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-AN ECONOMIC COMPARISON BETWEEN

CONVENTIONAL AND MODULAR GEOTHERMAL

DEVELOPMENT MODELS

A.

Pertamina EP, Divisi Panasbumi, Jakarta, Indonesia

- The concern of the energy for t o the
steaa p r i c e , s tean pr ice should enable the geothernal producer t o recover the pre-production investaent, operating
expenses, t axes and a l s o t o achieve an a t t r a c t i v e r a t e of r e t u r n , The s t e a a p r i c e should also enable the

user t o the generating cos t of the geotheraal power plant ,

This paper d e s c r i b e s t h e conparison study of t h e econonics o f two hypothet ical geothernal
nodels: convent ional and nodular , The conventional i s designed t o de l ive r geothernal s t e a r i n t o two cen t ra l ly
located power p lan t s , while the modular i s designed t o del iver the steaa i n t o six portable power plants located
separate 1 .
The nodular requires a higher pre-production investnent , b u t due t o a shorter pre-production period, the is
nore a t t r a c t i v e econoaical ly ,

1

One o f the object ives o f the geothernal 
developing t h e r e s o u r c e s i s t o achieve a t t r a c t i v e
i n t e r n a l r a t e o f r e t u r n ( B O B ) , The l e v e l of the i s
inf luenced b y t h e s c a l e o f developlent and i n v e s t a e n t ,
the e x p e c t e d l i f e o f t h e  p r o j e c t ,  t ype o f t h e
p r o j e c t ,  t h e  tean p r i c e , the operat ing and tenance
c o s t , t h e tax payment and s o n e o t h e r f i n a n c i a l
regulat ions , as well a s the of the cash flow,

There e r e  s e v e r a l  t y p e s o f g e o t h e r n a l d e v e l o p n e n t
p ro jec t : one of then i s the conventional project t h a t has
been applied i n Indonesia. The other type i s the nodular
project tha t will be applied in Indonesia i n the fu tu re .
The convent ional j e c t i s a geothernal developaent
p r o j e c t b y u s i n g l a r g e s i z e d geo the raa l power p l a n t s
(nore than 30 H Y e a c h ) , while the aodular p r o j e c t i s a
g e o t h e r a a l deve lopnen t p r o j e c t b y u s i n g s i t e d

power plants ( l e s s than 3 0 each) .

The c a p i t a l  c o s t  o f a conventional project i s l e s s
a nodular one, b u t the construction t ine i s longer.' Large
sized power p l a n t s have t o be constructed in the f i e l d , '
whi le sone s i z e d power p l a n t s cou ld be nade
portable

geotheraal f i e l d t h a t was used for this study i s one
o f the f i e l d s loca ted i n West Java, Indonesia . The s i z e
o f this f i e l d i s about 15 square kns with an est imated
e l e c t r i c a l p o t e n t i a l o f 4 2 0 in t h i s s t u d y , i t i s

t h a t the f i e l d will be with a capaci ty
o f 110

i f a conventional p ro jec t was chosen, i t i s planned t o
i n s t a l l two power p l a n t s o f 55 K Y each, On the other
hand, i f a nodular p ro jec t was chosen, i t i s planned t o
i n s t a l l f ive portable power p lan t s o f 20 each plus one

portable power plant of 10 HW.

This study i s based on the :

a ,

b.

excess supply of steaa t o each power plant i s
o f the power plant capaci ty ,

The success r a t i o of exp lo ra t ion wel ls i s and
the success r a t i o o f development wells i s
The water fract ion of the geotheraal f l u i d fron the
well i s 4 0 % and t h e water condensat ion in the

.power plant i s
The average production r a t e o f a successful well i s
about 161 ,000 per hour per well , consisting of
100 ,000 lbs of s teaa and 6 7 , 0 0 0 lbs of brine water.
The average brine in jec t ion r a t e lbs per

per well.
The required t o generate o f e l e c t r i c i t y
i s equal t o 20 lbs of s t eaa per hour.
The naxioun nunber o f w e l l s in one l o c a t i o n i s
seven

nunber o f r i g s a v a i l a b l e f o r

exploration d r i l l i n g two.
The nunber o f r i g s a v a i l z b l e f o r

d r i l l i n g i s f ive .
The base values a r e : f o r capaci ty f a c t o r
o f the power plant , of the cuaulative cap i t a l

cost for the operat ing and oaintenance c o s t , and
o f the cost nodel fo r the cap i t a l
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The produc t ion r a t e d u r i n g t h e l i f e  t i r e  of t h e
p r o j e c t i s f o r e c a s t e d b y u s i n g an i n c r e a s i n g

decl ine as

- 0 decl ine r a t e f o r  t h e  f i r s t f i v e
1 decl ine r a t e for the second f ive
2 decl ine r a t e  f o r  the third f ive years

- 3 decl ine r a t e for the fourth f i v e years
- decl ine r a t e for the f i f t h f i v e years
- 5 decl ine r a t e for the sixth f i v e years.

The c o s t a o d e l i s based on t b e  p r o j e c t  
planning by using t h e above nentioned while
the cash flow of the  geothernal  p ro jec t i s based on t h e
c o s t r o d e l i n c l u d i n g t h e  f i n a n c i a l  r e g u l a t i o n s  i n
Indonesia.

The ROE of the resource pro jec t i s calcula ted by using a
Discounted Cash Plow Bate of Return (DCP-BOB), while the
c a p i t a l  c o s t  o f p l a n t i s c a l c u l a t e d b y using a

Recovery Factor (annuity paynent)

An e c o n o a i c  c o n p a r i s o n  o f c o n v e n t i o n a l and i o d u l a r
g e o t h e r n a l  d e v e l o p n e n t  and t h e
analyses o f t h e  p r o j e c t  upon the s t e a a p r i c e , t h e
capaci ty f a c t o r s , the operat ing and maintenance c o s t s ,
and the c a p i t a l cos t s , are described i n this paper,

2 . PBOJXCF PLAKXIWG

2 . 1 Project Specif icat ion8

Conventional

To develop geothermal recource b y using the conventional 
t h e producer  should b u i l d o f roads and

prepare well locat ions a s shown i n Figure .-

The nunber o f wells t o be d r i l l e d during the developoent
( p r e p r o d u c t i o n ) p e r i o d i s 3 9 , c o n s i s t i n g o f 4
exploration wells,  28 exploi ta t ion wells and 7 i n j ec t ion
wel ls , 2 exp lo ra t ion wel ls and 6 e x p l o i t a t i o n
wells a r e no t  success fu l ,  so 2 2 wells will be used a s
production wel ls and 2 o the r s will be used a s s tandby
wells,

The s tean pipe length i s about 5.25 with a d i a a e t e r
in the range o f 2 8 ' t o while the leng th o f t h e
inject ion pipe i s with a
o f about 12" t o

To e a i n t a i n t h e l e v e l o f s t e a n  d e l i v e r y  d u r i n g t h e
production per iod ( 3 0 yea r s ) as a s a d d i t i o n a l

up wells have t o be d r i l l e d .

Hodu node 1

The producer wi l l bui ld 11 o f roads and prepare 11
well as shown in Figure

1- Conventional Hodel

I

,

Figure 2- Hodular Ceothernal Hodel

The n u a b e r o f w e l l s t o be d r i l l e d d u r i n g t h e pre
p r o d u c t i o n p e r i o d i s 4 5 w e l l s ; c o n s i s t i n g o f 4

e x p l o r a t i o n w e l l s , ' 3 5 e x p l o i t a t i o n w e l l s , and

in jec t ion wells.
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2 e x p l o r a t i o n wel l s and 9 exp lo i t a t ion wel ls

a r e n o t E O 2 2 w e l l s will be used a s
producing w e l l s and o t h e r s will be used a s s tandby
wells.

a t t a r p i p e l i n e l e n g t h in abou t 3.4 with a
d i a r e t e r i n the range of 16' t o while the length of
t h e i n j e c t i o n p i p e i s 9 . 8 with a
d iaae te r about 6' t o

Po m a i n t a i n t h e  l e v e l  o f d e l i v e r y d u r i n g
production period a s as 5 6 addi t ional rake up wells
will be d r i l l e d .

2.2 Schedule of t h e Pro jec t

Conventional

p r o j e c t pe r iod is divided i n t o two phases, the pre
produc t ion p e r i o d and t h e product ion per iod . The p r e
production per iod will be conpleted i n E years and the
production per iod i s e s t i n a t e d t o l a s t f o r a t l e a s t 30
years a f t e r t h e pre production period,

As shown i n Figure 3 , the a c t i v i t i e s t o be carr ied o u t i n
tbe pre production period cons i s t of
- Roads and l o c a t i o n s , fron f i r s t year t o the

t h i r d year aonths)
Bxploration d r i l l i n g , froa the f i r s t year to the
second year ( 9 aonths) .

d r i l l i n g , froa the second year t o the

fourth year aonths)
R e s e r v o i r f r o r t h e f i r s t year to t h e
second year (12 aonths)

. Bnvironnent s t u d y , f r o o the f i r s t year t o the
second year (12 aonths)
Bngineering design of pipe l i n e , i n the fourth year

( 6 aonths)
C o n s t r u c t i o n o f p i p e l i n e and p r o d u c t i o n
f a c i l i t i e s , f roa the fourth year t o the f i f t h year

ronths)
Off ice and housing, i n the f i f t h year (12 months)

C o a a e r c i a l o p e r a t i o n , t o be s t a r t e d a t t h e
beginning o f seventh year,

PROJECT YEAR 2 3 4

UP . a

Figure 3- 110 Geothermal Project Planning
(Conventional Hode l )

Hodular 1

As in Figure 4, a c t i v i t i e s to be carr ied
the pre production period consist of

- on locat ions , the f i r s t year t o the
fourth year (30 ronths)
Bxploration d r i l l i n g , f r o i the f i r s t year t o the
second year ( 9 ronths)
Bxploitation d r i l l i n g , froi f r o r the second t o
the f i f t h year (33 Months)
Rese rvo i r  s tudy ,  t h e f i r s t year t o t h e
second year (12 ronths)

- Bnvironnent study, f r o r t h e f i r s t year t o t h e
second year (12
Engineer ing des ign o f p ipe l i n e , t h e t h i r d

t o the f i f t h year ronths)
C o n s t r u c t i o n o f p i p e l i n e and p r o d a c t i o n
f a c i l i t i e s , froa the fourth year t o the year
(30 rontbs)

'Office and housing, i n the fourth year (12
operation t o be s t a r t e d a t the beginning

of the f i f t h year.

-

PROJECT

Project Planning
(Hodular Hodel)

3.1 Conventional Hodel

The t o t a l p re production inves taen t expendi tures o f the
p r o j e c t i s e s t i a a t e d be a b o u t 8 7 , 7 0 0 , 0 0 0 ,
d i s t r i b u t e d t o roads and l o c a t i o n s , wells

p i p i n g and product ion f a c i l i t i e s
o f f i c e and housing and otber expenses

shown i n fab le 1 , l a rges t  pa r t  o f cost ( 3 9 . 9 3 )
will be spent i n t h e th i rd year and the l e a s t
will be spent i n the s ixth year,

In the production period, the tot21 expenditures for
u p wells i s e s t i n a t e d t o be about 78,200,000 a n d
the annual opera t ing and maintenance c o s t i s es t ina ted
t o be about of the cuaulative c a p i t a l  c o s t ,  

The c a p i t a l c o s t o f a geothernal power p lan t o f 55
s i z e i s about US 9 5 0 (excluding i n t e r e s t during

construct ion)
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c a p i t a l c o s t d i s b u r s e s e n t o f this power p l a n t i s
about i n t h e f i r s t year , ? O X i n t h e second jear and

in the t h i r d year,

3.2 Nodular

b

-

-

6,698

-
-

6,688

The t o t a l p r e production investment expend i tu res o f the
p r o j e c t i s e s t i n a t e d t o be a b o u t
d i s t r i b u t e d t o roads and locat ions ,4 % ) ,

and f a c i l i t i e s o f f i c e and
housing (1 and other expenses .

TOTAL

As shown i n Table 1, the la rges t par t of the cos t
will be spen t i n the t h i r d year and the l e a s t (1 .8%)
will be spent i n the sixth year,

1,675

1,675

4,988

the production period, the t o t a l expendituree of

up w e l l s i s t o be about and
the annual operat ing and c o s t i s
t o be about 3.5% of the curula t ive c a p i t a l cos t .

1,175

1,175

9,988

- .

The c a p i t a l cos t o f a power p lan t o f or
20 s i z e i s about US$ 1,375 (excluding i n t e r e s t
during c o n s t r u c t i o n ) , The c a p i t a l c o s t d i sbursenen t o f
t h i s power p l a n t i s about in tbe f i r s t year and
i n the second year ,

-

Table 1- Pre Production Cost

-
-

-

4.

Price Calculation

There a r e two kinds o f s t e a e  p r i c e ;  an econonic
and a f i n a n c i a l p r i ce ,

p r i c e

the operat ing and cos t s , and the taxes , and
f u l f i l l the required r a t e of return for the project ,

The of ' tbe project is calculated by using this
fo r ru la

.

where :
flow i n year

I n i t i a l expenditures i n year

l i f e of the project , years
BOB I n t e r n a l Rate of Return,

the cash flow is as follows

where
i n year US$

Operating eaintenance cost i n year t,
Taxes in gear

expenditures i n year

C , aaoun t o f t h e t a r e s should be paid b y the
p r o d u c e r d e p e n d s o n t h e t a x r a t e and o t h e r
f i n a n c i a l r e g u l a t i o n ( s u c h a s d e p r e c i a t i o n ,
i n v e s t a e n t a l l o w a n c e , a r o r t i z a t i o n ,

b y the applicable ' tax
r a t e f o r the geotheraal business iii

of tbe taxable iocoae ( t h e revenue deducted
operat ing and aaintenance c o s t , deprecia t ion cos t
and a l lowance) , If t h e c u a u l a t i v e

t a x a b l e i s l e s s than t e r o , then t h e tax
payable by the geotheraal producer i s also te ro ,

d , Annual d e p r e c i a t i o n c o s t i s c a l c u l a t e d b y using

th i s foraula
year 1 : x (Capital - in tangible well cost
year 2 1 /8 x (Capital - in tangible well cost
year 3 : 3/8 x (Capi ta l - in tangible well cost
year : 1/8 x (Capital - in tangible well cost
year 5 : 1/8 x (Capital - in tangible well cost
year 6 : 1/8 x (Capital - in tangible well cost

?he in tang ib le well costs applied i n th i s paper i s
7 0 % o f the well costs .

e . which can be charged t o
i s 2 0 o f the c a p i t a l cos t a f t e r

deduction o f the intangible well cos t s ,The econon ic p r i c e i s the p r i c e which i s d e t e r a i n e d
w i t h o u t consider ing the  f i n a n c i a l d i s t o r t i o n as

tax, subs id ies , e t c . ) , while the f inanc ia l  p r i ce  i s the
p r i c e which i s c a l c u l a t e d b y t a k i n g  t h e  f i n a n c i a l 4 . 2 Generation Cost

d i s t o r t i o n i n t o considerat ion,

study i s focussed t o f i n a n c i a l  p r i c e ,  because

this pr i ce can the t o t a l investaent expenditures,

generation c o s t of geothermal power plant c o n s i s t s
o f the cap i t a l c o s t s , operating and naintenance costs

and the steae pr i ce .
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The c o s t of t h e power per i s
calcula ted by using this fo r ru la

(CPP

where :
Capital cost per
Capi ta l recovery fac to r ,
Total c a p i t a l cos t per
Capacity factor,

of hours i n one year 8,760 hours.

b. The c a p i t a l recovery fac to r i s calcula ted by using
this :

where i i n t e r e s t rate,

5

5.1

a, As shown i n Figure 5 , i t can be seen t h a t :

The of the project will vary fron 9.17 t o
(for the Conventional aode l ) , and f r o n

10.31 t o 20,831 ( f o r the aodular nodel); bo th
within the range o f pr ice between .

50

The s teaa pr i ce of the project vary
t o 59.81 (for the conventional

and froa t o 4 7 . 5 8 (for
the aodular r o d e l ) ; b o t h within t b e range o f

between 15 and

INTERNAL R A E

1
I I

26 30 35 40

GEOTHERMAL STEAM PRICE,

+

Figure Price (Base

b. As shown i n Figure 6 , i t can be seen t h a t
o f t he c a p a c i t y  f a c t o r  will have some e f f e c t s as
explained below :

I f the capac i ty fac to r equal t o then
. the will vary t o (for the

convent ional nodel), ' and f r o r 9.39 to
(for the nodular nodel); both the range

of s t e a r p r i ce between 25 and 50

b . 2 If the capac i ty f a c t o r is equal t o then
t h e will vary 10.15 t o (for
the conven t iona l r o d e l ) , and f ron t o
21.871: ( f o r the rode l ) ; b o t h within
the range o f stear p r i c e between 25 and- 50

26 I
20

10

1 t 1

26 30 36

GEOTHERMAL STEAM PRICE,

Figure 6- ROB Price
(based on Factor

As shown i n Figure can be seen t h a t changes
o f the opera t ing cost have e f f e c t s as
explained below

c , l If t h e opera t ing cos t i s equal t o o f the
cuaulat ive cap i t a l cost then the ROB will vary
fron t o 17.811 ( f o r t h e conven t iona l
n o d e l ) , and f r o n t o ( f o r t h e
nodular node l ) ; both within the range o f stean
pr ice between 25 and 50

INTERNAL RATE OF

26 30 . 36 40

GEOTHERMAL STEAM PRICE,,
+ MOO. MOO.

Figure 7- versus Price
[based on Operating Cost Changes)
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If t h e operat ing cos t i s equal t o o f t h e
curu la t ive  cap i t a l  cost then the ROE will vary
fror 9.18 t o ( f o r t h e c o n v e n t i o n a l

and f r o h 9 . 9 7 t o ( f o r t h e
rode l ) ; bo th w i t h i n the range o f s t e a r

p r i ce betueen 25 and 50

d. As shown i n Figure 8 , i t can be seen t h a t changes
o f t h e c a p i t a l c o s t will have e f f e c t s a s

explained. below .

If the c a p i t a l cost i s lower than t h e base
c a p i t a l cos t then the BOB will vary froa 10.54
t o (for the conventional n o d e l ) , and

f r o i 11.76 to (for the modular r o d e l ) ;
both within t h e range o f s t e a r p r i c e between
25 and 50 .

If t h e c a p i t a l c o s t i s 10% higher than t h e
base c a p i t a l cost then vary
8 .50 t o 16.55% ( f o r the convent ional r o d e l ) ,
and f r o n t o ( f o r t h e  a o d u l a r  
node l ) ; both within the range o f steam p r i c e
between 25 and 50

. INTERNAL RATE RETURN,

1

20

Figure 8- versus Price
(based on Capital Cost Changes) 

5 . 2 Generation Cost

a , using an i n t e r e s t r a t e o f 12X and an expected

power p l a n t l i f e o f 3 0 yea r s , the c a p i t a l c o s t of
the power plant i s found t o be 2 1 . 6 3 fo r
the conventional type, and for the
modular type

As shown in Figure 9 , i t can be s e e n t h a t t h e
g e n e r a t i o n c o s t ( e x c l u d i n g t h e power p l a n t
operating c o s t ] for the conventional type will vary
f roa 61.87 t o and for the nodular

type fron 6 4 . 0 3 t o b o t h within the 

geothernal resource project ' s R O E f r o n t o

INTERNAL RATE OF

9- Generation Cost versus ROB
(Base Case, Cost]

6

A l t h o u g h the production c o s t for the nodular
is nore  expensive ' t han t h e convent ional

nodel, i t s s t e a a pr i ce i s cheaper. This i s due t o
the fas t e r s t a r t of the rodular project.  

the capacity fac to r s o f 80 and
the o f project i s the sensi t ive on tbe
s teaa price changes i f the capacity factor i s equal
t o

c . the annual operating costs o f 3 , 3.5 and
of the c a p i t a l cos t ; the the

pro jec t i s the a o s t  s e n s i t i v e  on the pr i ce
i f the annual operating cost i s equal t o

o f the cuaulative cap i t a l  cos t ,  

tbe cap i t a l costs of 9 0 , 100 and o f
base c a p i t a l cos t ; o f the p r o j e c t i s

the s e n s i t i v e on the s t e a a pr ice changes if
c o s t i s e q u a l t o o f t h e base

cost .

If o f the geotberaal resource pro jec t i s
equal t o or g r e a t e r , then t h e

genera t ion c o s t f o r t h e aodu la r type i s cheaper
t h a n t h e c o n v e n t i o n a l t y p e , t h e
geothernal power plant operating costs are t h e s a w
for both types,

f . If the o f the geothernal p ro jec t i s

between 1 7 and then the e l e c t r i c i t y generation
c o s t f o r t h e type i s cheaper than the
conventional type,  as  l o n g a s t h e d i f f e rence o f

the geotberaal power p lan t operat ing cos t between
nodular type and t h e conventional type l e s s

than ( a t 808 o f and ( a t
o f

The econooics o f the pro jec t could be b y

increasing the capacity f ac to r , reducing the annual

opera t ing c o s t , reducing c a p i t a l c o s t and

shor the pre production period,
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