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ABSTRACT 

The 32,000 kW Cos0 Geothermal Power Plant 
was put into operation in August, 1987, using a 
packaged type large capacity portable turbine. 

And two other geothermal power plants, 
Freeport Resources Co. 11,000 kW x 2 Bear Canyon 
and 14,350 kW x 2 West Ford Flat Plants, will 
start operation at the end of this year, using 
portable turbine generators. 

This concept for constructing geothermal 
power plant is aiming at economical geothermal 
power generation and starting operation in a 
short period. It is applicable today up to 
30,OOOkW class, using several standardized kinds 
of turbine generator. 

INTRODUCTION 

Geothermal power generation has entered a 
steady growth period. The total capacity of 
geothermal power plants in the world including 
those under construction is more than 5,000 MW, 
and its annual growth rate is dramatic at 16%. 

In the U.S. and Mexico, the unit capacity of 
geothermal power plants has increased and a 
150,850 kW plant has come 'to be planned as PC & E 
Geysers Unit 21. 

On the other hand, there are still great 
needs for small capacity geothermal power plants, 
which are constructed not only as wellhead plants 
but also in developing countries and islands 
where electric power demands are not so high, and 
as in-house power plants for hotels in hot spring 
areas of Japan. 

Fig.1 shows the number of units for each 
generating capacity class in the world. 

Nagasaki, Japan 

About 70% of all geothermal power plants are of 
capacity less than 30,000 kW and there seems to 
be increasing needs for portable turbines. 

Generally, the smaller the capacity of a 
power plant, the higher the unit cost of 
construction. Therefore, in constructing a small 
capacity geothermal power plant , it is necessary 
to achieve economic viability by packaging the 
equipment to minimize civil work cost and 
erection cost. 

In the U.S., there are great needs for 
modularization or shop assembly of equipment 
because of high erection cost, and geothermal 
power plants of 10,000 kW - 30,000 kW class are 
being constructed, using the merits of portable 
turbine generators. 

To meet this needs, Mitsubishi produced 
various types of portable turbine generators. 
Mitsubishi manufactured and delivered 56 
geothermal turbine generators, of which 21 are of 
a portable type. 

This paper introduces the portable turbine 
generators Mitsubishi has manufactured and the 
geothermal power plants recently constructed in 
the U.S. using large capacity portable type 
turbines. 

NUMBER OF UNIT 
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PORTABLE TURBINE GENERATOR Back-pressure type  t u r b i n e  

Por tab le  t u r b i n e  genera tors  are classified 
i n t o  back-pressure type and condensing type. 
Fea tures  of d i f f e r e n t  types of p o r t a b l e  t u r b i n e s  
manufactured by Mitsubishi  are shown i n  Table  1. 

Table 1 L is t  of  Mitsubishi Portable Turb ines  

w e  o f  T u r b i n e  6 Generator 

Single-staye 4 pole 
back- p ressu re  yenerator 
geared t u r b i n e  

Single-staqe 2 pole 
back -p ressu re  genr ra to r  
t u rb ine  

Mult i  stage 2 pole 
back-pressure generator 
t u rb ine  

Mult i  -stage 4 pole 
condensing yenera tor 
geared t u r b i n e  

Multi-stage 2 -  pole 
con dens i ng 
t u r b i n e  

yeriera tor 

n 

1. Low cost 

2. Small package 

3 .  Suitable o u t p u t  range :  
500 k W  3,000kW 

4. W i t h  reduc t i on  gear  

1 
1. Low cost 

2.  Small package 

3 .  Suitable o u t p u t  range :  
1,000 k W  3,000 kW 

1 
1. La rge  o u t p u t  a n d  

high e f f i c i ency  

2. Sui table o u t p u t  range :  
3,000 KW - 10,000 kW 

1. H i g h  e f f i c i ency  I 
2. Lower cos t  a n d  sho r te r  

erect ion p e r i o d  t h a n  
convent ional  geothermal 
condensing t u r b i n e  

I 3 .  Small package 

4. Sui table o u t p u t  range :  

1. Large o u t p u t  a n d  
high e f f i c i ency  

2. Lower cos t  a n d  sho r te r  
e rec t  i on  p e r i o d  t h a n  
convent ional  geothermal 
condensing t u r b i n e  

1,000kW - 3,000 k W  

The f irst  b a c k - p r e s s u r e  t y p e  p o r t a b l e  
t u r b i n e  is a 1,300 kW t u r b i n e  d e l i v e r e d  t o  
Ahuachapan Geothermal Power P l a n t  i n  E l  Salvador ,  
and is a s i n g l e  s t a g e  back-pressure t u r b i n e  
called MPT-IIG, coupled with a Q-pole genera tor  by 
a reduct ion gear .  
Photo 1 shows its e x t e r n a l  view. 

Designed to  supply s t a r t - u p  power source 
when t h e  main p l a n t  is s h u t  down, t h i s  p o r t a b l e  
power p l a n t  is provided wi th  a steam t u r b i n e  
dr iven  a u x i l i a r y  o i l  pump and an air cooled o i l  
cooler so t h a t  it can be s t a r t e d  up without  
e x t e r n a l  power s o u r c e  or c o o l i n g  water. 
Therefore ,  it can be used as a wellhead power 
p l a n t  without any modi f ica t ion .  

A to ta l  of t h r e e  MPT-4G t u r b i n e s  have been 
suppl ied ,  inc luding  those  for 1,300 kW s t a r t - u p  
power p l a n t  for Makiling Banahaw Geothermal Power 
P l a n t  (55,000 kW x 6)  and a 3,000 kW wellhead 
power p l a n t  i n  Leyte i n  t h e  Phi l ipp ines .  

Aimed a t  r e d u c e d  c o s t  a n d  i m p r o v e d  
p e r f o r m a n c e  of p o r t a b l e  power g e n e r a t i n g  
equipment, MPT-2L model was developed, and a 
3,000 kW t u r b i n e  was d e l i v e r e d  t o  Azores  
Geothermal Power P l a n t  i n  Portugal .  

Longi tudinal  s e c t i o n  of MPT-2L t u r b i n e  is 
shown i n  F ig  2. 

3 .  Suitable output range :  
3,000 k W  - 30,000kW 

Fig.2 Longi tud ina l  Section o f  MPT-2L 

F e a t u r e s  of MPT-2L model are t h a t  t h e  
t u r b i n e  d i s c  is d i r e c t l y  coupled t o  t h e  2-pole 
genera tor  s h a f t ,  t h u s  d e l e t i n g  t h e  r e d u c t i o n  
gear ,  and t h a t  t h e  genera tor  cool ing  f a n  doubles 
as t h e  a i r -cooled o i l  cooler fan.  

Photo 1 External View of  MPT..$G 
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The second unit of MPT-2L model was 
delivered to Suginoi Hotel in Beppu, a famous hot 
spring resort, in Japan. 
It was operated as a back-pressure turbine for 
the first eight months, but a condensing system 
was provided later, and it has been operated as a 
condensing turbine since March, 1981. 

The average annual availability factor of 
Suginoi Geothermal Power Plant using a portable 
turbine generator is as high as 97.8$, which 
testifies to the high reliability of Mitsubishi 
portable turbine generators. 

Condensing type turbine 

All portable turbine generators had been of 
the back-pressure type, but to realize portable 
condensing turbine generators of a comparable 
performance, Mitsubishi developed multiple-stage, 
portable packaged turbine generators called 
modular series. 

The modular series include standardized 
module of Modular-5, and -10. The first Modular- 
10 unit was delivered to Brawley Power Plant in 
Imperial Valley, Calfornia, and the following 
four Modular-10 were delivered to Bear Canyon and 
West Ford Flat Power Plants in the Geysers. 

The turbine is of a single-flow, 5 or 6- 
stage condensing type, and exhausts upward as it 
is mounted on a ground level. 

The oil cooler is water-cooled as cooling 
water is available from the condensing plant. 
While Modular-10 was intended for 10,000 kW class 
power plants, Modular-5 was developed for 5,000 
kW class power plants. 

Modular-5 was initially designed as a 
condensing type, but was later modified for back 
pressure wellhead power generation, using steam 
turbine driven auxiliary oil pump and air-cooled 
oil cooler. 
Five Modular-5 back-pressure turbines were 
delivered to Los Azufres in Mexico. 

Features of Modular-5 delivered to Los 
Azufres are shown in Fig. 3. 

Photo 2 shows a Modular-5 units awaiting 
shipment to Los Azufres. 

Photo 2 Modular-5 Turbine Generators 
before shipping 

High stiffness of rotor system by 
direct coupling between turbine 

Easy installation by 
unilicalion of turbine bed 

Compact construction of governing 
valve by development of rotary 
servomotor 

The five Modular-5 turbine generators were 
successively put into operation with about two 
month erection periods. 

The first Modular-10 condensing portable 
turbine generator delivered to Brawley Geothermal 
Pilot Plant in Imperial Valley, had been operated 
by Southern California Edison and Union Oil from 
1980 to 1985. 

As the Brawley unit was a prototype, a oil 
unit was not assembled with turbine module. 
Afterward each two Modular-10 were delivered to 
Bear Canyon and West Ford Flat Geothermal Power 
Plants in the Geysers. 
Design of these units was modified to assemble 
the oil unit with turbine module from a 
prototype. Though the weight for transporation 
was increased to 90 metric tons by this 
modification, the erection work was made more 
simplified. 
Fig 4 shows a configuration of new Modular-10. 

Fig. 3 Features of Modular-5 
DEH turbine control system was also 

developed for Modular- 10 as standard to comply 
with recent customer's requirement. 
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Genera tor 

I 

Steam consumption 

No. of stages 

Main stop 

cooler 

lbslhr 177.250i97.220 343,0401 154.100 210,100 '21  4 ,950 

- 5 x 1 flow 5 x 1 flow 4 x 1 flow 

Governing valve Turbine va;k lJ/ J4+ (T'--m 

I ,  

. !  
. .  

J i  I J . . . - - - 
i I :..- , - -7 -  

--. . 
Oil tank Skid 

iig.4 Configuration of Modular-10 

LARGE CAPACITY MODULAR TURBINE 

To apply the advantages of portable packaged 
types to large capacity turbines, Mitsubishi 
developed a standardized modular turbine called 
Modular-25, and delivered the first unit to 
Beowawe Double Flash Geothermal Power Plant in 
Nevada. 
The capacity of Beowawe is 17,000 kW, smaller 
than the standard capacity of 25,000 kW for 
Modular-25, but Modular-25 with large last stage 
blading was used because a high condenser vacuum 
was adopted to take advantage of the plant being 
located at 1,500 m above the sea level in a cold 
area of northern Nevada. The plant was put into 
commercial operat ion in December, 1985 , 14 months 
after receipt of an order against normal 
construction period of 18 months. 
The reasons why the plant was completed in such a 
short period though the construction was 
disturbed by heavy snow are that equipment was 
designed as package as much as possible and that 
the whole plant was arranged outdoor with no 
housing built at all. 

The second Modular-25 was delivered to 
32,000 kW Cos0 Geothermal Power Plant in 
California. 
In this power plant, Modular-25 was adopted to 
generate power as much as possible by accepting 
more steam .flow rate. 
Design philosophy to use packaged equipments is 
similar to Beowawe plant. 
This power plant was put into commercial 
operation in August, 1987 and has been 
successfully operated. 
Photo 3 shows a general view of the power plant. 

Photo 3 General View of 
COS0 Geothermal Power Plant 

Other two Modular-25 are under manufacture 
for 18,500 kW x 2 East Mesa Geothermal Power 
Plant. 

Specificaiton of the Modular-25 turbine 
applied to each power plant is shown in Table 2. 

Table 2 Specification of 
Applied Modu lar-25 Turbine 

I East hksd Unit  Name Beowawe c050 

hlax. capabil i ty 

Speed 

17,010 

3.600 

ps iy  49.1 1.42 

( !&l i t )  

i n H g  abs. 1.31 

i n H g  abs. 1.25 

32,200 

3,600 

65.713.98 

J12/221 (Sat . )  

2.0 

3.07 

2.84 

3 ,  bOO 

30.412.13  

2741219 (Sat.)  

3 .1  

2 . 9  

A longitudinal section and configuration of 
Modular-25 are shown in Figs.5 and 6. The 
turbine is of a single-flow condensing type, and 
can be used in single flash or double flash 
plants . 

7 

Fig.5 Longitudinal Section of Modular-25 
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Oil 

/ 

I I J  i 

Fig. 6 Configuration of Modular-25 

The last s t a g e  blading is 25 inches  long,  
t h e  l o n g e s t  geothermal  t u r b i n e  b l a d i n g  of 
Mi tsubish i ,  and can be used for up to  35,000 kW 
t u r b i n e s .  
The t u r b i n e  exhaus ts  upward as other p o r t a b l e  
t u r b i n e s  do and t h e  t u r b i n e  module is d i r e c t l y  
i n s t a l l e d  on the  concre te  f l o o r ,  t h u s  e l imina t ing  
the need f o r  t u r b i n e  foundat ion table, etc. 

Other p o r t a b l e  t u r b i n e  g e n e r a t o r s  are 
mounted on a common base p l a t e ,  and most of them 
have o i l  tanks b u i l t  i n ,  too. However, a l a r g e  
c a p a c i t y  modular t u r b i n e  genera tor  weighs more 
than  100 metric tons  if assembled i n  one p iece ,  
so a t u r b i n e  and a genera tor  are modularized 
s e p a r a t e l y .  
The weight of t u r b i n e  module is 85 metric tons.  

A g e n e r a t o r  of t h i s  class is u s u a l l y  
t ranspor ted  i n  one p i e c e  with the rotor assembled 
i n  the stator, and so no change to  design was 
necessary.  
A genera tor  shipped s e p a r a t e l y  is i n s t a l l e d  on 
the concre te  floor as it is. 

The o i l  tank is mounted on a common base 
p l a t e  toge ther  wi th  the o i l  cooler  and the  o i l  
p u r i f i e r ,  and t h i s  o i l  u n i t  is d e l i v e r e d  after 
once assembled w i t h  t he  t u r b i n e  module including 
in te rconnec t ing  o i l  p ip ing  i n  t h e  shop. Thus 
modular izat ion minimizes i n s t a l l a t i o n  and p ip ing  
work a t  site. 
Photos 4 and 5 show a t u r b i n e  module and an  o i l  
u n i t  module being l i f ted .  

Modular-25 was developed as a c e n t r a l  power 
p l a n t  r a t h e r  than  a wel lhead  power p l a n t .  
However, in view of t h e  s t r o n g  n e e d s  fo r  
reduct ion  i n  e r e c t i o n  cost, b ig  modular izat ion of 
equipment and quick r e a l i z a t i o n  of geothermal 
power genera t ion ,  t h i s  type of modular t u r b i n e  
genera tor  is l i k e l y  to  become popular  i n  the 
f u t u r e ,  too. 

Photo 4 Modular-25 Photo 5 Modular-25 
Oil Console' Turbine Module 

Electric panels  and c o n t r o l  pane ls  are p u t  
i n  a package house as a c o n t r o l  module, which is 
shipped t o  the  s i te  after being assembled and 
tested in t he  shop. 
Therefore ,  the  work a t  t h e  s i t e  is l imi t ed  to  
plugging i n  wir ing to  the  cont ro l  package, and 
f i e l d  tests are kept  t o  a minimum, too. 

General ly ,  t h e  u n i t  cost of c o n s t r u c t i o n  of 
a geothermal power p l a n t  is high comparing with 
t h a t  of fossi l  power p l a n t ,  and this was one of 
t h e  factors which delayed t h e  development of 
geothermal power generat ion.  
I t  can be said t h a t  one of the  ways t o  reduce t h e  
cons t ruc t ion  cost is to  cons t ruc t  an outdoor  
geothermal power s t a t i o n  using a l a r g e  c a p a c i t y  
modular tu rb ine .  
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The cons t ruc t ion  cost per  kW o f  30,000 kW 
geothermal power p l a n t  inc luding  equipment cost, 
e r e c t i o n  cost and c i v i l  cost is estimated a t  
$1,200- 1,30O/kW according , t o  t h e  experiences  i n  
Beowawe and Cos0 power p l a n t s  as shown i n  Fig.7. 
The cost of t ransmission l i n e  is n o t  included i n  
the above c o s t .  

Well cost is  not included. 
1500 
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.- 
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Met hod 

Module 
Met hod 

Fig.7 Comparison of Construction Cost 
in 30,000kW Double Flash Plant 

I t  is o b v i o u s  t h a t  c o n s t r u c t i o n  of 
geothermal  power p l a n t s  u s i n g  o u t d o o r  t y p e  
Modular-25 t u r b i n e s  has much advantage on economy 
and cons t ruc t ion  schedule .  

R e l i a b i l i t y  of geothermal power p l a n t  us ing  
Modular-25 t u r b i n e  is proved i n  Beowawe p l a n t  of 
which a v a i l a b i l i t y  factor is 98.5% and capac i ty  
factor is 91.7% up t o  April,  1988. 

VERY SMALL GEOTHERMAL PORTABLE TURBINE GENERATORS 

While l a r g e  capac i ty  modular t u r b i n e s  are 
put  t o  p r a c t i c a l  use ,  a t t e n t i o n  is paid t o  very 
small capac i ty  p o r t a b l e  power p l a n t s ,  too. 

To meet the  needs for geothermal  power 
p l a n t s  less than 200-300 kW t o  be i n s t a l l e d  a t  
wellhead much lower i n  pressure  and flow rate of 
steam than ord inary  wells used for geothermal 
power genera t ion ,  Mi tsubish i  developed very smal l  
geothermal p o r t a b l e  t u r b i n e  genera tor  c a l l e d  GEO- 
PACK, and de l ivered  to  O g i r i  Geothermal Power 
P l a n t  i n  Japan. 

I n  CEO-PACK, a n  i n d u c t i o n  g e n e r a t o r  is 
u s u a l l y  used, complex t u r b i n e  c o n t r o l  equipment 
is deleted, and ba l l  b e a r i n g s  are used t o  
e l i m i n a t e  t he  need for l u b r i c a t i n g  o i l  system. 

The GEO-PACK for O g i r i  P l a n t  was designed of 
a synchronous genera tor  with DEH t u r b i n e  c o n t r o l  
system. 

T h i s  type  of p o r t a b l e  t u r b i n e  genera tor  can 
be used for an  in-house power p l a n t  us ing  a h o t  
s p r i n g  well of a hotel ,  etc., and t u r b i n e  exhaus t  
steam, d i r e c t l y  mixed with cool ing water, can 
f u l l y  meet the  requirement for a hot  water supply 
system of a hotel and the  l i k e .  
Fig.8 shows its e x t e r n a l  view of GEO-PACK. 

Fig.8 External View of  CEO-PACK 

CONCLUSION 

T h e r e  is a common p e r c e p t i o n  t h a t  a 
geothermal portable t u r b i n e  genera tor  is used for 
a small capac i ty  wellhead power p l a n t ,  b u t  t he  
emergence of l a r g e  capac i ty  modular t u r b i n e s  has 
made it necessary t o  change t h i s  concept. 

I n  the U.S., 30,000 kW class geothermal 
power p l a n t s  u s i n g  l a r g e  c a p a c i t y  modular  
t u r b i n e s  have been cons t ruc ted  a t  a low cost and 
i n  a short per iod ,  and t h i s  t rend  is l i k e l y  to  
become s t r o n g e r .  
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