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ABSTRACT 

I n  this work a brief review of the state of 
the ar t  on the generation o f  electr ic i ty  ut i l iz ing 
binary cycle geothemal plants is carried out. A 
description is made of the mst impr tan t  characte 
ristics of several binary plants located i n  the 
geothermal area of the State  of California, U.S.A., 
neighburing the MexiCali Valley, r ich in geo%er 
ml resources as w e l l .  Thus, the potential use of. 
the gmthexmal reservoirs of Mexico, and i n  parti 
cular of C e r r o  Prieto can be considered with t m  
perspectives i n  mind: a) -The use of a fonnidable 
amount of residual brine actually being produced 
i n  the geothermal works, the biggest of I a t i n  Ame 
rica, ut i l iz ing the binary cycle systan, 
b)-The increase of the generation of electric po 
w e r  

and 

i n  the state of Baja California, Mexioo. 

INI'XIDUCTION 

The ut i l izat ion of geothemal resources of lcrw 
and medium enthalpy (90-170 "C) fo r  direct  uses 
(1) can be applied to the generation of electrici 
ty making use of the binary cycle technology. The 
latter implies an effective m e t h o d  to extract  ener 
gy from geothermal f luids  a t  tenperatures relati 
vely low, transfering heat to an organic f luid and 
ut i l iz ing this vapor produce electric p e r .  
This process is kmwn as O r g a n i c  Rankine Cycle 
(OX) o r  else as Bina ry  Cycle. The terminology may 

' be applied mre extensively to any kind of process 
which involves the transference of heat from the 
geothemal f luid tn an organic working f lu id  
across an interface such as a heat exchanger. 

A research work (2) concluded that the lcrw en 
thalw to high enthalpy energy resource rate i n  
Mexico is 3.7, which sbws the availabil i ty of 
th is  resource and the possibil i ty of ut i l iz ing birrh 
r y  cycle plants amngst other alternatives, takinq 
adventage i n t q r a l l y  of the en- contained i n  
the geothermal resewoirs and i n  the residual 
brines disposed of,  i n  the simple or double s e p  
ra t icn geothamelec t r ica l  plants i n  the case of 
C e r m  Pr ie to ,  Mexicali, Mexico. 

 study (3) carried out  i n  1982 on t h i s  type of 
hydrothermal resource, concluded that i n  the cen 
ter and southern areas of Mexico, there is a pro 
ven potential of 36000 ?pIIw (Thenml Mega Watts) 
and i n  the northern areas, located mtinlv at the 
Mexicali Valley, Laguna sal& and Altar Desert, it 

munts to 11900 'IMW (such calculations are p r e  
dictions fo r  the next 30 years). This rounds up a 
total potential  of 47900 W for  a l l  the country 
i n  lcrw enthalpy reservoirs, against a potential  
of 29300 TMW fo r  high enthalpy reservoirs (12000 
Ip.Iw for Baja California, 2700 TMW i n  Jalisco, 
6000 W a t  b s  Azufres, Midmacan, and close to 
100 thermal sources of aproximately 85 W, each 
one of then pinpointed in thecenter and southern 
areas of Mexioo). 

FACTOR OF INFLUENCE IN'THE ODNSUMPTI 
ON OF ELECTRIC ENEIEGY I N  THE WGLEX OF M E X I a I .  

The state of Baja California, Located in  the 
north-west of the cmtry,  and in particular the 
valley of M e x i C a l i ,  has a dry and hot climate 
with 18 rainy days in the city and mly 10 rainy 
days in the rural areas (4) with the rest of the 
days of the year of intense sunshine. 
average dry bulb tanperatme i s  23OC and reaches 
ocassiunally roan temperatures higher than 5OoC 
during the hot smner. 
Ehja California, the city of &xicali has the 
main conamption of electricity for the ccmditio- 
ning of livins spaces, given its geographical 
situation and climatology. 

Its annual 

Out of four main cities in 

I n  addition to w h a t  has been said, it is n e e  
s s a q  to add the great industrial  growth of Mexi 
C a l i  d u r i q  recent years, such that  it has been 
ranked as one of the industrial  cities of the f u  
ture i n  the north-west of Mexico, together w i t h  
Tijuana. Therefore the growing denand of electri 
c i t y  supply is a problen to cope with i n  y ~ s  to 
cane. 

Finally, e l ec t r i c i ty  may be produced for  expor 
ta t ion purposes, as it has been carried out  up 
tn rylw with the total production from C e r r o  P r i e  
to I1 and 111, a t  MexiCali, B.C., bringing (5) 
i n to  the country an average of 70 million Ameri 
can dollars per year.  

DESCRIPTIDN OF THE B m Y  CYCLE PKXXSS 

The principle of binary cycles ut i l iz ing the 
geothenml en-, resides on absorbing the heat 
contained i n  the fluid,  by a substance w i t h  a 
boiling p i n t  f a r  belaw the tenperature of the 
geothenml fluid,  such tha t  there is a heat trans 
f e r  bwards the  organic working fluid which w i l l  
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evaporate and expand i n  a conventional turbine. 

In  the geothcrnral binary cycle, Fig. 1, the geo 
thermal f lu id  from the production w e l l s  is passed. 
through a heat exchanger to increase the tanperabi 
re of the pressurized liquid phase of the mrkinq 
fluid,  converting it to the high enthalpy gaseous 
phase. The gas thus obtained is expanded i n  a hu: 
bine for  the generation of w r k ,  oonverting t h i s  
f l u i d  to the lower enthalp~ gaseous phase. 

On the other hand, the geoth-1 f l u i d  used is 
returned tn the  reservoir using reinjection w e l l s .  
As a result aclosedcycle is established, whereby 
the heating and working f luid ib mt  came i n  con 
tact with the enviroment. 

The lm pressure vapor a t  the turbine exit is 
-led and condensed uti l iz ing a heat exchanger 
with coolirq water as the cooler. The condensate 
of the liquid f lu id  is later p p  to the brine 
evaporator a t  high pressure, thus closing the cy 
cle . 

a) Production wells 
b) Separators 

f luids  

There are a big rider of possible mrking 
f luids  that m y  be used i n  the binary cycle: a l l  
of than have different  th- 'cal properties 
which make then sui table  for th is  kind of m r k .  
In  gencral, an eff ic ient  working f lu id  should ha 
ve the folluwing characteristics: 

1- A critical temperature f a r  belm the m a x h  
tenmature t h a t  can be reached i n  the cycle, 
which is fixed by the properties of the materials 
used i n  the process. This makes possible to evap 
rate the f lu id  and add a amsiderable munt of 
heat a t  the maximum tenpet-ature. 

2- Saturation pressures a t  maximum and minirrnnn 
tenpatures within a given range, neither invol 
ving high pressures as to cause strength of mate 
rial  pmblans, mr law pressures as to give raise 
to sealing problems against atmospheric infiltra 
tions. 

c) Reinjection wells 
d) Evaporation pond t 

Fig. 1 Schematic diagram of a binary cycle. a) and c) conventional binary practice, b) and d) an 
alternative at Cerro Prieto. 
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3- Chenical s t ab i l i t y  and ine r t  during tarrperature 
changes i n  the  cycle. 

20 

4- Vapor saturation l i n e  proximately close to tur 
bine expansion line. This w i l l  avoidexcessivehumi 
d i ty  a t  the turbine e x i t  to eliminate preheating, 
and also w i l l  alluw that a l l  or nearly a l l  of the 
h m t  rejection, tn take place a t  the minimum tan 
mature. 

5- Unexpensive and not d i f f i cu l t  to find. 

6- Not  ~ X ~ C .  

Finding a substance w i t h  a l l  the advantageous 
properties and no .mdesirable is impossible. Due 
to t h i s  limitation, a selection of the existing 
f luids  should be done according to the objectives 
and the. p r ior i t ies  assigned to each property. As 
an option, searching for  the r ight  decision, the 
u t i l i za t ion  of a mixture of f luids  is highly rem 
mended. 

H e a t  exchangers i n  the  binary cycle 

The heat excknger may be considered the mst 
important coknponent i n  the b d r y  cycle applied to 
geothermal fluids. Keeping the  heat transfer surfa 
ces clean is v i t a l  for  an effective operation, as 
the accmulation of any substance diminishes consi. 
derably the performance of the @ p e n t .  The b- 
diate resu l t  of the d i r t  o r  scaling of the  surfa 
ces is that fo r  a tenperature different ia l  (AT) 
between the f lu ids  the heat rate is reduced. It 
w i l l  be required to increase (AT) to keep the 
heat rate constant, thus the available energy of 
the  sys tm is luwered and mnsequently the e f f i  
ciency diminished trx>. Therefore it is a must to 
keep the  heat transfer surfaces clean. 

The current techrrology of &s@ and fabrication 
of heat exchangers is very advanced, and i f  it is 
applied properly, it w i l l  be suitable to fu l f i l l ed  
the  d m n d s  of geothermal binary cycle technology. 
The conventional heat exchanger, tube and she l l  
type is the more practical by its simplicity and 
ease of operation and less expensive to make, than 
the special design type. 

A t  the  present time the fluidized bed heat ex 
changers are i n  a design stage a t  the Ins t i tu to  de 
Investigaciones E l e c t r i c a s ,  a t  Cue.rnavaca, More 
los, Mexico (6). 

Binary vs. double f lash steam 

There are many alternatives to take advantage 
of the geothermal eneqy using the binary cycles. 
The geothermal f luids  from hot water wells can be 
used in ei ther  phase, l iguid o v a p r ,  separately, 
as it is mt practical u t i l i z e  then i n  a mixture. 
In general ’ it.-+ deSirable.:to wEk w i t h  the li- 
quid phase, allowing the  use of reduced s i ze  heat 
exchangers, whether with separated liquid o r  with 
pressurized f lu id  with a &wn hole pmp: 

exploitation of the geothermal energy i n  the form 
of 
it is ut i l ized i n  a binary cycle, rather than 
using it i n  a cbuble f lash stem Pig.  2). In the 
former 8.3% ut i l iza t ion  efficiency is obtained i n  
canparison to 5.45% i n  t he  double f lash  steam. 

a separated brine is m o r e  e f f ic ien t  when 

/ - - BINARY SYSTEMS / - DUAL FLASH STEAM SYSTEMS 

0 

- .. 
150 200 250 

RESOURCE TEMPERATURE, “C 

Fig. 2 Net geothermal brine effectiveness. 

R I M Y  PL?WTS IN OPERATION 

According to.Dr. Axtman (9) up to 1977 the 
efficiency of the binary cycle had not been dems 
t ra ted.  %day, i n  the 80’s, there are real cases 
of construction and operation of b imry  plants in 
the U.S.A. A s  follows, a reference is made of the 
mre relevant binary plants established i n  Impe- 
rial Valley contiguous’:to’Lthe gmth-l’ ax- of 
Cerro Prieto, i n  MexiCali, &j,a California: 

a)- Yappmax B i n a r y  Gatherma1 Plant a t  East 
Mesa, California, U.S.A., Cap. 12.5 MW 

When it was completed i n  1979, it w a s  the 
f i r s t  (10) ocrrpnercial plant of its class i n  the  

It is interesting observe (7,8) that the  
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U.S.A. or.Ieimprtant characteristic to be mentio- 
ned: that it ut i l izes  an aspersion cooling systgn 
instead of a conventional woling Wer. 

OI-Heber Binary Plant, Imperial Valley, Califor- 
nia, U.S.A., Cap. 70 MW 

In i t ia l ly ,  the objectives of this plant (11) 
w e r e  to demstrate  the potentiali ty of geothezml 
energy a t  d e r a t e  temperatures (below 210 O C )  b 
produce electric energy ecommically, with the b i  
nary cycle techmlogy and establish a prograrrme 
wst, q u i p e n t  and reservoir performance and the 
envimmental acceptabili ty of this kind of plant. 
The working f lu id  is made of a mixture of 9(p/, iso- 
butane and 10% isopentane. During the f i r s t  years 
of operation there w e r e  some technical problens 
(12) t h a t  had to be overcane: w i t h  the  pnping 
systen of the  working f lu id  condensate and control 
valves of the  turbine, amngst others. A t  the  m- 
ment it is out  of operation. 

c)- O r m a t  I, Modular B i n a r y  Plant, Eas t  M e s a ,  C a l i  
fornia, U.S.A., Cap. 32.5 IW. 

This plant (13) mnsists of 26 O r m a t  energy am 
verters  modules, 1.25 MW capacity each. An imva 
t i v e  principle is used i n  the configuration of 26. 
mdules to maxhize the total efficiency of the 
generating plant. W i t h  the cascading principle i n  
mind, i f  one module of the plant is close down f o r  
maintenance, the rest of the modules w i l l  use near 
l y  a l l  of the  geothermal f luid tn operate a t  hi- 
gher levels of production as the generators are -- 
overdesigned. Oonsequently, the  total capcity can 
be haintained during najor overhaul in sane 
modules. The working fluid is isopentane. 

ChgniCal a m p s i t i o n  of the brines used a t  bi- 
nary plants i n  California. 

The brines ut i l ized i n  the B i n a r y  Plants insta- 
l l e d  in the neighburing state of CW-ifornia, ar.e 
usually of m e d i u n  content i n  total dissolved so- 
lids (TDS) . Although it has been d i f f i c u l t  tn loca 
te pbl i shed  data (14) on the brine composition 
f o r  each geothe.nna1 f i e l d  i n  particular, as there 
is some reserve on its diffusion, by personal co- 
mmnication (15) it is lunwn that the brine ccsnpo- 
s i t i o n  f o r  Ormat I binary Plant f a l l s  i n  the range 
of 17000 p p  i n  TDS. This value drops to 10000 ppn 
i n  'IDS for  the brine u t i l i zed  i n  the H e b e r  binary 
plant (16) i n  California. 

B m Y  C Y a  I N  MEXICO 

Sane experiments have been mrr ied  out  (6) with 
a pair of Ow3 u n i t s  a t  Las Amfres, Michoacan, u t i  
l i z ing  law pressure vapr as much as residual bri- 
ne. A Unit is 10 We capacity, uses refrigerant m2 
as a wrking f lu id  and residual brine as a primary 
fluid.  The second unit  in operation is 50 JSWe cap 
c i t y  and the  refrigerant EU13 works as the seccm- 
dary fluid. 

The operation of the latter was carried out  
w i t h  separated vapr and later it w a s  thought to 
operate it w i t h  residual brine. The main problen 
faced by the project had to db w i t h  scaling of 
the heat exchanger. T b  ape w i t h  it, -+en? 
on fluidized bed w e r e  performed and later w i t h  d3 
r e t  contact heat exchangers. 

One of the  O K  uni t s  had i n  general a good per 
f o m n c e ,  but as the instrunentation was  badly 
affected by the extrene corrosive atmosphere, it 
was only operated by a total of 830 hours for  
about 
that  the technology for  theexploitationof medium 
and high enthalpy geothermal t luids  has been m e  
how 
rimentation w i t h  law enthalpy f luids  is under 
perspective. 

a three year period. Thus it may be said 

studied i n  M e x i c o .  On the contrary the  expe 

A t  the recent meeting a t  Mexicali. B. C., Mexi 
w, it was m t i o n e d  that CFE (Can. Fed. de Elect.) 
was interested in using (5) this binary cycle tech- 
n o l w ,  once it becanes econanically ccmpetitive 
against other ,cptheml processes. 

Quantity and TDS of the  residual brine a t  Ce- 
rro Prieto.  

A t  C e r r o  Pr ie to  I, 81% of the separated brine 
from 34 production w e l l s  is sent ,  to the double 
f lash stem plant f o r  the  generation of medium 
and l o w  pressure vapr for  its u t i l i za t ion  i n  
U n i t  5 (30 MW capacity). A t  C e r r o  Pr ie to  I1 and 
I11 residual brine is obtained a f t e r  a double se- 
paration, being sen t  to the-drainage canal aftex 
wards. The TDS content of the  separated brine at 
C e r r o  Prim varies from w e l l  to w e l l .  An average 
of 25000 ppn of TDS can be considered representa- 
t i v e  (17). 

A t  the p r e s e n t m e n t  the g e o t h a e l e c t r i c ' s  
c a p c i t y  a t  C e r r o  Prieto is 620 We. Durhg btal 
production there w i l l  be 12000 ton/hr discharge 
of residual brine sending a portion of it b the  
evaporation pond (3729 t o m )  a f t e r  extracting 
part of its energy i n  the  double f lash steam sepa 
rators and direct ly  to the  evaporation pond, the  
reminder. 

The tenptxature range of the residual brine is 
120-160 O C  a t  the separators a t  C e r r o  Prieto, 
which represents a mnsiderable amount of usable 
energy. I n  the Binary Cycle technology, lcrw en- 
thalpy geothennal f lu ids  may be used in a 
150 OC tenperature rarge, which frames C m  Pr ie  
to's residual brine i n  a favourable condition for  
exploitation. 

90 

During a preliminary geothennal en- evalua- 
t ion  a t  Cerro Prieto (18) in MexiCali, it was w n  
cluded that there is an expected generation cap- 
c i t y  of 14317 MWe for 30 years of exploitation of 
the  reservoir. 

DISCUSSION AND OONCLUSIONS: 

A t  present, Mexico oounts w i t h  its own 
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t e c h l o g y  for the  production of electric en- 
using high enthalpy geothermal resources a t  C e r r o  
Prieto, MexiCali, Baja California, Ios Azufres, 
Michoacan and other potential  geothermal reser- 
voirs. However, this is not applied to the u t i l i -  
zation of l o w  and medium enthalp~ geothermal re- 
sources. 

In other countries such as U.S.A. and 
Israel, these resources have been exploited e f f i  
ciently using the binary cycle process with very 
interesting results (there are several plants a t  
f u l l  operation i n  the neighbowing swte of F!li 
fornia, U.S.A.) . In  Mexico, up to date sane 
attmpts have been made a t  Los Azufres, Micbacan 
with prototypes that have danostrated incipiently 
its future exploitation once :same d i f f i c d t i e s  on 
the handling of the  primary f lu id  are mastered. 

Taking into oonsideration the  great  m u n t  of 
geothenml reserves of law and medium enthalpy a1 
ready evaluated i n  existence i n  the  various ex- 
plored reservoirs i n  Mexico, m n g s t  then the 
mst important C e r r o  Prieto and considering that 
it is possible to bank on four of the  mst impr 
tan t  parameters to support the installation of a 
binary plant, which are: 

a) - A useful brine temperature. 

b)- The ch&cal thenmdynamical properties of 
the brine makes possible its use as a primary 
f lu id  under sui table  pressure and temperature 
conditions. 

c)- Proven existence of the geothermal resource 
i n  the long tenn. 

a)- Lncal electric energy denand i n  the  state of 
Baja California, and exteunal denand f o r  exporta- 
tion. 

Therefore it is reaxmended the feas ib i l i ty  of 
a binary plant of a given capacity for  the best 
optimal exploLtation of the residual energy conhi  
ned i n  the separated brine a t  Cerro P r i m  for  
the  following reasons: 

I- There is a reduced a n t a c t  of the residual bri 
ne with the environment when reinjection is prac 
t iced (Fig. 1, c) . 
11- The efficiency of a binary plant is s l ight ly  
be t te r  t h n  a double f lash steam, with a 2.05% nm 
re of u t i l i za t ion  efficiency. 

111- Possibil i ty of exploiting the energy availa- 
b l e  i n  the brine a f t e r  the separation of the li- 
quid-vapor mixture a t  the separator: the  vapor 
being sent to the turbine. 

IV- Increase the Percentage of electric genera- 
t ion  fram geothemal resources i n  Mexico (0.2% of 
the  total a t  the present time) as canpared (19) 
to other traditional energy sources. 

V- mnsidering the  quantity of residual brine pro 
duced in C m  Prim I, I1 and 111, the 

tmperature of t h e  resource and taking in to  acoo- 
unt its total ut i l izat ion,  it may be thought of a 
total of a series of binary plants of a 240 MWe 
m a x h  c a p c i t y  (which m e a n s  a 40% increase of 
the  current installed capacity). 

VI-  Feasibil i ty of ut i l iz ing the infra-structure 
already instal led in  the geothermal vmrks, pu- 
ttiq aside the  initial investment which oonstitu 
tes a heavy cost i n  geothermal projects. 

V I I -  Alternative generation of e lec t r ic i ty  to su- 
pport the  industr ia l  developnent of the  state and 
exportation of electric energy to U.S.A. to i n  
ject dollars i n  the  econany of the country. 

What  is left is to study the technology alrceidy 
developed on the e x i s t i q  binary cycle and adapt- 
it to the regional conditions of M e x i c o ,  so that  
it may work as a supplenent to the actual geother 
m a l  processes mw i n  operation. With t h i s  i n  mind 
effor ts  should be oriented tawards the  solution 
of w h a t  i n  C e r r o  Prim m y  represent the  main 
problm: the  handling of the concentrated resi-. 
dual brine through pipes and heat exchangers by 
controlling the  chenical thermdynamical pmper- 
ties to avoid precipitation, scaling and erosion. 
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