 

E 

2 

CI] 

W 
I- 

n 

3 
0 
J 
L 

-J 

600 
I 
I- 
O 
W a 

500 

40C I 130 1 do 
GEOTHERMAL TEMP. OF 

Figure 2. Geothermal Requirements for Five-Acre 

9 
Greenhouse Module. 



Sect ion  11, A, 2, D e f i n i t i o n  o f  a Park o f  Commerce (con t . )  

The s laugh te r  house (87,000 square f e e t )  i s  no t  inc luded i n  the 

heat ing  l oad  because the m a j o r i t y  o f  the p l a n t  would be r e f r i g e r a t e d  space. 

Excess process heat  and l i g h t i n g  cou ld  be used t o  heat  the small  areas r e q u i r i n g  

i t (Reference 1 ) . 

The space hea t ing  l o a d  cou ld  be supp l ied  from very low temperature 

geothermal water. Water temperatures as low as 108°F a re  being used i n  K1amat.h 

F a l l s  t o  heat  a l a r g e  wood process ing b u i l d i n g  w i t h  a once-an-hour a i r  tu rnover .  

Large, c e n t r a l l y  loca ted  f a n  c o i l s ,  suspended from the r o o f ,  a re  used f o r  t h i s  

purpose (Reference 2 ) .  
loads may bes t  be used f o r  t h i s  purpose. 

E f f l u e n t  water from the  Park o f  Commerce process heat  

A l a r g e  amount o f  process hea t ing  i s  i n d i c a t e d  i n  d r y i n g  o f  the 

feed and the  s laugh te r  and break operat ions (Table 2) .  The feed w i l l  be 

cold-processed f rom i t s  o r i g i n a l  mo is tu re  conten t  i n t o  a p e l l i t i z e d  form 
acceptable f o r  s torage.  
f o r  c e r t a i n  raw ing red ien ts .  The geothermal water  w i l l  f l o w  through a se r ies  o f  

water  c o i l s  e n t e r i n g  a t  180°F and e x i t i n g  a t  l O O " F ,  and w i l l  supply  a t o t a l  heat  

l o a d  o f  20 m i l l i o n  BTU/Hr. t o  d ry  approx imate ly  16,000 Lbs./Hr. o f  f i n i s h e d  product .  

The product  temperature w i l l  be cooled t o  70°F i n  the  l a s t  s tage o f  the  tunne l .  

When ou ts ide  a i r  i s  32"-4O"F, o r  below, t h i s  a i r  w i l l  be used f o r  coo l i ng .  

Otherwise, a r e f r i g e r a t i o n  system w i l l  be needed w i t h  a maximum capac i ty  o f  60 

tons. 

This  w i l l  occur i n  a s i n g l e  pass apron conveyor d rye r  

The maximum geothermal f low r a t e  requ i red  would be 500 gpm i f  a l l  

the  20 m i l l i o n  BTU/Hr. hea t  load  were s u p l i e d  d i r e c t l y  w i t h  180°F geothermal water. 

However, some o f  the  d r y i n g  a i r  i s  mixed so the  t o t a l  l oad  i n  the  h o t  water c o i l s  

i s  somewhat l ess .  I f  t h e  geothermal temperature i s  l ess  than 180°F, then p a r t  of 

t he  f l o w  ( i . e . ,  t o  the  f i r s t  d r y i n g  s e c t i o n )  would be heated w i t h  a heat  pump o r  

a h o t  water  b o i l e r .  

I f  the geothermal water  i s  180°F o r  h igher ,  t he  r e f r i g e r a t i o n  

requ i red  cou ld  be obta ined w i t h  H20/LiBr absorp t ion  r e f r i g e r a t i o n  a t  a c a p i t a l  

c o s t  o f  about $900 per  ton. 
o r  $2000 per  ton. 

A t  160°F, t h e  c o s t  would be almost 2.2 times grea ter ,  

The geothermal f l o w  r a t e  needed a t  180°F would be 270 gpm for 

10 



TABLE 2 

INDUSTRY # 2  

ENERGY REQUI SEMENTS 

Function Energy Temperatures 
"F 

o Space Condition ( see  A S H R A E )  
A1 1 Buildings 

o Feed Processing 
Drying 20R BTU/Hr, growth g I :  180-165 

t o  56h BTU/HR 011: 145-150 
@ I  I I : 130 
p I I V :  120 

Cooling National Dryer 
c on vey o r t u n ne r 
8 f t  x 75 f t  

+32 

o Animal Raising Space Conditioning 68-72 

o Slaughter 

Refri ge ra t  ion 50-75 Tons 80%= +10 
20%= 0 

Hot Water 500 Boiler HP (equiv) 180 

o Hide & Pe l t  Included i n  Slaughter 

o Waste Management 
and Methane Space (process) Heat 82-90 

11 



Sect ion  11, A, 2, D e f i n i t i o n  o f  a Park o f  Commerce (con t . )  

60 tons, w i t h  a temperature drop o f  8°F. 

would be needed because the temperature drops on ly  3.9"F. The same augment would 
3pply f o r  any 40°F r e f r i g e r a t i o n  requ i red  i n  the Park o f  Commerce. 

r e f r i g e r a t i o n  i s  a t t r a c t i v e  a t  geothermal temperatures above 185°F. R e f r i g e r a t i o n  

requ i red  f o r  the s laughter  and break opera t i on  a t  the lower  temperatures, 0-10°F, 

w i l l  be prov ided by a convent ional  vapor compression system. 

A t  160"F, a h igh  f l ow  r a t e  o f  600 gpm 

Absorpt ion 

The s laughter  and break opera t i on  requ i res  about 16.8 m i l l i o n  Btu/Hr. 

heat  load  (500 b o i l e r  HP). The temperature requirement i s  180°F. Depending on 

the  geothermal resource temperature, t h i s  heat  can be supp l i ed  d i r e c t l y ,  o r  enhanced 

w i t h  heat pump or peaking b o i l e r  augmentation. 

6. SYSTEM DESIGN STUDIES 

1. Economics o f  Base l ine  Geothermal System Design 

The geothermal system design was descr ibed i n  the f i r s t  q u a r t e r l y  
F igure  3 prov ides an overview o f  t h i s  system and the b u i l d i n g s  i t  w i l l  

Using 1978 cos t  data, t he  c o s t  o f  the var ious  components o f  the system 
r e p o r t .  

serve. 

was est imated i n  o rder  t o  o b t a i n  a budget cos t  o f  the system. 
obta ined i s  est imated t o  be accurate t o  t 20%. 

The c a p i t a l  cos t  

- 

There a re  th ree  major u n c e r t a i n t i e s  on the  economic ana lys i s  of the 

Susanv i l l e  D i s t r i c t  System - ( 1 )  t he  geothermal f l o w  r a t e  t h a t  w i l l  be obta ined 

per  well, which a f f e c t s  the  number o f  p roduc t ion  w e l l s  requ i red ;  (2 )  t he  geothermal 

temperature, which a f f e c t s  the  s i z e  of geothermal components and type o f  system 

( d i r e c t  use, i n d i r e c t  w i t h  a p l a t e  heat  exchanger, t ype  o f  augmentation, and amount 

o f  augmentation); and (3 )  w e l l  cos ts  per  p roduc t ion  o r  r e i n j e c t i o n  w e l l  which i s  

a f u n c t i o n  o f  the  cos t  pe r  f o o t ,  t he  depth o f  the w e l l ,  and d r i l l i n g  success. 

12 
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Sect ion I 1  , B, 1, Economics o f  Basel ine Geothermal System Design (cont . )  

Assumptions f o r  t he  Purpose o f  Economic Analys is :  

S u s a n v i l l e ' s  p roduc t i on  w e l l s  w i l l  probably be about 1000 f e e t  

deep. 

p roduc t i on  w e l l s  and 1000 - + 100 gpm f o r  r e i n j e c t i o n  w e l l s .  

temperature cou ld  be anywhere i n  t h e  range o f  f rom 150 t o  239"F, t he  temperatures 

o f  t he  systems evaluated a r e  750, 165, 185, and 225°F. Based on the Bureau o f  

Reclamat ion's data f o r  s i m i l a r  programs, and us ing Klamath F a l l s  data as a minimum, 

the  w e l l  costs  are v a r i e d  f rom $50 t o  $175 per  f o o t  ($50,000 t o  $175,000 per 1,000 

f o o t  w e l l ) .  
w e l l s .  

The geothermal f l o w  r a t e  pe r  w e l l  i s  assumed t o  be 700 - + 50 gpm f o r  

Since the  geothermal 

These w e l l  costs  a r e  assumed the  same f o r  p roduc t i on  o r  r e i n j e c t i o n  

The economic ana lys i s  i s  based on a geo-heating d i s t r i c t  system 

designed t o  p rov ide  23.4 m i l l i o n  Btu/Hr.  and 4.07 x 10" Btu/Yr.  

t h e  f u e l  o i l  used i n  the peaking b o i l e r s  would esca la te  a t  7 t o  10% per  yea r  

f rom a 1978 p r i c e  o f  $.50 p e r  ga l l on .  I t  i s  a l s o  assumed (based on data f rom 

t h e  C a l i f o r n i a  P a c i f i c  U t i l i t y  Company) t h a t  t h e  e l e c t r i c  r a t e  w i l l  esca la te  a t  

7 t o  10% per  yea r  f rom a 1978 p r i c e  f o r  a l a r g e  commercial user o f  $0.04 pe r  

k i l owa t t -hou r .  Maintenance c o s t  i s  a l s o  assumed t o  increase a t  the same r a t e  due 

I t  i s  assumed t h a t  

t o  l a b o r  cos ts  and o t h e r  f a c t o r s .  The p r o j e c t  l i f e  i s  assumed t o  be 

and the  va lue of  money f o r  a p u b l i c  e n t i t y  s e t  a t  8 t o  10% f o r  munic 

The c o s t  of equipment such as p i p i n g ,  pumps, tanks 

exchanger i s  obta ined d i r e c t l y  f rom manufacturers and a l l  costs  a re  

25 years 

p a l  bonds. 

and heat  

n 1978 
d o l l a r s .  The est imated b u i l d i n g  conversion c o s t  i s  an educated guess 

us ing Klamath F a l l s  experience. 

i n  the $150,000 t o  $415,000 range, depending on the geothermal temperature u t i l i z e d .  

This economic e v a l u a t i o n  assumes t h a t  any amount over $150,000 would be obta ined 

from separate funds n o t  d i r e c t l y  chargeable t o  t h e  geothermal p r o j e c t  economics. 

B u i l d i n g  conversion cos ts  a r e  a n t i c i p a t e d  t o  l i e  

The c o s t  o f  engineer ing,  fee, and cont ingency i s  32% o f  the 

s u b t o t a l  o f  c a p i t a l  cos t  i tems. This i s  an est imate based on engineer ing 

judgement and exper ience o f  t he  authors and o t h e r  i n v e s t i g a t o r s .  

14 



Sect ion  11, B, 1, Economics of Basel ine Geothermal System Design ( c o n t . )  

Geothermal System Design: 

F igure  4 g r a p h i c a l l y  shows Suanvi l  l e ' s  est imated heat l o a d  vs 

p o s s i b l e  des ign temperatures f o r  t h e  geothermal system. The peak heat  

load  a t  the  des ign c o n d i t i o n  o f  -5°F var ies  l i n e a r l y  w i t h  o u t s i d e  temperature 

t o  t h e  i n s i d e  des ign temperature o f  65°F (dashed l i n e ) .  
design o u t s i d e  temperature o f  25°F i s  se lec ted  f o r  t h e  geothermal system, 50% 

of the  peak h o u r l y  heat  l o a d  cou ld  be supp l ied .  
much more than 50% o f  t h e  y e a r l y  l o a d  would be prov ided.  
S u s a n v i l l e ' s  systems y e a r l y  space h e a t i n g  demand and approx imate ly  91% o f  i t s  

t o t a l  y e a r l y  heat ing  demand ( i n c l u d i n g  domestic h o t  water )  would be met w i t h  an 

i n s t a l l e d  capac i ty  o f  50% o f  peak load.  

o n l y  about 200 hours h e a t i n g  a r e  r e q u i r e d  f o r  temperatures below 2 5 O F . .  There 

a r e  about 61 days a year  when t h e  minimum i s  below 25°F. For severe w i n t e r s ,  

t h i s  might  change d r a m a t i c a l l y .  

average y e a r l y  load  curve over 25 years.  

t h e  amount and c o s t  o f  f o s s i l  f u e l  peaking i s  determined by m u l t i p l y i n g  
t h e  y e a r l y  h e a t i n g  l o a d  prov ided by f o s s i l  f u e l  by the t o t a l  average c o s t  o f  

fue l  consumed annua l ly  by t h e  system. 

For example, i f  a 

However, on a y e a r l y  bas is ,  
78% of a l l  t h e  

For an average year  i n  Susanv i l le ,  

F igure  4 i s  used i n  t h e  economic ana lys is  as an 

This  curve i s  impor tan t  because 

The design p o i n t s  over t h e  temperature range a r e  presented i n  
Tab le  3. I t  i s  i m p o r t a n t  t o  n o t e  t h a t  below 185"F, the sys t em d e s i g n  concep t  

changed f rom i n d i r e c t  use ( i s o l a t i o n  o f  h e a t i n g  system w i t h  p l a t e  heat  exchangers) 
t o  d i r e c t  use (geothermal d i r e c t l y  i n t o  h e a t i n g  c o i l s ) .  

i m p r a c t i c a l  t o  t ry  t o  p r o t e c t  t h e  e x i s t i n g  h e a t i n g  c o i l s .  

have t o  be rep laced when they s t a r t  t o  f a i l .  
f rom o t h e r  sources and n o t  d i r e c t l y  chargeable t o  the  p r o j e c t .  A t  150"F, t h e  

maximum t h e  geothermal system by i t s e l f  can supply  i s  c a l c u l a t e d  t o  be 53% o f  

r e q u i r e d  i n s t a l l e d  c a p a c i t y  and 78% o f  t h e  y e a r l y  heat  load .  
no domestic h o t  water  can be suppl ied.  

t h e  165 and 150°F degree p o i n t .  

Below 185"F, i t  i s  

They would 

Th is  c o s t  i s  assumed t o  be absorbed 

A t  t h i s  temperature, 

This  accounts f o r  the d i f f e r e n c e  between 

15 



-1 D e s i g n  Condi t ions tn 

DESIGN TOTAL HEATING LOAD 

DESIGN GEOTHERMAL HEATING LOAD 

FRACTION PEAK HEAT LOAD 

FRACTION YEARLY HEAT LOAD WITH GEOTHERMAL 

GEOTHERMAL FLOW 

AVERAGE E X I T  TEMPERATURE 

NUMBER OF PLATE HEAT EXCHANGERS 

NUMBER PRODUCTION WELLS 

NUMBER RE-INJECTION WELLS 

TOTAL WELLS 

TABLE 3 

GEOTHERMAL DISTRICT HEATING SYSTEM 

WITH FOSSIL FUEL PEAKING 
(EXISTING BOILERS I N  BUILDINGS)  

SYSTEM OPERATING POINTS 
vs 

TEMPERATURE 

BASIS:  4.068 x l o l o  BTU/YEAR 

1000 FT WELL 

150 

13,740 , 000 

2,610,000 

0.53 

0.78 

1058 

126 

0 

2 

1 

3 

G e o t h e i  
165 

23,740,000 

22,200,000 

0.93 

0.98 

1783 

140 

0 

3 

2 

5 

a1 T e m p e r a t u r  

185 

23,740,000 

22,200,000 

0.93 

0.99 

1081 

144 

6 

2 

1 

3 

- O F  

225°F 

23,740,000 

22 ,200,000 

0.93 

0.99 

602 

151 

6 

1 

1 

2 

U n i t s  

BTUIHR 

BTU/HR 

- 

- 

GPM 

"F  

- 
- 

- 

- 



(INTEGRATED FROM METEROLOGICAL DATA 1977) 
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Figure  4. Susanv i l l e  Est imated Heat Load vs.  Design Temperature. 
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Sect ion 11, B ,  1, Economics o f  Basel ine Geothermal System Design ( con t . )  

The c a p i t a l  costs  f o r  the base l i ne  system versus resource tempera- 

t u r e  a re  presented i n  Table 4 and F igu re  5. 

150°F i s  a r e s u l t  o f  t he  lower heat  l oad  being supp l i ed  a t  t h i s  temperature. 

This r e s u l t s  i n  two less  w e l l s  than a t  165"F, one p roduc t i on  and one r e i n j e c t i o n ,  

because o f  a f l o w  r a t e  700 gpm lower .  These curves assume t h a t  the t o t a l  b u i l d i n g  

conversion c o s t  i s  a constant  ( independent o f  temperature) and t h a t  costs  above 

$150,000 f o r  lower temperature systems would be n o t  d i r e c t l y  chargeable t o  the  

system. Also, as the geothermal temperature decreases, more peaking i s  needed. 

A t  150"F, 47% o f  the i n s t a l l e d  heat  l o a d  i s  prov ided by peaking h o t  water b o i l e r s .  

The lower t o t a l  investment cos t  a t  

The economic a n a l y s i s  o f  t he  base l i ne  geothermal system prov ided 
t h e  b e f o r e - t a x  r a t e  of r e t u r n  p r e s e n t e d  i n  F i g u r e  6 .  T h i s  c u r v e  is b a s e d  on the 

p r e v i o u s l y  mentioned assumptions. 
q u a l i f y  f o r  t he  f i n a n c i n g  method a v a i l a b l e  ( a  25-year o r  longer  munic ipa l  bond). 

Above 8% ROR, t he  geothermal system w i t h  peaking compares favo rab ly  w i t h  the 

c u r r e n t l y  i n s t a l l e d  f o s s i l  f u e l  systems i n  each b u i l d i n g .  This comparison does 

n o t  i n c l u d e  a replacement c a p i t a l  c o s t  charge aga ins t  t he  c u r r e n t  b u i l d i n g  

systems. 

o f  these a l t e r n a t i v e s - - a l l  f o s s i l  f ue l  system vs geothermal system w i t h  peaking. 

The des i red  r a t e  o f  r e t u r n  (ROR)  i s  8 t o  10% t o  

A replacement charge would increase t h e  ROR obta ined i n  the comparison 

2. Approaches t o  I n t e g r a t i o n  of Heat Pump I n t o  Geothermal System 

Two geothermal resource temperatures were chosen f o r  i n t e g r a t i n g  the 

heat  pump i n t o  the  geothermal system. 
t o  i n v e s t i g a t e  the  use of heat  pumps i n  t h e  geothermal d i s t r i c t  h e a t i n g  system. 
The 185°F temperature represents  a median temperature 'I'n t h e  range o f  p o s s i b l e  

temperatures o f  Susanv i l l e .  

Susanvi l le ,  and represents t h e  lowest  probable temperature. 

Temperatures o f  185°F and 150°F were used 

The 150°F temperature i s  a known temperature a t  

The heat  pump was i n v e s t i g a t e d  i n  terms o f  the work ing f l u i d ,  

i n t e r - c o o l i n g ,  and s t a g i n g  o f  machines i n  s e r i e s .  Table 5 shows the c r i t i c a l  

p o i n t  constants o f  the var ious work ing f l u i d s  i n v e s t i g a t e d .  

f l u i d s  l i s t e d  a re  Freons, R-600a i s  isobutane,and R-717 i s  ammonia. Al though 
The f i r s t  f o u r  
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CAPITAL COSTS 

WELL COSTS - $/FT 
CAPITAL COST SYSTEMS 

1 .O TOTAL WELL COST 

2.0 PUMP COSTS 

P I P I N G  
- 3.0 SUPPLY & DISPOSAL 
W 

4.0 TANK 
5.0 PLATE HEAT EXCHANGERS 
6.0 BUILDING CONVERSION 

SUBTOTAL 

2.0 ENGINE, FEE & 
CONTINGENCY 
(32% of SUBTOTAL) 

LOW TOTAL = 

HIGH BUILDING CONVERSION 

HIGH TOTAL = 

TABLE 4 

GEOTHERMAL DISTRICT HEATING SYSTEM 

WITH FOSSIL FUEL PEAKING 

( E X I S T I N G  BOILERS I N  BUILDINGS)  

CAPITAL COSTS VS TEMPERATURE 

150°F 
1000 $ 

50 100 130 175 

150 300 390 525 

47 A 
459 .-D 

54 A 

0 
150 ______I) 

860 1010 1100 1235 

0 

275 323 '352 395 

135 1333 1452 1650 
415 ,-B 
485 1683 1802 2000 

G e o t h e r m a l  Tt 
165°F 
1 OOO$ 

50 100 130 175 

250 500 650 875 

65 _______i) 

0 537 

68 ______Io 

O------D 
150 b 
1070 

34 3 

1413 1743 1941 2238 
365 
1699 2027 2225 2522 

p e r a t u r e  
185°F 
1000 $ 

50 100 130 175 

150 300 390 525 

43 A 
459 5 

49 A 
150 
90 5 

290 

1195 1393 1512 1690 
315 .-D 
1412 1611 1730 1908 

225°F 
1000 $ 

50 100 130 175 

100 200 260 350 

26 ______o 
385 0 

46 
24 

- 150 % - 
731 

2 34 

965 1097 1176 1295 
315. 2 
1184 1315 1394 1513 
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GEOTHERFWL TEMP. OF 

F igure  5. Investment f o r  Geothermal System w i t h  
Fossil Fuel Peaking. 
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BUILDING CONVERSION COST CHARGEABLE 
TO PROJECT = 150,000 TOTAL 

WELL COST 
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100,000 

50,000 

I 
250 
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TABLE 5 

WORKING FLUIDS CRITICAL POINT CONSTANTS 

Refrigerant 

R-22 

R- 32 

R-114 

R-115 

R-600a 

R-717 

vc Tc 7 pc - 
psia ft3/lb - T - 

204.8 721.9 0.0305 

0.040 173.1 833.3 

294.3 473 0.0275 

175.9 457.6 0.0261 

275.0 529.1 0.0725 

271.4 1657.0 0.068 



S c t i o  roach s t o  I t g r a  t i  of  Heat Pump I t o  Geothermal System (cont . )  

there  i s  n o t h i n g  thermodynamically undesirable a b o u t  supercr i t ica l  heat re ject ion 
the process does require a larger  condenser t h a n  t h a t  required for  subcr i t ica l  
heat re jec t ion .  There i s  a poss ib i l i ty  t h a t  R-22, R-3, and R-115 would require 
supercr i t ica l  heat re ject ion i n  a heat pump a t  Susanville.  I n  a d d i t i o n ,  super- 
c r i t i c a l  heat re ject ion requires s ign i f icant ly  more compressor power, and en ta i l s  
more complex compressor design. 

Parametric evaluation of the candidate working  f l u i d ,  using an 
in-house developed heat pump performance computer code, showed t h a t  R-114 has 
the best overall  performance i n  the geothermal temperature range o f  i n t e r e s t  a t  
Susanville.  
heat pump performance. Increasing the condenser ou t l e t  o r  heated f lu id  e x i t  
temperature decreases the heat pump performance, so t h a t  the cost  and e l e c t r i c  
power i n p u t  increase.  Decreasing the evaporator e x i t  or geothermal e f f luent  
temperature a l so  reduces the heat pump performance, while increasing the cost  
and e l e c t r i c  power i n p u t .  The grea te r  the temperature difference between heated 
f lu id  ou t l e t  temperature and geothermal f lu id  e f f luen t  temperature, the lower the 
heat pump performance and ,  therefore ,  the higher i t s  capi ta l  and operating cos t .  

I t  was also determined t h a t  subcooling markedly increases the 

The approach used i n  the 185°F case was t o  replace the flow from 
one geothermal well a n d  i t s  associated cost  with heat pumps a t  each b u i l d i n g  
complex,reducing the costs o f  t h e  associated p i p e l i n e ,  pump s t a t i o n ,  and s t o r a g e  

t a n k .  For the 185°F geothermal resource temperature case,  i t  was proposed t h a t  
heat pumps be in s t a l l ed  a t  f i ve  locat ions:  
( f i v e  bui ldings) ,  Diamond View School, U. S .  Post Office and Masonic Temple, 
Lassen County Court House Complex ( th ree  buildings) and Lassen Union High School. 
The remaining buildings would e i t h e r  use the geothermal water d i r e c t l y ,  o r  would 
be r e t r o f i t t e d  w i t h  geothermal fan c o i l s .  

Lassen County Hospital Complex 

Since the heat pumped buildings would use winter fuel peaking, i t  
was decided t h a t  plate-type heat exchangers would be used t o  i s o l a t e  the 
building heating systems from the geothermal water. 
p la te  heat exchanger would cool the water from 185°F t o  150'F. 

The geothermal s ide  of the 
The water would 

2 3  



Sect ion  11, B, 2, Approaches t o  I n t e g r a t i o n  o f  Heat Pump I n t o  Geothermal System (cont . )  

then en te r  t he  evaporator  o f  the  heat  pump and be cooled f u r t h e r  t o  125"F, and 

would be r e i n j e c t e d .  

the  p l a t e  heat  exchanger a t  145°F and would en te r  t h e  b u i l d i n g  heat ing  system. 

The water l e a v i n g  the  b u i l d i n g  hea t ing  system would e n t e r  

Table 6 i s  a summary o f  the i n t e g r a t i o n  o f  the heat  pumps a t  185°F 

geothermal resource temperature. A t  t h i s  temperature, no added f u e l  o i l  i s  saved 

over the base l i ne  system by adding heat  pumps. 
pumps would be designed a t  37% o f  t he  peak. 

h ighe r  than t h e  geothermal system w i t h  peaking. The t o t a l  c o s t  f o r  f i v e  heat  pumps 

i s  approx imate ly  $220,100. 

The heat  l oad  supp l ied  by the heat  

The annual ope ra t i ng  cos t  would be 

The o v e r a l l  c o e f f i c i e n t  o f  performance i s  5.8. 

Table 7 i s  a summary o f  t he  economic impact o f  heat  pump augmentation 

on the  185°F geothermal resource. 

l ess  due t o  the  associated savings o f  the  w e l l  costs ,  p i p e l i n e s  pumping s t a t i o n  

and tank  a t  a $175,000 c o s t  pe r  w e l l .  
t he  present  wor th o f  the c a p i t a l  cos t  savings i s  about $165,000 less  than the  

present  wor th of the  h ighe r  annual ope ra t i ng  c o s t  when evaluated a t  10% i n t e r e s t  

f o r  25 years. 

r e s u l t s  i n  a h ighe r  t o t a l  annual cos t  over the  l i f e  o f  t h e  p r o j e c t .  

The heat  pump system would c o s t  about $55,000 

However, due t o  t h e  h i g h e r  ope ra t i ng  cost ,  

Therefore, t he  heat  pump a l t e r n a t i v e  i s  n o t  economical s ince  i t  

For the  150°F geothermal resource case, f i r s t  a c e n t r a l  heat  pump 

p l a n t  l oca ted  a t  o r  near the  w e l l  s i t e  was i n v e s t i g a t e d .  The p l a n t  would p rov ide  

heated water  throughout  the system a t  a peak demand temperature o f  185°F. 

was found t h a t  t h ree  heat  pumps arranged i n  s e r i e s  would p rov ide  a h ighe r  coef f i -  
c i e n t  o f  performance than would a s i n g l e  l a r g e  heat  pump. 

I t  

Some of the  b u i l d i n g s  would cont inue t o  use t h e i r  e x i s t i n g  f o s s i l  
f u e l  peaking and so would need t o  be i s o l a t e d  from the geothermal water, v i a  a 
p la te - t ype  heat  exchanger, as i n  the  185°F case. The remain ing b u i l d i n g s  cou ld  

use the  geothermal water  d i r e c t l y  or would be r e t r o f i t t e d  w i t h  new f a n  c o i l s  and 

use the  geotherma water  d i r e c t l y .  

24 



LOCATION 

HOSPITAL 

TABLE 6 

INTEGRATION OF HEAT PUMP WITH 

185°F GEOTHERMAL SYSTEM 

HEAT 
LOAD 

M I L L I O N  
BTU/ HR. 

1.3 

DIAMOND VIEW SCHOOL 0.87 

POST OFFICE 0.24 

COURT HOUSE 0.87 

LASSEN HIGH SCHOOL 4.89 

TOTALS 8.17 

(37%) 

COMPRESSOR 
MOTOR S I Z E  

HP 

87.5 

59.1 

16.3 

59.1 

332.4 

554.4 

ANNUAL 
OPERATING 

COST 

$ 

4 , 500 

3,045 

840 

3,045 

17,125 

28,555 

(20%) 

TOTAL 
MODULE 
COST 

$ 

42,500 

32,100 

18,000 

32,100 

95,400 

220,100 

COPH 

5.83 

5.83 

5.83 

5.83 

5.83 



TABLE 7 

PRESENT WORTH OF INCREASED ANNUAL OPERATING COST FOR 
2 5  YEARS (3 10% INTEREST, ZERO INFLATION = $220,600 

IMPACT OF HEAT PUMPS AUGMENTATION OF 185°F GEOTHERMAL SYSTEM 

WELLCOST = $1 75,00O/WELL 

CAPITAL COST IMPACTS 

1. REDUCE WELLS BY ONE 
2. REDUCTION I N  PUMPING STATION 

3. REDUCTION I N  P I P I N G  

4. REDUCTION I N  TANK 

5. ADDED HEAT PUMP MODULE COSTS 

= $175,000 

= 17,000 
= 74,200 

= 8,500 
$275,ooo 

= 220,100 

CAPITAL COST REDUCTION = $ 54,900 

OPERATING COST IMPACTS 

1. REDUCTION I N  PUMPING POWER = $ 4,256 

2. REDUCTION I N  FUEL OIL  COST 0 

3. ADDED HEAT PUMP POWER = 28,555 

ANNUAL OPERATING COST INCREASE DUE TO 
HEAT PUMPS =+$ 24,300 



Sect ion  11, B, 2, Approaches t o  I n t e g r a t i o n  o f  Heat Pump I n t o  Geothermal System (cont .  

Dur ing per iods when t h e  weather i s  r e l a t i v e l y  m i ld ,  t he  150°F 

geothermal water would be c i r c u l a t e d  through the system. 
up t o  53% (12.3 x 10 Btu/Hr.) o f  t he  peak demand by us ing  150°F water i n  fan 

c o i l s  r a t e d  f o r  185°F i n l e t  temperature. 

of the peak, the  geothermal f l o w  would be increased and p a r t  of i t  d i v e r t e d  t o  the  
heat  pump p l a n t .  

second,and f i n a l l y  the  t h i r d  heat  pump would be tu rned on as demand increased. 

A t  the  maximum heat  load, t he  condenser i n l e t  water, which cons is t s  o f  a mix tu re  

of water from t h e  f a n  c o i l s  and 150°F water from the  p l a t e  heat  exchangers, would 

be 140°F. The condenser l e a v i n g  water  would be 185°F which would mix w i t h  150°F 

geothermal water  and would c i r c u l a t e  throughout the d i s t r i c t  hea t ing  system. 

The system cou ld  supply 
6 

As the  demand increased beyond 53% 

With the th ree  heat  pumps connected s e r i a l l y ,  f i r s t  one, then the 

The same bas ic  scheme was used f o r  the  o the r  heat  pump a l t e r n a t i v e s  
evaluated a t  150°F. 

complex o r  o n l y  a t  the  h i g h  school. 

185°F case except t h a t  t he  county shop complex was inc luded  f o r  a t o t a l  o f  s i x  heat  

pumps. 
arrangement was n o t  used. 

These a l t e r n a t i v e s  were l o c a t i n g  a heat  pump a t  each b u i l d i n g  

The same b u i l d i n g s  were se rv i ced  as the 

Also, because the  heat  l oad  f o r  each heat  pump was much lower, t he  s e r i e s  

3. Economic Comparison of A l t e r n a t i v e s  f o r  the Susanv i l l e  
Geo-Hea ti ng D i  s t r i c t  

The Susanv i l l e  Geo-Heating D i s t r i c t  was compared w i t h  the  e x i s t i n g  

a l l  f o s s i l - f u e l e d  b u i l d i n g  systems i n  a prev ious sec t i on .  The cond i t i ons  
favorably  t o  us ing  geothermal w i t h  peaking were ob ta ined assuming an 8 t o  10% 

munic ipa l  bond as a f i n a n c i n g  veh ic le .  
good p r o j e c t  f o r  Susanvi l  l e  under the  a n t i c i p a t e d  range o f  resource cond i t i ons  , 
w e l l  costs, and i n f l a t i o n  r a t e s  (F igu re  4) .  I t  i s  on l y  a t  t he  lower  temperatures, 

h igh  w e l l  costs  and low i n f l a t i o n  ra tes ,  t h a t  the  p r o j e c t  looks l e s s  a t t r a c t i v e .  

The geothermal system looks  l i k e  a 

The a d d i t i o n  o f  heat  pumps t o  the  system was considered f rom 185°F 

down t o  150°F. 

they were n o t  g iven  f u r t h e r  cons ide ra t i on  f o r  temperatures a t  185°F o r  above. 

The economics and engineer ing ana lys i s  focused on the  lowest  temperature range, 

A t  185"F, t h e  heat  pumps showed no economic advantage. Therefore, 
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Sect ion  11, B, 3, Economic Comparison o f  A l t e r n a t i v e s  f o r  the Susanv i l l e  
Geo-Heating D i s t r i c t  ( con t . )  

150 t o  165°F. 

systems was 150°F because a l l  i n d i c a t i o n s  a re  t h a t  150°F i s  the lowest  expec ta t ion  

f o r  the  resource. 

The lowest  temperature chosen f o r  d e t a i l e d  ana lys is  o f  a l t e r n a t i v e  

The a1 te rna  t i  ve sys tems considered were : ( 1 ) geothermal sys tem 

w i t h  peaking from e x i s t i n g  h o t  water  o r  steam b o i l e r s ;  ( 2 )  r e p l a c i n g  one 

produc t ion  w e l l  from a l t e r n a t i v e  (1)  by us ing  a c e n t r a l  heat  pump p l a n t  a t  

the  w e l l  s i t e ,  s p l i t t i n g  the design heat  load  37% geothermal, 48% heat  pump, and 

15% b o i l e r  peaking; (3 )  r e p l a c i n g  one produc t ion  w e l l  f rom a l t e r n a t i v e  ( 1 )  by 

us ing  s i x  heat  pumps - one a t  each b u i l d i n g  complex w i t h  a 37% geothermal, 33% 

heat  pump and 30% b o i l e r  s p l i t ;  and ( 4 )  r e p l a c i n g  one produc t ion  w e l l  f rom 
a l t e r n a t i v e  ( 1 )  by a s i n g l e  heat  pump a t  the  h igh  schoo1,giving a 37% geothermal, 

21% heat  pump, and 42% b o i l e r  s p l i t .  

The comparison o f  the  des ign p o i n t s  i s  presented i n  Table 8. The 

d i s t r i b u t i o n  o f  t he  des ign heat  loads was optimized. The maximum heat  l oad  

f rom the  requ i red  geothermal f l o w  a t  the  average ob ta inab le  hea t ing  system 

temperature drop (24°F) was used t o  s e t  the des ign geothermal hea t ing  load.  

a l t e r n a t i v e s  ( 2 )  through (4 ) ,  t h i s  heat  l oad  i s '  f i x e d  by the temperature drop 

and the  maximum f l ow  r a t e  f rom one w e l l  (730 gpm). The heat  pump design l o a d  

was op t im ized t o  p rov ide  t h e  lowest  t o t a l  annual ope ra t i ng  c o s t  between the 

peaking and heat  pump e l e c t r i c  power. I n  general,  t h i s  occurs by p r o v i d i n g  

between 97 t o  99% o f  the  y e a r l y  heat  l oad  w i t h  a combination o f  geothermal and 

heat  pump augmetation f o r  any g iven b u i l d i n g  o r  b u i l d i n g  complex. 

peaking design heat  l oad  makes up the  remainder t o  the  t o t a l  y e a r l y  l o a d  o f  

40,700 m i l l i o n  BTU/Yr.  

For 

The 

Table 9 presents the c a p i t a l  cos t  of the a l t e r n a t i v e s  evaluated a t  

the  h ighes t  w e l l  cos t ,  $175,000 per  we1 1. These costs  range from about 1.4 t o  
1.65 m i l l i o n  1978 d o l l a r s .  
ex t rapo la ted  us ing  equipment s u p p l i e r ' s  data. 

Heat pump cos ts  were obta ined from s u p p l i e r s  o r  
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TOTAL NUMBER WELLS 

DESIGN GEOTHERMAL HEATING LOAD, BTU/HR 
DESIGN GEOTHERMAL HEATING LOAD, % 

HEAT PUMP DESIGN LOAD, BTU/HR 
HEAT PUMP DESIGN LOAD, % 

Iu 

FOSSIL FUEL LOAD, BTU/HR 
FOSSIL FUEL LOAD, I 

GEOTHERMAL FLOWRATE, GPM 

*AVERAGE EXIT TEMP, O F  

FRACTION YEARLY HEAT LOAD GEOTHERMAL 
PLUS HEAT PUMP, % 

TABLE 8 

COMPARISON OF SYSTEM DESIGNS 

AT 150°F 

TOTAL LOAD = 23,800,000 BTU/HR 

(1 1 

Geo t he rma 1 
With F o s s i l  
Fuel Peaking 

3 

12,600,000 
53 

0 
0 

11,200,000 
47 

1058 

126 

76 

(2)  
Centra l  Heat Pump 
a t  Well Complex 
(Three Heat Pumps 
i n  Ser ies )  

2 

8,800,000 
37 

11,400,000 
48 

3,600,000 
15 

7 30 

120 

99 

(3 )  
Heat Pumps a t  
Each B u i l d i n g  
Complex ( S i x  
Heat P urnp s) 

2 

8,800,000 
37 

7,800,000 
33 

7,200,000 
30 

7 30 

121 

97 

( 4 )  

Heat Pump a t  
High School 
Only - 

2 

8,800,000 
37 

5 , 000,000 

10,000,000 

21 

42 

7 30 

122 

79 

* EXCLUDES EFFECT OF FOSSIL FUEL PEAKING 



TABLE 9 

CAPITAL COST COMPARISON 
AT 150°F 

WELL COST = $175,00O/WELL 

1978 $ 
(2) (3) (4)  

TOTAL WELL COST 

PIPELINE COSTS 

"0 PUMP COSTS 

TANK COSTS 

BUILDING CONVERSION 

HEAT PUMP COST 

ENGINEERING , FEE CONTINGENCY 

TOTAL 

Centra l  Heat Pump Heat Pumps a t  
Geothermal a t  We1 1 Complex Each B u i l d i n g  Heat Pump a t  
With F o s s i l  (Three Heat Pumps Complex ( S i x  H igh  School 

525,000 350 , 000 350 , 000 350 , 000 

Fuel Peaking i n  Ser ies)  Heat Pumps) Only 

459,000 385 , 000 385,000 385 , 000 

26,000 47,000 26,000 26,000 

54,000 46 , 000 46,000 46 , 000 

150,000 150,000 150,000 150,000 

201,000 100,000 0 170,000 

395 , 000 360 , 000 360,000 338,000 

1,630,000 1,487,000 1,518,000 1,395,000 



Sect ion 11, B y  3, Economic Comparison o f  A l t e r n a t i v e s  f o r  the S u s a n v i l l e  
Geo-Heati ng D i  s t r i c t  ( con t  . ) 

Table 10 presents t h e  1978 opera t i ng  c o s t  f o r  the a l t e r n a t i v e  systems. 

The pump power c o s t  i s  based on $0.04 per  k i l o w a t t  hour.  

i s  an engineer ing est imate.  

per  g a l l o n .  

pump performance a t  the opt imized design p o i n t .  

discussed elsewhere i n  t h i s  r e p o r t .  

The malintenance c o s t  

Fuel o i l  costs  a re  based on C-2 f u e l  o i l  a t  $0.50 
The heat  pump power consumption i s  based on AECC p r e d i c t e d  heat  

The heat  pump design i s  

Table 11 presents the r a t e  of r e t u r n  be fo re  taxes obta ined by 

r e p l a c i n g  the e x i s t i n g  a l l  f o s s i l - f u e l e d  b u i l d i n g  systems w i t h  one of the 
a l t e r n a t i v e s .  Taxes a re  assumed t o  have o n l y  a minor e f f e c t  f o r  the munic ipa l  

system. A t  15OoF, the  economics o f  the heat  pump augmented system and the s t r a i g h t  

geothermal system w i t h  b o i l e r  peaking a r e  about equal. The 0.8% d i f f e r e n c e  i n  
the  ROR i s  wor th about $11,000 t o  $13,000 a yea r  i n  r e t u r n .  - 

There a re  o t h e r  l ess  t a n g i b l e  advantages o f  us ing  heat  pumps i n s t e a d  

o f  b o i l e r  peaked loads. They are:  (1 )  decreased dependency on f u e l  ( o i l  , wood, 

e t c . ) ,  ( 2 )  ope ra t i ng  f l e x i b i l i t y  -- heat  pumps can vary t h e i r  l o a d  down t o  10% o f  

design us ing i n l e t  guide vane c o n t r o l ,  ( 3 )  decreased s e n s i t i v i t y  o f  system t o  

resource temperature changes o r  degradat ion -- the hea t  pump opera t i ng  p o i n t  i s  

very  f l e x i b l e  and h i g h  performance (COP) can be mainta ined over a wide range o f  
cond i t i ons  . 

4. Maximizing Heat Pump Performance 

Determinat ion o f  Optimum Cycle 

The AECC o r i g i n a l  hea t  pump computer code p r e d i c t e d  performance, 

designed components, and c a l c u l a t e d  costs  f o r  a g i ven  heat  pump, b u t  i t  d i d  n o t  

op t im ize  t h e  heat  pump performance. 

cyc le ,  w i t h o u t  i n t e r c o o l i n g  o r  s tag ing.  I n  staged cyc les,  t h e  work ing f l u i d  i s  

p a r t i a l l y  expanded, and then t h e  vapor i s  i n t roduced  t o  an i n te rmed ia te  compressor 

stage. 

condenser. 

I t  a l s o  c a l c u l a t e d  o n l y  a s imple Rankine 

The computer code d i d  a l l o w  f o r  subcool ing the r e f r i g e r a n t  o u t  o f  the 
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TABLE 10 

PUMPING POWER 

MAINTENANCE 

w 
FUEL COSTS - OIL 

HEAT PUMP POWER - ELECTRIC 

AT 1 
FIRST YEAR COSTS 

1978 $ 
(1 ( 2 )  ( 3 )  (4 )  

Central  Heat Pump Heat Pumps a t  
Geo t he rma 1 a t  Well Complex Each B u i l d i n g  Heat Pump a t  
Wi th  F o s s i l  (Three Heat Pumps Complex ( S i x  High School 
Fuel Peaking i n  Se r ies )  Heat Pumps ) Only 

10,100 4,800 4,800 4,800 

7,500 12,500 

35,000 1,500 

0 43 , 500 

52,600 62,300 

12,500 10,000 

4,400 30,500 

33,300 13,100 

55,000 58 , 400 



TABLE 11 

W 
W 

RATE OF RETURN 

FOR REPLACING THE E X I S T I N G  ALL FOSSIL FUEL SYSTEM 

*Rate o f  Return - % 

( 1 )  ( 2 )  ( 3 )  ( 4 )  
Centra l  Heat Pump Heat Pumps a t  

Energy Geo t h e r m  1 a t  Well Complex Each B u i l d i n g  Heat Pump a t  
I n f l a t i o n  w i t h  Foss i l  (Three Heat Pumps Complex ( S i x  High School 
Rate (%) Fuel Peaking i n  Ser ies )  Heat Pumps) Only 

0 

7 

10 

2.8 

9.4 

12.2 

2.6 

9.3 

12.1 

3.3 

9.8 

12.6 

3.8 

10.2 

13.0 

* Before Tax ROR 



Sect ion  11, B y  4, Maximizing Heat Pump Performance (cont . )  

A f t e r  examining the  l i t e r a t u r e  prov ided by C a r r i e r  and Trane, 

i t  was determined t h a t  besides subcool ing,  some i n t e r c o o l i n g  and s tag ing  were 

used commercial ly.  

t h e i r  e f f e c t s  on the heat  pump performance. 

I t  was decided t o  examine these o the r  cyc les and determine 

Figures 7 and 8 show two poss ib le  concepts t h a t  were 
examined. 

unprimed s t a t e  numbers 2, 3, 4, and 5 r e f e r  t o  Case 1. 

Z ' ,  3 ' ,  4 ' ,  and 5 '  r e f e r  t o  Case 2. Case 1 s t a r t s  w i t h  desuperheat ing o f  the 
vapor l e a v i n g  the  Compressor, f rom 5-6, condensation f rom 6-7, subcool ing f rom 
7-8 and expansion f rom 8-9. A t  the  i n te rmed ia te  pressure,  s t a t e  9, t he  vapor 
i s  removed and sen t  t o  the compressor where i t  enters  between the  second 

compressor stage. 

cooled t o  11, w i t h  the  heat  f rom 10-17 used t o  heat  the  vapor e n t e r i n g  the  
compressor f i r s t  s tage f rom 1-2. 

t he  second stage compression occurs f rom 4-5. Case 2 i s  s i m i l a r  t o  Case 1 

except t h a t  no subcoo l ing  occurs and the  r e f r i g e r a n t  i s  i n t e r c o o l e d  f rom 7-8, w i t h  

the  hea t ing  be ing  added f rom 2-2 ' .  

desuperheat ing occurs f rom 5 ' - 6 .  
l ess  subcool ing.  

The numbers r e f e r  t o  s t a t e  p o i n t s  which a re  shown i n  F igu re  9. The 

The primed s t a t e  numbers 

The remain ing l i q u i d  f rom s t a t e  9 i s  cooled t o  10 and i n t e r -  

F i r s t  s tage compression occurs f rom 2-3 and 

Compression occurs from 2 ' - 3 '  and 4 ' - 5 ' ,  and 

C a r r i e r  uses a system s i m i l a r  t o  Case 1, w i t h  

Hand c a l c u l a t i o n s  t o  determine the  c y c l e  c o e f f i c i e n t  o f  performance 

were performed f o r  Cases 1 and 2 f o r  a condenser i n l e t  temperature o f  150°F, 

condenser l eav ing  temperature o f  185"F, evaporator  e n t e r i n g  temprature o f  150°F 

and evapora t ing  l eav ing  temperatures o f  120°F and 90°F temperatures, respec t i ve l y .  

The r e s u l t s  a r e  shown i n  Table 12, a long w i t h  the s i n g l e  s tage computer generated 

r e s u l t s .  

c o e f f i c i e n t  o f  performance a r e  r e a l i z e d ,  w i t h  the amount i nc reas ing  w i t h  decreasing 

evaporator  e x i t  temprature,  as would be expected. 

b u t  i n t e r c o o l i n g  f o r  bo th  compressor stages, the  oppos i te  occurs.  
performance i s  observed a t  t h e  tower temperature w h i l e  a s l i g h t  inc rease i s  

observed a t  the h ighe r  temperature over  the  s i n g l e  s tage cyc le .  

For Case 1, w i t h  subcoo l ing  and i n t e r c o o l i n g ,  s i g n i f i c a n t  increases i n  

For Case 2 w i t h  no subcool ing 

No increase i n  
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TABLE 12 

COMPARISON OF STAGED CYCLES 

COEFFICIENT OF PERFORMANCE 

EVAPORATOR E X I T  TEMPERATURE 

STAGED CYCLE: CASE 1 

STAGED CYCLE: CASE 2 

SINGLE STAGE 

COPH INCREASE OVER SINGLE 
STAGE, CASE 1, % 

COPH INCREASE OVER SINGLE 
STAGE, CASE 2, X 

38 

120°F 

7.0 

6.7 

6.5 

8 

3 

90°F 

5.2 

4.6  

4.6 

12.0 

0 



Sect ion  11, B y  4, Maximizing Heat Pump Performance (cont . )  

Because o f  these c y c l e  ana lys i s  r e s u l t s ,  the  heat  pump performance 

computer code was mod i f i ed  t o  c a l c u l a t e  two s tage compression w i t h  i n t e r c o o l  i n g  
i n  the  bottom stage and subcool ing t o  the  l oad  i n  the upper stage. 

machine performance i s  a f u n c t i o n  o f  the in te rmed ia te  pressure, i t  was a l lowed 

t o  vary.  

Since the  

The computer r e s u l t s  v e r i f i e d  the o r i g i n a l  c y c l e  c a l c u l a t i o n s .  

0 Determinat ion o f  the  Optimum Evaporator E x i t  Temperature 

Since the c o e f f i c i e n t  o f  performance o f  any heat  pump i s  a 

f u n c t i o n  o f  t he  evapora t ing  temperature, i t  i s  necessary t o  op t im ize  the  h o t  

water  temperature e x i t i n g  the  evaporator  i n  o rde r  t o  min imize the  annual cos t  
o f  the hea t ing  system. 

apply the  f i r s t  law o f  thermodynamics t o  the  system t o  o b t a i n  e f f i c i e n c i e s .  

i s  f r e q u e n t l y  done f o r  many thermodynamic systems , and g ives meaningful r e s u l t s  

when comparing two systems w i t h  l i k e  i npu ts  and l i k e  ou tpu ts ,  which would have 

s i m i l a r  i r r e v e r s i b i l i t i e s  associated w i t h  them. When comparing systems w i t h  

d i f f e r e n t  i n p u t s  and d i f f e r e n t  outputs ,  a second law o f  thermodynamics based 

e f fec t i veness  i s  the  p r e f e r r e d  parameter. A v a i l a b l e  energy, which i s  the  maximum 
use fu l  work t r a n s p o r t  assoc ia ted  w i t h  energy and t h e  surroundings,  i s  an 

equ iva len t  measure regard less  o f  the  q u a l i t i t e s  o f  the  energ ies be ing  compared. 

The normal method o f  o p t i m i z i n g  a h e a t i n g  system i s  t o  
This  

When h i g h  q u a l i t y  energy, such as f o s s i l  f u e l ,  i s  conver ted t o  a 

low q u a l i t y  energy, w i t h  no produc t  o t h e r  than low q u a l i t y  energy, i r r e v e r s i b i l i t i e s  

o r  d e s t r u c t i o n  o f  a v a i l a b l e  energy occur. 
e f f i c i e n c i e s  do n o t  r e f l e c t  the  a v a i l a b i l i t y  l o s s  s i n c e  energy and n o t  a v a i l a b i l i t y  

i s  conserved. 

i r r e v e r s i b i l i t i e s  assoc ia ted  w i t h  a change o f  q u a l i t y  o f  energy. 

The usual  f i r s t  law o f  thermodynamics 

The second law o f  thermodynamics e f fec t i veness  does r e f l e c t  t he  

Geothermal energy, which i s  energy a t  temperatures r e l a t i v e l y  

c lose  t o  t h a t  of the  surroundings, i s  thermodynamical ly d i f f e r e n t  f rom convent ional  

energy sources such as f o s s i l  f u e l ,  h y d r o e l e c t r i c ,  nuc lear ,  e t c .  

a r i s e s  from the  f a c t  t h a t  the  a v a i l a b l e  energy of a geothermal resource i s  sub- 

s t a n t i a l l y  lower  than i t s  energy as commonly def ined,  whereas convent ional  energy 

sources have a v a i l a b l e  energy and energy values q u i t e  c lose .  Thus, f o r  comparing 

The d i f f e r e n c e  
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Sect ion  11, B y  4, Maximizing heat  Pump Performance (con t . )  

a geothermal resource w i t h  a convent ional  energy source the  e f fec t i veness  g ives 

more meaningful r e s u l t s .  I n  a d d i t i o n ,  t he  e f fec t i veness  a l lows the optimum use 

o f  energy resources t o  be evaluated whereas f i r s t  law e f f i c i e n c i e s  do no t .  

A comparison i s  made between a Geothermal D i r e c t  Heating System 
Both a re  shown (GDHS) and a Geothermal Ass is ted  Heat Pump System (GAHPS). 

schemat ica l l y  i n  F igure  10. The f o l l o w i n g  assumptions a re  made f o r  t h i s  ana lys is :  

( 1 )  The a v a i l a b i l i t y  o f  the  geothermal f l u i d  l e a v i n g  the  hea t ing  

system i s  a t  t he  s i n k  cond i t i ons ,  
assuming t h a t  the f l u i d  i s  discarded, and has no use fu l  energy 

remaining. Th is  assumption does n o t  change the discharge 
temperature a t  which the maximum e f fec t i veness  occurs, b u t  

i t  does r e s u l t  i n  an e f fec t i veness  t h a t  i s  s l i g h t l y  low. 

This  i s  t he  same as 

( 2 )  The geothermal f l u i d  l e a v i n g  the d i r e c t  hea t ing  system i s  

cooled t o  the  hea t ing  temperature (TH) . A1 though t h i s  would 
r e q u i r e  an i n f i n i t e  area heat  exchange, i n  r e a l i t y ,  the e r r o r  

i s  smal l .  

(3) For the geothermal ass i s ted  heat  pump system, the heat  pump 

i s  assumed t o  r e q u i r e  tw ice  t h e  e l e c t r i c a l  i n p u t  o f  a 

Carnot heat  pump opera t i ng  between TH and TL where TL 

i s  the  temperature a t  which the  geothermal f l u i d  i s  re jec ted .  

The heat  pump e f fec t i veness ,  EHp = 0.5 and the power p l a n t  
e f fec t i veness  E = 0.3 assumed a re  t y p i c a l  o f  U. S. averages 

today. 
PP 

E f fec t i veness  i s  de f i ned  as the  inc rease i n  a v a i l a b l e  energy o f  

the  des i red  ou tpu t  r e l a t i v e  t o  the  decrease i n  a v a i l a b l e  energy o f  the  i n p u t .  

Geothermal D i r e c t  Heat ing System (GDHS) e f fect iveness i s  

'R *R 
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Section 11, B ,  4 ,  Maximizing Heat Pump Performance (cont . )  

where To i s  the s i n k  temperature, T,, i s  temperature a t  which the heating occurs, 
OH i s  the heat added a t  TH, hR i s  the geothermal flow r a t e ,  and  a R  is  the availa- 
b i l i t y  of the geothermal resource f l u i d .  
b i l i t y  function fo r  useful work obtainable from a steady flow system. 

The ava i l ab i l i t y  is the c lass ica l  availa- 

a = h R  - ho - To (SR - So)  R 

where h R  i s  the enthalpy a t  the resource temperature, ho  i s  the enthalpy a t  the 
sink temperature, s R  is the entropy a t  the resource temperature and so i s  the 
entropy a t  the sink temperature. The required geothermal flow ra t e  i s  

n 
- - q H  

iR Cp (TR - Ti) 

where TR = resource temperature, and C = heat capacity of resource. 
P 

Geothermal Assisted Heat Pump System 

The effectiveness f o r  the geothermal ass i s ted  heat pump system is 
given by : 

m~ a~ + M~~ a~~ 

where mAR aAR i s  the avai lable  energy o f  the a l t e rna te  energy resource and is  
given by 

The required geothermal flow r a t e  i s  given by 
1 

42 



Sect ion 11, B, 4, Maximizing Heat Pump Performance (cont . )  

F igure  11 i s  a p l o t  o f  e f fec t i veness  versus evaporator  o u t l e t  

temperature (Teo)  fo r  a heat  pump d e l i v e r i n g  heat f rom a resource a t  TR = 150°F 

t o  a hea t ing  d i s t r i b u t i o n  system a t  TH = 185°F. Also p l o t t e d  i s  t h e  geothermal 

f low r a t e  versus evaporator o u t l e t  temperature. From the  f i g u r e  i t  can be seen 

t h a t  the maximum e f fec t i veness  occurs a t  about Teo = 125"F, w i t h  a f l o w  r a t e  o f  

about 325 gpm. 

bes t  thermodynamic performance o f  the  system, a l s o  y i e l d s  the b e s t  o v e r a l l  u t i l i z a -  

t i o n  o f  the  energy resources used. 
the optimum evaporator o u t l e t  temperature occurs a t  about 115°F. 

This maximum evaporator o u t l e t  temperature, besides y i e l d i n g  the 

A prev ious f i r s t  law a n a l y s i s  i n d i c a t e s  t h a t  

F igure  12 i s  a comparison o f  the  geothermal a s s i s t e d  heat  pump 
system w i t h  the geothermal d i r e c t  h e a t i n g  system f o r  two d i f f e r e n t  resource 

temperatures, p l o t t e d  aga ins t  the h e a t i n g  temperature ( t h e  temperature supp l i ed  

t o  h e a t i n g  c o i l s ) .  A lso shown a r e  the  e f f e c t i v e n e s s  f o r  a f o s s i l  f u e l  furnace 
and an e l e c t r i c  r e s i s t a n c e  heater .  

GAHPS and the  GDHS a r e  the  same f o r  h e a t i n g  temperatures l e s s  than about 125°F. 

For h e a t i n g  temperatures g r e a t e r  than about 135°F the  GAHPS becomes r a p i d l y  

more e f f e c t i v e .  For a resource temperature o f  185°F t h e  GAHPS and GDHS a r e  

i d e n t i c a l  a t  a h e a t i n g  temperature up t o  150°F. For h e a t i n g  temperatures g r e a t e r  

than about 165°F t h e  GAHPS i s  again much more e f f e c t i v e .  

For a 150°F resource temperature, TE, the 

Now t h a t  the  b e s t  heat  pump thermodynamic c y c l e  has been determined 

and t h e  b e s t  ope ra t i ng  p o i n t s  determined, t h e  remaining work t o  be done w i t h  

regards t o  maximizing t h e  hea t  pump performance w i l l  cen te r  around f i n e  t u n i n g  of 
the c y c l e  and enhancing the  performance o f  the va r ious  heat  exchangers i n  t h e  

heat pump system. 

5. I n d u s t r y  Survey o f  Commercially A v a i l a b l e  Heat Pumps 

The major U. S. manufacturers o f  vapor compression r e f r i g e r a t i o n  

equipment were contacted i n  o rde r  t o  determine the a v a i l a b i l i t y  o f  hea t  pump 

equipment and the  equipment costs. In format ion rega rd ing  component s e l e c t i o n ,  

budget costs ,  c o e f f i c i e n t  o f  performance, power requirement and s i z e  were requested 

o f  the var ious manufacturers. 
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Sect ion 11, B, 5, I n d u s t r y  Survey o f  Commercially A v a i l a b l e  Heat Pumps (cont . )  

The fo l l ow ing  design p o i n t  was s p e c i f i e d  f o r  the manufacturers 
6 (1 )  R-114 as the  r e f r i g e r a n t ,  ( 2 )  condensor heat  l ead  o f  500 tons ( 6  x 10 BTU/Hr.), 

( 3 )  condensor i n l e t  temperature o f  150°F ( 4 )  condensor l e a v i n g  temperature o f  
185"F, and ( 4 )  evaporator  i n l e t  temperature i n l e t  temperature o f  150°F. 
evaporator  l e a v i n g  temperature was n o t  s p e c i f i e d  so as n o t  t o  l i m i t  the geothermal 

f l ow  ra te ,  nor pena l i ze  t h e  c o e f f i c i e n t  o f  performance. 

were requested t o  i n v e s t i g a t e  us ing  two o r  more heat  pumps arranged s e r i a l l y .  

The 

I n  a d d i t i o n ,  the manufacturers 

Table 13 l i s t s  the manufacturers contacted, a long w i t h  the dates 

contacted. These a re  the  major U. S. heat  pump manufacturers. No f o r e i g n  heat  

pump manufacturers were contacted. A t  t h i s  t ime, the f o r e i g n  heat  pump a v a i l a b i l i t y  

i s  unknown. However, t he  French have been contacted and data i s  expected shortly. 

Table 14 l i s t s  those manufacturers who responded negat ive ly ,  t h e i r  
response, and the  date of  response. 

they would n o t  o r  cou ld  n o t  p rov ide  the des i red  in fo rmat ion .  
manufacturers s t a t e d  they would p rov ide  the  des i red  i n fo rma t ion  as soon as poss ib le .  

Three o f  the manufacturers contacted s a i d  
The remain ing 

Table 15 i s  a l i s t  of those manufacturers who responded w i t h  the 

des i red  i n fo rma t ion ,  t he  da te  of  response, and the i n fo rma t ion  suppl ied.  

46 



. .. . . . . . . . . . . . . . . . - . - - . . . - - - . . . . 

TABLE 13 

COMMERCIAL HEAT PUMP MANUFACTURERS CONTACTED 

Manufacturer Date Contacted 

1. Trane Company 5/9/78 

2. C a r r i e r  Corporation 5/10/78 

3. Dunham-Bush Corporation 5110178 

4.  General E l e c t r i c  Corporation 5/ 1 b/ 78 

5.  York D iv is ion ,  Borg-Warner Corporation 5/11/78 

6.  Wes t i  nghouse Corporation 5/15/78 
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TABLE 14 

NEGATIVE RESPONSES FROM HEAT PUMP MANUFACTURERS CONTACTED 

Manufacturer 

1. Trane Company 

2. General E l e c t r i c  Corp. 
P 
03 

3. Dunham-Bush 

Res pot1 se 

Cur ren t ly ,  do n o t  manufacture heat  pumps i n  500 ton  
category i n  ou r  temperature range. 
con tac t  Westinghouse. 

Suggest we 

Manufacture o n l y  r e c i p r o c a t i n g  machines, which 

w i l l  n o t  work w i t h  R-114, as i t s  s p e c i f i c  volume 

i s  too  l a r g e  i n  o u r  temperature range. 

Cannot p rov ide  equipment a t  t h i s  t ime. 

poss ib le  w i t h  a screw compressor. 

excessive a t  h igh  temperatures. Th is  i t e m  i s  
on t h e i r  f u t u r e  development plan. 

Machine i s  
Development costs  

Date 

5/ 1 O/ 78 

5/ 10/78 

5/15/78 



TABLE 15 

Manufacturer 

1. Westinghouse Corp. 

P ro 

P O S I T I V E  RESPONSES FROM HEAT PUMP MANUFACTURERS CONTACTED 

Response 

S e l e c t i o n  #1 
Model - TPE079 

Evaporator l e a v i n g  temperature - 140°F 

C o e f f i c i e n t  o f  performance - 6.8 
Power requi rement  - 258 KWI 

Budget c o s t  - $86,000 

S e l e c t i o n  #2 
Model - TPElOO 

Evaporator l e a v i n g  temperature - 112.5"F 
C o e f f i c i e n t  o f  performance - 4.8 

Power requi rement  - 365 KWI 
Budget c o s t  - $98,000 

S e l e c t i o n  #3 
Model - TPElOO 
Evaporator l e a v i n g  temperature - 100°F 
C o e f f i c i e n t  o f  performance - 4.1 

Power requi rement  - 426 KWI 
Budget c o s t  - $99,000 

Se lec t i on  i nc ludes  s i n g l e  stage hermet ic  c e n t r i f u g a l  

compressor complete w i t h  l u b r i c a t i o n  system and c o n t r o l  

panel. She l l  and tube evaporator  and condensor ( i n -  

su la ted)  a r e  used. 
Machine i s  s k i d  mounted and has a l l  i n t e r c o n n e c t i n g  
re f r i ge ran t ,  1 u b r i c a t i o n  system and p i p i n g .  

superv is ion  i s  p rov ided  by a q u a l i f i e d  Westinghouse engineer. 

1300 l b  o f  r e f r i g e r a n t  f o r  TPE100. 

S ta r t -up  

Date 

6/15/78 



Ma nu f ac t u r e r  

2 .  C a r r i e r  Corp. 

cn 
0 

3. York D i v i s i o n  
Borg-Warner Corp. 

TABLE 15 ( c o n t . )  

Response 

A l l  C a r r i e r  se lec t i ons  based on 800 tons condenser 

Se lec t i on  #1 

Model - 17FA, s i n g l e  p iece  

Evaporator l eav ing  temperature - 130°F 

Power requirement - 380 KWI 
Budget cos t  - $130,000 

Se lec t i on  #2 
Model - 17FA, s i n g l e  p iece  

Evaporator l e a v i n g  temperature - 100°F 

Power requirement - 545 KWI 

Budget cos t  - $160,000 

C a r r i e r  i nd i ca ted  t h a t  a 500 ton condenser machine 

w i l l  n o t  change t h e i r  budget costs s i g n i f i c a n t l y .  

Model - M225B two stage compression 
Evaporator l e a v i n g  temperature - 130°F 
Power requirement - 380 KWI 

Budget cos t  - $200,000 

A machine w i t h  an evaporator  leav ing temperature of 
100°F i s  min ima l ly  more expensive than the  above 

machine. Three stage cornpression i s  used. 

Date 

7/ 1 6/ 78 

6/16/78 
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SECTION 111 

A. FUTURE ACT1 V I T I  ES 

1. Next Q u a r t e r  A c t i v i t i e s  

Dur ing the  nex t  quar te r ,  t he  heat  pump design s tud ies  w i l l  be 

completed and documented. 

geothermal water  f o r  Water-Li th ium Bromide Absorpt ion A i r  Cond i t i on ing  w i  11 be 

examined f o r  a p p l i c a t i o n  i n  the  D i s t r i c t  System p a r t i c u l a r l y  a t  t he  Hosp i ta l  Complex. 

The Park o f  Commerce geothermal system w i l l  be designed and economical ly  compared 
t o  the f o s s i l  f u e l e d  a l t e r n a t i v e  system. This  w i l l  complete a l l  work scheduled f o r  
Task 2, System Design Studies.  

I n  a d d i t i o n ,  the  impact o f  us ing  low temperature 

The recommended system f o r  Susanvi l  l e  w i  11 be designed and documented, 

i n c l u d i n g  i t s  performance, economics , and bas ic  s p e c i f i c a t i o n s  and drawings. 

design p o i n t  w i l l  be se lec ted  based on bes t  a v a i l a b l e  resource data as o f  

1 September 1978. 

Task 4, A p p l i c a t i o n  Plans, i s  scheduled t o  beg in  about mid-September. 

The 

Th is  work a c t i v i t y  comprises Task 3, Recommended System D e f i n i t i o n .  

2. Reports and Reviews 

A mid-po in t  program rev iew w i l l  be h e l d  on 19 J u l y  w i t h  DOE. AECC 
in-house Pre l im ina ry  Design Review (PDR) has been scheduled f o r  1 September 1978, 

a t  the end o f  t he  System Design Studies (Task 2) ,  b u t  be fo re  the f i n a l  system i s  

recommended f o r  Susanv i l l e  (Task 3).  The d r a f t  o f  the  f i n a l  r e p o r t  and the f i n a l  
rev iew a r e  scheduled f o r  t he  f i r s t  o f  November. 
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