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1.0 JNTR ODUCTION 

The objective of the modeling effor t  described i n  th i s  paper i s  t o  

provide a uniform engineering and economic evaluation methodology for 

analyzing the economic feas ib i l i ty  of geothermal resource u t i l i za t ipn  

f o r  d i r e c t  hea t  appl icat ions.  The model i s  designed t o  enable 

decision 'makers to  compare the economics of geothennal projects with 

the economics of alternative energy systems a t  an early stage in the 

decision process. The geothermal engineering and economic feas ib i l i ty  

computer model (GEEF) is written i n  FOB- IV language and can be run 

on a mainframe or a mini-computer system. 

the m o d e l  is being developed f o r  usage i n  conjunction w i t h  a program- 

An abbreviated version of. 

mable desk cal&lator. The GEKF model has two main segments, namely 

(i) the engineering design/cost.segment and (ii) the economic analysis 

segment. I n  the engineering segment, the model determines the numbers 

of production and injection w e l l s ,  hea t  exchanger design, operat ing 

parameters f o r  t he  system, requirement of supplementary system ( t o  

augment the w o r k i n g  fluid temperature if the resource temperature i s  

not sufficiently high), and the f lu id  flow rates. The model can handle 

single stage systems as w e l l  as t v o  stage cascaded systems in which 

the  second s t a g e  may involve B space heating app l i ca t ion  a f t e r  a 

process heat application in the f i r s t  stage. 

The f i n a n c i a l  segment of t h e  model c a r r i e s  out l i f e  cycle  c o s t  

The output of the model analysis of the proposed geothermal system. 

includes estimated levelized cost  of energy (BfiCE), net  present value 

of the project (EPVj, discounted cash flow ra t e  of return (DCFBOR) and 
.I 
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w \  
? discounted payback period (DPP). The BPV, DCFBOB, and DPP computations 

a re  based on the  estimated cost of required energy from the least cost 

energy source. The model a l s o  genera tes  t h e  year-by-year cash flow 
4 

tables f o r  the geothermal project being evaluated. 

The input data requirements of t h e  model are consistept with the  

eacpected c a p a b i l i t y  of model u se r s  t o  provide t h e  information. The 

u s e r  has t o  spec i fy  t h e  process  temperature,  a l lowable  tempera ture  

drop i n  t h e  process,  t h e  peak energy demand ( m i l l i o n s  of Btu's per 

> 
I 

hour) and t h e  u t i l i z a t i o n  fac tor .  

u t i l i z e d ,  t h i s  in format ion  w i l l  be needed f o r  both t h e  s tages .  

I f  a two s t a g e  system is  t o  be 

The 

required resource data include the w e l l  head temperature, vel l  depth, 

type of rock, sa l in i ty ,  an& estimated vell  flow rate. I f  an inject ion 

w e l l  is t o  be ut i l ized,  the depth of this w e l l  has t o  be specified. 
j 

The model user is expected t o  provide f inancial  'inputs including 

debt/equity ra t io ,  interest on debt, i n f l a t ion  and real cost  escala- 

t i o a  rates, capi ta l  and O&M costs (whenever available) of major plant  I 
components, c o s t s  of energy from alternative sources  (gas, o i l ,  and 

e l e c t r i c i t y )  and d a t a  concerning tax rates. Although t h e  model i s  

designed t o  generate most of the cost estimates internally,  (given t h e .  

required information about S h e s  and operating parameters), the user , 

is  encouraged t o  input  t h e  b e s t  a v a i l a b l e  p l a n t  and f i e l d  c o s t  

2 .  

- - 

I 

estimates, and override the computer generated costs. 

Figure 1 shows the  model structure and input/output characteris- 

; tics. It is appropriate t o  emphasize that this model is  designed t o  

2 
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hd provide q u a n t i t a t i v e  outputs  on t h e  b a s i s  of which a p o t e n t i a l  u se r  

can make an $ini t ia l  determina t ion  of t h e  t echn ica l  and economic 

f e a s i b i l i t y  of u t i l i z ing  hydrothermal energy f o r  sat isfying the energy 

requi remats 'o f  a proposed project. Since the  model is l i ke ly  t o  be 

used when a l o t  of input  d a t a  ( p a r t i c u l a r l y  r e source  da t a )  i s  not  

known with any certainty,  the model is designed t o  allow the user t o  

perturb values of 6ome critical variables (e.&, resource temperature, 

w e 1 1  f low rate, alternative f u e l  p r i c e  e s c a l a t i o n  rates, etc.) t o  

determine t h e  s e n s i t i v i t y  of t h e  model ou tputs  t o  changes i n  t h e  

values of these variables. 

1 

i 

Although t h e  model may appear t o  have a cons iderable  amount of 

d e t a i l  built in to  it, the model users should not u t i l i z e  the model f o r  

designing t h e  p l a n t  once a d e c i s i o n  t o  proceed w i t h  t h e  p r o j e c t  has 

been made. Sone of t h e  assumptions and s h o r t  cuts incorpora ted  i n  

this model w i l l  not be acceptable when a detailed plant  design iS t o  

be developed. The GEEF model i s  designed s t r i c t l y  f o r  making a 

preliminary determination of the economic f e a s i b i l i t y  of u s h g  hydro- 

. 



2.0 STRUCTlJRE OF GEOTEERUL ENGINEERING AND ECONOMIC FEASIBILITY 
(GEEF) MODEL 

2.1 The Engineeriig/Cost Subroutine 1 

The engineering/cost subroutine is designed t o  carry out a prel i -  

minary s ize  determination of the heat exchanger, and the supplementary 

system (if needed). In addition, this subroutine computes the numbers 

of production and injection vells. The approximate costs of the vells, 

t he  f l u i d  d i s t r i b u t i o n  system, the  heat exchanger and supplementary 

8ystem a t e  a l s o  est imated by ttle engineering/cost  subroutine. The 

level of de ta i l  in  th i s  subroutine is condistent v i t h  the ab i l i t y  of 

an average model u se r  t o  supply the  inputs  per ta in ing  t o  energy 

demand, resource characteristics, and the operating parameters for  the 

1 

5 

I 

system, Some users may already h w e  computed many of the engineering/ 
\ 

cost parameters needed for carrying out the financial analysis. These 

users can bypass  some of the sections of this subroutine and may also 

override many default  values embedded In the model. 

In  order  t o  make t h e  input  da t a  requirements as s i m p l e  as pos- 

sible,  a number of assumptions are b u i l t  in to the model. X o s t  o f  these 

assumptions are explained in the description of different components 

of t h e  model. Although the engineering design and c o s t  es t imat ion  

cumptrtations could be made more precise, the benefit of this precision 

would be diluted by the fact that  these computations w i l l  generally be 

made on t he  b a s i s  of resource c h a r a c t e r i s t i c s  da ta  about which t h e  

model users are n o t  very confident. The emphasis has been placed on 

developing a simple engineering/cost subroutine which can be used a 

5 



number of times t o  assess t h e  s e n s i t i v i t y  of t he  model output t o  

errors  irP the estimated values of certain c r i t i c a l  resource parameters 

and f inancial  parameters. 

V 
7 

1 A br i e f  explanation of t h e  input  data requirements,  sequence of 

steps, and the outputs of the engineering/cost subroutine follows. 

2.1.1 Input Data Requirements 

Recognizing that most users w i l l  not have very re l iab le  data con- 

cerning the resource characteristics and operating parameters of the 

system, the input data requirements have been kept re la t ive ly  simple. 

The inputs needed by the engineering/cost subroutine of the model f a l l  

i n t o  th ree  ca tegor ies ,  namely ( 0 )  energy demand da ta ,  (ii) resource 

characterist ics data and (ia) energy u t i l i za t ion  plant data. 

- The user will be required t o  specify the nature and mag- . 
aitude of the energy demand which the geothermal system 
i s  expected t o  sa t i s fy .  The user  has t o  spec i fy  t h e  
process temperature and t h e  allowable working f l u i d  
temperature drop in  the process. If the process allowable 
temperature drop i s  no t  known, t h e  user  can spec i fy  a 
value around 20'F. Since the  model can handle a two stage 
cascaded usage system, the user i s  expected t o  supply the 
above mentioned information for  each stage {if two stages 
are involved), The peak load has t o  beJ 'specified i n  
terms of Btu's pel: hour. A s a f e t y  margin of 10% t o  20% 
Qs recommended. 

-The est imated annual energy demand (Btu's per  year)  
/ should be spec i f i ed  f o r  each stage. If  necessary,  t h e  

user  can spec i fy  t h e  annual u t i l i z a t i o n  f a c t o r ,  and the. 
model w i l l  compute the annual energy usage on t he  basis 
of t h e  f a c t o r  and t h e  peak demand f o r  each stage. It is  
an t i c ipa t ed  t h a t  t h e  u t i l i z a t i o n  f a c t o r s  of t h e  two 
s tages  of a cascaded system w i l l  be d i f f e r e n t  i n  most 

3 

\. 

3 , cases. 

6 



. 
J 

i a 

W 

characteristics w i l l  have t o  be specified by the user. 

- The w e l l  head tempera ture  i n  O F  i s  an e s s e n t i a l  input. 
If there  is uncertainty about the w e l l  head temperature, 
t h r e e  va lues  Le., t h e  "lowest" estimate, t h e  %06t 
l i k e l y "  estimate, and t h e  "highest" estimate should be 
given. The f i r s t  model nm w i l l  u t i l i z e  the "most likely" 
w e l l  head temperature. The o t h e r  two va lues  can be 
u t i l i zed  during the sen8 i t i d t y  &~klpSis .  

- The w e l l  depths (for production and inject ion wells) and 
types of rock (hard or sof t )  have t o  be specified, Three 
va lues  of t h e  vell depth (in ft.) can be provided. The 
model vi11 u t i l i z e  the most l ike ly  value t o  estimate t h e  
c o s t  of t h e  wells. If t h e  depth of productiion w e l l  i s  
di f fe ren t  from the depth of inject ion w e l l s ,  two separate 
sets of estimates should be given. 

- The w e l l  f low rate i n  lb s lhour  has  t o  be s p e c i f i e d  f o r  
t he  production wells. It. is appropriate t o  observe t h a t  
the  estimate may have t o  be made pr ior  t o  flow tes t ing  of 
t h e  w e l l .  Therefore,  t h e  u s e r  should use a l l  a v a i l a b l e  
inf ormation and technical e x p e r t i s e  before  making an 
estimate of t h e  w e l l  f low rate. In t h i s  case a l s o ,  it 
would be desirable to  give three estimates including the 
"most l ikely" value. The production and inject ion ve l l  
C U S t 8  w i l l  g e n e r a l l y  amount Xo a l a r g e  f r a c t i o n  of . t h e  
t o t a l  geothermal energy p l a n t  cos t ,  and t h e  need f o r  
making reasonably good estimates of w e l l  depth and w e l l  
flow rate cannot be over-emphas ized. 

. 
\ 

- The u s e r  w i l l  be expected t o  spec i fy  t h e  f u e l  c o s t  and 
t h e  energy p l a n t  c o s t  f o r  t h e  most economical energy 
supply system which can be considere'd as a supplementa- 
t i o n  system t o  the  geothermal energy system. The choice 
of the  supplementary fuels is r e s t r i c t ed  t o  natural  gas, 
o i l ,  and e l e c t r i c i t y .  The u s e r  has t o  provide va lues  
concerning the energy plant cap i ta l  cost f o r  supplementa- 
t i o n  purposes. Supplemental system is used t o  e l e v a t e  
t h e  tempera ture  of t h e  c i r c u l a t i n g  water and no t  as a 
backup system. 

(ii) Jtesource Characterist ics Data 

In most cases, the  resource characteristics data provided by the  

u s e r s  w i l l  r ep resen t  t h e i r  b e s t  judgement. The fo l lowing  r e source  

7 
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- An estimate of the sal ini ty  characteristics of the brine 
is necessary for  determining the f lu id  flow ra t e  and the 
cos t  of hea t  exchanger. For the  purpose of t h i s  model, 
the sa l in i ty  can be characterized as "high" or "low." 

(iii) Enernv Utilization Plant Data 
\ 

The information fa l l ing  in this category is util ized f o r  sett ing 

the  values of the  p l a n t  operat ion parameters i n  the  process of 

determining the f lu id  flow ra t e  and the design of the heat exchanger, 

- The user is expected to  specify whether the u t i l i za t ion  
of t h e  energy in t b e  br ine  vi21 be d i r e c t  o r  i nd i r ec t  
(Le., via  a heat exchager and secondary working fluid). 

- If t h e r e  are any r e s t r i c t i o n s  on t h e  re - in jec t ion  t e m -  
perature of the brine, t he  lowest allowable brine injec- 
t i on  must be specified, 

- Since the type o f  application has considerable impact on 
t he  f l u i d  t r anspor t  and d i s t r i b u t i o n  system costs ,  the. 
u se r  should specify a longer  d i s t r i b u t i o n  system for 8 
d i s t r i c t  heating aystem than f o r  a system to  be ut i l ized 
by a single  energy consumer. 

2e1.2 The Engineering D e s i g n  Process 

The engineering design segment of t h e  GEEF model carries out a 

rough computation of t h e  required f l u i d  flow ra t e s .  through t h e  hea t  
t 

exchanger, and t h e  peak denrund f o r  energy from t h e  supplementation 

system (if needed). To keep t h i s  part  of the model routine relat ively 

simple, two s tandard i n d i r e c t  system (involving a heat  exchanger) 

configurations w e r e  adopted for the engineering design process. The 

model can handle one d k e c t  energy system also. A brief description 

of the system configurations and the procedure fo r  establishing design 

operating parameters and the energy plant component s h e s  is provided 

below. 

a 
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(i) Standard System Confinuration 

Figure 2 shows t h e  schematic diagram f o r  a one s t age  ind i r ec t  

system i n  vhic,h thermal energy is  t r ans fe r r ed  from t h e  geothermal 

br ine  t o  a working f l u i d  i n  a s h e l l  and tube heat  exchanger*. The 

model u se r  can spec i fy  the  b r ine  temperature a t  t h e  hea t  exchanger 

inlet ,  and the terminal temperature differences a t  the two ends of the 

heat exchanger. I f  these values a re  not provided, the model assumes a 

S0F brine temperature drop between the wellhead and the i n l e t  t o  the 

hea t  exchanger. The d e f a u l t  values f o r  t h e  hea t  exchanger te rmina l  

temperature d i f f e rence  a r e  20,'F a t  t h e  b r ine  i n l e t  s i d e  and 10°F a t  

the brine out le t  side. The supplementary system is ut i l ized only when 

the working f lu id  temperature needs to  be augmented t o  raise it t o  the 

level  of the repired process temperature, 

Figure 3 shows t h e  schematic diagram f o r  a cascaded two s t a g e  

system with separate heat exchangers for  the high temperature stage 

and the low temperature stage. In this  case, the tenperature supp1e- 

mentation can be provided i n  t h e  high temperature s t age  only. The 

system operating parameters f o r  the cascaded system are  establiehed in 

the same manner as for  the single stage system. The method f o r  deter- 

mining these parameters is explahed later. 

The schematic diagram for  a d i rec t  system, in which the brine is 

. injected into the ut i l iza t ion  system, is shown in Figure 4. In th i s  

* It is poss ib l e  t h a t  in some cases p l a t e  heat  exchangers w i l l  be 
used. This model does not  have t h e  c a p a b i l i t y  f o r  designing and 
casting a p la t e  heat exchanger. However, the user can compute the 
heat exchanger cost outside the model and use it 88 an input. 

- 
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case d 8 0 ,  temperature supplementation can be effected i f  the brine 

temperature a t  plant i n l e i  Is lower than the required process tempera- 

ture. It is  appropriate t o  point out that  practicali ty of ut i l iz ing a 

d i r e c t  system i s  l i k e l y  t o  be  l imi t ed  t o  a few s i t e s  due t o  t h e  

s a l i n i t y  and dissolved gases i n  t h e  b r ine  and l o c a l  environmental 

regulations. 

It i s  recognized t h a t  many o the r  system configurat ions can be 

considered t o  meet the special needs of specific applications. Modifi- 

cations of the system configurations associated with GEEF model could 

enhance the efficiency of ut i l iza t ion  of geothermal energy. Additional 

configurations and modifications of the three configurations described 

i n  t h i s  s ec t ion  a r e  considered t o  be beyond the  scope of t h i s  model. 

Nevertheless, model users  wi th  spec ia l  requirements can modify t h e  

computer routine t o  handle noa-standard system configurations. 

( i i )  System Desiw and Sizinq 

The system design component of t he  model i s  capsble of estab- 

lishing the operating parameters and detetmining the heat exchanger 

s i z e  i f  t h e  model u8er provides t h e  input  da ta  spec i f ied  i n  Sect ion 

2.1.1. It i s  emphasized t h a t  t he  system design sec t ions  of t he  GEEF 

model are not m e a n t  fo r  sophisticated designing o r  optimization of the 

system. 

i 

The primary objective 5s t o  determine: 

(i) t h e  b r i n e  flow r a t e  requirements and t h e  numbers o f  

(ii) the  need f o r  temperature augmentation of thk working 

production and injection wells. 

f luid,  and the s h e  of the supplementation system; and 

( i i i )  the size(s) of the heat exchangeds). 

13 



Since a l l  t h e  system characteristics/component sizes mentioned 

above depend on t h e  c h a r a c t e r i s t i c s  of t h e  resource  which are no t  

l ike ly  t o  be known with a high degree of confidence when t h i s  model is 

used, greater  d e t a i l  i n  system design and sizing w i l l  be'unproductive. 

The user must remember tha t  GEEF model i s  a t oo l  for  a quick check of 

the  technical and economic f e a s i b i l i t y  of using hydrothermal energy 

f o r  a g iven  p r o j e c t ,  and d e t a i l e d  design and cos t ing  w i l l  have t o  be 

carried out if a decision t o  u t i l i z e  the geothermal option is  made. 

Figure 5 shows the  sequence of steps involved in determining the  

heat e x c h a e r  size, the  numbers of productiodinjection wells, and 

the s i t e  of the supplementary system. This explanation is  relevant t o  

a single stage system. The first s tep  in this procedure involves the  

de t e rmina t ion  of t h e  requirement  of a supplementat ion system. To 

accomplish this, the heat exchanger inlet and ou t l e t  temperatures of 

t h e  working f l u i d  have t o  be determined on t h e  b a s i s  of t h e  process  

temperature, the allowable temperature drop f o r  the working f l u i d  in 

t h e  process,  t h e  b r i n e  temperature  a t  t h e  hea t  exchanger inlet, and 

t h e  t e r m i n a l  temperature  d i f f e r e n c e s  a t  t h e  two ends of t h e  hea t  

exchanger. If t h e  working f l u i d  tempera ture  a t  t h e  heat  exchanger 

o u t l e t  i s  lower than the process temperature, the augmentation of the  

working f l u i d  tempera ture  through a gas, o i l  o r  e l e c t r i c i t y  fue l ed  

supplementation system is estimated by &term* the peak working 

f l u i d  flow rate and the required temperature augmentation, 

The brine temperature at  the heat exchanger out le t  cannot be lower 

than  t h e  a l lowable  b r i n e  i n j e c t i o n  temperature  ( t h e  environmental  

14 
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FIGURE 5 

STEPS lk DESIGNING A SINGLE STAGE 
INDIRECT GEOTHERMAL ENERGY SYSTEM 
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\ U and/or i n j e c t i o n  w e l l  scale formation considerations may l i m i t  the 

temperature of the brine a t  the injection wellhead). Before sett ing 

the brine temperature a t  the heat exchanger outlet ,  it is necessary t o  

J 

compare the desirable temperature (this is equal t o  the working f luid 
- 

i n l e t  temperature plus the terminal temperature difference) with the 

lowest allowable brine injection temperature.’ The design brine out le t  

temperature w i l l  be equivalent t o  t h e  higher of the two temperatures. 

Once the peak load fo r  the heat exchanger and the brine in l e t  and 

out le t  temperatures have been determined, the peak brine flow rate can 

4 be computed, Using the  value of the est imated production w e l l  flow 

rate, the model determines the number of production w e l l s  needed t o  

y i e l d  the  required peak b r ine  flow rate. It has been assumed t h a t  

3 t he re  w i l l  be a t  least  one production w e l l  and one in j ec iqn  w e l l .  

When t h e r e  is  a requirement of t w o  or  more production wells, the  

number of injection wells w i l l  be approximately one half the number o f .  

J production wells. 

The heat exchanger design process s t a r t s  with the computation of 

The heat exchanger surface area the log-mean temperature difference. 
’1 

is estimated by ut i l iz ing ei ther  the data provided by the model user Y 

o r  the  de fau l t  value of t he  hea t  t r a n s f e r  ra te  i n  Btu/hr O F  sq.ft, 

The d e f a u l t  values f o r  t h e  hea t  exchanger design are based on t he  
3 

assumption t h a t  t he  hea t  t r a n s f e r  i s  l i q u i d  t o  Liquid. If  t he  hea t  

+ The lowest allowable temperature a t  the heat exchanger out le t  dl1 
be equal t o  the  sum of the  temperature a t  the  i n j e c t i o n  wellhead 

wellhead. 
z and the brine temperature drop between the exchanger outlet and the 

J 

U 
, 1 6  
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t r a n s f e r  i s  l i q u i d  t o  vapor, o r  l i q u i d  t o  gas ,  t he  user  can overr ide 

the default values for  the heat transfer coefficient by inputting the 

appropriate value, The model is designed t o  make adjustments for  the 

impact of foul ing  due t o  high b r ine  s a l i n i t y  <t<e hea t  t r a n s f e r  

coefficient decreases due t o  the fouling on the she l l  s ide as well as 

t he  tube side), 

# 

The determinat ion of t he  operating parameters, brine flow rate, 

and the heat exchanger dedgn for  a two stage system is more compli- 

cated. In t h i s  case, t h e  second stage i s  designed f i r s t  because the  

b r ine  o u t l e t  temperature from the  f i r s t  s t age  hea t  exchanger has t o  

match the b r ine  i n l e t  temperature for the second stage heat exchanger, 

It is assumed that there w i l l  be no temperature supplementation i n  the 

low temperature (second) stage, The hea t  exchanger operating para- 

meters, and the  peak working f l u i d  and b r ine  f l o v  r a t e s  through t h e  

second stage heat exchanger are determined by following the procedure 

explained for 8 single s t a g e  system. The first stage heat exchanger 

and the supplementation system (if needed) are designed next. The peak 

brine f lov  rate through the first stage heat exchanger i s  estimated on 

t he  b a s i s  of the  peak energy load and the  b r i n e  i n l e t  and o u t l e t  

temperatures. It is an t i c ipa t ed  t h a t  i n  most cases t h e  b r i n e  flow 

r a t e  f o r  t he  f i r s t  s t age  w i l l  be d i f f e r e n t  from t h e  b r i n e  f l o v  rate 

for  the second stage, The higher of these peak f lov  rates  is adopted 

as a f i g u r e  f o r  estimating the numbers of production and i n j e c t i o n  

. 1 7  
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w e l l s .  

as shown i n  Figure 3*. 

The surplus brine for  either stage bypasses the heat exchanger 

In the case of the direct  system, the need fo r  t h p e r a t u r e  supple- 

mentation w i l l  depend on the differences between the process tempera- 

t u r e  and t h e  b r ine  temperature a t  t h e  i n l e t  t o  t h e  plant. The peak 

brine flow rate w i l l  depend on the allowable temperature drop in the 

process. There may be a need t o  design a f l u i d  d isposa l  system 

involving an opt ion o ther  than f l u i d  injection. The model user  i s  

expected t o  provide the cost data for such a system. 

It is appropriate  t o  reiterate t h a t  t he  p l a n t  and f i e l d  design 

subrout ine in t h e  GEEF model i a  very u t i l i t a r i a n  and is  no t  a sub- 

s t i t u t e  fo r  a detailed design act ivi ty  which must be 'gone through if 

the geothermal system is t o  be built. There are numerous shortcuts and 

assumptions hi the plant design segment of the model, and no attempt 

was made t o  opt imize t h e  u t i l i z a t i o n  of t h e  resource. Most of t h e  

assumptions tend t o  make the plant design and cost estimates very con- 

servative. Therefore, the resultant geothermal energy cost estimates 

generated by the GEEF model are l ikely to  be higher than the revised 

cost estimates based on more detailed and sophisticated designs. Tfris 

* It is  apparent t h a t  a temperature d i s t o r t i o n  w i l l  occur a t  t h e  
inlet to  the second stage heat exchanger when SOIU brine bypasses 
the f i r s t  stage. T h i s  d is tor t ion is ignored by the model because 
th i s  approach w i l l  result  in a more conservative design, eventually 
yielding a higher cost estimate for the geothermal system. 

3 
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approach is  consistent with the need t o  guard against undue optimism 

about the geothermal system 1 on the basis of data about which the .model 

users are not very confident. 

2.1.3 Field and Plant Cost Estimation 

Following the  completion of the  f i e l d  and plant design and sizing 

phase, t h e  GEEF model i n i t i a t e s  t h e  f i e l d  and p l a n t  cos t  e s t ima t ion  

phase. I n  recongi t ion  of t h e  lack  of p rec i s ion  i n  t h e  designing of 

the kield and plant, the cost estimates are somewhat aggregated. The 

model users are also aler ted t o  the fact that  a11 f i e l d  costs are very 

site-specific and they should u t i l i z e  the default values in the model 

only when they have no'cost estimates for  the project site. 

The cost estimates f o r  the geothermal f i e l d  and plant are grouped 

into f ive  categories. These are: 

(1) The Field Exploration Costs  
(2) Production and Injection Well(s) Costs 
(3) Fluid Transport and Distribution System Costs 
(4) H e a t  Exchanger(s) Costs 

The f i e l d  exploration costs which include the  expenses associated 

wi th  a l l  ac t iv i t i e s  leading t o  a dec is ion  t o  d r i l l  production wells 

are s i t e  dependent and w i l l  vary as 8 f u n c t i o a  of t h e  s i t e  of t h e  

project. These activities include r e ~ n n a i s a n c e ,  geophysical 8umey8, 

exploratory dr i l l ing,  test w e l l  d r i l l ing  (for  most small projects, t he  

test w e l l  w i l l  eventually become a production or  injection w e l l ) ,  and 

any other C08t6 associated with the confirmation of the  resource. The 

model has assumed a value of 5% of t h e  development expenses as a 

(5) Supplementation System Costs. 

1 9  
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d e f a u l t  va lue  f o r  t h i s  cos t ,  bu t  i t  i s  commended t h a t  t h e  model 

users should override t h i s  value whenever they have a reasonably good 

U 
\ 
2 

t 

estimate f o r  t h e i r  projects. 

The production and inject ion w e l l  costs depend on the  depth of t he  

w e l l ,  t h e  type  of rock (hard o r  s o f t ) ,  t h e  size of t h e  w e l l  and t h e  

w e l l  completion requirements. The GEEF model uses exponential func- 

t i o n s  f o r  e s t i m a t i n g  t h e  c o s t s  of s tandard  ( 9  5/8" d i a )  w e l l s  as a 

function of the depth. If a pump i s  t o  be provided io. conjunction with 

t h e  product ion ve l l ,  t h e  pump c o s t s  are included in  t h e  p r o d u c t i o n .  

3 

w e 1 1  cost estimates, Since t h e  vell  costs are also si te dependent, it 

would be desirable f o r  the  users t o  provide the i r  o w  estimates of the 

production and in jec t ion  w e l l  costs. 

The f l u i d  transport  and d is t r ibu t ion  system costs  CBP vary over a 

vide range depending on the distance between the vells '(production and 

injection) and t h e  point of u t i l i za t ion .  The type bf application has 

a s ignif icant  impact on the  f l u i d  d is t r ibu t ion  cost, The f l u i d  d i s t r i -  
, 

bution coets .for'  a single process heat application may be insignifi- 

cant, but the d is t r ibu t ion  costs f o r  a d i s t r i c t  heating system may be 

a very  b i g  f r a c t 2 o n  of t h e  t o t a l  system costs.  The f l u i d  t r a n s p o r t  

and d is t r ibu t ion  c o s t s  include the  pipeline and valves costs, as vell  

as t h e  costs qf c i r c u l a t i n g  pumps. The model computes t h e  f l u i d  

transport  and d is t r ibu t ion  costs on the basis of pipeline length and 

diameter data provided by the  model user, However, the model user can 

override the computer generated costs i f  he has be t t e r  estimates, 
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The heat exchanger cost estimate i s  based on the surface area, the 

material ,  b r ine  s a l i n i t y ,  and operat ing parameters served as flow 

rate, pressure and temperature. The model incorporates procedures fo r  

estimating the capi ta l  costs of she l l  and tube heat exchanger. 

The supplementary system cost depends on the estimated peak load 

The p l an t  c a p i t a l  cos t  w i l l  depend on t h e  types of 

The user is encouraged t o  determine the locally applicable 

on t h e  aystepl. 

f u e l  used. 

-. 
i 

plant capi ta l  cost for  the supplementation system. The major cost f o r  

the supplementation system is the annual fue l  cost, which w i l l  depend 

on the  estimated energy supplied by the  system per year and the  cost 

per m i l l i o n  Btu's of energy in the fuel. The efficiency of u t i l i za t ion  

of the fue l  w i l l  a lso be a factor. The GEEF model has default values 

f o r  energy u t i l i za t ion  efficiencies, current prices of fue ls  and the 
! 

real f u e l  cost escalation rates. In t h i s  case also, the  model user is I 

I 

advised t o  provide the s i t e s p e c i f i c  cost estimates. 

It is important to.recognize that  the relat ive attractiveness of a 

geothermal system w i l l  depend on the  coats of alternative energies/ 

fuels. Therefore, the users should be careful in estimating the costs 3 
' of alternative fue ls  Over the lifetime of the  project. 

The GEEF model w i l l  u t i l i z e  t h e  i n t e r n a l l y  generated o r  user  

provided f i e l d  and plant  size/cost estimates t o  carry out an economic 

comparison betveen a geothermal system and alternatives. The va l id i ty  

14 
I 

. of t h i s  comparison w i l l  be dependent on t h e  soundness of t h e  cos t  
B 
J es t imates  and t h e  realism of values  of t h e  f i n a n c i a l  parameters 
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u t i l i z e d  i n  t h e  economic analysis.  

economic analysis subroutines is  presented i n  the next section, 

A de ta i l ed  explanation of t he  

2.2 Financial Subroutine 

2.2.1 Economic Analysis 

The economic ana lys i s  regment i n  t h e  GEEF model c o n s i s t s  of a 

It involves a step by step economic evaluation financial  subroutine, 

of t he  geothermal energy system f o r  d i r e c t  pses. It includes (1) a 

determinat ion of preproduction cos t s  (explorat ion,  conf i tmat ion ,  

environmental studies and development) and of energy production costa, 

replacement costs, al ternative plant cost fo r  supplementation, annual 

fue l ,  opera t ion  and maintenance c o s t s  anif t h e  associated r a t e s  of 

escalation* (2) a consideration of the  various f i s c a l  parameters, such 

as ,  depreciat ion,  deple t ion  allowance, tax c r e d i t 8  (investment and 

energy), and, (3) a consistent f inancial  methodology that appropriate- 

l y  treats t h e  c a p i t a l  s t r u c t u r e  of t h e  venture,  tax s t a t u 8  of t h e  

owner, system lifetime, etc. 

The three basic inprrt data requirements of t h e  proposed iotegrated 

economic model are: (1) geothermal energy system da ta  (GESD): a 

description of the geothermal energy system for  direct  applications t o  

meet a s p e c i f i c  quan t i ty  of energy demanded i n  d i s t r i c t  heating, 

industr ia l  processing o r  space heating; (2) system owne9a financial  

* The various c o s t s  estimated in the engineerhg/cost subroutine a re  
inputs into the f inancial  model, 

22 
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data (SOD): the f inancial  characterist ics of the resource developer 

o r  owner of t h e  system: and, (3) economic condi t ions da ta  (ECD): a 

set of assumptions on the general economic climate for  the period of 

analysis, Specific items belonging t o  each of these basic input data 

requirements are presented in Table 1 and 2, 

7 
I 

. 

The b a s i c  approach of t h e  f i n a n c i a l  subrout ine is  t o  derive an 

estimate of the ovner or  developerts t o t a l  system lifetime cost on an 

annual basis f o r  producing a specific amount of annual energy output 

3 

? 
J 

that w i l l  s a t i s fy  the user's stated o r  expected annual energy demand 

i n  d i r e c t  appl icat ion.  The r a t i o  of annual cos t s  (when s u i t a b l y  

discounted f o r  by the " t i m e  value of money") t o  t h e  expected annual 

energy output produced by the  system is the  cost of energy expressed 

, i n  constant  d o l l a r s  per  MMbtu. This der ived p r i ce  of energy w i l l  

yield revenues t o  the investor which w i l l  cover all t he  costs incurred 

during system life, including a desired rate of return. The price per 

=it of energy calculated by the GEEF model is the  levelized cost  of 

energy' ( B L C E )  which represents  an average o f  t he  d i s t r i b u t i o n  of 

3 varying charges. 

Treatment of Casts fo r  Financiil Analvefe 

Even though i n  t h e  f i n a l  ana lys i s  all. cos t s  .. c a p i t a l ,  replace- 

ment, opera t ion  and maintenance, and f u e l  c o s t s  - are considered 

together t o  derive the cost of energy, each of these cost categories 

-> 
J 

has t o  be reported separately because they are influenced by different  

23 
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Table 1 

Economic Fea i ib i l i tv  Model A6sumrrtions: 
Geothermal Enernv Svstem Data 

Data Descriptive Term 

1, Geothermal Energy System Data (GESD) 

A, Energy required: 
peak energy requirement 
u t i l i za t ion  factor  

B, Resource Characteristics: 
vellhead temperature 
w e l l  flow rate 
w e l l  depth 
sa l in i ty  index 
temperature 'drop 
annual ut i l iza t ion  factor 

C, System and Components Li fe :  
project 

D, Capital costs: 
production well 
tran smis s ion 
heat exchanger 
injection well/disposal syrten . eupp lementa tion 

24 
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UDEP 
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ITDBP 
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H1 

IC 
IPWC 
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mu( 
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Table 2 

Economic Feasibil i ty Model AS13umVtiOn8 : 
System Owner's Financial Data 

System Owner's Financial Data (SOF'D) 

Debt fraction 

Equity f ract ion - common stock - preferred stock 

Interest  rate on debt 

Rate of return on: - COmmQn stock - preferred stock 

Federal income tax r a t e  . 

State  income tax rate 

Property tax/hstltance rate 

Royalty rate 

Investment tax credit 

Depletion allowance 

Jconomic Condition-Data (ECD) 

General inf la t ion rate 

Capital  cost escalation rate* 

Operation and maintenance cost 
escalation rate 

Fuel cost escalation r a t e  

Swbol  

D 

E 
E C  

EP 

'kd 

Tf 

TIB 

B1 

B2 

Al 

B3 

3 * Escalation rates are  expressed i n  rea l  terms over and above the 
general r a t e  of inflation. 

W 
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Weighted average af te ic tax cost 
of capital** 

Swbo 1 

H 1  

N2 

Iv 

Is 

Ib  

*k 

TR 

CRFKHl 

cRFKN2 

FCR 
. .  - 

Table 2 (Concluded) 

Economic Feasibil i ty Model Assumotions: 
System Owner's Financial Data 

Time Parameters 

System economic l i f e  

Depreciation l i f e  for tax purposes 

Start-up o r  commercial operation 
year (assumed to  occur at  the 
beginning of this year)  

start expenditure year 

Base or price year for  constant 
dollars 

Intemediate Output Data (IOD)* 

Effective income tax r a t e  

Amortization capital  recovery factor 

Depreciation capital  recovery factor 
, 

Annualized fixed charge r a t e  

* These are  calculated or predetennbed values i n  the  model. 

* Ak is  treated as discount rate. 
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esca la t ion  rates, depreciat ion and tax t reatment ,  a l l  of which have 

significance f o r  the &h flow analysis. 

Major preproduction cost categories of geothemal resource devel- 

opmeot and dis t r ibut ion are exploration, confirmation, environmental 

studies, and development. Each of these categories consists of several 

cost elements which are presented in Table 3. For tax purposes, pre- 

production costs of hydrothermal energy system can be classif ied into 

> 

\ 
/ 

cap i t a l i zed  and expensed costs. Capi ta l ized c o s t s  are investment 

expenditures which are recovered through depreciat ion and deplet ion 

over a period of t i m e  longer than one year. Expensed costs can be re- 

covered by "write-off"' f o r  tax purposes in the  year they are incurred. 

If income does no t  exist  from t h e  pro jec t  t h a t  generated expensed 

Cost6 i n  t h e  year  i n  which they are incurred,  these  cos ts ,  can be 

/ 

Vtit ten off  f o r  t a r  purposes aga ins t  in.come from o the r  sources. In 

the GEEF model, preproduction costs are capitalized and deducted over i 

a period of t i m e  ae deprec ia t ion  on t h e  assumption t h a t  t h e  p ro jec t  

does not generate income in the year expensed costs a te  incurred. 

> 
$ens i t i v i t v  h a l v e  is  

Geothermal energy c o s t  depends on t h e  p a r t i c u l a r  financial and 

economic assumptions considered in the  model. Changes in the values 

of the input parameters can be expected t o  affect cost and cash flows. 

The GEEF model has t h e  capab i l i t y  f o r  conducting s e n s i t i v i t y  or 

scenario analysis on any o r  a l l  measures of economic f eas ib i l i t y  tha t  

are included in the model, The user can specify one or  more possible 

1 

1 
u 



TABLE 3 

PREPBODUCTIOH CAFITATJZED AND EXPENSED COST ITEMS 

Preproduction Cost Factors Capitalized Expensed 

Exploration - 
Becomais sance 

Pre-lease exploration X 

Land acquisition X 

Post-lease surface exploration X 

Shallow subsurface exploration X 

Detailed exploration X 

Deep exploratory wells X 

X 

X 

X 

X 

X 

X 

X 

Confirmation - 
Injection wells X 

Flow test x '  

I 

I 

! 

, 
I 

I 

I 

i 
i 

! 
i 

Environmental Studies x 

Development - 
Well f i e l d  engineering X 

n 

Surface f a c i l i t y  construction X 

Well f i e l d  development (dr i l l ing  X .  X 
1 
9 

rig, surface piping, etc.) 

* Technecon Analytic Research, Inc, Geothermal Investment and Policy 
3 @~alvsis With Evaluation of California and Vtah Resource Areas, 
b, October, 1979. Chapter 2, pp. 3.5. 
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U 
\ scenarios  cons is t ing  of 8 s e t  of sys t em resource c h a r a c t e r i s t i c s  

I (wellhead temperature, w e l l  depth, rock type, etc.) f inance da ta  i 
(debt/equity ratio,  interest  rate, income tax rate,  etc.) and economic 

parameters ( i n f l a t i o n  r a t e ,  cos t  e sca l a t ion  r a t e s ,  s e l l i n g  p r i c e  of 

energy, etc.). 

1 I 
A baseline has been specified t h a t  describes default values for a 

\ 
J typical geothermal energy f a c i l i t y  f o r  d i r e c t  appl ica t ion  purposes. 

It also provides de fau l t  valtres f o r  a given set  of general  economic 

conditions that are  commonly ut i l ized in the financial  analysis. I f  

t he  use r  incorporates  t he  decr ip t ions  of t he  GES and t h e  de fau l t  

values' fo r  the general economic conditions provided in the baseline, 

some of the model intermediate outputs such as the  veighted after-tax 

cos t  of c a p i t a l  (A,), c a p i t a l  recovery f a c t o r  (CBF) and f i r e d  charge 
i 

J 

ra te  (FCB), are predetermined. Incorporation of these intennediate 

outputs considerably simplifies the use of model, However, specifying 

different  values for  parameters other than the default values, w i l l  

r equ i r e  f r e s h  ca l cu la t ions  of in te rmedia te  r e s u l t s  according t o  

equations (2) f o r  .Akr (3) and (4) for: CBFKNl and CBFK192, and ( 9 )  f o r  
3 #' 

2.2.2 Procedures for Calculstina Econodc Feasibil i tv Measures 
2 

"2 This subsect ion preeents  t he  s tepwise procedures and equations - 

necessary f o r  t h e  ca l cu la t ion  of fol lowing economic f e a s i b i l i t y  

measures: levelized cost  of energy (ALCE), year-by-year b cash flows 
4 1 

measures: levelized cost  of energy (ALCE), year-by-year b cash flows 
4 1 
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(YCF), n e t  present  value (BPV), discoucted cash flow r a t e  of r e tu rn  

(DCFROR), and discounted payback (DPP). 

u 
> 

2.2.3 Method for Calctilatina Levelized Cost of Enernv (BLCE) 
3 
9 All t h e  system l i f e t i m e  c a p i t a l  charges are consolidated i n t o  a - 

single number, the annualized fixed charge rate,  FCR. The product of - 
FCR and the present value of the capi ta l  investment (AICW) resul ts  in 

t h e  cont r ibu t ion  of i n i t i a l  capital investment, replacement costs ,  

init ial  plant costs due t o  supplementation, income and property taxes, 

tax credi t  and depreciation t o  the annualized system resultant capi ta l  

cos t  (ACC). FCB includes the  e f f e c t s  of ownership of t he  system, 

capital  structure, project as w e l l  as canponest lifetime, and the  cost 

of c a p i t a l  in determining the cost of energy calculation. FCR inter- 

ac t s  with the rest of the model irr determining the Levelieed cost of 

=: i 

- 

- 
..* 

energy (ALCE). 

To t h e  present  value of capital  charges are added t h e  present  

values  of t he  cos t  streams a r i s i n g  from operat ing,  maintenance and 

f u e l  cos ts ,  again adjusted f o r  i n f l a t i o n  and r e l evan t  e s c a l a t i o n  

rates. 

a l l  the costs sssocbted with the project are  the appropriate d e p l e  

, 

Tvo additional adjustments t o  arr ive a t  the present value of 1 
i 

1 
I 

> 

, 
t t ion allowance and royalty payments, The levelized cost o f  energy in 1 

the s tar t -up year is determined by equating the present value of to ta l  7 
J 

project  costs to ' the  present value of the revenue stream, 
/ 

The following equations are used fo r  computing the Levelized cost 

of energy (ALCE). 

3 0  
\ 
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J 

1. 

2, 

Comoute Effective Marginal Income Tax Rate (TR) 

where Tf and’T, are  Federal and State marginal income tax rates. 

Compute Weighted Average After-Tax Cost of Cauital o r  Discounted 
Bate (Ak) 

(1 TB) + AD + Akc E, + A b  Ep (2) 

where A,, is  the interest  r a t e  on debt, AD is debt fraction, Akc 

and % are rates  of return on common.($,) and preferred equity 

(Ep) financial  instruments, The tax d e d u c t i b i l i t y  of i n t e r e s t  

rate is denoted by (I-TB). The weighted average after-tax cost 

of capi t i t l  Ak i s  used t o  ca l cu la t e  c a p i t a l  recovery f ac to r ,  

present values o f  cash flows, and discounted payback 

3, ComDute Amortization Capital Becoverv Factor (CRFXN1) 

b 

where Nl is the system l i f e t i m e ,  Capital recovery factor refers 

t o  t h e  f r a c t i o n  o f  o r i g i n a l  c a p i t a l  t h a t  i s  t o  be paid in  

uniform anmtal payments 80 JM t o  fu l ly  amortize the loan over B 

- - specified period of t i m e ,  El. 

.. 4, Conmute Demeciation Capital Recovetv Factor (CIU?’Kl?2) 
.3 

4 c  cBFRw2 - 
1 - (I + Ak)OH2 

(4) 

where H2 is depreciation l i f e  for tax purposes, It is expected 
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3 

that geothermal system capital  components have a shorter l i f e  

than the  p r o j e c t  l i f e  and therefore  need replacements. An 

average deprec ia t ion  l i f e  of 10 years i s  assumed f o r  c a p i t a l  

replacement. -2 is used in calculating the preseut value of 

depreciation. 

5. caw, U t e  Devreciatioa Factor (DPFSD) 

*9 
2 - 

, -  
\d 

2 BZ-- 
DPFSD - ( 2) (5) 

N2 (192 + 1) Ak 

where DPFSD is  the  8Um of y e a r d i g i t s  deprec ia t ion  fac tor .  

represents  t h e  preeent value of t h e  deprec ia t ion  of an 1 
cZtFKN2 
Original asset. ovet-HZ'years. Sum of the y e a r d i g i t s  deprecia- 

t i o n  method provides f o r  acce le ra t ion  of year ly  deprec ia t ion  

charges in t he  e a r l i e r  years  and they dec l ine  a t  t h e  end of 

accounting life time. 

I- 

/ -  d 

- 
60 C ~ W ,  Ute Annusfized Fixed Charge Rate (FCBEII) 

(6) 
- 

- 
1- - 

- 1  [' 1-TR 

- rn (DPFSD) .. dl 
1 - 7 3  

i:4 
x m 1 -  cBFp;rsI [' 

7. C m u t e  Amortized Reolabent  Fixed Charge Rate (FCBZ021 0 
- 73 (DPFSD) - 81 7 

FCRI?Z * CRFKN2 

d 
bd 
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1 
"J 8. Camoute Weinhted Reolacement Fixed CharPe Bate (FCRRNl) 

'- F C W l =  C = l [ - ( l + g y  *=I (8) 

where g is  'the general r a t e  of inflation. 

CBFKNP 1 + bk 
1 "' 

- 
9. Cummte Weighted Annualized Fixed Charsre Rate (FCR) 

( 9 )  
- - - 7 

r' 
FCB [ ( A l l  FCBHl)] + [(l 0 A11 FCBBHLI + B 1  

where A11 - fraction of initial AICPV not t o  be replaced, 

B 1  = property tax and insurance rates  
-1 

10. Cmute Present Value of Capital Investment (AICW) 

where AICPV = present value of investment capital  a t  tfre start- 
up year  Iv. 

g = c a p i t a l  cost escalation r a t e  ( real)  
Ig = base year 

Iv - start-up year 
Is = s t a r t  expenditure year 

I = year of cash flow :j 

AICPV is  t h e  present  value of a l l  c a p i t a l  investment i n  the  

energy system brought t o  the beginning of the  s tar t -up year Iv, 

expressed in base year dollars. I C 1  is the capital  investment 

in year I expressed in Ib dollars. ICx can occur prior t o  start- 

up year as w e l l  as during the economic l i fe t ime of the commer- 

cial operation of the project for  c a p i t a l  replacement purposes. 

This i s  e spec ia l ly  t r u e  i n  geothermal energy system where the  

l ives of wells may be only 10 years and the project l i f e  may be 

(J 

<2 

d 
ai 



20 or 30 years. Reinvestments have to  be treated as pa r t  of the  

capital  investment stream d summation is performed for  a l l  

years in which IC1 is not zero. This formula is  used under the 

assumption that the dapital, cost escalation rates for  a l l  sub- 

ca tegor ies  of I C  are constant i n  real  terms f o r  a l l  years. If 

. 

I 

capital  cost escalation rates among components vary, each compo- 

nent  has t o  be evaluated separa te ly  and obta in  t h e  sum of t h e  

present values. Interest  during construction years as w e l l  as 

plant cost of the supplementation system are included in AICPV. 

J 11. CamDute Fuel Cost Present Value Factor (DESCF) 

where gg is real escalatioa rate for fuel casts .  The fuel costa 

e n t e r  t h e  GEEF model i n  t h e  case of B hybrid system where sup- 

plementation by a conventional energy system is  necessary t o  

provide t h e  barance of requi ted  energy t h a t  i s  no t  m e t  by t h e  

geothermal plant, 



, 

where go, is rea l  escalation r a t e  for  operation and maintenance 

costs. In equations (11) and (12) escalation factors are calcu- 

l a t e d  t o  convert t h e  f u t u r e  r ecu r ren t  c o s t  streams i n t o  t h e i r  

present  values a t  t h e  beginning of i t a r t -up  year expressed i n  

base year dollars.  

2% 

13, cam0 Ute Annualized Fuel Cost  Multinlier (AFF) 

AFF = DESCF AFCF (13) 

where AFCF is the fuel cost recovery factor and it is  set equal 

to CBFgAl. 

14. Comuute Annualized meration and Maintenance Cost Multiulier 
(MOM) 

MOM - DESCOX AOMCF (14) 

where AOMCF is the OLM cost recovery factor and it is set equal 

t o  C B r n l .  

i .  

7 

/ 

Ute Total Annualized Coat of Enernv (TACE) 

(U) ACC = annualized capital  coat = A I B V  FCB 
AFC annualized fuel  cost* = FC BFF (16) 

(17) 

- 15. corn0 

* AOMC = annualized OW cost* O&M AFW 
/ TACE - ACC + AFC + AOMC (18) c 

jl  

Each of t he  anattalized cos t s  i n  equation 15, 16 and 17 re- 

presents  t h e  present  values  of & t i n c t  sums of a s e r i e s  of 

* The annual f u e l  cos t  (FC) i n  t h e  s tar t -up year  is expressed i n  
’ base year dollars. 

* The annual cost for operation and maintenance ( O M )  in the start- 
up year is assumed to be 5 percent of the present value of capital  
cos t  u n t i l  t he  s tar t -up year only, exclusive of t h e  replacement.  
capital  cost in l a t e r  years. 

- 
i 

3 
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constant annual payments towards t h e  t o t a l  annualized Cost  of 

the energy project TBCE in equation (18). They.are expressed in 

base year dollars per year. If the system resultant cost TACE is  

collected each year as revenues, it w i l l  be equal t o  the sum of 

the present values of a l l  separate and dis t inc t  cost distribu- 

tions of ACC, AFC and AOMC. 

16, C m u t e  Levelized Cost of Enerm (ALCE) 

rn ALCE = = $/mal TACE 

ERA 

where EBB is expected annual energy output expressed in MHbtu's. 

EBB is 8~ exogenous input i n t o  the financial  model supplied by 

the user. The Ievelized cost of-energy, ALCE (in equation 19) is 

a measure of the cost per  un i t  of energy, expressed in constant 

$/HMbtu i n  base year  dol lars .  As suchsit  represents  constant  

real  value, growing i n  nominal value a t  the  general  i n f l a t i o n  

rate. ALCE also results i z x  zero net present value by eqaatiug 

the present value of revenue stream t o  the present value of l i f e  

cycle CO8t Of the 8ySt-0 

17, Conmute Levelized Cost of berm with Deziletian Allowance and 
Jtovaltv (ALCEDB) 

Where the effect of depletion allovance and royalty on the 

system ALCE is t o  be considered, ALCE in equation 19 becomes 

ALCEDB as in equation 2 4  

I*l 
36 

J 



P 

U 
1 

3 

si 

- I  r 

-3 

3 

9 

3 
hd 

3 

._ 

. 

(20 )  

where B3 = depletion allowance as a fraction of gross revenue in 
equation 21 or  TBCE in equation 18. 

roya l ty  payments as a f r a c t i o n  of gross  revenue in 
equation 21 or  TACE in equation 18, 

. 

B2 

Figure 6 i l l u s t r a t e s  t h e  cash f l o v s  assoc ia ted  wi th  t h e  geothermal 

energy system throughout i t s  economic l i fe t ime.  Cash outf lows o r  

negative cash flows can be shown below the l ine  whereas cash flow o r  

revenues can be shown above the  l ine ,  The GEEF model computes t h e  

l e v e l i t e d  cos t  of energy (ALCE) f o r  which the  sum of the  present  

values  of t h e  cash f lows (negative and pos i t ive)  occurring a t  . 

different points  of t h e  is equal t o  cero. 

Revenues 

a 

'bans t ruc t i o 2  b (1 

Period 

Capital ' 
outlays OPERATIXG COSTS 

wll-l H1 
r T h e  (years)/' ' 'b I ' * 1: 

System Cash Flows 

Figure 6 

fb = base year 
Iv = start-up year or f i r s t  year of commercial operation 
81 = project lifetime 
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2.2.4 Year-by-Year Cash Flow Analysis 

Yearby-year cash flow analys is  i n  the GEEF model estimates gross 

revenue, roya l ty  payments, operat ing cos ts ,  deprec ia t ion  charges, 

depletion allowance, tax payments, interest  payments, investment and 

energy tax credits, It derives net income before and a f t e r  taxes, and 

year ly  n e t  cash f10W8 (ANCF) t o  detetmine t h e  n e t  present  values  

(NPV), discounted cash flow r a t e  of r e t u r n  (DCFBOB), and discounted 

payback period (DPP), 

Geothermal costs vary according t o  the financial and economic 

assumptions considered i n  t h e  analysis.  It w i l l  become c l e a r  from 

cash flow analysis t ha t  the discounted payback period and discounted 

cash flow r a t e  of return a re  sensit ive t o  changes in capi ta l  invest- 

ment; debt/equity ratio,  return on debt and equity instruments,' cost 

escalation ra tes  and sel l ing price, 

For t h e  purposes of es t imat ing  annual gross  revenue from a geo- 

thermal  pro jec t ,  t h e  l eve l i zed  p r i c e  of del ivered energy from t h e  

leaat-cost alternative energy system is calculated, If the derived o r  

estimated levelized cost of energy (ALCE) fo r  the geothermal system is 

lese  than the levelieed price of delivered energy from the feast  cost 

alternative, then the geothermal cost of energy is used in estimating 

the  annual gross  revenue streams f o r  t h e  geothermal project.  The 

f i n a n c i a l  and economic assumptions presented in Table 2 are used i n  

determining the year-by-year cash flow. 

The model w i l l  compute year-by-year net cash f lovs fo r  a given set 
. of system resource characteristics, financial and economic scenario, 
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In i t s  capsule form, the following stepwise procedure (equation 21) is  

involved i n  deriving annual net cash flows: 

where 
I = year of cash flow 

GY = gross income 
ALCE = levelized cost of energy 
EBA = annual energy output 

OMT 6 operation and maintenance cost6 
FCT = fue l  costs 
BODT = return on debt 

DEP 6 depreciation charges 
DPLT = depletion allowance 
A.t?PT = net income a f t e r  tax 
TPT = income tax 

MCF - net.  cash flow 
ITCY - investment and energy tax credi ts  

dETYBT = net income before taxes 
BT = royalty payments 

BOE = .dividend paynents 

2m2.12 pethodaloav fo r  Coma utina Net Present Value (Ipw) 

B e t  present value (HPV) is one of the most commonly used c r i te r ion  

f o r  t&e s e l e c t i o n  of a project.  HPV is t h e  sum of t h e  discounted 

revenue and cost; streams, The a f t e r = t a x  n e t  cash flows (BRCF) a r e  

discounted back t o  t h e  base year  t o  determine t h e  present  va lues  of 
3 I 

MCF. The discount rate used to  deternine RPV in th i s  finance model 

is t h e  weighted average a f t e r - t ax  cos t  of capital, Ak. BPV is  given 

by equation 22: 

- 
J 

mug mcF(l) . I  -Bfcw ( 22) 
4 (1 + Ak) 

1-1 U 

'. 
J 



L, where 
Y , 

AICPV capital  investment for  the project 
ANCF annual net cash flow 

= present value discount factor % = l i f e  of the project in years 
\ The project is  deemed economically a t t ract ive i f  NPV is positive.. 

If the user specifies the levelized price of delivered energy that is  

g r e a t e r  than t h e  one ca lcu la ted  by GEEF model f o r  t h e  geothermal 

energy system, the net present value w i l l  be positive. 

2.2.6 piscounted Cash Flow Rate of Return Methodolo- 

Discounted cash’flow r a t e  of return (DCFROR) is the r a t e  of return 

tha t  m a k e s  the  net present value (Hpv) of a project equal t o  zero. XPV 

is equal t o  the difference between a project’s cash inflow including 

a f t e r t a x  salvage value and the present worth of after-tax investment 

ca lcu la ted  a t  the  minimum rate  of return. DCFROR i s  an o v e r a l l  

measure of p ro jec t  p r o f i t a b i l i t y  where pear-by-year cash f lows are  

2 7 

Y weighted differently. DCFROB i$ the CEEF model is based on anmal  net J’ 

cash f l o w 8  (BIOCF), the money that iS available t o  pay out the cap i t a l  

invested a f t e r  paying the, inves tor  a guaranteed dividend r e t u r n  t o  

equity. DCFROR is  compared, to the  minimxu discount rate, +, 01 the I 
.7 

weighted average aftertax cost of capital, in order t o  d e t d n e  if a 

particular project is satisfactory. 

:j DCFROR is calculated by solving f o r  r in eq-tion 23: 

Ill 
AICPV -x- blOCF(1) (23) 

I (1 + r )  
3 I=l 
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where 

ANCF - annual net cash flows 
N l  = project l i f e  in years 

AICPV = t o t a l  capital  investment expressed in base year dollars 
r 
I = year of cash flow 

discounted cash flow ra t e  of return 

2 2 . 7  piscounted Payback Period Calculations 

Discounted payback period (DPP) is  t h e  number of years required 

for  annual net cash flows (UCF) t o  recover i n i t i a l  kapital investment 

a t  the  weighted  average a f t e r t a x  c o s t  of capital  o r  t h e  discount 

rate, Ak. DPP i s  ca lcu la ted  by solving f o r  h i n  t h e  fol lowing equa- 

tion: 

where 

AICPVl = init ial  capital  investment expressed in base year dollars 
AI?= = annual net cash flows 

PCk 

h 

weighted average after-tax cost of capi ta l  or  discount 
rate 
discounted payback period in years 

25.8, petermination of Economic Feas i b i  1 i tx 
The financial  eubroutine of the GEEF model is designed pr imari ly  

t o  determine the BLCE of a geothermal energy system (GES) for  direct  

applications. However, in order t o  detetmhe the economic f eas ib i l i t y  

of a GES, it i s  necessary t o  compare t h e  leve l ized  cost of energy 

(ALCE) of  GES with the ALCE of alternative conventional energy system, 

The GEEF model's f i n a n c i a l  methodology can be used t o  determine the  

41 
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dLCE of 8 competing conventional energy system. The dLCE of the least- 

cos t  a l t e r n a t i v e  conventional. energy system is easily determined by 

using annualized fuel  cost multiplier AFE in equation 13 of the GEEF 

model. The product of the delivered p r i ce  of the least-cost competi- 

t i v e  conventional f u e l  (expressed in $/XIMbtu) and AFF w i l l  give t h e  

ALCE for  the alternative for the comparable l ifetime of GES considered 

in  the analysis. 

3 

3 
Once t h e  ALCEa of t h e  GES and t h e  conventional system a r e  

computed, an appropriate detetrnination of the econmic feas ib i l i ty  of 

> the GES can be made. For example, a lower ALGE for  GES than the BLCE 

for  the alternative system demonstrates the economic attractiveness of 

GES and provides evidence of GES competit iveness on a l i f e c y c l e  

._ 3 costing basis. However, the alternative energy system w i l l  prove t o  

be more economicel i f  ALCE f o r  GES i s  g r e a t e r  than t h e  ALCE f o r  t h e  

COnveXltiO-1 system. 
- 
. #  

3 
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APPENDIX A 

L1 
d -! A.0 GEEF MODEL: .USER'S MANUAL 

A.1 Introduction 

The Geothermal Engineering and Economic Feasibil i ty (GEEF) model 

is designed t o  provide a uniform engineering and economic evaluation 2 

methodology f o r  determining t h e  economic feas ib i l i ty  of geothermal 

resource u t i l i z a t i o n  f o r  d i r e c t  hea t  appl icat ions.  The GEEF model 

outputs w i l l  enable the decision makers t o  compare the economics of 

geothermal energy p ro jec t s  with the  economics of alternative o r  

conventional energy systems a t  an early stage in the decision process, 

the engineering design/cost 

.segment and the economic analysis segment. The engineering design/cost 

aegment of the model determines the number o f  production and injection 

wells, hea t  exchanger design, operat ing parameters f o r  the system, 

requirements of supplementary system and the f lu id  rates. Both the 

s i n g l e  s t a g e  system and the  two s t a g e  cascade systems io  which t h e  

second stage may involve a space heating application a f t e r  a process 

hea t  app l i ca t ion  i n  t h e  f i r s t  stage can be e a s i l y  handled by t h e  

model. The financial  segment of the model carries out l i fe  cycle cost 

ana lys i s  of t h e  proposed geothermal energy spatem and y i e l d s  the 

3 

d The GEEF model has two main segnents: 

3 . 

; 

3, 

following outputs: the levelized c o s t  of energy (ALCE),  ne t  present 

I \  
value (BPV), discounted cash flow rate o f  r e t u r n  (DCFROR) and dir-  

counted payback period (DPP). I f  the proposed geothermal energy system 

(GES) is deemed economically feasible when compared with the altetzra- 

t i ve  or canventional energy system (CES) based on the l i f e  cycle cost 

4 

3 



criterion, 

geothermal energy project being evaluated. 

the  model a lso generates yearby-year cash flows for  the  

' .  .. . . . .  

The s t ructure  and input/output characterist ics of the  GEEF model 

are provided in Figure 7. The quantitative outputs of 'the GEEF model 

are designed s t r i c t l y  t o  enable t h e  p o t e n t i a l  u s e r  f o r  making an 

i n i t i a l  determinat ion of t h e  technica l  and- economic f e a s i b i l i t y  of 

u t i l i z ing  hydrothermal energy for d i rec t  heat applications. 

- 

8.2 A Guide t o  the GEEF Model Users 

A detailed description of t he  GEEF model's methodology for  deter- 

mining the economic f eas ib i l i t y  of geothermal energy system for direct 

heat applications is presented in Section 2. This  section provides a 

user's guide t o  the GEEF model, The GEEF model is coded in Fortran XV 

computer language end has been tested on IBM 370/148 using Fortran H 

compiler. The pkgram does not require any changes or modifications 

for  compilation by either Fortran G or Fortran H compiler. A complete 

l i s t i n g  of the program i s  given in Appendix C. 

The GEEF model displays p r e - t a x  and aftertax cash flow projections 

and calculates the following fou r  outputs  f o r  investment decisions: 

levelized cos t  of energy (ALCE), n e t  present  value (BPV), discounted 

cash flow rate of re turn  (DCFROR) and discounted payback period (DPP). 

- The GEEF computer model accepts  Geothermal Energy System Data, 

System Owner's Financial Data and Economic Condition Data items l i s ted  

i n  Table 2 (Sect ion 2.2.1) a8 inputs  and computes t h e  t o t a l  system 

lifetime c o s t  on an annual basis f o r  the expected annual energy output 

(ERA). The model computes ERA based on the peak energy demand and the  

. .  
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ut i l iza t ion  factor specified by the user. For the purpose of d e t e r  

mining t h e  leve l ized  cos t  o f  energy (ALCE), t h e  GEEF model computa- 

tions are divided in to  two sections: 

section and' economic analysis  section. 

engineering cost determination 

By u t i l i z ing  the Geothermal Energy System Data, t h e  engineering 

cos t  determinat ion sec t ion  estimates the following elements: t o t a l  

w e l l  flow r a t e ,  number of required production and i n j e c t i o n  wells, 

production w e l l  cost, injection w e l l  cost, base capital  cost of heat 

exchangers ( i f  any required),  base capital  cos t  f o r  d i s t r i b u t i o n  

system, and average annual f u e l  coat where supplementary system is 

considered. 

These engineering c o s t  estimates along wi th  t h e  System Owner's 

Financial Data and Economic Conditions Data described earlier (Section 

2, Table 2) a r e  wed in the economic analysis section of the  model t o  

compute i n t e r n a l l y  t h e  fol lowing in te rmedia te  outputs: e f f e c t i v e  

income tax rate,  weighted average after-tax cost  of capital, c a p i t a l  

recavery factor, fixed charge rate,  present value of capital  invest- 

ment, present value factors and annualized multipliers f o r  fuel cost 

as well as operation and maintenance co8ts. 

The model allows f o r  capital  construction and replacement eche- 

dule. 

process, the t o t a l  construction period is assumed t o  be three years. 

The model assumes zero salvage value a t  t h e  end of t h e  p ro jec t  

economic life. Depreciation charges are  calculated based on sum of the 

year-digits method, The levelized cost of energy is computed for  both 

In view of the overlapping of ac t iv i t i e s  in the preproduction 

8-4 



the  geothermal energy system (GES) and the least-cost competing con- 

v e n t i o n a l  energy system (CES). The annual n e t  cash flow8 (BHCF) a r e  

discounted t o  determine NPV, DCFBOR'and DPP. 

After the completion of a f i r s t  run based on G€EI? model's baseline 

o r  t h e  d e f a u l t  va lues  f o r  i npu t  da ta ,  t h e  u s e r  can modify o r  pe r tu rb  

any of t h e s e  va lues  i n  t h e  input  d a t a  base and r e run  t h e  model. The 

sens i t i v i ty  analysis fo r  ALCE, NPV, DCFBOB and DPP may be performed by 

vary ing  c o s t  e s c a l a t i o n  rates, deb t / equ i ty  r a t i o ,  investment  tax 

c r e d i t  rate,  etc. Input  d a t a  can be e a s i l y  modified o r  altered by 

making appropriate charrges i n  the input data b a a  

* 

6.3 The GEEF Model Input Data Base: 

Only one data  f i l e ,  ECODAT, is maintained in the  input data base. 

The d a t a  i n  ECODAT may be changed by t h e  u s e r  of t h e  GEEF model both 

ECODAT P i l e  

t o  obtain Geothermal Energy costs and i t s  related cash flows, and t o  

perform sens i t i v i ty  analysis. Eowever, a specified data format has t o  

be followed. 

ECODAT contains var iable  number of records depending upon the type 

of geothermal energy system. The number of records varies between a' 

minimum of 8 and a maximum of 10. For d i r e c t  system (0 . hea t  ex- 

changer), the number of records w i l l  be 8, whereas, f o r  1 and 2 stage 

i n d i r e c t  systems, t h e  number of records  r equ i r ed  will be 9 and 10 

respec t ive ly .  The inpu t  d a t a  requirements  inc luding  t h e  v a r i a b l e /  

parameter  name and desc r ip t ion ,  t h e i r  d e f a u l t  va lues  and fo rma t s  

corresponding t o  t h e  d i r e c t  system, 1 s t a g e  i n d i r e c t  system and 2 

stage indirect  system a r e  presented i n  Tables 4,s and 6 respectively. 
W 
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6.4 Accessing GEEF 

After the user has logged on computer, he must create ECODAT f i le .  

The ECODAT f i l e  is developed by following the formats described in the - 

previous subsection. Once t h e  ECODAT f i l e  i s  generated, t h e  u i e r  

should c r e a t e  and save a Job Control Sanguage (JCL) f i l e ,  ECOEXC, 

consisting of the following control statements: 

// JOB CAEtD (Accounting Information and User ID) 
//A EXEC FORTHCLG o r  FORTGCLG 
//FORT.SYSIN DD DSH-WYL.USERID.GEEF,DISP-SER 
//GO.FTO8F001 DD DS~WPL.USEBfD.ECODBT,DISPISHB 

It must be noted t h a t  s tandard IEM data  set  naming conventions have 

been followed in creating the above JCL file. 

When both ECODAT and ECOEXC f i l e s  have been created,  t h e  uaer  is 

- ready t o  execute GEEF by issuing a command: RUN FETCH EBT-1. ERT 

represents the estimated job tun t h e  in minutes. 

be fetched online or  pr in ted  o f f l i n e  

The output .can now 

8.5 Sample Inputs and Outputs of the GEEF Model 

For i l l u s t r a t ion  sake, three test cases a re  presented in t h i s  sub- 

The inputs f o r  these cases are  i l lustrated in Tables 7-9 and section. 

/ 
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. TABLE 4 

Input Data Format for Direct Geothermal Energy System 

- 
Format - 
I3 

I3 

I3 

F8.2 

- 
IS 

IS 

I5 

IS 

I8 

I8 

P5.2 

P5.2 

- 
€3.2 

F8.2 

- 

- 
ecor d 
NO. 

- 
:otlam 

1-3 

4 6  

7-9 

10-17 

Symbol wait. Varirble/Parneter Dareription 

I I m b e t r  of Beat Excbregerr 0 - for d i rec t  ryrtem. or 2 for one 
or two stsue iodirect  oyatclr, reapec- 
t ively . 
1 - o i l ,  2 - gaa, 3 - electr ical .  

1 - biuh (above 1000 p p  t.D.8.f. 

I n  the cam of biuh ral ioi ty ,  the 
exchanger mrfrce area i o  increared by 
20%. Liquid-to-liquid beat t raor fe t  is 

o - IOW (Up t o  io00 p p ~  T.D.s.) 

a r ~ ~ d o  

VpO of 8 u p p h a 8 0 t 8 ~  8 p t a  

Balioity Iodex 

Beat Traorfer Coeffieieot 

~- ~ 

Thio t a p e r a t u r e  murt be rpecified by 
tbe urer. 

Tbir i r  the working f lu id  temperature a 
the  procerr inlet .  

Xbir w i l l  depmd on tbe lowert rorkiou 
f lu id  temperature i n  tba procera. 

?he peak demaod i o  b a n d  on oae hour. 

'Lbe uaer COO rpecify three vrluea 
(louert, mort l ikely,  and hiuhert). 

Thia u t i l i r a t ioo  factor i r  baeed 00 
aooual u t i l i ra t ioo .  

2 . I 4  

6-10 

11-IS 

16-20 

21-28 

29-36 

37-41 

42-46 

- 
1-8 

9-16 

Production Wellherd Tempratate 

Temp. Drop Betveea Wellhead rad P h o t  
Islet 

kocerr  Temperature 

Al t anb le  Tapera ta re  Drop ia tbe 

Peak Kwrn Ptqairmeot  f o r  traeerr 

Well llov Rate 

Specific Beat f o r  Brine 

Procerr Wtilixrtioa Tactor 

h o C e B 0  

Supplseotary System bel Coat 

Sepplmptary  Byrtem lff ic isocy ?actor 
for  Cowertinu Cbemical Knnruy i o t a  
Tbemsl Roerm 

RJPCm 

It n 

$/Unit 

- 
3 
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TABLE 4 (Continued) 
c 

- I 
Input Data Format for  Direct Geothermal Energy Syatem 

Record 
R O O  

(Cont 1 

4 

- 
!olw~n - 
17-24 

25-32 

33-40 

- 
1-8 

9-16 

17-24 

25-32 

33-37 

38-42 

1-8 

9-16 

- 
1-5 

6-10 

11-15 

16-20 - 

Varinbte/tnreeter Deocriptfon 

Supplacntary E y o t a  Capital Coot 

Il.plaratioa Coot 

h o e  Copital Coot tor Dirttiktiaa 
n y o t a  

lsatth of bir t r ikt ioa Byo ta  

Typn of Eock 

Production Well Deptb 

Injection We11 Depth 

Dirtribatioa 8Jotca Pipe Mtmctter 

Dfotribation B y r t a  P i p  Inadation 
Dinmeter 

haduct ion  yo11 h o t  (Pet well) 

Sotml Injection Well .ad Dirpoonl 
S y o t a  Cort 

Federal facore Tnx Er te  

I tate l acas  Tn= Rate 

Annual Iotereot Rnte on Debt 

Debt Fraetioa 

I d  

IIWDSO 

fl 

TS 

M D  

AD 

Dollit. 

Dollar. 

- 
Praetioi 

Crrctial 

lrn c t ioi 

Fcac t io! 

ef nul t 
Value - 
0 

0 

0 

0.46 

0.04 

0.15 

0 060 

Thio rnlue  i m  in ternal ly  computed i f  
the aoer ure? defaul t  rmlue 0. 

Thim value &a ioternnl ly  caaputad i f  
the  uoer are. daf ru l t  rrlue 0. 

Ibi# value i o  internally computed if 
the  uoer uoea defaul t  value 0. 

I& i d i r i d u n l  uoetr 2000 f t .  $0 appro- 
priate. lor d i r t r i c t  hentins oyrtma, 
tbim r a l w  w i l l  be w c h  larger. 

1 - r o f t  rock; 2 - brrd rock. 
- 

This ralae r o o t  be apecified ar the 
brine dirpooal r y o t a  coot i o  s o t  girea 

If the  d i o p o ~ l  oyrtca eoet i r  not 
opecified, tbe wot of on inject ion w e l  
w i l l  be utili8ed. 

The rolwo fo r  theee rnry bnred on 
uwr'a f insoc ia l  otatao nod expectr- 
tioao. they cm be rpeeified by the 
urer t o  conduct oenr i t i r i ty  onnlyrer. 

- 
'ON8 t - 
I8 

I8 

I8 

- 
I6 

I8 

I8 

I6 

P5.2 

PS.2 

- 
I8 

I8 

7 

15.2 

15.2 

15.2 

P5.2 - 

I 

, 



C 
TABLE 4 (Concluded) 

Input Data Format for Direct Geothermal Energy System 

- 
'orma t - 
P5.2 

P5.2 

P5.2 

F5.2 - 
P5.2 

F5.2 

15.2 

P5.2 

P5.2 

P5.2 

15.2 

P5.2 

P5.2 - 
I5 

I5 

I5 

I5 

I5 - 

af ru l t  
Ilelw 

D.20 

D e 3 0  

- 

Dm15 

Dm10 - 
0.25 

D 000 

0.40 

0.10 

0.15 

0.09 

0.00 

0.03 

0.01 

Reasrks Vat iable /Parse  tor  h e c r  i p t  ion Column 

21-25 

26-30 

31-35 

36-40 

(cont) 

- 
7 

Let0 of Return on Common Kquity 

?mwo Btock lraction 

Rate of Return on Preferred Stock 

Referred btock Iractiaa 

Fract ion 

Fraction 

h o c t  ion  

hraction 

Cax Credit Rate 

Property Ten and Inaurasco &to 

Lai t ia l  Imertment Copid lot t o  be 
Replaced 

Ege l ty  Payment as a l ract ion of Grore 
Revenuer 

Depletion Allmmce Pate 

Laflation Rate 

Brcrletion Pate f o r  Capital Corta 

I rca la t ioa  Rate fo r  h e 1  Corte 

Becatation R0te f o r  06H Corti 

A I  Itaction 

Itaction 

rractioa 

Iractioa 

Iractioa 

l r rc t ioa  

l rect ioa 

Iractioa 

Irnctiaa 

t t  ibeladea inreatmeat end oneray terc 
credito. 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-35 

36-40 

41-45 

1-5 

6-10 

11-15 

16-20 

21-25 

B1' 

All 

B2 

B3 

(I lhia velre  i r  bamd on DUI, Inc. fore- 
cert for  1980-2000 p d o d .  

GC 

CT 

Gbn 

I ni 

12 

Year. 

Tear. 

Year I m  

Year l m  

Year mea 

20 

10 

I9 60 

1963 

- 

The value for I2 ha0 t o  be leer than t h  
value for .  111 . 

Project Life  bpea 

Deprqcirtioa Life for Tax 

Project Bare Tear 

h o f e c t  Vintage Year 

btar t  Ispenditure Year 
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TABLE 5 
I 

Input  Data Format for One Stage I n d i r e c t  Geothermal Energy System 

7 

ormat - 
I3 

I3 

I3  

m.2 

- 
15 

-1 5 

I5 

I5 

I0 

f0 

F5.2 

P5.2 

- 
I5 

I5 

Column - 
1-3 

4-6 

1-9 

10-11 

- 
1-5 

6-10 

11-15 

16-20 

21-11 

29-36 

37-41 

42-46 

- 
1-5 

6-1C 

- 

Rersrkr ecard 
no. 

f au l t  
d u e  E p b o l  

I 

. 

) - fot direct  8y8tm. 1 O r  2 for O W  

ir two ntage iodirect  ryatn., rerpec- 
tire 1y. 

1 - oil ,  2 - 6a8p 3 - electr ical .  

D - lm (up ta 1000 p p  T.D.B.), 
1 - bigh (.bote 1000 p p  T.D.8.). 

to tbs cam of high ra l io i ty ,  the 
sxcbanger rortace area 18 iocrcared by 
20%. Liqui6to-liquid beat tranafer f r  
088-d. 

2 L h h  teaperatore m e t  be rpecified by 
tbe oner. 

n i a  i a  tbe  wrkiog f lu id  temperature a1 
the proeera inlet .  

Tlda w i l l  depend oo the l a r e r t  wmkiog 
f lu id  temperature io the  procore. 

Tba peak demand i r  b a n d  on one hour. 

Produetion Uellherd Ttqe1r8tare 

Temp. Drop Batveea Wellbead rad Beat 
ISxcbanger 

hoc888 Tapera ta re  

All&able Taaperatore Drop io  Rocerr 

Peak UmrW R q u l t a e a t  for Procera 

Well nor Rate 

Epecific neat for  Bdoe 

h O C e 8 n  U t i l i 8 O t i O l l  ? 8 C t o t  

Termiaal Temperatare Difference a t  
Iolet of IxcbooBer 

Texdoal Tmperatrre Difference 8t 
Outlet of UIShaOg8t 

2t10 a n t  coo rpacity three valuen 
(lowert, mort likely, and hiuhert). 

This uCilf8atioa factor  i a  bamd 00 
aonual u t i l imt ion .  

IO 

5 

3 
* .  



c TABLE 5 (Continued) 

Input Data Format fo r  One Stage Indirect  Geothermal Energy System 
I 

Record 
NO. 

(cant) 

4 

5 

. 

C o l l l a O  

11-1s 

16-20 

21-28 

29-33 

34-38 

1-8 

9-16 

17-24 

25-32 

33-40 

1-8 

9-16 

17-24 - 

Iojection Wellbead l e p e r a t a t e  

rbpemtare D i f  f erence Betweso Isfec 
tioa Wellbead rod Bxcbraget Outlet 

Beat Bxcbaoger Burface Area 

S p e d f i c  Ber t  Lor Wotkias Fluid 

Bupplcaentary B y r t a  Tuel Coot 

Suppleeeatary Bffieieocy ?actor 
fo r  Comertias Cbeaieal lasr(n to to  
Tbeaal I r m r ~  I 

Bupplaeatary Byatem Cnpital Coot 

8Xplot.d- m8t 

Bare Capital Cart for Metribation 
8y.t- 

Leogtb of Dietrikrtioo B p t a  

-pel of Bock 

Production Well Depth 

Raaarka 

6miromtentnl or rcale  formation e a a  
rideratio08 w y  put a lover bound on 
tb ia  pnrmneter. 

It tbe d e l  umer ha8 no exteronlly 
eaputed  t ip re ,  tba t  figure should 
k reed. 

a a l l c r  tben 1.6. 

Tbia ut i l i8a t ioo  factor  i r  breed on 

actual  rnlue rill gemrally be 

8nrnUl Utili8atiOO. 

Tbi8 value &r ioteroally computed i f  
the uwr raer  default  value 6. 

mi. rnlue i o  iotaroally computed iC 
tbe user urea default  V d W  0 .  

Tbia rnlue i a  ioteraal ly  computed i f  
tbe U 8 e t  U 8 t I  default  value 0. 

?or iodividud urerr 2000 f t ;  i n  appro 
priate. lor dimtrict  beatin8 ayetam, 
th in  rnlue Vi11 be much lnr8ar. . 
1 - .oft rock; 2 - bnrd rock. 

_I_ 

want 
7 

I5 

15 

I8 

€5.2 

15.2 

- 
€73.2 

F8.2 

I8 

I8 

I8 

I8 

I8 

I8 - 



Iroctioo 

?roction 

Rac t ion  

?roction 

0.25 

0.00 

0.90 

0.10 

c TABLE 5 (Continued) c 
Input Data Format fo r  One Stage Indirect Geothermal Energy System 

- 
lolamn - 
25-32 

33-37 

38-42 

- 
1-8 

9-16 

7 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-35 

36-40 - 
1-5 

6-10 

11-15 

16-20 

- 
ormat - 
I8 

P5.2 

C5.2 

- 
I8 

I8 

- 
P5.2 

C5.2 

P5.2 

P5 -2 

P5.2 

P5.2 

I5.2 

P5.2 - 
P5.2 

P5.2 

F5.2 

P5.2 

- 

Record 
no. ~ o r i o B l e / P a t ~ t e t  bareription Remarkr 

Injection Well Depth 

M o t t i h t i o a  s y r t a  Pipa M e t e r  

Dirtt ibution t l y r t a  Pipe Iarolation 
Diometer 

tbio value muat be specified 00 the 
brine disporal ryrtem coot i 8  not liven. 

koduet ioa Well Cort (Pet Well) 

T o t h  Injection Well mad Dirpor81 
S y o t a  Coot 

If  the dirpooal o p t a  c o o t  40 not 
rpeeified, tb coot  of an injection well  
rill be otil ised.  

7 ?ederol Income t a t  Rate 

tltote ~ n c m  ~ A * @ t a  

Annual In t e t e r t  Rate on Deb 

hmtion  0.46 

Fraetioa 0.04 

?roctiaa 0.15 

I 

Ikactiw 0.60 

h a e t i a n  0.20 . 

?mctioa 0.30 

?roetion 0.15 

mBCtiOR 0.10 

?he volaer for there re- bared on 
U M I ~ O  financial  etatoo .and aspecta- 
tionr. r h a y  can be r p c i f i e d  by the 
u n r  to conduct oen r i t i r i t y  analyre?. 

Debt h a c t i o n  

Rote of Return on Oaron q u i t t  

C o r a 0  Stock m0etian 

Rote of Betarn om Preferred l tock 

Preferred Stock ?metion 

8 It includes iweetmeot and e n e r ~ y  tax 
credit I. Tan Credit Rate 

Property ?as .ad Iarorance Rate 

In i t i o1  I a e r t w n t  Copitrl  Bot to 
be Replaced 

Royalty Payment am 0 R a c t i o s  of 
GNm8 Eweaueo 

A1 

SI+ 

A1 1 

12 
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TABLE 5 (Concluded) 

Input Data Format for One Stage Indirect  Geothermal Energy System 

~~ 

Record 
no. 

(Cont ) 

9 

Column 

21-25 

26-30 

31-35 

36-40 

41-45 

1-5 

6-10 

ll-15 

I6-20 

21-25 

Practioa 

Fr.ction 

?roction 

Fraction 

Itact ion 

efaalt 
V.lue 

0.15 

0.09 

0.00 

0.03 

0.01 

20 

10 

1960 

1983 

- 

ileaark. 

Tld8 value i 8  based on DUX, Ine. fare- 
cart for 1980-2000 period. 

Vba .alae for I 2  b.8 to be le08 ihsn thi 
valw for 111. 

r 

- 
Tormat - 
F5.2 

15.2 

F5.2 

F5.2 

FS.2 

IS 

IS 

I5 

I5 

I5 - 
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TABLE 6 

Input Data Format for Two Stage Indirect Geothermal Energy System 

- 
O M t  - 
I3 

I3 

I3 

F8.2 

- 
I5 

I5 

I5 

I5 

I8 

I8 

F5.2 

P5.2 

- 
IS 

15 

- 

locord 
lo. Column VariablelPa:.wter Oercriptioa Pemrrkm 

IIttXC+ 

ITsOP 

IS& 

B c d B ?  

0 - for direct  ryrtem. 1 .or 2 t o r  o m  
or two rtage iodiract  ryrtanr, rerpec- 

1 - oi l ,  2 - goo, 3 - elect t ical .  

0 - low (up t o  1000 pp t.D.’S.) 
1 - high (above 1000 ppm T.D.S.f. 

t ively . 1-3 

4-6 

7-9 

10-17 

Runberm of Beat Excbwgerr 

q p s  of Bopplamentary w r t a  

Sr i i a i ty  Index 

Beat Tmorfer Cocfficieot In the came of high ral ioi ty ,  the 
exchanger rurface area i r  iocreared by 
20%. Liquid-to-liquid beat traorfer i o  
a r m d o  

1-5 

6-10 

11-15 

16-20 

21-28 

29-36 

37-41 

42-46 

t taductioo Wellbead Tmp8rRtare *I 

*I 

*I 

*C 

mTU/O/bs 

lb r lhr  

BTD/lb/‘ 

Frrctior 

l % i m  temperature muat be rpecified by 
the aoer. 

2 

Temp. Drop Betveten Weltadad and Beat 
Exchanger 1 

h o c e r r  Temperature 

Allmeble Temperature Drop in  h o c e r r  

Perk Bnetgy Requiremaat for Proeerr 1 

Well ?lor Pate 

Ilpeeific Bert for B r i n e  

Pracerr 1 utilimttoa ?actor 

TIdo fir the  rorkiog f lu id  teaperature a 
the proccor iolet .  

Thio w i l l  dapeod on tbe loue$t r o r k i o ~  
f lu id  temperature in the  proearn. 

The peak demand i r  bamd 00 on* bwr. 

Tbe u n r  con rpecify three valuer 
(louert ,  w e t  l ike ly ,  nod bigbeet). 

Thir u t i l i m t i o o  factor i o  bared OR 
anoual u t  i1i.a t ioo. 

‘I 

*I 

3 1-5 

6-10 

, 



TABLE 6 (Continued) 

Input Data Format f o r  TWO Stage Indirect  Geothermal Energy System 

- 
klWll - 
11-15 

16-20 

21-28 

29-33 

34-38 

- 
1 3  

6-10 

11-15 

16-20 

21-28 

29-36 

31-41 

42-46 - 

. .  - 
Format 
1_1 

15 

15 

I8 

F5.2 

F5.2 

- 
I5 

15 

I5 

15 

I8 

18 

F5.2 

15.2 - 

Tar iable/Par m e  Let Deacr ipt ion . E y ~ b o l  Record 
no. Ptmarkr 

B m i r o w n t a l  or rcale  forsnt ioa COP- 
riderationo MY put a lower bound 011 
tbia parmetar. 

(cant 1 t a jec t ioa  Wellbead Taperetare .I 

.I 

L l p w  Ttw 

BTU/lb/.I 

I”r.Cti0l 

Tempera tare B i f  f erenee Detuma Iajec- 
t i o a  Wellhead and Rubengoat 1 Oatlet 

b a t  Excbnager 1 Surface Area It tbe lode1 amr bar aa r s te roa l ly  
caputed  f ipra ,  that  f ipre  rhould 
bo (Ired. 

% actual value w i l l  6ewrally be 
malle+ then 1 .O. 

B i a  a t i l i r a t i o n  factor  i a  bamd on 
anamal utili.ation. 

rhia i n  the  workins f lu id  tasperatare a 
tba procera in le t .  

Tbir rill depend on the  lmrert workiag 
f lu id  temperature i n  the  procerrw 

Ilpecifia Beat f o r  Waking ?laid 

Beat Rxcbmger I Efficiency 

4 Pmheaa Tapratare  at  R e a t  Eubm~er 

Allowable Temperstare Drop Witbia 
Procerr 2 

T e a i a a l  Teaperatam Difference a t  
I n l e t  of Beat Rxcbrater 2 

%rmianl Teaperatare Differonce a t  
Oatlet of Beat B8cboa8er 2 

Heat EXCbOOgar 2 Earface Area 

Peak Energy Required fo r  Proceer 2 

Bert Bxcban(ler 2 E f f  icisncy 

Wtilimtiaa Iac to t  f a r  Prmsrr 2 

.I 

OF 

.T 

.I 

q w  It. 

WWrOlbr 

I ract ion 

?raction 

I f  the d e l  urer bra on externally 
eanputed figure, that figure rhould be 
a n d .  

Ttdr perk i a  bared on one hour. 



e 
TABLE 6 (Continued) 

Input Data Format for  Two Stage Ind i r ec t  Geothermal Energy System 

- 
Unite Ranarb tfaalt 

'due 

- 
- 
0 

0 

0 

Vmriable/Pmrreter Dercriptioa Column 

1-8 

9-16 

17-24 

25-32 

33-46 

1-8 

9-16 

17-24 

25-32 

33-37 

3 8-42 

Klecttic - $ per KWER; 6as - $ per 1000 
8cl; o i l  - 4 per barrel. 

Tbim value i a  internal ly  m p a t e d  i f  
tho amet urea defrul t  vmlae 0. 

mi. value i a  internal ly  m u t e d  i f  
the mer amem defrul t  v011m 0. 

Tbir v0lue i a  i a t e re r l ly  cmputed i f  
the umer aeer defrul t  value 0. 

I8 

I8 

I8 

I8 

F5.2 

F5.2 

- 
I8 

I8 

- 

Tor individual anrm 2000 f t .  
primto. lor d i r t r i c t  b a t i n g  myetmm, 
thim value rill be inch larger. 

1 - ro f t  rack; 2 - bard rock 

appro- 

a i r  r01ue i a r t  be rpecified am the 
b r i w  dirpoaal ryrtem cort  i r  not given 

Length of D i r t r i b t i o n  B y r t a  

3 p s  of Rock 

Reduction Well Depth 

fafact ion We11 Depth 

Mrt r ibu t ioa  S y r t a  ripe D i m m t s r  

Dir t t ibat ion dymta Pips  t s ra la t ioa  
Diaatet  

I d  

9-15 

- 

IPWC* 

IIWWC 

hodaction ~ e 1 1  a r t  (?or wall) 

Total Infection Well and Dirporal 
S y a t a  Cort 

I f  tbe dimporal ryrtem cort i r  mot 
r p c i f i e d ,  t he  cort of r~ inject ion w e 1  
rill be util isad.  



Pecord 
no. 

Itaction 

hact ion  

Itaction 

haction 

Iractioa 

&action 

Fraction 

Craction 

Iraction 

Ract ioo 

l r cckon  

Fraction 

Iract ion 

Fraction 

Fraction 

Trmctioa 

Ctactioa 

8 0.46 

0.04 

0.15 

0.60 

0.20 

0.30 

0.15 

0.10 

0.25 

0.00 

0.40 

0.10 

0.15 

0.09 

0.00 

0.03 

0.01 

9 

TABLE 6 (Continued) 

Input Data Format for Two Stage Indirect  Geothermal Energy System 
1 

Q 

calura - 
e 1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-35 

36-46 
\ - 

1-5 

6-10 

11-15 

1 6 4 0  

21-25 

26-30 

31-35 

36-40 

41-45 

Vmriable/Pmt.lwtat Demoription 

Tederal I o c m  Tea Rate 

Sta te  Ittcme Taa Rate 

Aenaal Interemt Rmte ea Debt 
* .  

Debt R a c t i a a  

Rate of Return on C o ~ a o a  Equity 

capo8 8tock ?ract&on 

Rate of Return oa Preferred Stock 

Preferred Stock Ik8ction 

Tmx Cradit Rate 

Royalty Payment am h a c t i o a  of Gromm 
Reveauem 

Depletion Allmaace Rate 

f ~ f l a t i o l l  Rate 

Emealation Rate for Capital Coats 

ErCdat&Oh k t 0  for b l  

Ercmlatioa Rats for 04n Cortr 

n 
ti) 

Am 

AD 

AKC 

Kc 

AKP 

E? . 
~~ ~ 

A I  

Bl* ' 

All 

I2 

B3 

G 

GC 

G? 

GOn 

D 

rn 

I 

llka valuer for there vmry bared on 
smet'm financial  mtmtur and e x p e c t r  
tionr. ?hey can be opacified by the 
umer t o  conduct mearitivity unelper .  

I 

Tbia value i m  b a n d  on DIU, lac. fora- 
car t  for 1980-2000 period. 

l o r n  t - 
P5.2 

F5.2 

15.2 

' ?5e2 

F5.2 

F5.2 

?5 R 

F5.2 

15.2 

F5.2 

F5.2 

15.2 

F S J  

F5.2 

P5 02 

F5.2 

95.2 - 



c 0 

Record 
NO. 

10 

Column 

1-5 

6-10 

11-15 

16-20 

21-25 

i:, el  \; 

TABLE 6 (Concluded) c 
L .  

9 .  

Input Data Format for .Two Stage Ind irec t  Geothermal Energy System 

I1 

Il2 

I D  

IV 

I8 - 

20 

10 

19 60 

1983 

- - 

Itsark8 

?be value for U2 bra to  be leea tban 
V ~ ~ U O  tor 11. 

- 
‘orma t 

15 

15 

I5 

I5 

I5 
7 



*- 
s 
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TABLE 7 

Inoat Data File For Direct Geothermal Enerrnr Sv8temL 
Case I 

0 2 1 120.00 lo-- 25oooO 0.95 0.60 1. 
2 .  220 1 0  210 40 
3 .  5 .00  0 .7s  2oooO 00000 00000 
4 .  2000 1 3300 2 0 0 0 4 . 0 6 6 . 0 0  . 

1 5 .  

6 .  0.46 0.04 0.1s 0 .60  0.20 0 .30  0.18 0.10 
7 .  0.25 0.00 0 .40  0.10 0.15 0.09 0.00 0.03 0.01 
0 .  20 1 0  1980 1083 1980 

0 0 

In-t Data File For One Stane Indirect  Geothermal Enernv System. 
Case 11 

1. 1 2 1 120.00 1. 220 1 0  210 40 1 0  25oooO 0.95 0.60 
3 .  1 0  5 1 0 0  1 0  ’ SO00 0.98 1.00 
4 .  5 . 0 0  0.75 2oooO 00000 00000 
5.  

7 .  

2000 I 3300 2000 4.00 6.00 
\ 0 6.  0 

9. 20 io isso 1983 i s so  

0.46 0.04 0.15 0.60 0.20 0.30 0.15 0.10 
0 .  0.25 0.00 0.40 0.10 0.15 0.09 0.00 0.03 0.01 b 

- 

WLE 9 

fnotrt Data File For Tvo Stage Indirect  Geothermal Enernv S v s t a ,  
Case I11 

1 .  2 2 1 120.00 
2 .  220 1 0  210 40 1 0  25oooO 0.B5 0.60 

4. 150 20 20 10 bo00 6 1 . 0 0  0.40 
5.  5.00 0.75 2oooO OOOOO OOOOo 
6.  2000 1 3300 2000 4.00 6.00 

8 .  0.46 6.04 0.15 0.60 0.20 0.30 0.15 0.10 
9 .  0.25 0.00 0.40 0.10 0.15 0.09 0.00 0.03 0.01 

3. 1 0  5 loo 1 0  so00 0.98 1 . 0 0  

7 .  0 0 

1 0 .  20 10 isso 1983 1980 
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TABLE 10 

GEEF MODEL omaTs FOR DIRECT GEoT~ERMAL mcl SYSTEM, 
CASE I 

NO. OF HEAT EXCHRSC - 0 - 

PROD. WELLHO TEMP.(DEG. F)= 
TEMP. OROP BET. PROD. WELLHD & PL. INLET(DEG F)' 
PROCESS TEMP. (DEG F)= 
ALLOW. TEMP. DROP IN THE PROCESStDEG. F)= 

WELL FLOW RATE (LBS./HR.)= 
SPECIFIC HEAT FOR BRINE(BTU/LB/DEG. F)= 
UTILIZATION FACTOR FOR PROCESS= 

PEAK ENERGY REOMT. FOR PROCESS(MMBTU/HR)= 

DISTRB SYSTEM PIPELINE LENGTH(FEET)= 0 

DIStR8 SYSTEM PIPELINE INSUL. OIA.(INCHES)= 
TYPE OF ROCK: SOFT 
SALINITY: HIGH 

OISTRB SYSTEM PIPELINE DIAMETER(INCHES)= 

PRODUCTION WELL DEPTH(FEET)~ 

FLOW RATE REQUIRED(L6S/HR)* 
NUMBER OF PRODUCTION WELLS* 
NUMBER OF INJECTION YELLS* 
ANN. ENERGY REQD. FROM SUPPLM. SYS.(Bm)= 

BASE CAPITAL COST FOR HEAT EXCHR(S)* 
AVERAGE ANNUAL FUEL COST= 

GAS€ CAPITAL COST FOR DIST. SYSTEM= 
PROOUCTION WELLS COST= 
INJECTION WELLS COST= 
SUPPLEMENTRY SYSTEM CAPITAL COST 
EXPLORATION COST* 

220 
10 

2 10 
40 

10 
2soooo 

0.95 
0.60 

2000 
0.33 
0.50 

I 

3300 

263 158 
2 
0 

0.0 

0.0 
0.0 

0.047E 05 
0.901E 06 
0.0 

0 
4J045 

A-20 



. TABLE 10 

GEEF MODEL OUTPUTS FOR DIRECT GEOTHERMAL ENERGY SYSTm, 
c, CASE I 

s 

(Continued) 
.. 

FED INCOME TAX RATE(FRACT1ON): 
STATE INCOME TAX RATE(FRACT1ON): 
ANNUAL INTEREST RATE ON DEBT(FRACT1ON): 
DEBT FRACTION: 
RATE OF RETURN ON COMMON STOCK(FRACTI0N): 
CObWON STOCK FRACTION': 
RATE OF RETURN ON PREFERRED STOCK(FRACT1ON): ' * 

PREFERRED STOCK FRACTION: 
TAX CREDIT RATE(FRACT1ON): 
PROPERTY TAX AND INSURANCE RATE(FRACT1ON): 
INIT. INVEST. CAP. NOT TO BE REPLACED(FRACT1ON): 
ROYAL. PAYMT. AS FRACTION OF GROSS REVENUE: 
DEPLETION ALLOWANCE(FRACT1ON)i 
INFLATION RATE(FRACT1ON): 
ESCALATION FACT. FOR CAPITAL COSTS: 
ESCALATION FACT. FOR FUEL COSTS: 
ESCALATION FACT. FOR 0 6 H COSTS: 
PROdECT BASE YEAR: 
PROJECT VINTAGE YEAR: 
START EXPENDITURE YEAR: 
PROJECT LIFE SPAN (YEARS): 

. OEPRECIATION LIFE FOR TAX(YEARS): 

0.46 
0.04 
0.15 
0.60 
0.20 
0.30 
0.15 

0.0 
0.40 
0.10 
0.15 
0.09 
0.0 
0.03 
0.01 
1980 
1983 
1900 

20 
10 

5255s. 90 TOTAL ANN. ENERGY REQD.(HMBTU)m . 
TOTAL ANNLZD. COST OF GEOTHERMAL ENERGV(tM)* 0.458 
LEVEL. COST OF GEOTHERMAL ENERGY (S/MMBtll)= 8.71 
LEVEL. COST OF ENERGY FROM ALTERNATE SVSTEM(S/MMBN)= 12.91 

3 
A-21 
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- TABLE 10 . 
IRECT GE0-G SYSTEM, 

lcli CASE I 
1 (Continued) 

YEAR BY YEAR CASH FLOW FOR GEOTHERMAL ENERGY 

GROSS ROYALTY 
REVENUE AND 

OPER. COSTS 

0 . 4 5 7 7 E  06 0 .2194E 06 
0 .4577E 06 0.2201E 06 
0 .4577E 06 0 .2208E 06 
0 . 4 5 7 7 E  06 0 .2216E 06 
0 . 4 5 7 7 E  06 0.2223E 06 
0 .4577E 06 0.2230E 06 
O.4577E 06 0.2238E 06 
0 .4577E 06 0 .2245E 06 
0 .4577E 06 0.2253E 06 
0.4577E 06 0.2260E 06 
0 . 4 5 7 7 E  06 0 .2700E 06 
0 . 4 5 7 7 E  06 0 .2708E 06 
0 .4577E 06 0 .2716E 06 
0 .4577E 06 0.2724E 06 
0 . 4 5 7 7 E  06 0.27325 06 
0 . 4 5 7 7 E  06 0 .2740E 06 
0 . 4 5 7 7 E  06 0.2748E 06 

' 0 . 4 5 7 7 E  06 0 .2756E 06 
O..4577E 06 0 .2765E 06 
0 . 4 5 7 7 E  06 0.2773E 06 

YEAR 
OF 

OPER. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 

NET 
INCOME 
BEFORE . 
TAXES 

0.115OE 05 
0.2497E 05 
0 .3688E 05 
0.4741E 05 
0 .5669E 05 
0 .6486E 05 
0.7540E 05 
0.8796E 05 
0.98926 05 
0 .1085E 06 
O.7353E 05 
0.8068E 05 
0.8682E 05 
0 .9206E 05 
0.9650E 05 
0.1002E 06 
0.1034E 06 
0.1059E 06 
0.1080E 06 
0.1096E 06 

NET . NET 
INCOME CASH 

FLOW AFTER 
TAXES 

0 .5961E 04 0 .1699E 
0 .1294E 05 0 .1697E 
0 .1912E 05 0.1695E 
0 .2458E 05 0 .1691E 
0 .2939E 05 0 .1687E 
0 .3362E 05 0.1683E 
0 .3909E 05 0.1680E 
0.4560E 05 0 .1221E 
0.5128E 05 0 .1160E 
0 .5623E 05 O.1107E 
0 .3812E 05 0 .5472E 
0 .4182E 05 0 .5050E 
0 .45OlE 05 * 0 .4675E 
0.4772E 05 0 .4343E 
0 .5003E 05 0 .4049E 
0 .5197E 05 0 .3788E 
0 .5358E OS 0.3556E 
O.549OE OS 0 .3350E 
0 .5597E 05 0.3167E 
0 .5681E OS 0.3-E 

06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
05 
05 
05 
os 
05 
os 
05 
05 
05 
05 



TABLE 10 - 
GEEF MODEL OUTPUTS FOR DIRECT GEOTHERMAL ENERGY SYSTEM, 

CASE I 
(Concluded) 

YEAR B Y  YEAR CASH FLOW FOR GEOTHERMAL ENERGY 
AT ALTERNATE ENERGY LIFE CYCLE COST 

? 

-... . .  
..i 

YEAR 
OF 

OPER. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 

NET 
INCOME 

OPER. COSTS BEFORE 
TAXES 

GROSS ROYALTY 
REVENUE AND 

0.6783E 06 0.2415E 06 0.1189E 06 
0.6783E 06 0.2422E 06 0.1468E 06 
0.6783E 06 0.2429E 06 0.1706E 06 
0.6783E 06 0.2436E 06 0.1917E 06 
0.6783E 06 0.2444E 06 0.2103E 06 
0.6783E 06 0.2451E 06 0.2266E 06 
0.6783E 06 0.2458E 06 0.2409E 06 
0.6783E 06 0.2466E 06 0.2535E 06 
0.6783E 06 0.2473E 06 0.2644E 06 
0.6783E 06 0.2481E 06 0.2740E 06 
0.6783E 06 0.2921E 06 0.2391E 06 
0.6783E 06 0.2929E 06 0.2462E 06 
0.6783E 06 0.2936E 06 0.2523E 06 
0.6783E 06 0.2944E 06 0.2576E 06 
0.6783E 06 0.2952E 06 0.2620E 06 
0.6783E 06 0.2961E 06 0.2658E 06 
O.6783E 06 0.2969E 06 0.2689E 06 
0.6783E 06 O.2977E 06 0.2714E 06 

0.6783E 06 0.2994E 06 0.2751E 06 
0.6783~ 06 0.2985~ 06 0.2735~ 06 

NET NET 
INCOME CASH 

FLOW AFTER 
TAXES 

0.6214E 05 0.3726E 06 
0.7611E 05 0.3728E 06 
0.8846E 05 0.3730E 06 
0.9938E 05 0.3731E 06 
0.1090E 06 0.29095 06 
0.1175E 06 0.2554E 06 
0.1249E 06 0.24788 06 
0.1314E 06 0.2410E 06 
0.1371E 06 0.2349E 06 
0.1420E 06 0.2296E 06 
0.12395 06 0.1736E 06 
0.1276E 06 0.1694E 06 
0.1306E 06 0.1657E 06 
0.133tE 06 0.1623E 06 
0.1358E 06 0.1594€ 06 

0.1394E 06 0.1545E 06 
O.1407E 06 0.15246 06 
0.1418E 06 0.1506E 06 
0.1426E 06 0.14SOE 06 

0 . 1 3 7 ~ ~  06 0 .1568~ 06 

NET PRESENT VALUE: 0.321E 06 
DISCNT. CASH FLOW RATE Of RET.(%): 
DISCNT. PAYBACK PERIOD (YEARS): 

15.74 
5 

~ -. 
J 

3 

/ 

9 

:I 
r /  

‘id 
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GEEF MODEL OUTPUTS 

TABLE 11 

FOR ONE STAGE INDIRECT GEOTHERMAL ENERGY SYSTEM 
CASE I1 

3 

NO. OF HEAT EXCHRS- 1 

PROD. WELLHD. TEMP.(OEG. F ) =  
TEMP.DROP BET. PROD WELLHD. & EXC.l IN.(DEG F)= 
PROCESS TEMP. AT EXCHR 1 (OEG. F ) -  
ALLOW. TEMP. DROP WITHIN THE PROCESS l ( 0 E G  F)= 
PEAK ENERGY REOMT. FOR PROCESS l(MMETU/HR)= 

TEWP.DROP BET. INJ. WELLHD. 6 EXC.l OUT.(OEG. F)= 
TERM. TEMP. D I F F .  AT INLET OF EXCHR.l(OEG. F)= 
TERM. TEMP. O r F F .  AT OUTLET OF EXCHR. l ( 0 E C  F)=  
WELL FLOW RATE (LBS/HR)= 
S P E C I F I C  HEAT FOR BRINE(BTU/LB/DEG. F)= 
SPECIFIC HEAT FOR WORK. FLD. (BTU/LB/HR)= 
EFFICIENCY FOR HEAT EXCHR. 1s 
U T I L I Z A T I O N  FACTOR FOR PROCESS ;= 

INJECTION WELLHD. TEMP.(OEG. F)= . 

DISTRB SYSTEM P I P E L I N E  LENCTH(FEET)r 
DISTRB SYSTEM P I P E L I N E  OIAWETER(INCHES)= . 
DISTRB SYSTEM PIPELINE INSUL. DIA.(INCHES)= 
TYPE OF ROCK: SOFT 
S A L I N I T Y :  H I G H  
PRODUCTION WELL DEPTHH(FEET)= 
INJECTION WELL DEPW(FEET)*  

220 , 
10 

210 
40 

100 
10 
10 
5 

25oooO 
0.95 
0.98 
1 .OO 
0.60 

10 

2000 
0.33 
0.50 

3300 
2000 

263 158 
r .  

1 2 
cr NUMBER OF INJECTION WELLS- 1 

FLOW RATE REOUIRED(LBS/m)= 
NUMBER OF PRODUCTION WELLS= 

ANN.. ENERGY REOD. FROM SUPPLM. SYS.(BW)= 0 . 1 3 l E  11 

O.996E 05 BASE CAPITAL COST FOR HEAT EXCHR(3)- 
AVERAGE ANNUAL FUEL COSTS 0.876E 05 

<. 0.847E OS BASE CAPIT&L COST FOR OIST.  SYSTEM= 

0.268E 06 INdECTfON WELLS COSf- 

EXPLORATION COST- 63436 

- 
PRODUCTION WELLS COSTS 0.90lE 06 

SUPPLEMENTRY SYSTEM CAPITAL COST 2oooo 

3 

3 

,- 

03 

u 



. . , -  . 
d. 

? 

u 
\ J 

3 

-. 
.f . 

J 
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TABLE 11 

GEEF MODEL OUTPUTS FOR ONE STAGE INDIRECT GEOTHERMAL ENERGY SYSTEM 
CASE I1 
(Concluded) 

FED INCOME TAX RATE(FRACT1ON): 
STATE INCOME TAX RATE(FRACTI0N): 
ANNUAL INTEREST RATE ON OEBT(FRACT1ON): 
OEBT FRACTION: 
RATE OF RETURN ON COMMON STOCK(FRACT1ON): 
COMMON STOCK FRACTION: 
RATE OF RETURN ON PREFERRED STOCK(FRACT1ON): 
PREFERRED STOCX FRACTION: 
TAX CREDIT RATE(FRACT1ON): 
PROPERTY TAX AND INSURANCE RATE(FRACT1ON): 
I N I T .  INVEST. CAP. NUT TO BE REPLACED(FRACT1ON): 
ROYAL. PAYMT. AS FRACTION OF GROSS REVENUE: 
DEPLETION ALLOWANCE(FRACTI0N): 
I N F L A T I O N  RATE(FRACT1ON): 
ESCALATION FACT. FOR CAPITAL COSTS: 
ESCALATION FACT. FOR FUEL c a m :  
ESCALATION FACT. FOR 0 6 M COSTS: 
PROJECT BASE YEAR: 
PROJECT VINTAGE YEAR: 
START EXPENDITURE YEAR: 
PROJECT L I F E  SPAN (YEARS): 
DEPRECIATION L I F E  FOR TAX(YEARS1: 

0.46 
0.04 
0.15 
0.60 
0.20 
0.30 
0.15 
0.10 
0.25 
0.0 
0.40 
0.10 
0.15 
0.09 
0.0 
0.03 
0.01 
1980 
1983 
1980 

20 
10 

TOTAL ANN. ENERGY REQD.(HMBTU)= 52559.98 
0.853 TOTAL ANNLID. COST OF GEOTHERMAL ENERCY($M)- 
16.22 LEVEL. COST OF GEOTHERMAL ENERGY (S/HMBTU)= 

LEVEL. COST OF ENERGY FROM ALTERNATE SYSTEM(S/MMsW)* 12.91 
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w GEEF MODEL OUTPUTS FOR m0 STAGE INDIRECT GEOTHERMAL ENERGY SYSTEM 
2 CASE 111 

3 

NO. OF HEAT EXCHRSI 2 

PROO. WELLHO. TEMP.(DEG. F)= 
TEMP.DROP BET. PROO WELLHD. & EXC.l IN.(DEG F)= 
PROCESS TEMP. AT EXCHR 1 (DEG. F)= 
ALLOW. TEMP. DROP WITHZN THE PROCESS I(DEG F)* 
PEAK ENERGY REOMT. FOR PROCESS l(IUIMBTU/HR)* 
INdECTION WELLHD. TEHP.(DEG. F)= 
TEMP.DROP BET. IN3. WELLM). & EXC.1 OUT.(DEG. F)= 
TERM. TEMP. DIFF. AT INLET OF EXCHU.i(OEG, F)= 
TERM. TEMP. DIFF. AT OUTLET OF EXCHR. 1(DEG F)= 
WELL FLOW RATE (LBS/HR)= 
SPECIFIC HEAT FOR BRINE(ETU/LB/DEG. F)* 
SPECIFIC HEAT FOR WORK. FLD. (BTU/LB/HR)= 
EFFICIENCY FOR HEAT EXCHR. l =  
UTILIZATION FACTOR FOR PROCESS I= 
PROCESS TEMP. AT EXCHR. 2 (DEG. F)E 
ALLOW.TEMP. DROP WITHIN PROCESS 2(DEG. F)= 
TERM. TEMP. OIFF AT INLET OF EXCHR.P(DEG. F)= 
TERM. TEMP. DIFF. AT OUT. OF EXCHR.I(DEG. F)= 
PEAK ENERGY REQMT. FOR PROCESS 2(HMBTU/HR)= 
EFFICIENCY FOR HEAT EXCHR.2 - 
UTILIZATION FACTOR FOR PROCESS 2- 

OISTRB SYSTEM PIPELINE LENGTH(FEET)= 
DISTRB SYSTEM PIPELINE OIAMETER(INCHES)= 
OISTRQ SYSTEM PIPELINE INSUL. DIA.(INCHES)* 

SALINITY: HIGH 
PRODUCTION WELL DEPTH(FEET)= 
INJECTION WELL DEPTH(FEET)= 

. TYPE O f  ROCK: SOFT 

FLOW RATE REQUIRED(LBS/HR)* . 
NUMBER OF INJECTION WELLS- 
ANN. ENERGY REOD. FROM SUPPLM. SYS.(SrU)= 

NUMBER OF PRODUCTION WELLS- 

BASE CAPITAL COST FOR HEAT EXCHR(S)* 
AVERAGE ANNUAL FUEL COST- 

BASE CAPITAL COST FOR OIST. SYSTEMS 
PROOUCTION WELLS COSTS 
INJECTION WELLS COST- 
SUPPLEMENTRY SYSTEM ‘CAPITAL COST 
EXPLORATION COSTS 

220 
10 

2 IO 
40 

1 0 0  
10 
io 
5 

25oooO 
0.95 

1 .oo 
0.60 
150 
20 
20 
10 

1 .oo 
0.40 

10 

o. sa 

6 

, 
0.33 
0.50  

3300 
2000 

171428 
1 
1 

0.131E 1 1  

0.189E 06 
0.876E OS 

0.6StE 05 
0.480E 06 
0.268E 06 
2oooo 
49892 



TABLE 12 

GEEF MODEL OUTPUTS FOR TWO STAGE INDIRECT GEOTHERMAL ENERGY SYSTEM 
CASE I11 
(Continued) 

FED INCOME TAX RATE(FRACT1oN): 
STATE INCOME TAX RATE(FRACT1ON): 
ANNUAL INTEREST RATE ON DEBT(FRACT1ON): 
DEBT FRACTION: 
RATE OF RETURN ON COMMON STOCK(FRACT1ON): 
COMMON STOCK FRACTION: 
RATE OF RETURN ON PREFERRED STOCK(FRACTI0N): 
PREFERRED STOCK FRACTION: 
TAX CREOIT RATE(FRACT1ON): 
PROPERTY TAX AND INSURANCE RATE(FRACTI0N): 
INYT. INVEST. CAP. NOT TO BE REPLACED(FRACT1W): 

DEPLETION ALLOWANCE( FRACTION) : 
INFLATION RATE(FRACTI0N): 
ESCALATION FACT.. FOR CAPITAL COSTS: 
ESCALATION FACT. FOR FUEL COSTS: 
ESCALATION FACT. FOR 0 L W COSTS: 
PROJECT BASE YEAR: 
PROJECT VINTAGE YEAR: 
START EXPENDITURE YEAR: 
PROJECT LIFE SPAN (YEARS): 
DEPRECIATION LIFE FOR TAX(YEARS):. 

ROYAL. PAYMT. AS FRACTION OF GROSS REVENUE: 

0.46 
0.04 
0.15 
0.60 
0.20 
0.30 
0.15 
0.10 
0.25 
0.0 
0.40 
0.10 
0.15 
0.09 
0.0 
0.03 
0.01 

1983 
1980 

20 
10 

isao 

TOTAL ANN. ENERGY R E W  . (HMBTU 1 1  
TOTAL ANNLZD. COST OF GEOTHERMAL ENERGY(SM)= 
LEVEL. COST OF GEOTHERMAL ENERGY ($/YMBtU)= 
LEVEL. COST OF ENERGY FROM ALTERNATE SYSTEH($/WW)= 

73583.94 
0.688 
9.35 

12.01 

I 
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TABLE 12 

GEEF MODEL OUTPUTS FOR TWO STAGE INDIRECT GEOTHERMAL ENERGY SYSTEM 
CASE 111 

W 
d 

(Conti&ed) 

YEAR BY YEAR CASH FLOW FOR GEOTHERMAL ENERGY 

YEAR 
OF 

OPER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 

19 
20 

18 

GROSS 
REVENUE 

0.68ao~ 06 
0.6880E 06 
0.6880E 06 
0.6880E 06 
0.6880E 06 

0.6880E 06 
0.6880E 06 
0.6880E 06 
0.6880E 06 
0.6880E 06 

0.6880E 06 

0.6880E 06 
0.688QE 06 

Q.6880E 06 

0.6880E 06 

0.6880~ 06 

0.6880~ 06 

0.6880~ 06 

0.6880~ 06 

0.6880~ 06 

ROYALTY 
AND 
OPER. COSTS 

0.3354E 06 
0.3387E 06 
0.3422E 06 
0.3457E 06 
0.3493E 06 
0.3531E 06 
0.3569E 06 
0.36088 06 
0.3648~ 06 
0.3689~ 06 
0.4171E 06 
0.4214E 06 
0.4259E 06 
0.4304E 06 
0.435tE 06 
0.4399E 06 
0.4449E 06 
0.4499E 06 
0.4551E 06 
0.4605E 06 

NET 
INCOME 
BEFORE 
TAXES 
0.66844 05 
0.7922E 05 

0.8929E 05 
0.1114E 06 
0.1250E 06 
0.1366E 06 
0.1462E 06 
0.1541E 06 
0.1605E 06 
0.1215E 06 
0.1252E 06 

0.12949 06 
0.1300E 06 
0.1298E 06 

0.1273E 06 
0.1250E 06 
0.1222E 06 

o.a99aE 05 

0.1278~ 06 

0.1289~ 06 

NET 
INCOME 
AFTER 
TAXES 
0.3465E 
0.4 107E 
0.4665E 
0.5 147E 
0.57745 
0.6481E 
0.7079E 

0.7988E 
0.7578~ 

0~8318~ 
0.6291~ 
0.6491E 
0.6625E 
0.6707E 
0.6741E 
0.673 1E 

0.6598E 
0.6481E 
0.63345 

0.6612~ 

05 
05 
05 
05 
05 
05 
os 
05 
05 
05 
05 
05 
05 
05 
os 
05 
05 
05 
05 
05 

NET 
CASH 
FLOW 

0.2842E 
0.28 13E 

0.275 1E 
0.2719E 

0.2620E 

0.1782E 
0.17lOE 
0.1123E 
0.1062E 
0.1005E 
0.9515E 
0.9015E 
0.85428 
0.8094E 
0.7665E 
0.7253E 
0.6855E 

0.2783~ 

0.2687~ 

0.1860~ 

06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
05 
05 
os 
05 
05 
05 
05 
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TABLE 12 

GEEF MODEL OUTPUTS FOR TWO STAGE INDIRECT GEOTHERMAL ENERGY SYSTEM 

YEAR 
OF 

OPER. 

1 
2 
3 
4 
5 
6 
7 

9 
10 
I 1  
12 
13 
14 
tS  . 
16 
V 
18 
19 
20 

a 

CASE 111 

(Concluded) 

YEAR 8Y YEAR CASH FLOW FOR GEOTHERMAL ENERGY 
AT ALTERNATE ENERGY LIFE CYCLE COST 

GROSS 
REVENUE 

0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.9497E 06 
0.949fE 06 
0.9497E 06 
0.9497E 06 
0.9497E '06 
0.9497E 06 
0.9497E 06 

NET ROYALTY 
ANI) INCOME 
OPER. COSTS BEFORE 

TAXES 
0.3616E 06 0.2267E 06 
0.3649E 06 0.2515E 06 
0.3684E 06 0.2730E 06 
0.3719E 06 0.2917E 06 
0.3755E 06 0.3077.E 06 
0.3792E 06 0.3213E 06 
0.3830E 06. 0.3328E 06 
0.3869E 06 0.3424E 06 
0.3910E 06 0.3504E 06 
0.39519 06 0.3567E 06 
0.4432E 06 0.3178E06 
O.4476E 06 0.321SE 06 
0.4520E 06 0.3241E 06 
0.4566E 06 0.3256E 06 
0.4613E 06 0.32638 06 
0.4661E 06 0.3261E 06 
0.4710E 06 0.3252E 06 
0.4761E 06 0.3235E 06 
0.4813E 06 0.3213E 06 
0.4866E 06 0.3185E 06 

NET 
INCOME 
AFTER 
TAXES 
0.1175E 
0.1304E 
0.1415E 
0.1512E 
0.1595E 
0.1666E 
0.172SE 
0.1775E 
0.1816E 
0.1849E 
0.164fE 
0.1667E 
0.1680E 
0.1688E 
0.1692E 
0.1691E 
0.1686E 
0.1611E 
0.1666E 
0.16SlE 

06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 

NET 
CASH 
FLOW 

0.5257E 
0.5232E 
0.4949E 
0.3665E 
0.3552E 
0.3449E 
0.3356E 
0,32706 
0.3192E 
0.3120E 
0.2533E 
0.24729 
0.2415E 
0.2361E 
0.2311E 
0.2264E 
0.221SE 
0.2 l77E 
0.2 135E 
0.2OS6E 

NET PRESENT VALUE: 
DISCNT. CASH FLOW RATE OF RET.(%): 
DISCNT. PAYBACK PERIOD (YEARS): 

0.103E 07 
20.64 
4 

A - 3 Q  

06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 



/ * ‘z p .  

2 
APPENDIX B 

B O O  DISCUSSIOR OF THE GEEF MODEL RESULTS tj 
\ 
i 

B.l Three Cases f a r  I l lus t ra t ion  

The Geothermal Engineering and Economic Feasibility methodology 

described i n  Section 2 was applied t o  three cases: Case I is a direct  

geothermal energy system; Case II and C a s e  SI1 are 1 stage and 2 stage 

indirect geothermal energy systems respectively. The following sub- 

sections i l l u s t r a t e  the economic feas ib i l i ty  resul ts  for  three cases 

presented in Appendix A (Tables 10-12) and indicate the policy impli- 

cat ions f o r  dec is ion  maker6 i n  using d i f f e r e n t  investment dec is ion  

outputs of the GEEF model, 

1 

s 
I 

.. 1’ 

B A . 1  Consistency in Economic Feasibil i ty Detennhation 

For 8 meaningful and consistent comparison of Geothermal Energy 

System (GES) wi th  t h e  least-cost  competit ive conventional energy 

system (CES), economic f e a s i b i l i t y  in each of the  three  cases i s  

determined by comparing the levelized cost of energp &La) for both 

G& and CES. This is a more reasonable approach to  the determination 

of economic feasibility of GES than comparing the ALCE of GES w i t h  the 

‘J 3 

,-. 
d 

q t r e n t  price of energy fo r  CES at the s t a r t - ~ p  year of GES. 

t i 3  Consistency ia comparing competing energy systems r e f e r s  t o  a 

considerat ion of t h e  t i m b g  of streams of bene f i t s  and c a p i t a l  and 

variable costs, t he i r  magnitude and the t i m e  value of money. Variable 

cos t s  such as operat ion and maintenance costs  can be expected t o  

increase with inf la t ion whereas fuel  costs can escalate more rapidly 

than t h e  i n f l a t i o n  rate, depending on t h e  energy demand and supply 

balance far a given period. The true levelized cost of corrventional 

0 

-3 u 
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energy is the product of the price of energy times the annualized fuel 

cos t  m u l t i p l i e r  (AFF) derived i n  equation 13. The m u l t i p l i e r  i s  

determined by a levelbed value of an escalating cost stream expressed 

i n  constant doflars ,  The r a t e  of energy price e sca l a t ion  f o r  t h e  

conventioal f u e l  over t he  l i f e t i m e  i s  a l s o  taken i n t o  account i n  

computing the multiplier. 

The l eve l i zed  cos t s  of energy f o r  GES and CES are expressed i n  

constant year dollars. .This is achieved by defining the present vorth 

of year-by-year cash requirements throughout the system l i f e  in terns 

of a c a p i t a l  recovery f a c t o r  t h a t  is based on r e a l  or i n f l a t ion -  

adjusted discount  rate, The leve l ized  cos t  of energy,. expressed i n  

constant dollars, is a be t te r  representative of the actual costs than 

i f  it were expressed i n  curren t  d o l l a r s  because t h e  forsuer can be 

expected t o  stay constant in constant do1la.r~ than in current doIlars, 

GES is deemed economically feasible if the kLCE of GES iS equal t o  

o r  less than the dLCE of GES. If GES is. determined t o  be economically 

f e a s i b l e  based on t h i s  l i fe -cyc le  cost ing c r i t e r i o n ,  t h e  GEEF model 

W i l l  further compute these following outputs: net present value (m)8 

discounted cash flow rate of r e t u r n  (DCFBOB) and discounted payback 

period (DPP) for GES. Two separate values are calculated for  each of 

these wtput68 each evaluated a t  the ALCE of GES and the ALCE of CES, 

B.2 Policy Implications fo r  Decision Hakers 

? 

The examples presented in this r epor t  are used s t r i c t l y  t o  illus- 

t r a t e  t h e  app l i ca t ion  of GEEF model and they a r e  not meant t o  make 

B-2 
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cs 
genetalizations about the economic f eas ib i l i t y  of G E S  for  direct  heat 

application. Table 13 presents a summary of the r e su l t s  of the GEEF 

computer model computations f o r  t h r e e  cases  descr ibed earlier. I t  

contains a description of the GES for  each of the three cases: t he i r  

annual energy o t t t p t ,  t o t a l  annualized cost  of  energy, and lwel ized  

costs of energy f o r  GES and CES. I f  the cases indicate economic feasi- 

\ 
J 

b i l i t y ,  a d d i t i o n a l  output8 of t h e  model - HPV, DCFBOB and DPP - a r e  

also presented in the table. 

It is  c l e a r  front t h e  t a b l e  t h a t  Case I and Case 111 are economi- 

a l l y  feasible  based on life-cycle costing cri terion, whereas Case 11 

does not  s a t i s f y  t h e  economic f e a s i b i l i t y  test. Between t h e  two 

, 

economically f e a s i b l e  alternatives, Case I and Case 111, Case I i s  
,. 
-1 

more a t t r a c t i v e  than Case 111 purely in terms of p r i c i n g  c r i t e r i o n ,  

whereas Case I11 offers the decision makers be t te r  profitable o p p o r  

t u n i t i e s  than Caee I because it provides  g r e a t e r  BPV and DCFBOB a i d  

requires shorter DPP than Case L 
- 
d 

The multiple outputs of the GEEF model presented in Table 13 are 

designed t o  assist different  decision makers in meetkg t h e i r  parti-  

cular business objectives in the  - u t i l i za t ion  of geothermal energy fo r  
3 

- 
d i r e c t  uees. The dec is ion  makers inc lude  both private and p u b l i c  

'? 
J' 

s e c t o r s  - resource developer,  end-oser, f i n a n c i a l  i n s t i t u t i o n s  and 

government policy makers. 

The r e su l t s  dramatically i l l u s t r a t e  the  differ ing implications fo r  

d i f f e r e n t  investment  dec is ion  makers. For example, both Case I and \ 
J 

cd 
B-3 
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TABLE 13 

Strmmnr~ of GEEF Model Results for Three Cases 
3 

Standard System 
1 
2 -  

Case I Case I f  Case 111 

Direct Indirect * Indirect 
(O)* (1)* (2)* 

Annualized Energy Output (MMbtu) 52559.98 S25S9 -98 73583.94 

Total  Annualized Energy Cost OS47 0.9 so 0.779 . ( M i l l o n  $1- 
_I  

Levelited Cost of Energy (ALCE) 10.40- 18.08 10 .S8- 
for  6ES ($/MMbtu) 

Levelized Cost of Energy (ALCE) 
far CES wMMbtd- 

Bet  Present value (HirLion $1: 
9 

- at  GES BLCE 

12 891 

2.52 

12 091 12.91 

- 3 048 

- at  CES ALCE 3.56 
J . - 

Discounted Cash F l w  Bate of 
Return (%I: 

- at GES ALCE - 21 53 

- .  4.87 ‘ 

21.73 

- a t  CES ALCE 21.81 - 22.04 

Discounted Payback Period 
(Years 1 : 

9 - at  GES ALCE 5 - 4 

- at C& ALCE 4 .I) 4 

f Figures iP parantheses refer t o  the d e r  of heat exchmzgers.’ 3 
* A l l  dollar figures are expressed in 1980 dollars. - Indicates tha t  GES is econamically feasible. - Levelized c o s t  of least-cost conventional fuel  (o i l )  was derived by 

3 using the 6EEF methodology. 
LJ 
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Case Iff are economically feas ib le  and Case I is  economically more 

attractive than Case Iff based on life-cycle cost criterion; ' however,  

a financial ipstitution may choose the project represented by Case I11 

over Case I because the discounted payback period for Case I11 is  

shorter than for C a s e  I. 

. 
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C.0 GEEF MODEL: COMPUTER P R O G W  LISTING W 
> 



LEVEL 24.8CJUN 74 ) OS/360 FORTRAN H 

COMPILER OPTIONS - NAME= MAIN.0PT~02.LINECNT~68,SIZE~1024~s 

COMMON/#AH/INEXC. IPKRE . IPKRE2.UFSUP,UFSUP2,SUPCST SOURCE.EECDIC.~WLISTs~OECK.COAD,#AP.MOEXREF 
JSN 0002 
ISN 0003 READ(8,9)INEXC,IT~UPsISALsHTCOEF 
ISN 0004 9 FORMAT(313.2F8.2) 
ISN 0005 WRITE(6.13)fNEXC 
ISN 0006 I3 FORMAT(tHl, / / / / / . .SX, '~.  OF HEAT EXCHRS='.2XSI2) 
1SN 0007 READ (8.180) ITWHe.ITDRP.ITPff.IATD,IPKRE,IFPW,SHBsUFSUP 
ISN 0008 
ISN 0009 IF (INEXC .NE. 0) GO TO 182 
ISN 0 0 1 1  WRITE (6,181) ITWHP,ITDRP,tTPR.IATD,IPKRE,IFPW.SHB1,UFSUF 

1/.2X.'TE#P. DROP BET. PROD. WELLHD 8 PL. fNLET(0EQ F)-',T64.1qr 
2/,2X,'PROCESS TEMP. (DEQ F)=',T64.16. 
3/.2X,'ALLOW. TEMP. DROP IN THE PRUCESS(OE6. F)*~,T64.15. 
4/,2X,'PEAK ENERQV REQMT. FOR PROCESS(#lffBTU/HR)~'eT64s18s 
5/,2X.'WELL FLOW RATE (LBS./NR.)='.T64,18. 

7/.2Xs'UTILIZATI0N FACTOR FOR PROC€SS=',f64.F6.2) 

180 FORMAT( 4 I5 &? I 8  . 2FS. 2 ) 

1SN 0012 181 FORMAT(//s2X*'PROD. WELLHO TE#P.(DEQ. F)='.T64,ISs 

6/,2X,'SPECIFIC HEAT FOR BRINE(BTU/LB/DEQ. F)='.T64,F5.2, 

ISN 0013 IP#RE-IPKRE*1000000 
ISN 0014 ITHI-ITWP - ITDRP 
ISN 0015 ERSS-0. 
ISN 0016 IF(ITHI .GE. ITPR) GO fa 179 
ISN 0018 ERSS-(ITPR-ITHI)+IPKRE/FLOAT(IATD) 
ISN 0019 179 FPR=IPKRE/(~ATD*SHB) 
ISN 0020 IFPR=IFfX(FPR) 
ISN 0021 NPW=FPR/IFPW + 1 

ISN 0023 . GO TO 60 
ISN 0024 182 READ(8.183) NOTTD1.NOTT~2.~TkMI,ITDRI,IAREA1.SHW,ETA1 . 
ISff 0025 183 FORMAT(416.18.2FS.2) 
ISEJ 0026 WRITE (6,184) ITWP.ITDRP,ITPR,lATD,~PKREaIT~IaITD~I,~TTDls 

ISN 0027 184 FOR#AT(//.2XS'PRM). WELLHD. TE#P.(DEQ. P)*',T64,15, 

, ISN 0022 Nl W=O 

1 NGTTD2,IFPW.SHB.SMJ,ETAl.UFSUP 

1/,2X,'TE#P.DRUP 8ET. PROD WELLHD. 6 EXC.l IN.(DE6 F)=',T64,18. 

3/.2X.'ALLCIW. TEMP. DROP WITHIN THE PROCESS l(0fQ F)='.T64.15, 
2/,2Xe'PROCESS TEMP. AT EXCHR 1 (DEQ. F)='*T64sIae 

ISN 0028 
ISN 0030 

ISN 0032 
ISN 0033 
ISN 0034 
ISN 0035 
ISN 0036 
ISN 0038 

ISN 0031 - 

4/.2X; 'PEAK ENERGY REOMT. FOR PROCESS 1(M#BTU/HR)=~,T64,t8, 
B/,PX.'INJECTION WELLHD. TEMP.(DEB. F)=~.T64,16. 
6/,2X,'TE#P.DROP BET. INJ. WELLM). 6 EXC.l WT.(DEQ. F)=',T64.ISS 
7/.2XS'TER#. TEMP. DIFF. AT INLET OF EXCHR.l(OE6. F)=',T84.I6~ 
8/.2XS'TER#. TEMP. DIFF. AT OUTLET OF EXCHR. l(DE6 F)='.T64.15. 
9/,2X.'WELL FLOW RATE (LRS/HR)='.T64,It3. 
1/,2X,@SPECIFIC HEAT FOR BRINE(ETU/LB/DEQ. F)='.T64,F5.2. 
2/,2X,'SPECIFIC HEAT FOR WORK. FLD. (8TU/LB/HR)='.T64.F6.2. 
3/.2X.'EFFICIENCY FOR HEAT EXCHR. l=',T64.F5.2. 
4/,2X,'UTILfZATIOM FACTOR FOR PROCESS l=*,T64,F5.2) 
IF (INEXC .EO. 2) GO TO 26 
XPKRE=IPKRE* 1000000 
ITHI-ITW-ITORP 
ITRE=ITWHl-ITDRI 
ITCI=ITPR-IATD 

lTHO=ITRE 
IF (ITCI+NOTlDZ .QE. ITRE) ITHO=ITCI+NGTTDl 
ITCO=lTHI - NOT101 
FSEC-IPKRE/(IATD*SI-IU) 

oooOl000 
oooo2000 
oooo3000 
oooo4000 
oooos000 
00006000 
oooo7000 

oooO9000 
0001oooO 
0 0 0 1  1000 
00012000 
00013000 
00014000 
00615000 
00016000 
0001700 
00018000 
000lgooo 
0002oooo 
0002 1000 
00022000 
00023000 
00024000 
00026000 
oool6000 
00027000 
doo2B000 
00029000 
0003oooo 
0003 1000 
00032000 
00033000 
00034000 
00035000 
00036000 
00037000 
00038000 
00039000 
0004oooo 
0004 1 0 0 0  
00042000 
00043000 
00044000 
00045000 
00046000 
00047000 
00048000 
00049000 
m5ooOo 
0005 1 0 0 0  
00052000 
00053000 
00054000 

oooOaooo 



C 
ISM 0039 
ISN 0040 
ISN 0042 
I S N  0043 
I S N  0044 
1SN 0045 
ISN 0046 
ISN 0047 
ISN 0048 
ISN 0049 
ISN 0050 
ISN 0051 
ISN 0052 

ISM 0053 
ISM 0054 
I S N  0055 
ISN 0056 
ISN 0057 
ISN 0058 
ISN 0059 
ISN 0060 

3 ISN 0062 
ISN 0063 ' ISN 0064 
ISN 0066 
ISN 0067 
ISN 0068 
ISN 0069 
ISN 0070 
I S N  0071 
ISM 0072 
ISN 0013 
ISN 0074 
ISN 0075 
ISN 0077 
ISN 0078 
ISN 0080 
ISN 0081 
ISN 0082 
ISN 0083 
ISN 0084 
ISN 0085 
ISN 0086 
ISN 0087 
ISN 0088 

, ISN 0089 
ISN 0090 
ISN 0091 
ISN 0092 
ISN 0094 

(i LJ L' <. ~ L i  

. .  

ERSS-0, 
IF (ITCO .QE. ITPR) GO TO 20 
ERSS=FSEC*(ITPR-ITCO)*SHW 
EPRW-( IPKRE-ERSS)/ETA~ 
FPR=EPRW/(~ITHI-ITH~),SH~) 
IFPR-I F IX (FPR 
NPW=FPR/lFP# + 1 
NIW-.S*WW + .li ' 

20 

GO TO 50 
25 READ (8,18S) ITPR2.IATD2,NQTTD3,NTTD4,lAREA2mIPKRE2,~TA2.UFSUP2 
185 FORMAf(41B.21BD2F8.2) 

WRITE (6.22) lTPR2,1ATD2,MQTTD3,NTTD4,IPKRFS,ETAZ.UFSUP2 
22 FORMAl(2Xa'PROCESS TEMP: AT EXCHR. 2.(DEQ. F)='T64.1Sm 

1/.2XS'ALCOW.TEMP. DROP WITHIN PROCESS 2(DEa. 6 ) - 0 m T ~ 4 . 1 5 .  
2/,2X.'TERM. TEMP. DIFF.AT INLET QF EXCHR.P(QEG. F)*',T64.15. 
3/.2X,'TERM. TEMP. DtFF. AT OUT. OF EXCHR.2(OEQ. F)='aT64,18s 
4/.2X. 'PEAK ENERGY REOMT. FOR PROCESS 2(MMBTU/HR)-'.T64,18, 
5/.2X.'EFFfCIENCY FOR HEAT EXCHR.2 -',164,F8.2. 
6/,2X.'UTILIZATION FACTOR FOR PROCESS 2-8,164eF5.2) 
fPKRE=IPKRE*1000000 
I P K R E 2 - 1 P K R E 2 * 1 ~  
ITHI*ITWHP-ITDRP 
ITRE-ITWHI-ITORI 
ITCI=ITPR-IATD 
fTCI2*fTPR2-IATD2 
ITHO2-lTRt 
IF (ITC12 +NOTTDrl .GE. ITRE) ITHO2=1TCI2+NaTTD4 
ITHO-ITCI+FMTTDZ 
ITCO2*1TPR2 
I F  (ITHO .LT. ITCO2+NaTTD3) ITHO-ITC02+NOTTD3 
I THI 2- I THI) 
ITCO=ITHI-NOT101 ' 
FR22-IPKR€2/FLDAT(tATD2) 
FR2l-IPKRE2/(ETA2*(lTHI2-1THO?)) 
FR12-IPKRE/((ITPR-ITCI)*SHW)' 
HETRl=IPKRE-FR12*(lTCO-~TCI)*S~ 
HET l=HETR 1/ETA 1 . 
FR~~~HET~/((ITHI-~TH)*s~) 
BFRTmFR 1 1 
IF(FR21 .GT. FRll)BFRT=FR21 
ERSS*O 
IF(fTC0 .QE. ITPRIG0 TO 26 
ERSS-FR12*(fTPR-ITCO)*SW 
IFPR~1FIX(BFRT) 

NIW=O. B+NPW+O. 5 

READ(8.188) SUPCST.EFFY,ISSC,IEXPC.IDSC 

26 NPW=(BFRT/IFPW+~) 

50 CONTINUE 

188 FORMAT(2F8.3.318) 
REAO(8.90) ~EN,IROCK,IP#DEP,IIIEP,DIAP.DIAINS 

90 FORMAT(418,2F5.2) 
READ(8.196) 1PWC.IIWDSC 

196 FORMAT(PI8) 
FC=O. 
IF (ITSUP .EO. 3) SUPCSf=SUPCST+10./3416. 
IF (ITSUP .EO. 1) SUPCST-SUPCST/fi. 

00058000 
00056000 
00057000 
00058000 
00059000 
0006oooO 
~1000 
00062000 
00063000 
0 0 0 6 4 0 0 0  
0 0 0 6 5 0 0 0  
00066000 
00067000 
oO068ooo 
00069000 
0007oo00 
qoO7 1000 
00072000 
00073000 
00074000 
00076000 
00076000 
00077000 

00079000 
o0O8oooo 
0008 1 0 0 0  
00082000 
00083060 
00084000 
00088000 
000~6000 
60087000 
00086000 
00089000 
00090 
oO09 1000 
00092000 
00093000 
00094000 
00095000 
00096000 
00097000 
OOO98000 
00099Ooo 
00lOOOOO 
00101000 
00102000 
00 t03OOO 
00104000 
00105000 
00106000 
00101000 

00lOBooo 
0 0 1  loo00 

oootaooo 

ooioaooo 

. 

1 



c; ' 

I 

(3 

I S N  0096 
I S N  0098 
I S N  0099 
1SN 0101 
I S N  0103 
I S N  0 1 0 4  
I S N  0 1 0 5  
I S N  0106 
1SN 0 1 0 7  
I S N  0 1 0 8  
I S N  0 1 0 9  
I S N  0110 
I S N  0 1 1 2  
I S N  0113 
I S N  0 1 1 4  
I S N  0116 
I S N  -1 18 
I S N  0119 
I S N  0 1 2 1  
1SN 0 1 2 2  
I S N  0123 
I S N  0 1 2 4  
1SN 0 1 2 5  
I S N  0 1 2 6  
I S N  0 1 2 7  
I S N  0 1 2 9  
I S N  0130 
I S N  0131 
I S N  0132 
I S N  0133 
I S N  0 1 3 4  
I S N  0136 
I S N  0 1 3 7  
I S N  0139 
I S N  0 1 4 0  
I S N  0 1 4 1  
I S N  0 1 4 3  
I S N  0 1 4 5  
I S N  0 1 4 6  
I S N  0 1 4 7  
I S N  0 1 4 9  
I S N  0150 
I S N  0151 
ISN 0 1 5 2  
I S M  0 1 5 3  
I S N  0 1 5 4  
1SN 0156 
1SN 0157 
I S N  0158 
I S N  0159 
I S N  0160 
I S N  0161 
194 0163 
I S N  0 1 6 4  
I S N  0 1 6 5  
I S M  0 1 6 6  

61 

62 
60 . 

69 

70 
75 

76 

77 
78 

80 
200 

I F  (ERSS .EQ. 0 . )  GO TO 60 
ERSS=ERSS*8760.*UFSuP 
I F  ( ITSUP .EO. 1) GO TO 61 
I F  ( ITSUP .EO. 2) GO TO 62 
FC=(ERSS/~OOOOOO.)*SUPCST 
GO TO 60 
FC=(ERSS/ 100000~. )*SUPCST/EFFY 
GO TO 60.- 
FC=ERSS*SUPCST/( 1000000. *EFFV) 
CONTINUE 
P H I  X =O . 
I F  (INEXC .EQ. 0 )  GO TO 200 
T l = l T H I - f T C O  
T 2 = I T H O - l T C I  
I F  ( T i  .EO. T 2 )  GO TO 70 
I F  ( T l  .QT. T2)  00 fO 69 
T 3 r T 2  - T 1  
IF (X .LT. 0 . )  XI-X 
X=T2/T 1 
T4=ALOQ(X) 
TE#Pl=T3/T4 
GO TO 75 
13-T 1-T2 
X = T l / T 2  
I F  (X .LT. 0 . )  XI-X 
T4=ALOQ(X) 
TEMP l = T 3 / T 4  
GO TO 75 
TEW. 1 =T 1 
AA~-FPR/(HTCOEF*TEMP~) 
IF ( A A ~  .LE. I A R E A I )  A A l = I A R E A l  
pHIX=3000.L(AA1/200.).+0.671 
I F  (INEXC .NE. 2) M) TO 80 
T l = ( l T H I 2  - I T C 0 2 )  
T2=(XTHOZ - I T C I 2 )  
I F  ( T l  .EO. T2)  00 T o  77 
I F  ( T 1  .QT. T 2 )  GO TO 76 
1 3 = T 2  - T 1  
X=T2/T 1 
I F  ( X  .LT. 0 . )  X*-X 
T4=ALOQ(X) 
TEMP 1 *T3/T4 
GO TO 78 
T 3 = T l  - T 2  
X=T l / T 2  
I F  ( X  .Lf. 0 . )  X I - %  
TI=ALO(I(X) 
TEMP 1 =T3/T4 
GO TO 78 
TEMPl=T l  
AA2 = F R 2  1 / ( HTCOE F *TEMP 1 
IF (AM .LE. IAREA2) AA2rIAREA2 
PHIX2=3600.*(AA2/2OO.)+*0.671 
PHIX=PHIX + P H I X 2  
CONTINUE 
PHIX-  PHIX'2.17*1.47 

001 1 1000 
001 12000 
001 13000 
001 1 4 0 0 0  
001 15OOo 
001 16000 
001 17000 
001 18000 
001 19000 
0012oooo 
00121000 
0 0 1 2 2 6 0 0  
00123000 
0 0 1 2 4 0 0 0  
00128000 
00 126000 
0 0 1 2 7 0 0 0  
00128000 
00129000 
0013oooO 
00131000 
00132000 
00 133000 
0 0 1 3 4 0 0 0  
00 135000 
00136000 
00137000 
00136000 
00139000 
0014oooO 
6 0 1 4  1000 
00142000 
00143000 
0 0 1 4 4 0 0 0  
0 0 1 4 5 0 0 0  
0 0 1 4 6 0 0 0  
00 147000 
0 0 1 4 8 0 0 0  
0 0 1 4 9 0 0 0  
0016oooO 
00151000 
00152000 
00153000 
001114000 
00155000 
00156000 
001117000 
00158000 
00 1 59OOo 
00 16oooO 
0016 1000 
00162000 
00163000 
0 0 1 6 4 0 0 0  

.00166000 
* 00165000 

c PAGE 003 



ISM 0167 
ISM 0169 
ISN 0171 
ISN 0172 
ISN 0173 
ISN 0174 
ISN 0175 
ISN 0176 
ISN 0177 
ISN 0178 
ISN 0179 
ISN 0181 
ISN 0182 
ISN 0183 
ISN 0184 
ISN 0185 
ISN 0186 
I S N  0187 
ISN 0188 
ISN 0190 
ISN 0192 
ISN 0193 

ISN 0194 
ISN 0196 

I ISN 0197 
ISN 0199 
ISN 0200 
ISN 0202 
ISN 0203 
1SN 0205 
ISN 0206 
ISN 0208 
ISN 0209 
ISN 0211 
ISN 0212 
ISN 0213 
ISN 0214 

8 ISN 0215 

ISN 0216 
ISN 0218 
ISN 0220 
ISN 0221 

ISN 0222 
ISN 0224 
ISN 0225 

IF (ISAL .EQ.l) ~IX~PHIX*1.2 
IF (1DSC.NE.O)GO TO 916 
OIAP=DIAP/l2. 
OIAINS=DIAINS/l2. 
PHI#=20.* LEN * (DIAP/2.)*+.52 
PH1L=11.6*LEN+~DIAIN/2.)**.39 
PH11~3.14158+(-DIAP*DIAP + DIAINS~DIAINS)+LEN*32.5 
~ISSC=(PHIM+PHIL*PH11)+1.4700000 
GO TO 917 

916 DISSC=IDSC 
917 IF (IROCK .EQ. 1) 60 TO 95 

WCl=2.887*IPWDEP**l.496 
WC2=2.887*IIWDEP**1.496 
GO TO 96 

95 WCl=l02.8*IPWDEP**1.039 
WC2=102.B*IIWDEP**1.035 

96 WCP=NPw*WC 1 
WCI=NIY*WC2 
IF (JPYC .NE. 0 )  WCP-f;PWC*NPY 
IF (IIWDSC .NE. 0) WCI=lIm)SC 

1 WRITE(6.91) LEN,DIAP,DIAINS 
91 FORMAT( SX, 

* L.J 

L 

00167000 
00168000 
00169ooQ 
0017oooO 
00171000 
00172000 
00173000 
00174000 
00 175000 
00176000 
00177000 
00 178000 
00179000 
00186ooo 
0018lOoo 
00182cKx) 
00183000 

00185000 
00186000 
00187000 
00188000 

o o i a 4 ~  

l/*BX, 
2/.5X, 
3/*8X. 
IF (1 

92 FORMA 
IF ( I  

93 FORMA 
IF (I 

220 FORMA 
IF (I 

221 FORHA 
IF (1 

216 FORMA 
IF (I 

216 FORMA 
' WRITE 
WRITE 

81 PORMA 

I 

8 

8 

R 
1 
k 
1 
5 
1 
I 
1 
F 
1 
1 
1 

1 

DISTRB SYSTEM PIPELINE LE~TH(FEEt)='.T60.18. 
'OISfRB SYSTEM PIPELlN€ btA#IETER(1NCHES)-0,T60.F~.2, 
'DISTRB SYSTEM PIPELINE INSUL. D1A.(INCHE5)-0,T60.F8.2) 
lOCK .EO. 1) WRITEf6.92) 
r(SX.'TYPE OF ROCK: SOFT') 
fOCK .EO. 2) WRITE(6.93) 
r(SX.'TYPE OF ROCK: HARD') 
iAL .EO. 1) WRITE(6.220) 
'(BX.'SALINITY: HIGH') 
iAL .NE. 1) WRITE(B,221) 
'('JX,*SALINITY: LOW') 
'WC .EO. 0) WRITE (6,218) IPMEP 
'(BX,'PRQDUCTION WELL ~EPTH(FEEf)~'r160,1~) 
IWDSC .EQ. 0 .AND. INEXC .NE. 0 )  WRITE (6,216) IIWOEP 
T(BX,'INJECTION WELL 6EPTH(FEET)r'.TGO.18) 
(6.51) IFPR,NPW,NIW,ERSS 
:6.81) PHIX,PC 
r(///.5X.*6ASE CAPITAL COST FOR HEAT EXCHR(S)=',T6O,E10.3, 

1 /,ex. 'AVERAQE ANNUAL FUEL COST~'.T6O,ElO.3) 
61 PORMAT(/,BX,'FLOW RATE REPUIRED(LBS/HR)=',T60.18, 

1/,5X.'NVMBER OF PROWCTION WECLS=',T60,1B, 
1 /.BX.'NUMBER OF INJECTION YELLS=',T60,1€8. 
2 /,BX,*ANN. ENERGY REOD. FROM SUPPLM. SYS.(BTU)=',T60.E10.3) 
IF(FC.EO.O)ISSC-0 

WRITE(6.97) DISSC.WCP,YCI,JSSC.IEXPC 
IF(IEXPC.EQ.O)IEXPC-O.OS*(~~CP+WCI+DISCC+PHIX) 

97 FORMAT(/,6X.'BASE CAPITAL COST FOR DIST. SYSfEW-'.T60,E10.3. 
1 /.BX.*PRQDUCTI.ON WELLS COSTr'.T60.E10.3, 
2 /.bX.'INdECTION WELLS COST=0,T60.E10.3. 
3/,SX.'SUPPLEMENTRY SYSTEM CAPITAL CDST'.T60,18. 
4/,5H.'&XPLORATION COST*'.T60,18) 
IF (INEXC .NE. 2) IPKRE2=0 
CALL FINA(DISSC.WCP,UC~.FC.PHIX.ISSC,IEX~C) 
STOP 

00 189Ooo 
00190000 
00191000 
00192000 
00183000 
00194000 
00 195000 
00186000 
00 187000 
00198M)o 
00 199Ooo 
00200000 
00201000 
00202000 
00203000 
00204000 
00205000 
00206000 
00207000 
00208000 
0020sOoo 
002 loo00 
002 1 1000 
00212000 
00213000 
00214000 
002 115000 
002 16000 
002 17OOO 
002 18000 
002 19oOo 
0022oooo 
00221000 
00222000 
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L: V 

NAME TAG 
X SFA 

T 3  SF 
FPR SFA 
StfE SF 
WC1 SF 

EFFY SF 
ETA2 SF 
FR21 SF 
I A T D  SFA 
IPWC SF 
ITCO SF 
ITRE SF 
P H I X  SFA 

I A T D 2  SFA 
IROCK S 
ITDRP SF 
ITSUP S 
TEMP1 SF 

D I A i N S  SF 
JBCOW F XF 
JPWDEP SF 
NGTT04 SF 

TYPE ADD. 

R+4 OOOA2O 
R+4 000A30 
R+4 0 0 0 A 4 0  
R+4 W A S 0  
R+4 000A60 ' 
R+4 W A 7 0  

1 + 4  OOOA8C 
1'4 OOOABC 
1 * 4  OOOAAC 
1*4 OOOABC 
R+4 W A C C  
1.4 OOOADC 
I 9 4  000AE4 
1.4 OOOAF4 
1.4 oo0804 
R*4 OOOB14 
R+4 oooB18 
R+4 OOOOOO 
1+4 000630 
I+4 000840 

~ * 4  ooonio 

~ + 4  m n 7 c  

3 
!J 

NAME OF COMMON BLOCK * 
VAR. NAME TYPE REL. ADDR. 

INEXC I * 4  000000 
UFSUP2 R+4 ooo010 

NAME TAQ 
FC SPA 
T 4  SF 

LEN SF 
SW SF 
WC2 SF 

EPRW SF 
FJNA SF XF 
FR22 S 
IOSC SF 
I S A L  S 
I T H I  SF 
P H I 1  SF 

OISCC F 
IEXPC SFA' 
I T C I 2  SF 
I T H I 2  SF 
XTWHI SF 
WFSUP SF C 

HTCOEF SF 
11m)EP SF 
NQTTDl SF 
SUPCSt SF C 

TYPE ADO. 
R+4 OOOA14 
R*4 OOOA24 
I * 4  000A34 
R+4 OOOA44 
R+4 000AB4 
R+4 000A64 
R+4 000000 
R + 4  000A80 
1 + 4  OOOASO 
1.4 OOOAAO 
I + 4  OOOABO 
R.4 OOOACO 
R*4 OOOADO ' 
1*4 OOOAEO 
1+4 000AE8 
1+4 000AF8 
1.4 O00808 
R*4 OOOOOC 
R+4 0 0 0 8 l C  
1+4 000828 
1.4 000834 
R+4 060014 

*+e*+ COWON INFORW4TION 

NAME TAQ 
T 1  SF 

A A 1  SF 
NIW SF 
WC1 SFA 

BFRT SFA 
ERSS SF 
F R l l  SF 
FSEC SF 
IFPR SF 
ISSC SFA 
ITHO SF 
P H I L  SF 

OISSC SFA 
INEXC SF C 
ITCOP SF 
ITHO2 SF 
ITWHP SF 

FRXPRU XF 
lAREA1 SF 
IIWDSC SF 
NOTTO2 SF 
UFSWP2 SF C 

+.+++ 

TYPE ADD. 
R + 4  OOOA18 
R+4 000A28 
1'4 OOOA38 
R+4 OOOA48 
R+4 000A58 
R+4 OOOA68 
R+4 000A74 
R*4  000A84 
I + 4  OOOA94 
1+4 0 0 0 A A 4  
1+4 000A64 
R*4 W A C 4  
R+4 OOOAD4 
1.4 000000 
I + 4  OOOAEC 
1.4 OOOAFC 
I + 4  ooo8OC 
Re4 000000 
I * 4  000820 
1.4 00082C 
1*4 000838 
R.4 ooo010 

MAN+- S I Z E  OF BLOCK dooolB HEXADECIMAL BYTES 

VAR. NAME TYPE REL. ADDR. VAR. NAME TYPE REL. ARDR. 
IPKRE2 1*4 000008 IPKRE 1'4 0 6 6 0 0 4  

SUPCST R+4 oooO14 

0 

NAME TAQ 
T 2  SF 

AAP S f  
N P W  SF 
UCP SFA 

D I A P  SF 
ETA1 SF 
FR12 SF 
H E T l  SF 
IFPW SF 
I T C I  SF 
I T P R  SF 
PHIM SF 

HETRl  SF 
IPKRE SF C 
I T R R I  SF 
I T P R 2  SF 
PHIX2 SF 

ALUQ XF 
IAREA2 SF 
IPKRE2 SF C 
NQTTD3 SF 

TYPE 
R+4 
R + 4  
1 + 4  
R.4. 
R+4 
Re4 
R+4 
R?4 
I +4 
I *4 
I *4 
R*4  
R+4 
I +4 
I *4 
I *4 
R*4  
R*4 
I *4 
I +4 
I +4 

ADD. 
OOOA 1C 
OOOA2C 
OOOA3C 
000A4C 
000A5C 
OOOA6C 
000A78 
OOOA88 
OOOA98 
OOOAAB 
000AB8 
000AC8 
OOOADB 
0 0 0 0 0 4  
OOOAFO 
oooB00 
OOOB 10 
000000 
ooof124 
000008 
OOOB3c 

VAR. NAME TYPE REL. ADDR. 
WFSUP R*4 OOOOOC 



0 l; --I) , +. .) v LJ i/ L' L ' b L.l < 
* 

LABEL AbbR PAbE a09 LABEL C A R  LAOEL ADDR LABEL * ADDR 

179 0OM)Oc 182 OOdDD4 

2 0 0  0 0 1 8 4 6  ai6 OOIQSA 

26 00136A 50' 0013FC . 
60  0 0 1 5 4 8  69 061606 
76 00177E 77 0017C4 

10 OdoFa2 
61 OO15lA 
70 00164C 
78 0017CC 

017 001916 
96 OOIABA 

*OPf.lONS I N  EFFECT* NAME- #A1N,0PT-02,L1NECNT~68,S1ZE*~024K. 

*OPTIONS IN  EFFECT* SOURCEsEBCD1CDNOL~STDNODECK.LOAD,MAP,NOEDITsIDs~XREf 

225 .PROGRAM S I Z E  7606 *STATISTICS* SOURCE STATEUENTS 

28 00107C 
62 001532 
78 001654  
80 0 0 1 8 4 6  
05 001A26 

A ', 

*STATISTICS* NO DIAGNOSTKCS OENERATED 

* * + + * *  END OF COMPILATION ****** B72K BYTES OF CORE NOT USED 



G 

LEVEL 2 t . 8  c JlJN 74 

c fj I,) 'td 

os/a60 FORTRAN H 

COUP 

I S N  0002 
I S N  0003 
I S N  0 0 0 4  

I S N  0005 
I S N  0006 
XSN 0007 
I S N  0008 
ISN 0009 
I S N  0010 
ISH O Q l l  
I S N  0012 
ISN 0013 

I S N  0 0 1 4  
I S N  0015 

ISN 0016 
I S N  0017 

I S N  0018 
I S N  0019 
1SN 0020 
I S N  0021 
I S N  0022 
I S N  0023 
XSN 0 0 2 4  
ISN 0 0 2 5  
1SN 0026 
ISN 0027 
I S N  0028 
I S N  0029 
1SN 0030 

I L E R  

103 FORMAl(SI5)  

105 FORMAT(lH1.///.6X,'FED INCOME TAX RATE(FRACTION):'.T60,F5.2, 
1/,6X,'STATE INCOME TAX RAfE(FRACTION):',T6OeF6.2, 
2 / - B X - ' A W A L  INTEREST RATE ON DEBT(FRACTION):',T6O,F5.2, 

WRITE (6,105) TF,TS,AKD,AD,AKC,EC,AKP,EP 

106 

107 

-. .---. 
3/,SX,'DEfST FRACTION:'.TBO.F5.2, 
4/,5X,'RAlE OF RETURN ON COM?NWJ STOCK(FRACTION):8,T60eF8.2e 
5/,5X,'COMMON STOCK FRACT1ON:',T6O,FS.2. 
6/,Sx, 'RATE OF RETURN ON PREFERRED STOCK(FRACT1ON): ,T6OeF5.2. 
2/,8X,'PREFERRED STOCK FRACTXON:',T6O,FS.2) 

WRITE (6,106) 61.01 , A l l  .82,83,Q,GC,GF ,GOM 
FORMAT(SX.'TAX CREDIT RATE(FRACTSON):',TGO.FB.lr 

1/,5X,*PROPERTY TAX AND XNSURANCE RATE(FRACTXON):',T60,F6.2e 
2/,SX,'ItdIT. INVEST. CAP. NOT TO EF REPLACEO(FRACTlON):',T6O,FS 
3/.BX,'ROYAL. PAYMT. AS FRACTlON OF QROSS REVENUE:'.T6OeF5.2. 
4/,5X,'DEPLETION ALLOWANCE(FRACT10N):8,T60,FS.2, 
5/,5X,' INFLATION RATE(FRACTlON):',T6O,FS.2, 

7/,5X.8ESCALATION FACT. FOR FUEL COSTS:',TGO,F5.2. 
8/,6X. 'ESCALATION PACT. FOR 0 6 kl COSTS: ',T60,F5.2) 

6/,5X,'ESCALATION FACT. FOR CAPfTAL C O S f S : ' ~ T 6 O ~ F S . P e  

WRITE (6,107) IE,1Ve1S,N1.N2 
FORWAT(SX.'PROJECT BASE YEAR:'.T6O,IS, 

2/,6X,'START EXPENDITURE YEAR:',T60.15, 

4/,SX,'DEPRECIATION L I F E  FOR TAX(YEARS):',TGO..XS) 

l/,SX,'PROdECT VINTAQE YEAR:'eT6OrISr 

3/,8Xa'PROJECT L I F E  SPAN (YEARS): 'mT60sl~e 

c.: 
C: E E G I N  FINANCIAL COMPUTATIONS******* 

CJ u LJ 

DATe 82.235/17.03.29 T 
0 0 2 2 4 0 0 0  
00228000 
00226000 
00227000 

0022BooO 
0023oooO 
00231000 
00232000 
00233000 
0 0 2 3 4 0 0 0  
00236000 
00236000 
00237000 
00238000 
00239000 
0024oooO 
0024 1000 
00242000 
00243000 
0 0 2 4 4 0 0 0  
0 0 2 4 5 0 0 0  
0 0 2 4 6 0 0 0  
00247000 
0 0 2 4 8 0 0 0  

.2. 0 0 2 4 9 0 0 0  

0022a000 

0025oooO 
0025 1000 
00252000 
00253000 
002b4000 
0 0 2 6 S 0 0 0  
00W6000 
00257000 
00288000 
00259000 * 
00260060 
0026 lo00 
00262000 
00263000 
.00264000 
00265000 
00266000 
00267000 
00268000 
60269000 
0027oooO 
0027 1000 
00272000 

* 00273000 
0 0 2 7 4 0 0 0  
00278000 
00276000 
00277000 

8 -  



I S N  0031 
I S N  0032 
I S N  0033 
I S N  0 0 3 4  
I S N  0035 
I S N  0036 
I S N  0037 
I S N  0038 
I S N  0039 
I S N  0 0 4 0  
I S N  0041 
I S N  0 0 4 2  
I S N  0043 
I S N  0 0 4 4  
I S N  0045 
I S N  0 0 4 6  

I S N  0047 
I S N  0 0 4 8  
I S N  0 0 4 9  
I S N  0050 
I S N  0051 
I S N  0052 
I S N  0053 
I S N  0 0 5 4  
I S N  0055 
I S N  0056 
ISN 0057 
I S N  0058 
I S N  0059 
I S N  0061 
I S N  0062 
I S N  0063 
I S N  0064 
I S N  0065 
I S N  0066 
I S N  0067 
I S N  0068 
I S N  0 0 7 0  
I S N  0071 
I S N  0 0 7 2  
I S N  0073 
I S N  0 0 7 4  
I S N  0075 
I S N  0076 
I S N  0077 
I S M  0 0 7 8  
I S N  0 0 7 9  

I S N  0081 
I S N  0083 
I S N  0084 
I S N  0085 
1SN 0086 
I S N  0087 
I S N  0088 

ISN 0080 

CJ 0 i.: . Ll 

FCRRNl =(CRPKNl/CRFKN? )*( FCRN2+XI*FCRN2) 
3 = I V + N 1  
DO 110 I = l S . J  
I f E M P - I - I S + 1  

110 I C T (  lTE#P)=O 
I C 1 4  1 )=IEXPC 
I C T ( 2 )  = WCP+WCI 
ICt(3)=015SC+PHIX+ISSC 
ITEMP=IV-IS+FM 
ICT(1TEMP) O.B*(WCP+YCI+DlSSC+PHl%) 
d XV+N1-1 
A 1 CPV=O . 
DO 111 I = 15.3 
33 - 1-19 
333 = XV-I  
AICPV AfCPV+lCf(I-IS+1)*((1.+~+~C)*+33)+ 

1 ((  I. +AK)**333) 
111 CONTINUE 

ICT( ITEMP)=O 
AICPV 110. 
DO 211 I r I S . 3  
33. I - I 9 
333- I v- I 
AICPV~=AICPV~+ICT(I-IS+~)*(I.+Q+QC)**~~*((~.+AK)**~~~) 

211 C~NTINUE 
FCR A l l * F C R N l + (  l . -A l l ) *FCRRN1*B1 
x i  - ( i+a+a~)/( i+a) 
x2 = ( I+Q+GF)/( WAK) ' 

GQ=O+GF 
IF(Ga.EQ.AK)GO TO a19 
X3 = (l .-X2**Nl)/(AK-Q-QF) 
DESCf=(X l * * ( IV- IB) ) *X3 
GO TO 920 

s i a  DESCF=( x t ** (  IV-16) )+N1 
920 X l = (  1 .+O+OOM)/( 1 .+GI 

X2- (  1 .+Q+GOM)/( 1 ,+AK) 
GGrO+GOM 
IF(GG.EO.AK)QO TO 921 
X3*(1.-X2*+Nl)/(AK-Q-GOM) 
DESCOU = ( X l * * ( I V - I B ) ) * X 3  
GO TO 922 

* 

921 DESCOM=(X~**(IV-IB))*N~ 
922 AFF = DESCF*CRFKNl 

AFOU * DESCOM*CRFKNl 
ACC - AICPV*FCR 
AFC - FC*AFF 
AOMC- (.OS*AICPVl)*AFON 
TACE = ACC+AFC+AUMC 
ERA = IPKRE*UFSUP 
I F  (lNEXC.EO.2) ERA ERA+IPKREP*UFSUP2 
ERA = (ERA/l-)*a760 
ALCE - TACE/ERA 
A L f p A L C E * (  l -TR)/ (  1 ,-TR+B3*TR-B2+B2*TR) 
TAGE=ALCE*ERA 
TACE l=TACE/ 1000000. 
SUPCST-SUPCST*AFF 

00278000 
00279000 
0026oooO 
0028 1000 
00282000 
00283000 
0 0 2 8 4 0 0 0  
002BIK)oo 
00286000 ' 
00287000 
00286000 
00289000 
.00290000 
00291000 
00292ooQ 
00293000 
0 0 2 9 4 0 0 0  
00295000 
00296000 
00297000 ' 
00298000 
00299000 
00300006 
00301000 
00302000 
00303000 
0 0 3 0 4 0 0 0  
00305000 
00306000 
00307000 
00308000 
00309000 
003 loo00 
0031 1000 
003 12OOd 
003 13000 
0 0 3 1 4 0 0 0  
003 l S 0 0 0  
003 16OOO 
00317000 
003111000 
003 19ooo 
0032oooO 
0032 1000 
00322000 
00323000 
0 0 3 2 4 0 0 0  
00325000 
00326000 
00327000 
00328000 
00329000 
0033oooo 
0033 1000 
00332000 
00333060 

4- PAGE 002 

c 

# -  



C J  

I S N  0 0 8 9  
I S N  0090 112 

I S N  0091 
I S N  0093 
I S M  0 0 9 4  
I S N  0095 
I S N  0096 
I S N  0 0 9 7  
I S N  0099 35 1 

I S N  0 1 0 0  
I S N  0 1 0 2  352 

I S N  0103 
I S N  0 1 0 4  
ISN 0105 450 
I S N - 0 1 0 6  
I S N  0 1 0 7  

WRITE (6,112) ERA,TACEl.ALCE,SUPCST 
FOR#AT(///.BX.*TOTAL ANN. ENERGY REQD.(MMBTU)-*.T60.F8.2. 

l / . e x . * T o T A ~  ANNLZO. COST OF GEOTHERMAL ENERQY(t#)-'.T6O.F8.3, 
2/,OIX.'LEVEL. COST OF GEOTHERMAL ENEROY ($/##sTU)-'.T6O.F8.2. 

4T60. F8 .2 
B/,~X,*LEVEL. COST OF ENERQY FROM ALTERNATE SYSTEM(~/#MBTU)-*, 

I F  (SUPCST .LT. ALCE) GO TO 999 
TA( 1 I-TACE 
TA(l)-SUPCST*LRA 
DO 600 13-1.2 

I F  ( I 3  .EO. 1) VRITE(6.351)  
FORMAT(1HtS//. l4X,* YEAR BY YEAR CASH FLOW FOR QEOTHERMAL ENERQY 

TACE-TA( 13) 

l///) 
IF ( I 3  .EO. 2) WRITE (6.352) 
FORMAT(lHl,///,14X.*YEAR BY YEAR CASH FLOW FOR QEOTHERMAL ENEROY 

l. / . lBX.*AT ALTERNATE ENERQY L I F E  CYCLE COST*,///) 

c> LJ L) * t,, I, I r  

, 
0 0 3 3 4 0 0 0  
00335000 
00336000 
0 0 3 3 7 0 0 0  
,00338000 
00339000 
0 0 3 4 o o o o  
0034 1000 
0 0 3 4 2 0 0 0  
0 0 3 4 3 0 0 0  
0 0 3 4 4 0 0 0  
0 0 3 4 6 0 0 0  

.00346000 
0 0 3 4 7 0 0 0  
0 0 3 4 8 0 0 0  
0034fMMo 
0035oooo 

AiCPV2;A ICPV- A I  CPV 1 
DO 4 5 0  I-1,Nl 
E C E ( ~  1-0. 
ECE(N2 )-AICPV2 _--- I 

ISN 0108 
I S N  0109 
I S N  0110 
I S N  0111 
I S N  0112 
ISN 0113 _. - 
I S N  0 1 1 4  
I S N  0 1 1 5  

a I S N  0116 
I S N  0 1 1 7  
I S N  0118 
I S N  0 1 1 9  
ISN 0120 
ISPI 0121 

* ISN 0122 
ISN 0123 
ISN 0 1 2 4  
I S N  0125 
I S N  0 1 2 6  
I S N  0127 
I S N  0129 
I S M  0130 
I S N  0131 
ISN 0132 
I S N  0133 
I S N  0 1 3 4  
I S N  0135 
I S N  0 1 3 6  
I S H  0 1 3 %  
I S N  0 1 4 0  
I S N  0 1 4 1  
I S N  0 1 4 2  
I S N  0 1 4 3  
I S N  0 1 4 4  

00351000 
* 00352000 

00353000 
6 0 3 5 4 0 0 0  
00356000 
00396000 
00387000 
00388000 
00359000 
0036oooO 
0036 1000 
0 0 3 6 2 0 0 0  
00363000 
0 0 3 6 4 0 0 0  
00365000 
00366000 
00367000 
00368000 
00369000 
0037oooo 
0037 1000 
00372000 
00373000 
0 0 3 7 4 0 0 0  
0 0 3 7 5 0 0 0  
0 0 3 7 6 0 0 0  
00377000 
00378000 
00379000 
0030oooO 
0038 1000 
00382000 
00383000 
0 0 3 % 4 0 0 0  
00306000 
00386000 
0 0 3 8 7 0 0 0  
0 0 3 8 1 0 0 0  
003e9000 

OE 003 c 
1 . 1 . 



.c 
ISN 0 1 4 6  
I S N  0 1 4 8  
I S N  0150 
I S N  0151 
I S N  0152 
I S N  0154 
I S M  0156 
I S N  0 1 5 7  
I S N  0158 
I S N  0159 
I S N  0160 

I S N  0161 
l S N  0162 
I S N  0163 
I S N  0164 
I S N  0165 
I S N  0166 
I S N  0167 
I S N  0168 
I S N  0169 
I S N  0170 
I S N  0171 

I ISN 0173 3 I S N  0175 
I S N  0177 
I S N  0178 
I S N  0179 
I S N  0180 
I S N  0181 
I S N  0182 
I S N  0183 
I S N  0184 
I S N  0185 
I S N  0186 
I S N  0187 
I S N  0188 
I S N  0189 
I S N  0190 
I S N  0191 
I S N  0192 
I S N  0194 
I S N  0195 
I S N  0196 
I S N  0197 
I S N  0198 
I'SN 0199 

3 I S N  0172 

c, 

WRITE (6,160) 
FORMAT(//, 1X. *TEAR* ,T13. *GROSS* ,T26, ' ~ O Y A L T V * , f 3 9 ,  'NET' e 

IT62,*NET0,r65,*NEt* , /  
2 , 3 X , * 0 F * , T 1 3 . * R E V E ~ E * , T 2 6 , ' A ~ ' , T 3 9 ~ * K ~ ~ E 8 , T S 2 , * 1 ~ ~ E *  

160 

k '  LJ  

3.T65. *CASH0 ,/ * 
4,1X,*OPER.*sT26,*OPER. COSTS',T39.*EEFORE*~TS2~'AFTER',T65, 
5*FLOW**/ 
6.T38. *TAXES' .T52, *TAXES* 1 

DO I65 I = 1,Nl 
RWC=t lT(  I)+OMT( I )+FCT( I )+ROOT( I 

URlTE(6  , 166) I . GY ( I ) , ROPC , ANYBT I , A W T (  I ) , A W F  1 
166 FORMAT ( 2 X , ~ 2 , 5 X , E 1 2 . 4 , 1 X , E 1 2 . 4 . 1 X ~ E 1 2 . 4 ~ 1 X , ~ 1 2 ~ 4 ~ 1 X ~ E 1 2 0 ~ ~  
165 CONTINUE 

SUM*O. 
DO 300 1 m l e N 1  
SUM-SUM+ANCF( I I / (  $ . +AK) **( 1 - 1 1 

300 CONTINUE 
ZWV-SUM-AICPV 
WRITE(6.30l)ZNPV 

I F  (SU#.EO.AICPV)QO TO 306 
I F  (SV#.LT,AICPV)GO TO 500 

301 FORMAT(///.BX.*NEf PRESENT VALUE:*,T58.ElQ.3) 

AK12=AK*.O10 
SUMP-0. 
DO 312 I- l .Nl 
SUM2=SUM2+ANCF( I ) / ( l . + A K l 2 ) * * ( 1 - 1 )  

ZNPV 1 mSUM2-A ICPV 
AK1 I-AK+ .OIO*ZNPV/(ZNPV-ZNPv~ 

GO TO 316 

312 C O N T I M E  

A K l l ~ A K 1 1 * 1 0 0 ~  

306 AK11=AK*100. 
3 16 
302 

SUM3=0 
DO 307 1-1,NI 
SlJM3mSUM3+AFICF(I)/( I . + A K ) * * ( I - I )  
IF(SUM3.QE.AICPVl)QO TO 308 

307 CONTINUE 
308 
309 
500 
999 

WRITE (6 , 302 
FORMAT(SX, 'DISCNT. CASH FLOW RATE OF RET.(%);',TS5,F8.2) 

AK 1 1 

WRIfE(6.309)  I 
FORMAT(SX.*DISCNf. PAYBACK PERIOD (YEARS):',T5Se84) 
CONTINUE 
RETURN 
END 

00396ooo 
00391Ooo 
00382000 
00393000 
0 0 3 9 4 0 0 0  
00395000 
00396000 
00397000 
00398000 
00399000 
ObaOOOOO 
00401000 
00402000 
00403000 
0 0 4 0 4 0 0 0  
0040BOoo 
00406000 
0 0 4 0 7 0 0 0  
0 0 4 0 8 0 0 0  
0 0 4 0 9 0 0 0  
004 loo00 
0041 1000 
00412000 
004 13000 
60414000 
0 0 4  ll000 
0 0 4  16000 
004 17000 
004 18000 
00419000 
0042oooO 
0042 lo00 
00422000 
00423000 
0 0 4 2 4 0 0 0  
00420000 
00426000 
00427000 
00421000 
00429000 
0043oooo 
00431000 
00432000 
00433000 
0 0 4 3 4 0 0 0  
00435000 
004 36000 
00437000 
00438000 
00439000 
0044oooo 
0044 1000 
00442000 

1 



c, 0 c-, dl “-Is t 4) v ( 4  u 
F 
k#* 

C / F I N A  / S I Z E  OF PROGRAM 002124 HEXADECIMAL BYTES PAGE 005 

n 
I 
4 
w 

a 

NAME TAO TYPE ADO. NAME TAG 
G SF R+4 0007CO I SF 

AK SF R+4 OOO7DO A 1  SF 
82 SF R + 4  00070C 83 SF 
FC F R+4 0007EC GC SF 

* GY SF R+4 000978 IB SF 
I V  SF 1+4 OM)808 35 SF 
El9 SF I * 4  o00818 N2 SF 
TR SF R * 4  000824 TS SF - 
X 3  SF R+4 000834 24 SF 
27 SF R*4 000844 28 SF 

AFC SF R Q 4  000884 AFF SF 
AKP SF R * 4  0 0 0 8 6 4  A l l  SF 
ERA SF R+4 0 0 0 8 6 C  CCR SF 
I C T  SF I + 4  000860 d3J SF 
SCF R e 4  N.R. SUM SF 
WCP F R * 4  000884 YBT 

A K l l  SF R + 4  oQo88C AK12 SF 
ANPT SF R+4 Ooobee AOMC SF 
ISSC F 1 + 4  0008AO P H I X  F 
SUM2 SF R * 4  0008AC SUM3 SF 
2NPV SF R*4 000888 AICPV SF 

ANYBT SF R+4 OOOF98 OESCF SF 
DPLTT SF R * 4  OOO8CC FCRNl SF 
1 NE XC C I * 4  0000dC) IPKRE F C 
UFSUP F C R+4 OOOOOC Z W V l  SF 

A lCPV2 SF R + 4  0008EC CRFKNl SF 
FCRRNl SF R+4 000BFC IBCOM# F XF 
TYADPL R+4 N.R. TYBQPL SF 

TYPE ADO. 
1.4 0007C4 
R*4 000704 
R+4 0007EO 
R.4 0007FO 
1+4 0007FC 
1.4 OOO8OC 
1+4 0 0 6 8 l C  
R I 4  0 8 2 8  
R+4 000838 
R+4 000848 
R * 4  000858 - 
R*4 000868 
R.4 000870 
1+4 000878 
R+4 00087C 
R + 4  N.R. 
R+4 000890 
R+4 000898 
R+4 0008A4 
R * 4  cKx)BBO 
R+4 QOOBBC 
R+4 OOOBCO 
R + 4  OOO800 
I + 4  ooooo4 
R*4 0008E4‘ 
R+4 oQo8FO 
I * 4  OOOOOb 
R*4 001010 

NAME TAO 
5 SF 

B T  SF 
EC SF 
OF SF 
13 S f  
dF4 SF 
TA SF 
X 1  SF 
25 SF 
20 SF 

AKC SF 
DEP SF 
FCT SF 
OMT SF 
TYT SF 

ACSP 
ALCE SF 
CCSF 
ROOT SF 
TACE SF 

AtTCY SF 
DISSC F 
FCRNZ SF 

’ I f E M P  SF 
FRXPI# XF 
CRFKN2 SF 
1PKRE2 F C 
UFSUP2 F C 

+*+++ COMMON INFORMATION ++I** 

NAME TAG TYPE ADD. 
I + 4  0007C8 A 0  SF 
R + 4  OOO900 E1 SF 
R+4 0 0 0 7 E 4  EP SF 
R+4 0007F4 aa s 
1*4 OOO800 I S  SF 
1+4 oQo810 LM SF 
R+4 0009F0 TF SF 
R * 4  00082C X2 SF 
R * 4  00083C Z 6  SF 
R+4 00084C ACC SF 
R+4. 00085C AKO S F .  
R+4 0 0 0 9 F B  ECE SF 

GOM SF R+4 000AEB 
R+4 OOO808 ROE SF 
R + 4  oooCC8 WCI F 
R+4 N.R. AFUM SF 
R * 4  000894 ANCF SF 
R+4 N.R. FIN4 ‘ 
R+4 000E30  ROPC SF 
R*4 000884 WCKD 
R+4 000EAB’ ANYBD SF 
R+4 0008C4 DPFSD SF 
R+4 006804 IEXPC F 
114 OOO8OC TACEl  SF 
R+4 OOdOOO A I C P V l  SF 
R+4 0 0 0 8 F 4  OESCOM SF 
1+4 Q00008 SUPCST SF C 
R+4 OOdolO 

NAME OF COMMON BLDCK + M A W  S I Z E  OF BLOCK oooOl8 HEXADECIMAL BYTES 

VAR. NAME TYPE REL. A W R .  VAR. NAME TYPE BEL. AWR. VAR. NAME TYPE REL. ADOR. VAR. NAME 
INEXC I + 4  000000 IPKRE 1.4 000004 IPKRE2 1+4 OOOOO8 UFSUP 

UFSUP2 R+4 ooOOI0 SUPCST R+4 oooO14 

1 

I 

TYPE ADO. 
R+4 0007CC 
8+4 0007D8 
R+4 0 0 0 7 E 8  
R+4 0 0 0 7 F 8  
I * 4  000894 
I + 4  000814 
R + 4  000820 
R+4 600830 
R * 4  0 0 0 8 4 0  
R+4 600860 
R.4 000860 
R+4 0 0 0 A 7 0  
R+4 000874 
R+4 oooC50 
R+4 000880 
R*4 OOO888 
R+4 o o o O 4 0  
R+4 6008QC 
R + 4  0 0 6 8 A 8  
R+4 N.R. 

. R+4 OOOFZO 
R+4 0008C8 
1*4 000808 
R+4 OOOBEO 
R*4 0008E8 
R+4 OOO8F8 

. R e 4  oooO14 

TYPE REL. AODR. 
R+4 OOOOOC 



r 

I. 

LABEL .OR 

110 0014C6 
920 0017FO 
9 4 1  OOlBAC 
126 001E42 
312 001FC2 
308 0 0 2 0 7 E  

+OPTIONS I N  EFFECT* 

*OPTIONS I N  EFFECT* 

LABEL ADDR 

i i  

.LABEL AOOR 

111 0 0 1 6 4 4  211 0016FA 
921 001872 922 0018CO 

. 741 001EDA t 7 i  OOIBF~ 
150 001E5A 169 0 0 I E M :  
306 001FF4 316 OOIFFC 
600 00209C 999 002oBc 

NAME- HA1N.OPT~02.LfNECM~58,SIZ€-lO24K. 

*STATISTICS*  SOURCE STATEMENTS * 198 .PROGRAM S I Z E  

+ZTATISTICS*  NO DIAGNOSTICS GENERATED 

* * a + + *  EM) OF COMPXLATION *I**** 

*STATISTICS*  NO DIAGNOSTSCS THIS STEP 

m 8484 

' J LJ L, 'J  
* I  

PAGE 066 LADEL ADOR 

S t 9  0017A2 
450 001874 
128 001010 
800 001F36 
'307 002074 

964K BYTES OF CORE NOT USE0 



APPENDIX D 

u D.0 GLOSSARY OF TERMS USED IN THE GEEF METHODOLOGY 

Alternative or  Conventional Enernv Svstem (CES) i s  any energy system 
that is used t o  provide the energy necessary t o  meet the require-, 
ments of the intended endvse application, other than the proposed. 

,4mortization Capital  Recaverv Factor (CIlFKNl) refers t o  the f ract ion 
of original capital  that is paid in uniform annual payments so as 
t o  ful ly  amortize the loan over a specified period of t i m e .  

Annual & v i t a l  Surdus Funds (ACSF) is the money that is available to  
pay out t h e  i n i t i a l  equi ty  capital after paying t h e  inves tor  a 
guaranteed minimum r e t u r n  on investment and r e t i r i n g  t h e  debt 
capital. ACSF is used t o  compute the discounted cash flow rate of 
return (DCFBOB). 

Annualized Fixed Charge Rate (FCR) is a factor by which the present 
value of capi ta l  (AICPV) must be multiplied t o  obtain the dntr ibu-  
t i an  of capital  investment t o  the annualized cost. FCB interacts 
wi th  t h e  rest  of t h e  model i n  determining the  leve l ized  cos t  of 
energy (BLCE). 

Capacitx is the d m u m  level of production or  output. 

Caoital Emenditure is an expenditure on an asset, such as property, 
which b e n e f i t s  t h e  operat ion beyond t h e  cur ren t  period. It is 
recovered through depreciation and depletion over a period of tine, 

Constant Dollar is a unit of measure of the value or purchasing power 
of money that is invariant vith time. 

Cumulative Camital Surplus Fund (CCSF) is the sum of annual capital  
surplus fund (ACSF) vhfch earns an annual rate of r e t u r n  equal t o  
the wzghted average after-tax capital  cost of equity capital. CCSF 
is used i n  deterinling the  n e t  present  value (BPV) aad discounted 
payback. period (DPP). 
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Current Dollars grow with t i m e  at  the rate of inflation, given a fixed 
real value of money. 

Deoletion refers t o  t h e  recovery of an owner'8 economic in te res t  in 
mineral  reserves through f ede ra l  tax deductions r e l a t e d  t o  t h e  
removal of the mineral over the economic l i fe  of the  property. 

Depletion Allowance (83) refers t o  a fraction of each year's geother- 
m a l  energy.project gross revenue that  can be used for  tax deduction 
purposes; 'depletioa allowance i n  any given'year cannot exceed the 
l imi t  of 50% of taxable income.. 

t 



Deureciation is  t h e  a l l o c a t i o n  of cos t s  of a replaceable  tangib le  
capital  asset, such as building or equipment, less salvage value, 

U 
over the expected useful l i f e  of the asset. 

Dewreciation Cawital Kecoverv Factor (CKFKB2) is  used i n  ca lcu la  t i n g  
the present value of d e p r e c h t i o s  An average depreciation l i f e  of 
10 years  i s  assumed f o r  both i n i t i a l  c a p i t a l  and replacement 
capital .  

DeDreCiatiOn Life (B2) is the asset  fifetime used fo r  the purpose of 
It can be less than 'or  equal t o  

Discount Bate (Ak) i s  a percentage ra te  which accounts f o r  t h e  t i m e  
value 01 money a given investment; the weighted average after- 
tax capital  cost is used as the discount rate in computing present 
values . 

computing deprec ia t ion  charges. 
the system or project l i fe t ime (all. 

Piscounted Cash Flow Kate of Return (DCFROR) is the  r a t e  of return 
that makes the net present value (BPV) of a project equal t o  zero. 
DCFROR is an overall measure of project prof i tabi l i ty  where pear 
byyear  capital  surplus funds (BCSF) are  weighted differently. 

piscounted Payback Period (DPP) is t h e  number of years required fo r  
cumulative capital  surplus famds (CCSF) to  remer i n i t i a l  equity 
capital  a t  the discount rate, + 

pravdown is the rate of depletion of a hydrothermal resource. 

Drilling and ComDletion Costs are those costs which a r e  incurred in 
the d r i l l i ng  of a w e l l ,  These costs consist of capitalized d r i l l i ng  
costs and intangible dr i l l ing  casts, 

End Use Armlication is the purpose fo r  w h i c h  the energy from the pro- 
posed system b being used. Eramples of end use applications a r e  
i n d u s t r i a l  processes or space heating. 

p e r m  Investment Tax Credit is equal t o  a 15% reductioa in income tax 
l i a b i l i t y  f o r  expenditures on energy saving or energy producing 
property . 

Jauitv is. the portion of the investment capi ta l  s t ructure  of a firm or 
property in which there is a r i sk  interest or ownership right. The 
equity portion of the investment capital  s t ructure  is equal t o  the 
canrbined.value of preferred (E$ and common stock (Ec). 

Escalat ion r e f e r s  t o  t h e  percentage change i n  t h e  r e a l  c o s t  of a 
commodity or sendce; it is an increase over and above the general 
r a t e  of inf la t ion,  g. 
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Exoensed Costs a r e  investment expenditure can be recovered by 
"write-off" f o r  tax purposes i n  the y e  y a r e  incurred o r  
during the years of operation. They include various preproduction 
costs. 

Emloration refers t o  a l l  ac t iv i t ies  involved in the  determination of 
a resource's location and characteristics, p r i o r  t o  the dr i l l ing  of 
a production w e l l .  

Fue l  Cost (FC) is t h e  recurred c o s t  of f u e l  required t o  operate  the  
(supplementary) system. 

Fluid Chemistrv is the p a r t s  per mill ion of to ta l  suspended and ais- 
solved solids i n  the hydrothermal brioe. 

F l u i d  Transportat ion System is t h a t  por t ion  of t h e  system which i s  
used as a conduit fo r  the fluids between components of the hydro- 
thermal system. This system is comprised of a primary distribution 
transmission pipeline, the tunnel, and the secondary distribution 

W '  
> 

2 

I \ 

. 

f pipeline. 

Geotherntal berm System (GES) is the  hydrothema energy system plus 
any supplemental energy system. 

Gross Revenues (GYL are equal t o  the product of the price of a unit  of 
the plant's output and the quantity of production units sold, 

Beat Exchanner is the component of the energy system which al lovs for  
the transfer o f  heat from the inlet brine t o  a form which is suit-  
able for  use in the  eud-use application. 

Peat'Transfer Surface Area <UREA)  is the size, in square feet, of the 
heat  exchanger. 

Heat Transfer  Coeff ic ien t  (HTCOEF) is the amount of .heat loss which 
occurs due t o  phase change in t he  br ine,  as it is converted t o  
boiling f lu id  a t  the exchanger i n l e t  and outlet. 

Inflation (E) is the percentage change i n  prices of goods and s edces  
over a given timeframe; i t  i s  a change in t h e  general  purchasing 
power of money. 

I n i t i a l  Investment is the base c a p i t a l  cost  of an investment proposal. 

Iniection Well is used as a means of disposal of the waste hydrother- 
m a l  f l u i d s ,  by returning t h e  f l u i d  back in to  t h e  r e s e m o i r  v i a  
pumps on gravity. 
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Investment Tax Credit is a 10% reduction in income tax l i a b i l i t y  for 
expenditures for  depreciable, tangible property8 with an expected 
l i f e  of a t  l ea s t  three years, is used for maaufacturing8 woo 
duction, o r  ex t r ac t ion ,  excluding buildings and s t r u c t u r a l  com- 
ponents. 

Labor. OD era t inn .  and Maintenance Costs are  those expenses which a re  
incurred in order to  keep a system in good working order. 

Jevelized Cost of Enernv (ALCE) i s  an annualized cost (TACE) divided 
by the expected annual energy output @ELI), result ing in 8 cost per 
unit  of energy. 

Life Cycle Cost is the present value, as of the year of start-up year 
or the year  of cammescial operation, Iv, of the sum of a l l  system- 
resultant costs tha t  are incurred over the l i fe t ime of a project. 

Marginal Tax Rate is the additional or  incremented tax rate expressed 
in percent; it is a tax on each additional dollar of taxable income 
received. 

R e t  Present Value Analysis (NPV) i s  a method fo r  ranking h e s t m e n t  
proposals. The d i f f e rence  between t h e  year ly  cash b f l o v s  and 
outflows is discounted t o  i t s  present  value using t h e  weighted 
average.cost  of c a p i t a l  as the  discount  rate. In t h e  GEEF model, 
the after-tax cumulative cap i t a l  surplus fund (CCSF) is discounted 
back t o  the base year t o  determine the BPV. 

peak Berm Reauirement (IPKBE) is the r n ~ r n m u  mount of energy tha t  
must be provided a t  a given time point i n  t i m e  t o  s a t i s f y  the 
energy demand of an end use application. 

, 

Percentaae Dewletion Allowance is a method of deple t ing  a v a s t i n g  
asset in which the percentage difference of revenues from the sale 
of a mineral less royalt ies is less than 50% of af ter tax incame. 

* 

presen t  Value of  Capi ta l  Investment (AICPV) r e f e r s  t o  t h e  c a p i t a l  
investment f o r  t h e  energy system brought t o  t h e  beginning of t h e  
s tar t -up year expressed. in base year  dol lars .  Interest  during 
construction years, replacement costs and supplementation costs a r e  
included in A I W V o  

. .  . 

3 production Wells a re  u t i l i t e d  t o  extract the hydrothermal f lu id  which 
can be used t o  provide energy t o  power end use applications. 

peplacement Capi ta l  Cost (ECE) is  t h e  cos t  of rep lac ing  a capital 
asset which has worn o u t  due t o  the f a c t  t h a t  t he  use fu l  l i f e  of 
tha t  asset is less than the useful l i f e  of the to t a l  system. 

3 



h/ Resource C h a r a c t e r i s t i c s  are those f e a t u r e s  of a hydrothermal 
resource, such as temperature, f l u id  chemistry, w e l l  flow rate, and 
drawdown rate vhich define the a b i l i t y  of the resource t o  provide 
t h e  level of energy necessary t o  meet t h e  requirement of t h e  
intended endltse appl icat ion 

2 

7 

Royalty Pavment (82) is a percentage payment t o  the owner of a m i n e r a l  
lease by the producers. based on the annual sales from the plant. 

.I 

Sum of Years D i n i t s  beoreciation (DPFSD) is 80 accelerated method of 
depreciation in vhich decreasing charges are made; these are d e t e r  
mined by applying a series of f r a c t i o n s ,  each of a smallet value,  
t o  the depreciable value of an asset. These fractions are defined 

3 terms of the 8- of the asset l ife periods, 

$amplemental Energy Sys tem (ITSUP) is  t h e  system which is used t o  
augment, f ractuse and/or supplement a kydrothermd energy system h 
order  t o  provide t h e  a d d i t i o n a l  energy necessaty t o  meet t h e  
requirements  of the intended end-use application which cannot be 
provided by the hydrothermal energy systenr, < -. 

L Time Value of Honey is the value of money held for future consumptiorr, 
vhich is  foregone if the money is used today. 

Transmission Distance (LEHL refers t o  how f a r  the brine m u s t  be trans- 
. ported'through the f l u i d  transportation system, f r a t  the production 

> 
w e l l  t o  the plant vhere the end-tme appIication occurs. 

u t i l i za t ion  Factor (UFsoP) is the perca tage  of system capacity which 
is actually put in to  we. .. 

.J 

Weighted Averane Cost  of Caoi t a l  is t h e  average o f  t h e  after-tax 
rates-of return on each of the cunponents of the investment capi ta l  
structure, based on t he  re la t ive  proportion of these compone~ts t o  
the t o t a l  amount of capitalization, It i s  treated as the discount 
r a t e  for  the deternrination of economic f eas ib i l i t y  or  evaluation of 
projects. 

Well Buildinfts are the  f a c i l i t i e s  which house the  ciraxlat ion punps 
and wellhead equipment. 

Wellhead Eauimnent consist8 'of all the components, such 88 electric 
motors, etc., t h a t  are necessary f o r  t h e  success fu l  ope ra t ion  of 
the  w e l l ,  . 
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