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ABSTRACT

A recently completed literature review shows that there is a
abatcmcnt which

may be adapted to geothermal The wurk reported
the problem of obtaining preliminary

assessment of various process in order
modem, economically and commercially significant 
ones. A short descriptionof each arid on their

arc included. preliminary is carried out,
on the basis qualitative criteria, leading to a rclatively
small number of qualified processes. This selection
risk the for given

field conditions.

I. INTRODUCTION

Large scale exploitation of high-enthalpy
an appropriate mcthod for the abatement of

which is encountered in relatively small in the
The plethora of currently available for

with of
composition, prcssure, temperature, throughput, to

create a rather large alternatives. asses-
of such alternatives is for selection of

the most for particular application.

The present work is addrcsscd to the problem of a
preliminary assessment process options. I n particular, a
methodology for screening processes is described, based
on a set Additionally, information is pro-

fox the most and commercially significant
including a short drscription nf and commcnrs

on future trends. By using this evaluation
processes of are

and use of economic criteria can further the
of selected methods.

2. CLASSIFICATJON OF ABATEMEHT
METHODS

The classification various i s based on
the particular stream [or point] in the geothermal where each

can applied. It i s thus necessary to identify the possible
release points of emissions the atmosphere,
geothermal power plant. This type of classification is already
discussed i n the Literature [Otte, Stephens

In Table 1 rhcrc is a description of the
points in geothermal powrr plants.

Figure is a simplified fluw diagram of a typical geothermal
plant, essentially alternatives for

tement. There are three upstream methods, where
of takes place from the steam (A

removing from off-gas ejector
stream methods), two methods which can remove

in condensate-cooling water mixture methods),
and hybrid systems treating both ejector off-gases and

methods).

Tablc 1.Possible release points in facilities

. conversion during
well drilling and testing activities, pipeline and
steam

cmissions in the gas vent

Cooling rower condensate the
coaling cascading action of the and the
induced i n tuucr of the of the
water which is then emitted to the.

tower plume.

3, PROCESS EVALUATION

preliminary abatement processes he
made and is briefly described here. following four
steps:

Initial selection of candidatemethods

The initial of processes from the literature, con-
ventional systems applied or innovative
technologies that are favored for adoption to installa-
tions scale.

3.2 abatement general
categories

A of this step is above (Tahle 1 and Fig.

3.3 Preliminary assessment individual processes

The qualitative can be used for a
assessmentof the selected methods:

Condenser
The compatibility each is examined the two
candensertypes which an:

i n power plants. condenser type has
important influencing operation of gzothermal unit.
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and

important of the geothermal unit.
Fur direct contact condensers rcquire in-
vestment. with are main

and simpler Surface condensers favor presence
of in the condenser gases, while case of direct
contact amount of is dissolvcd in

An examination of rhc tcchnical of
each method that them are compatible with both
types, while are compatible with only

the system
The efficiency of selected methods i s expressed as a

the total amount Of entering plant.
A typical rule would require at lcast YO% entering

or an upper of based on rhe size of the plant
could as

c.
The composition of fluid is

of dissolving in either
water (direct contact steaiii (surface
condenser) depends chemical composition of the Of
particular significance arc the acidic and basic

and total amount
gas present must be known. This due to

in the. fluid and, in the direct
condenser de s i g s , air dissolved i n A

key point in is that. the lifetime. of the
project, wells will vary in their composition for any to

successful must be such
changing conditions.

onomics
The methods can be in
on capital invcitment and

L o w capital and opera t ing costs
(ii) High capital and low

Law capital and high costs
High and costs

of

The most and Obviously case is the
most case i s least Generally,
methods of are for big units wirh an

operating On contrary. methods of
suitable for smaller short

e .
Several factors the an abatement system
can

flexibility

and safety

operating or
with

3.4 Final

By criteria, can
significantly considemdons and

further reduce the

OF THE MAJOR
METHODS

I n the following, the major I with known
commercial presented according

general are first
the main characteristics rach category. For each method there is

and most imponant and
are identified by

as in Fig.

Liquid

wcll

1 for hydrogen sulfidc abatement a plan; using
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and Karabelas

Separation of the campounds from geothermal
steam and with an
appropriate

The main of' the this arc
following:

Protection of turbine components from corrosion, and
scaling.

emissions control during stacking
In prc-energy of is taken of
the benefits associated with use of a direct contact
candcnscr lower investment, easier simple

Abatement is facilitated trcaring a single only.
A entering turbine condenser,

to back pressure reduction and improvcd
power

noncondensables removed from the vacuum systcm
steam requirements achieve a vacuum

greatly reduced.
The main of these io
energy during sream treatment.

Downstream Off-gas Treatment (E Methods!
Methods of this category are capablc of removing froin
gas (primary The

producing elemental sulphur from all of them
a surface which of in

condenser vent gases. of this category become Less
effective in cases of high in
Ammonia promotes amounts of in
the condensate has a negative effect o n rcmoval

The: this are capable of removing
condensatc produced i n the

The major is that are incapable of
removal.

Hybrid
The methods of category They

perform borh primary secondary abatement, treating
ejector off gases and

4.1 nr or Process

proccss involves conversion scrubbing of
geothermal steam using an ammonium sulfate buffered acidic
solution of sulfate. is converted to an

which is subsequently recovered and fed to a
copper sulfate proccss. The i s with

applications, involving high operating expenses
and significant capital investment (Owen and Michels,

4.2 Scrubbing with alkali or

process be used either upstream or the
steam turbine and scrubbing of geothermal steam or

with alkali solution). I t is a
very and method with investment and

high operating expenses because of the consumption of
large amounts of 1993;

et 1980).

4.3 Steam

This is an upstream process based on condensation-
reboiling of geothermal steam. The noncondensablc gases are

togcthcr with a quantity of steam
which acts as a carrier. The vent gases are treated in secondary
process to stabilize cmissions process).

There are four main seam such as vertical
evaporator tube evaporatorreboiler,kettle-type
and direct contact The process can produce clean. gas-

steam hut content as with the raw
stearn. Reboilers require high total capital investment but low
operating expenses Karabelas,
1987; Awerbuch, 1985; Coury, 1985,1982; Owen. 1984; Stephens
et

4.4 Liquid-Redox methods

This group of methods is capable of absorbing
from and of producing
sulfur for sale or disposal. There are two subgroups of liquid-
redox methods, proccsses

Stretford, Sulfolin, and the iron-bused
processes Hipcrion, LO-CAT, 1
Redox the most widely spread processes today
offering excellent removal. often reducing lcvcl lo
or less. most problem plugging
(as elemental sulfur forms solids suspended in the
liquid and of solid products especially
i n the case o f vanadium processes, because of toxicity of
vanadium and 1989;

1989).

4.5 gas

This is a downstream are compressed,
mixed wirh brine, and into auxiliary well. It is a
relatively new tcchnology with good prospects. It appears to

such as low investment.
operating and costs, total removal of high

need treatment combustion of exhaust
gases. no sulfur precipitation or solids disposal
considerable tu necessary for the
consequences of reinjection into the reservoir (Hibara ,

The process

This involves absorption of
prescnt in condcnser off-gases solution citric acid

compounds. The rest oxidized to
Then, is introduced into citric solution

with in liquid
method requires high total and operating The.

compound solutiun is corrosive and expensive marerials of
are needed. is abatement consi-

dered No problems are reported

6.7 Catalytic uf

This is involving oxidation
of pari of in noncondensable guses to is
as catalyst. The in a gas-phase Claus
reaction. i s then oxidized to elemental S . method was
developed for which
used for injecrion into oil reservoirs. Therefore, in its original
form. it is suitablc. for applications
and Swift, and modification of process
could make it applicable to geothcrmal plans. since
hold some interesting advantages.

4.8 chelate process

This downstream catalytic air and
only the part of which is dissolved into

condensate. to soluble or thiosulfates.Iron chelates
used as has low capital requirements but
rends to be abandoned because of high of

It i s only i n abatement.
when emission regulations are very stringent
1989).
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and

4.9 Stcam stripping

This operates by geothermal
te with waste steam in a column.

this way. costs An
ahatemcnt system to from steam; a
liquid-redox system and Houston,

4.10 The Burrier-ScrubberProcess

This i s a method involving burning of
in the off-gas stream to form Scrubbing of with

condensate Thus, in both the off-gas arid
is removed in the same process. The method requires a

direct contact condcnser and i s in cases of high
i n geothermal steam. is ultimately oxidized

colloidal i s and Fouling
water of plan: i s not observed (Otte,

4.11 The BIOX

this downstream process the are and
with condensate before cooling By

using the reactant catalyst. is converted
The process does require high capital operating expenses.
ho colloidal sulfur is and
cooling water circuit are reported 1991 The process
vcry recent the gained with tn

5. OF
RES

using the outlined a
was camed out. This

procedure led to numbcr of qualified
are with comments concerning the (a,

d, e), in Saction 3.3, which wcrc their
evaluation

with

Both types of condensers can be
b. removal nf entering
c. No influencc of steam composition
d. Low capital high

.

A3. Steam
Rnrh of used
A removal of entering between 90%and

c. of the composition
d. High capital and operating costs

A secondary process tu W;S of rhe vent
gases For this one of the following systems can used.

A Redox (B 1
The scrubbing with alkali

gas

B Liauid
a. Only surface condensers can used
b. Over of
c. NH3 fluids low

high or when
is used, treatment of condensate is necessary.

For this purpose either the process j or a
steam car be used.

d. The majority of liquid redox systems high capital
cxpcnses: therefore recommended for
units an operating

e . They arc most widely

with
a. Only surface used

of entering
c. in case

Low capital and high operating

B3.
a. Only surface

all of is removed
As in case

capital
e. I t is a relatively new technology

is the consequences of
reservoir

The
Both types condensers but is

b. 98% reduction entering
in cases of high concentra-

preferred

tions in geothermal steam

methods, resulting from a preliminary procedure

A 2 with alkali

A3. Steam reboilers

The process is recommended for small units

is Possible A3

4 3 B 3

Among the method; of group are
Biu-SR, One of the can be adopted only

under the conditions:

Liquid redox processes

of a surface unit
in geothermal :

one of the following combinations can be adopted: or

can used the Otherwise, the

are proposed: I33

is in of high concentration in steam
:

Noncondensable injection systems

process

32.Biox process The process interesting No for using



and

selection of the Optimum
task development our

a. condensers can used
Over of
No of

d. Relatively low capital cxpcnscs
e.

The results are in Tahlc As shown i n
processes and seven combinations thereof are

recommended; or nine proccsscs and
one in case

6. REMARKS

During the two were
developed. Each one of some unique features well
advantages and disadvantages. the of
abatement system appears to be complicated. As geothermal
fields and gcothcrmal fluids

geographical locations, the problem becomes even
complicated. Obviously there is a great of an

for appropriate for a
application. In the present work,

i s made condenser design,
abatement system of geothermal fluids,
and proces-
ses or combination of processes are proposed

achieving over
with the geothermal fluid. The

Reboilers the
appear

Both types nf condensers i n a

nut by sream
capable of usual-

ly during the a geothermal unit.

In tlir and the
methods appear comparative

advantages, in demand fur capital icvestmenr and ope-
rating expenses is relatively limited.

Generally, which demand high capital and low operaring
are mnre for big units w i t h

period: such are the
Redox processes. the contrary, which

capital and high for
smaller units of relatively short Such

or

category
B3, are influenced in

the geothermal fluid. Adoption of a prucess from must
take the limitations:

concentration in geothermal steam
In high concentration, the Burner-Scrubber
is recommended.

Use of condensers in the geothermal unit

The Liquid Redox methods
LO-CAT, appear most widely

used processes today, offering excellent removal. However,
their adoption he hindered the general of

of group B.The process combines inte-
resting with no in its applicatinn.
It added. however, that it i s a very recent process and
experience gained with it be rather limited.

The aforementioned relatively small group of must be
subjected to a more and

his work financially the of the
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R.C. at

Report
L., Van der Mast,

evaporation process. Engineering

A. Simultaneous
contact condensation and absorption in

columnswith packing. A

V Karabelas A . (1 Simultaneous
Absorption and in Solutions: Experimental
and of of

Res .

Coury, G.E.and Removing
Steam. 73\91, pp.

93-98.

Coury. G.E.
Paper

Annual Meeting,

Coury, G.E. Method a pas
from a US

D. T. A n overview of Liquid
Redox

D., T.and Evans. Liquid Kcdor
Recovery Options, Costs

2

Domahidy, M. S t e m 01
from

. S., Recent
of plant.

and Gallup, j Salton Sea Unit
Innovations Successes,

A. and H.
Hydrogen in US.
4

C. in
Power Paper presented at the Fourth
on Results of European Commission
Research, April 27-30, Italy, but published in
proceedings.

Owen, and Michels, D.
DOE

arid Kametani, (1989).
and System

1989 Sulfur Recovery Conference, Austin, Texas.
May pp.

Stephens, F., J . and of-
Control Energy DOE

a desulfurize
gas streams. Resources

Council 10,

2789


