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ABS TRACT 

This  paper p r e s e n t s  t h e  r e s u l t s  of a prelim- 
inary  eva lua t ion  of t h e  p o t e n t i a l  f o r  recovering 
by-products from geothermal f l u i d s .  Over 30 chem- 
ica l  spec ies  found i n  geothermal f l u i d s  were sys- 
t e m a t i c a l l y  evaluated.  
power p l a n t ,  using high s a l i n i t y  f l u i d s ,  was used 
as a base f o r  our  estimate of mineral  values .  
Our s tudy i n d i c a t e s  t h a t  L i ,  B,  C02, "3, B r 2 ,  1 2 ,  
Sr  and heavy metals appear t o  be t h e  most prom- 
i s i n g  minera ls  t o  be recovered from geothermal 
f l u i d s .  However, improvement i n  process  technol- 
ogy are s t i l l  required i n  order  t o  make t h e  miner- 
a l s  compet i t ive wi th  convent ional  methods of pro- 
duc t  ion. 

A hypothe t ica l  50 MWe 

INTRODUCTION 

Geothermal f l u i d s  are chemically complex wi th  
t o t a l  d i sso lved  s o l i d  (TDS) l e v e l s  ranging from a 
few hundred t o  a few hundred thousand p a r t s  per  
mi l l ion .  With t h e  h igh  flow rates needed f o r  power 
product ion,  a s u b s t a n t i a l  amount of chemicals in- 
e v i t a b i l i t y  passes  through t h e  geothermal power 
p l a n t .  While t h e s e  chemicals may cause operat ion-  
a l  problems such a s  s c a l i n g  and corrosion,  t h e r e  
is  a p o t e n t i a l  t o  recover some of these  chemicals 
as by-products. This paper i n v e s t i g a t e s  t h e  feas-  
i b i l i t y  of recovering chemicals from spent  geo- 
thermal f l u i d s  taking i n t o  cons idera t ion  t h e  min- 
eral  va lues ,  market demand, technology readiness ,  
resource  u n c e r t a i n t l e s  and competition from o t h e r  
supply sources .  

MINERAL VALUE 

A f i r s t  cons idera t ion  f o r  recovering minerals  
from geothermal f l u i d  is  t o  determine t h e  amount 
of minera ls  t h a t  can be recovered from geothermal 
f l u i d  and t h e i r  monetary values  so t h a t  dec is ions  
can be  made regard ing  t h e  worthiness of such an 
investment. Obviously, f l u i d s  of high s a l i n i t y  
w i l l  p o t e n t i a l l y  y i e l d  more recoverable  products  
than low s a l i n i t y  f l u i d s .  I n  order  t o  e s t a b l i s h  a 
b a s e l i n e  f o r  comparison, a hypothe t ica l  "best- 
case" 50 MWe geothermal power plantwas es tab l i shed .  
The assumptions used f o r  t h i s  50 We p l a n t  are: 

0 Brine flow rate  = 100,000 l b s  per  hour 

0 14 production wells 
0 

per  w e l l  

P l a n t  opera tes  7,000 hours per  y e a r  ( 0.8 

capac i ty  f a c t o r )  
0 High s a l i n i t y  f l u i d s  wi th  dissolved s o l i d s  

conten ts  comparable t o  those of Sa l ton  Sea 

Based on t h e s e  assumptions, t h e  t o t a l  amounts 
of minerals  recoverable  and t h e i r  mineral  va lues  
are shown i n  Table 1. 
at assuming t h a t  t h e  minerals  present  i n  t h e  f l u i d  
can be t o t a l l y  recovered and are sa leable  a t  cur ren t  
market p r i c e s .  Because of t h e  d i f f e r e n c e s  i n  min- 
eral va lues ,  chemical spec ies  present  i n  t h e  high- 
est concent ra t ions  do n o t  necessar i ly  y i e l d  t h e  
h ighes t  monetary re turn .  Lookjng a t  t h e  most 
l i k e l y  recoverable  forms of t h e  l i s t e d  b r i n e  
spec ies ,  14 products  exceed $1,000,000 i n  value.  
They are RbC1, Au, Li2C03,CsC1, K C 1 ,  Na2B407, MOO, 
Mg(OH12, ZnS04, NaC1, SrC03, CaSOL, 1 2 .  and An. 

These f i g u r e s  were a r r i v e d  

Table 1.  Annual Amounts and Values of Recoverable 
Materials i n  a Best-Case 50 MWe Plant. 
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Recoverab 
Mat e r I a 1 I 

NaCl 

Cas04 

KC 1 

Mg(OH)2 

Fe( O H 1 3  

co2 
CaSiOj 

SrC03 

zns04 

Bas04 

A1203 
Li2CO3 

Na2B407 

"3 
RbC 1 

Pb 

Br2 

12 
CSCL 

cu 

N i  

Au 

MOO 

Ag 

Amount of 
Recover able 
Materials 

( tons) 

919,000 

666,000 

233,000 

24,400 

28,100 

20,200 

4,900 

6,210 

32,000 

8,980 

4 ,750  

4,170 

7,770 

1,470 

828 

760 

715 

7 30 
196 

124 

78 

32 

9 . 8  
7 

Miner a 1 
Values ** 

$4,135,000 

$3,430,000 

S 10,600,000 

$4,950,000 

$ 793,000 

$304,000 

$206,000 

$3,600,000 

S 5,340,000 

s4 ,a50 ,000  

$264,000 

$792,000 

$20,200,000 

$1 76,000 

$129,000,000 

$654,000 

$315,000 

$5,110,000 

$2,665,000 

S 16 , 400,000 
$172,000 

$162,000 

$83,000,000 

$1,175,000 

** Calculated from BOM, 1980 
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I n  a d d i t i o n ,  10 products  have va lues  f a l l i n g  bet- 
ween $100,000 and $1,000,000 per  year .  They are: 
Fe(OH)3, Al2O3, Pb, Br2, Cop, BaS04, CaSi03, "3, 
Cu, and N i .  

t for rationnle of classification 

MARKET DEMAND ASSESSMENT 

Severa l  f a c t o r s  were taken i n t o  cons idera t ion  
i n  order  t o  i d e n t i f y  a prel iminary list of promis- 
ing  by-products recovered from geothermal power 
p l a n t  operat ions.  These f a c t o r s  are: 

Quant i ty  and form of m a t e r i a l s  producible  
from a "best-case" 50 We geothermal power 
p l a n t  
Monetary va lues  of by-products 
U.S. demand f o r  commodity ( ignor ing  region- 
a l  demands) 
Import dependency 
S t r a t e g i c  cons idera t ion  
Exis t ing  sources  of supply (competition) 
Technology readiness  of recovery process  
Resource uncer ta in ty  

Chemical 
Species 

Rb 

Au 

Li 

cs 

K 

B 

Mo 

Mg 
Zn 

Ne 

Sr 

Ca 

I 2  
Ag 

Fe 

A1 

Pb 

Br2 
co2 
Ba 

Si 

"3 
cu 

Ni 

* BOM, 

Table 2 lists i n  decreasing order t h e m i n e r a l  
monetary values  obtained i n  t h e  f l u i d  of a 
"best-case" 50 We geothermal p l a n t  and some of 
t h e  more r e a d i l y  q u a n t i f i a b l e  f a c t o r s  discussed 
above. Based on t h e s e  cons idera t ions ,  t h e  24 
minera ls  with va lues  exceeding $100,000 per  y e a r  
were c l a s s i f i e d  as promising, marginally promising, 
specula t ive ,  and n o t  promising. The r a t i o n a l e  f o r  
t h i s  grouping is  presented on a product-by-product 
b a s i s  i n  t h e  fol lowing s e c t i o n s .  

PROMISING MATERIALS 

The fol lowing materials are considered t o  be 
promising f o r  recovery from geothermal f l u i d s :  

0 Lithium has a h igh  mineral  value and t h e  
process  used t o  recover  l i thium, (aluminum 
oxide a d d i t i o n  t o  produce l i th ium alum- 
i n a t e )  appears  t o  be promising. Lithium 
i s  c u r r e n t l y  produced from b r i n e  ex t rac-  
t i o n  and from t h e  o r e  spodumene. 

Table 2. Factors Considered in Determining the Marketdbility of Geothermal By-products 
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0 Boron has a r e l a t i v e l y  high mineral  va lue  
and can be recovered as borax by t h e  
addi t ion  of sodium compounds. This  
process  is similar t o  t h e  c u r r e n t  method 
of commercial production and thus ,  recov- 
ery technology is  demonstrated. However, 
marketing boron from geothermal f l u i d s  
w i l l  f a c e  s t i f f  competition from alter- 
n a t e  sources  of production. 
Carbon dioxide can be recovered us ing  
technology s i m i l a r  t o  convent ional  commer- 
c i a l  methods. Despi te  its marginal  
mineral  value,  C02 can p e n e t r a t e  l o c a l  
markets and can a l s o  be used on s i te  i n  
t h e  d r i l l i n g  process  t o  c o n t r o l  t h e  acid- 
i t y  of d r i l l i n g  muds, 

0 Ammonia can be recovered through t h e  a i r  
s t r i p p i n g  process. It has  t h e  p o t e n t i a l  
of pene t ra t ing  small l o c a l  markets. 

0 Bromine can be recovered from geothermal 
using t h e  same process  as t h e  commercial 
production process ,  i.e. c h l o r i n e  addi- 
t i o n .  
f a c e  s t i f f  competition from convent ional  
sources. 

method as bromine. However, t h e  40 ppm of 
iod ine  i n  b r i n e  is probably o p t i m i s t i c .  

0 Heavy metals  (Ni, Cu, Pb, Fey Zn, and Mo) 
can be c o l l e c t i v e l y  p r e c i p i t a t e d  from geo- 
thermal f l u i d s  as hydroxides and/or  su l -  
f i d e s .  
o r  imported t o  a l a r g e  degree. 

0 Strontium can be  recovered as SrC03 
through t h e  addi t ion  of carbonates .  Its 
r e l a t i v e l y  high mineral  va lue  and t h e  high 
import r e l i a n c e  make t h e  recovery from 
geothermal f l u i d s  a t t r a c t i v e .  

0 

Br2 from geothermal resources  w i l l  

0 Iodine can be recovered i n  a similar 

These metals are e i t h e r  s t r a t e g i c  

MARGINALLY PROMISING MATERIALS 

These minerals  are considered as marginal ly  
promising f o r  recovery from geothermal f l u i d s :  

0 Magnesium is  c u r r e n t l y  recovered from sea- 
water which has a magnesium l e v e l  of 1,350 
ppm. Except f o r  Sa l ton  Sea, most geo- 
thermal resources  have Mg c o n t e n t s  sub- 
s t a n t i a l l y  less than seawater. 
Aluminum can be  e x t r a c t e d  as hydroxide 
through t h e  addi t ion  of l i m e .  Recovery of 
aluminum warrants  cons idera t ion  because of 
t h e  l a r g e  import dependencey of t h i s  cr i t -  
i c a l  material. 

can be  used a s  a weighting m a t e r i a l  i n  
d r i l l i n g  mud. Thus some of t h e  recovered 
products may be used on-si te .  

0 

0 Barium can be recovered as BaS04, which 

SPECULATIVE MATERIALS 

Recovery of gold and s i l v e r  from geothermal 
f l u i d s  is a t  b e s t  specula t ive  pr imar i ly  due t o  
uncer ta in ty  i n  resource c h a r a c t e r i s t i c s .  

one d a t a  poin t .  The uncer ta in ty  of Au 
content  i n  geothermal f l u i d s  makes t h e  
recovery of t h i s  va luable  mineral  a h ighly  
specula t ive  endeavor. 

0 S i l v e r  may appear t o  be  a good compromise 
f o r  gold. However, i ts  mineral  va lue  is  
r e l a t i v e l y  small due t o  t h e  low l e v e l  of 
Ag i n  geothermal f l u i d s .  

NOT PROMISING MATERIALS 

This  group of minerals  is  considered t o  be  
not  promising i n  terms of marke tab i l i ty  i n  t h e  
U.S. market. S i t u a t i o n s  may be  d i f f e r e n t  i n  o t h e r  
count r ies  t o  warrant t h e i r  recovery. 

0 Rubidium from geothermal f l u i d s  would n o t  
be marketable because of t h e  low domestic 
demand. 
power p l a n t  w i l l  produce enough Rb t o  
supply 720 t i m e s  t h e  U.S. requirement. 

0 Cesium is  not  a good mineral  t o  market 
because of its low market demand. 

0 Sodium, as N a C l  ( s a l t ) ,  i s  u n a t t r a c t i v e  
because tihe only v i a b l e  technology f o r  
recovery i s  s o l a r  evaporation. I n  add- 
i t i o n  t h e r e  are ample s u p p l i e s  of s a l t  
from seawater. 

0 Potassium is  not  an a t t r a c t i v e  mineral  t o  
recover  because s o l a r  evaporat ion is t h e  
only v i a b l e  technology. It w i l l  a l s o  f a c e  
competition from other  sources  such as 
marine evaporates ,  b r ines ,  and seawater. 

0 Calcium w i l l  most l i k e l y  be p r e c i p i t a t e d  
as CaC03 scales i n  t h e  energy conversion 
p l a n t .  
CaC03 as limestone. 
S i l i c o n  w i l l  most l i k e l y  be p r e c i p i t a t e d  
as s i l i ca  scales i n  t h e  p l a n t .  It is a l s o  
doubt fu l  t h a t  high q u a l i t y  s i l i c o n  com- 
pounds can be  recovered from geothermal 
f l u i d s .  

One best-case 50 IlWe geothermal 

There i s  a l s o  ample supply of 

0 

CON CLUS I O N S  

Recovery of by-products from geothermal f l u i d s  
appears t o  be  an a t t r a c t i v e  opt ion and may be 
f e a s i b l e  f o r  c e r t a i n  chemical spec ies .  L i ,  B y  0 2 ,  
NH3, Br2, 12, S r  and heavy metals a r e  i d e n t i f i e d  
as most promising m a t e r i a l s  i n  t h i s  r e p o r t .  
However, t h e r e  a r e  problems y e t  t o  be  overcome 
even i n  t h i s  most promising category. There is  a 
need t o  improve process  e f f i c i e n c y  so as t o  reduce 
c o s t  f o r  materials recovery. The uncer ta in ty  i n  
resource  c h a r a c t e r i s t i c s  is  another  major problem. 
This of course can only be  resolved through exten- 
s i v e  s i te  s p e c i f i c  monitoring. 

0 Gold has  a mineral  conten t  of $83,000,000 
per  year  based on our best-case ca lcu la-  
t ion .  However, t h i s  va lue  is derived from 
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