2.2.5
2.2,5A

2.2,5B

GBI R T

FLUIDS TRANSPORT

Introduction

The objective of 2.2.5 is to present a qualitative descrip-
tion of fhe functional elements of the fluids transport system
which extends from the production wells to the powerhouse
intake, and from the powerhouse discharge to the injection
wells. This description is intended to provide supporting

background information for the discussion of Overall System

Design in 3.0. The description identifies the distinguishing

physical features of the supply and return components, as

well as those parameters and relationships which most strong- -

ly affect the technical and economic performance of the fluids

transport system.

Wells Discharge
The discharge from geothermal well-bores can be in the
form of either all vapor (single phase), or all liquid (single

phase), or a vapor/liquid mixture (two phase).

Free-flow: All economically attractive free-flow wells dis~
charge either dry-steam or a vapor/liquid mixture as a re-

sult of reservoir pressure only.

Pumped-flow: Under certain circumstances, it is technical-

ly and economically necessary to mechanically pump the
fluid from the wells. For this purpose the pump is installed

down in the well casing. The total pressure provided by the
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reservoir plus the pump is sufficient to prevent boiling
(flashing), release of non-condensible éases, and cénse- |
quent deposition of solids. An :uxiliary pump, which is
located above ground near the well-head, is required to
maintain single-phase flow and prevent release of disolved

gases thru the entire transport/conversion system.

Single-phase liquid flow thru the entire transport/conver=

sion system is a necessary condition for the effective
operation of the simple binary energy conversion process,
because it prevents blocking the binary heat-exchanger

with water vapor and released non-cohdensible gas. The
power required to drive the deep-well pumps is substantial
and it must be subtracted from the gross power output of

the system. Commercially available deep-well pumps curren-
tly have a maximum continuous operating temperature of ap-
proximately 180° C (356°F), and a limited flow capacity.
These temperature and flow limitations make them marginal-
ly useful for medium temperature geothermal applications,

and not at all applicable for high temperature cases. At
present, there are at least four concepts of deep-well high

temperature pumps which are in various stages of develop~-

ment in the United States. Certain of these concepts have
been advanced to the hardware stage, but none of them are

commercially available at the present time.

Phase Separation



In free-flowing, liquid-dominated wells, the boiling
(flashing) begins down in the bore-hole (or in the geo-
logical formation) and it must be completed in the

flash/separator vessels above ground.

Fluid pressure is reduced at the flash/separator to
cause final boiling; the resulting liquid and vapor phases

are then separated. The percentage of steam (mass basis)

that is released is determined by the heat content (enthalpy)
of the saturated 100%-liquid in the bore, and by the selected
levels of pressure in the flash/separator., One or more se-
quential levels of flash pressure can be used to achieve
the system thermodynamic performance which gives the

most favorable economic performance.

The flash/separation process can be completed in multiple
flash/separator stations located near the well-heads, or in
one flash/separator station located at the .powerhouse after
two-phase flashing-flow transmission. Substantial savings

in capital cost may be achieved by using a single flash/separa-
tor station at the powerhouse, with a single two-phase trans-
mission pipe instead of separate parallel transmission pipes

for each pressure level.

Economic comparisons of the available options will identify

the most favorable choice.
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Piping Systems

Characteristics of the flow stream which must be known in
order to perform the transport system design include:

static and dynamic pressures, temperature, vapor/liquid
ratio (thermodynamic quality), identification of entrained
solids (if any), and chemical constituents of the flow stream.
Designing economically competitive two-phase, flashing-
flow piping systems is more complex than designing single-
phase piping systems, however such a design employs the
same technical and economic parameters. The two~phase
flashing~flow piping system is economically advantageous
when used with the double flash process, especially with
high-pressure, high production wells. Limited experimenta-
tion has been conducted for the purpose of veri fying the
theoretical analysis of two~phase flashing-flow in horizontal

pipes (See Ref. 1 and 2).

In the design of pipelines for carrying single phase fluids,
there are no unsolved tecnological problems. Nevertheless,
there are a number of significant differences between geo-
thermal plants and the usual industrial plants, for the follow-

ing reasons:

a) the physical and chemical characteristics of

geothermal fluids

b) the requirements for repeatedly heating and



cooling the piping system; the pipe must be
worked at relatively low stress levels to main~

tain elasticity

c) relatively long runs of piping which are often

located on very steep terrain

The design objective is to reduce pressure loss, reduce heat
loss, and minimize system capital & operating cost. Often,
the engineering values actually chosen are different from

the theoretical values, because of manufacturing standariza-
tion of the dimensions of the pipe and the insulation. A topogra-
phic survey of the proposed pipe routes is essential to carrying
out the preliminary design. The design engineer must consider
the most extreme range of temperature expected because the
pipeline, which is anchored in multiple sections, must be free
to move laterally and longitudinally between the anchors.

The use of bellows-type expansion joints should be used as
seldon as possible, because of high initial cost and severe
maintenance problems. For economic reasons, it is prefer-
able to rely on the geometry of the pipeline to provide flexibili-
ty required to accommodate the thermal expansion. The pipe-
line layout pattern can have a triangular or rectangular base.
The omega~type expansion loop is expensive, and often does

not conform to the topography of the pipe-route terrain.

Pipelines for transmission of steam (including superheated)



must have drain valves located at their low-points for re-
moval of condehsate. The use of automatic steam-traps
should be limited to only special cases, because solid de-
posits can cause trap failure, resulting in unacceptable
stresses to be imposed on the pipeline. It is preferable
to maintain a continuous small discharge of steam to re-

move the condensate as small droplets.
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ENERGY CONVERSION

Introduction

The objective of 2.2,.6 is to present a qualitative descrip-
tion of the presently available energy conversion processes,
as supporting background information for the discussion

of Overall System Design in 3.0. The description identi-

fies the distingufshing physical features and relative tech-
nical merits of the conversion processes. It also identi-
fies those parameters and relationships which most strongly
affect the economic competitiveness of the various candi-

date energy conversion processes.

Available Conversion Processes

1) Generalities

At present, there are essentially three basic energy con-
version processes which are either well established or are
strong future contenders. Each of these basic conversion
processes has a number of variations which are intended

to make the process more widely applicable, Certain of
the conversion processes (and their variations) can be com-~
bined with each other in.order to achieve technical advant-
ages which facilitate greater economic competitiveness.

All of these energy conversion processes employ the classi-

cal Rankine thermodynamic cycle.

2) Dry-steam Process

The Dry-steam Process is the simplest available process



and therefore it is the least costly to build and to operate,
Dryv-steam, which discharges as a single-phase from the
production wells, is fed directly into the turbine after
relatively simple pre-treatment. The turbine exhaust
vapor is condensed, and this liquid can then be supplied
to an evaporative cooling system (i.e. towers, spray ponds,
etc.), or put to other uses. Any condensate which is not
consumed during cooling (or other use) can be disposed of
by the methods discussed in 2. 2. 4.
The major advantages of the Dry-steam process are:

a) lowest initial capital cost

b) provides its own cooling~water supply

c) relatively small volume of waste liquid

d) it is based on well established, proven technology

There are some disadvantages associated with this process,

such as:

a) dry, fine solid material (rock dust), which is
entrained in the high velocity steam from the
well, causes erosion of the turbine blades and
embedment in the turbine blades surface

b) corrosion rates are accelerated in the presence
of chlorine gas in suberheated steam

c) the energy penalty for removal of relatively

large volumes of non-condensible gases

3) Flashed-steam Process



In this context, the term ''flashing' is synonimous with
"boiling'. The flashing process, which starts down in

the well-casing, is continued and completed in the flash/
separator vessel by means of a sudden pressure reduc=-
tion at the point where the two-phase stream from the
wells enters the flash/separator vessel. Immediately
after flashing, the two phases are separated from each
other and are continuously withdrawn from the vessel

thru two separate pipelines. The steam-~phase is fed
directly into a high pressure turbine. The liquid-phase
may be discarded immediately, or if it still has a suffi-
ciently high energy content, it may be flashed again thru
another flash/separator to a second lower pressure level.
Again the two-phases are continuously separated, and the
resulting low-pressure steam is fed into a low pressure
turbine (or to low-pressure stages of the high-pressure
turbine). By this procedure, approximately 10 to 25 per=-
cent of the total mass flow from the reservoir can be con-
verted to usable steam. Under certain special circumstan-
ces it may be economically advantageous to incorporate a
third stage of flash., However, each case must be examined
individually in the light of all prevailing technical and
economic factors in order to determine the most favorable
combination, and to provide sufficient pressure for reinjec-
tion.

The percentage of energy obtained depends on the total ini-



tial energy content (enthalpy) of the reservoir fluid and
the selected flash-pressure levels. The residual liquid
from the last stage flash is continuously withdrawn from
the flash/separator and is discarded by one of the methods
discussed in 2.2. 4., A number of variations and refine-
ments can be introduced into the above basic process in
order to achieve greater economic competitiveness. For
economic reasons, the Flash-steam procesls is best suited

to high temperature fluids.

The advantages of the flash-process are:
a) relatively clean steam is supplied to the turbine
b) the condensed exhaust vapor from the turbine
can be used as the water supply to an evaporative

cooling system

The disadvantage of this process is:

Ag with the dry-steam process, it can release
large volumes of non-condensable gases (if
originally present in the reservoir). The pres=-
ence of these gases degrades the turbine per-
formance and requires expenditure of additional
energy for their removal from the conversion
system. The discharge of large volumes of
waste-liquid will be disposed of by the methods

discussed in 2.2. 4.



4) Binary Process

The most significant aspect of the binary process is the
transfer of thermal energy from the geothermal fluid

to a designer-selected "'working~fluid'', within a heat
exchange vessel. During this heat transfer step, the |
working-fluid is vaporized; it is then fed directly into

the turbine to produce the required mechanical work. The
binary energy conversion process for geothermal applica-~
tions is in the experimental/developmental stage at the
present time. The most common type of heat exchanger
provides a mechanical barrier between the geothermal-fluid,
and the working-fluid, which prevents physical contact
between them. However, a serious operational problem
arises if solid materials become deposited from the geo-
thermal fluid onto the heat transfer surfaces. Relatively
thin layers of solid deposits on the heat transfer surfaces
will greatly impair the performance of the Binary Process.
As a means of overcoming this difficulty, experimental in-
vestigations are currently being conducted in which the hot
geothermal-fluid is intimately mixed :x}/ith an immicible
working=-fluid in order to achieve the required heat-trans~
fer effect without the use of heat-transfer surfaces (See
Ref. 3 and4). This technique is commonly referred to as
"direct-contact' heat transfer. Elimination of the heat -
transfer surfaces eliminates the deposition problem within

the heat exchanger. Although this heat-transfer method



has long been used successfully in other industrial appli~
cations, it must be understood that much developmental
work remains to be completed before it is proven for use
in geothermal applications.

Several hundred chemical substances exist, whose physi-
cal properties make them suitable as thermodynamic
working-fluids, Unfortunately, many of these fluids have
undesirable chemical and physical characteristics, or
high cost, that may disqualify them for most applications.
An ideal working-fluid that possesses all of the desirable
physical properties but none of the unfavorable properties,
does not exist. Therefore, selection of a working-fluid
involves a series of compromises. The problem of dis=-
criminating among the candidate fluids, and finally select-
ing the one fluid that best satisfies the requirement of a
given application is a rather involved task. The systema-
tic selection of the most favorable working-fluid first re-
quires development of a set of selection criteria that re-
flects the requirements of the application at hand. Such

a procedure as described above, is outlined in Ref, (5),
and an illustrative example is presented. The physical
and thermodynamic properties of approximately 35 different
working-fluids are tabularized and charted in Ref. (86).
Existing physical property data (thermodynamic and trans-
port) for many of the most promising single~-component

working-fluids is often not reliable. This is particularly



true in the vicinity of the fluids” critical point. This defi-
ciency of reliable physical data is even more severe with
the hydrocarbon mixtures (blends). Theoretical and ex-
perimental investigations are currently being conducted

for the purpose of obtaining and verifying the required phy-
sical property data.

The materials, and technology that are presently available
to turbine manufacturers are more than adequate to meet
the performance requirements of hydrocarbon turbines

that are intended for electric power generation in the geo-
thermal industry. However, the turbine units that. have.
been constructed to-date are of relatively small power capa-
cities, the largest one of which is of the order of 25, 000 hp
(18.64 MWm). Increasing the power capacity from existing
designs, and making other necessary modifications, are

not considered to be major technical problems. It must be
recognized however, that although designs of 65 MWe al-
ready exist for hydrocarbon turbines intended for geother-
mal binary applications, the equipment itself does not yet
exist. Building such large capacity hydrocarbon turbines,
and testing them successfully still remains to be accomplish-
ed.

The "'sink temperature'' is the temperature of the atmos-
phere or natural water bodies to which heat is rejected

from electric power plant conversion cycles (and other ther-

modynamic cycles).



In conjunction with the application of the binary energy
conversion process, it is possible to achieve substantial
reductions in the average annual cost of electrical energy
at the busbar by taking advantage of daily and seasonal

variations in atmospheric temperature (''sink temperature').

This mode of operation reguires that the power plant cool~
ing system closely follow the sink temperature as it de-~
clines and rises during daily and seasonal changes. This
concept is commonly referred to as the ''floating-cooling
mode''. The single most critical physical parameter con-
trolling the feasibility of floating cooling is the molecular
weight of the working-fluid. Power cycles, having working-
fluids of relatively high molecular weight (such as Isobutane,
M=54), can achieve substantial increases in thermodynamic
efficiency by following a declining sink temperature. How-
ever, cycles using water as the working fluid (M= 18), such
as in dry-steam and flash~steam processes,cannot achieve
an economic advantage by this method. Detailed discus-
sions of this technique and its merits are presented in Ref.

7, 8,9, &10.

The advantages of the binary process can be summarized

as follows:

1, eliminates contamination of the turbine case
and rotor by the geothermal fluid, resulting

in no corrosion or erosion



2. Through the use of low boiling-point. working
fluids, it is possible to economically extract
energy from low thermal-quality geothermal

fluids,

3. The higher molecular weight working-fluids make
possible a reduction in the turbine annular dis-
charge area, and therefore a reduction in turbine

size and cost.

4. Operating the binary process in the floating-cool-~
ling mode (when possible) can yield a substantial

reduction in the busbar cost of energy .

5. The binary process can preclude release of
nuisance gases to the atmosphere, or solid and

liquid wastes to the land surface.

6. The costs of fluid-production and fluid-disposal
are the dominant components of the cost of electric
energy for low temperature resources because of
low net resource utilization efficiencies. Because
the net utilization efficiency of binary cycles is in-
herently higher than flashed steam cycles at low
temperatures, the electric energy cost for binary

process can be the lowest.

The disadvantages of the binary process can be summarized

as follows:



1, The leading candidate working-fluids, which are
preferred because of their thermodynamic and

economic advantages, are highly flammable.

2. Deep-well pumps, suitable for continuous high
volume, high temperature service in the severe
environment of a geothermal well, are not yet
commercially available; however, they are under

development at this time.

3. -The problem of excessive deposition from the geo-
thermal fluid onto the heat-transfer surfaces is

only partially solved.

4, The necessary developmental work, associated
with constructing and perfecting large~capacity
hydrocarbon turbines for electric power genera-

tion remains to be performed.

Although full commercial application of the binary conversion
process will require development of long-life deep~-well pumps,
and construction and testing of high power capacity hydrocar-
bon turbines, there is a substantial portion of the lower tem-

perature resources on which the binary process is clearly

the superior choice.
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3.0

3.1

Overall System Design

Introduction

A general methodology for the conceptual

design of a geothermai energy conversion

system is presented in this section. When

the geothermal reservoir characteristics and

field potential have been established in the

feasibility stage, a conceptual design of the

geothermal power plant can be performed. The

conceptual design stage can be sub-divided into

the following steps:

1) information gathering,

2) identification of candidate conversion
alternatives,

3) selection of the best geothermal alternative,

4) evaluating its commercial feasibility.

A simplified sequence of eQents and decision

points will be outlined for the conceptual design

period which can be used by the management team

to control this phase of the project.



For liquid-dominated resources in the
temperature range between say 150 C
and approximately 220 C, it will often be
necessary to consider other energy conver-

sion plant types besides the conventional
flashed steam process. System level simulation
and optimization of competing alternatives |
using digital computers will facilitate
selections. Features of currently used
computer programs will be highlighted along
with techniques for: 1) selecting, screening,
and eliminating candidate power plant alterna-
tives, 2) optimizing the serious candidates,
and 3) making the final geothermal power plant
type selection. At that point the feasibility
test for commercial operation will be discussed
followed by a very brief outline of the sub-
sequent preliﬁinary design phase. The ultimate
objective of this phase is to provide a complete
specification of the technical and economic

- aspects of the system design which would be
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used to obtain the necessary capital for
1) final design, 2) production drilling

and testing and 3) plant construction.

Geothermal energy conversion systems are
capital intensive. Economic risks are in-
volved in the exploration phase and the
subsequent development phase. The finan-

cing fof resource development and plant
construction pre-supposes a very well

defined plan to insure that the invest-

ment is recoverable. The new geothermal
system developer must become familiar with the
technical language to deal effectively with
specialized outside organizations.

Definitions of Terms and Concepts

System

The geothermal power plant system as defined
in this section consists of 1) the geothermal
resource, 2) the geofluid production and

disposal sub-gsystems (wells), 3) the fluids

transport sub-systems (supply and disposal piping)
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and 4) The energy conversion sub-system—
commonly referred to as the power house.

This system concept is necessary to insure that
important sub-system interdependencies are
properly characterized in both a technical

and economic sense. Only with a system level
of characterization will it be possible to
perform a general system design optimization

with the objective of minimum cost electric

enerqgy.

Synthesis

The term synthesis used herein is that
process of 1) selecting technically feasible
candidate energy coqversion systems, 2) redu-
cing those candidates to a limited, or mana-
gable, number forsubsequent detailed analysis,
3) defining the system boundaries and input
assumptions and 4) selecting the degree of
detail to be adopted in the analysis.

Analysis

The term analysis used herein is that quanti-

tative process which transforms the input
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information through the system simulator

(or thermodynamic system model) into a
specific design. This specific design has
technical and economic characteristics which
are direct functions of a specific set of

independent . system variables.

Optimization

The term optimization, on the other hand,

refers to that iterative quantitative analysis

process of modification of the independent

system variables with the goal, or objective
of achieving the optimum design.

Optimization is an important part of geother-
mal power plant design because of inherently
low process thermodynamic efficiencies.
Optimization is particularxly useful when compa-
ring various competing geothermal energy con-
version alternatives fo; that intermediate
temperature range where, for example, the

choice between the binary Rankine cycle

process and the conventional flashed steam
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plant thermodynamic efficiency, maximum
resource utilization efficiency, or maximum
specific net energy, depending on design
constraints and other considerations. For
the purpose of this discussion the system
design objective is minimum cost of electri-
cal energy. This is the only logical, or

consistent, overall system design objective

with feasibility defined as above (Ref 1).
Binary Rankine Cycle Complexity and Applicability
The simple binary Rankine cycle process is
inherently more complicated than the two-stage
flashed steam process. Deterﬁining the overall
optimum binary cycle for a given resource is
difficult because:

1) Thermodynamic and economic performance
is influenced by working fluid choice.

2) Six independent plant thermodynamic state
parameters are required to characterize
thermodynamic and economic performance.

3) 1f the production well flow must be pumped

to maintain single phase liquid in the



process is not obvious. Optimization is
especially important in the lower resource
temperature range, where binary processes are
obviously best, but where economic feasibility
is questionable.

Feasibility

A geothermal power plant system is considered
feasible when electric energy can be produced

at a cost comparable with other available
commercial alternatives -for example:

1) hydroelectric plants, 2) fossil fired plants,
and 3) nuclear power plants.

Design Objective

The term design objective can, and often does

meanmany different things to many people. De-
pending upon whether one is designing the en-
tire system or simply a sub-system, design
constraints differ and, therefore, design objec-
tives may logically differ. Design objectives
for the power plant sub-system, for example,

might be; minimum plant capital cost, maximum



primary heat exchanger, the production
well mass flow rate is also optimizable.
4) The variability of the system ambient
sink temperature can be exploited for

additional performance improvements.

Sophisticated computer simulation and opti-
mization routines are obviously required for
optimum design. However, the binary Rankine
cycle process should not be overlooked by those
Latin American countries not .posessing high
temperature hydrothermal resources. Resource
utilization and net thermodynamic cycle effi-
ciencies are higher than flashed steam in the
economically applicable temperature range.
Depending upon the resource temperature and
the cost of electric energy from non-geothermal
alternatives, binary cycles will not only be
economically feasible, but also the best overall

system choice.
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Software State-of-the-art
Some of the more sophisticated and generally
useful geothermal system designcodes (Ref. 1)
incorporate the following features:
1) Modular structure
2) Separate, extensive fluid properties routines
3) Formal economic and thermodynamic process
routines
4) Multiparameter optimization capabilities
5) Detailed process design routines
6) Efficient coding
7) User oriented, interactive input with data
sufficiency/consistency pre-processing
In addition, previous optimization difficulties
attributed to too slack or inconsistent conver-
gence criteria have been overcome. A general
economic optimization algorithm has been developed
and applied successfully on complex geothermal
systems with both continuous and discontinuqus object~
tive functions. Binary cycles with six independent
process parameters can be optimized in one
step at a computation cost of about

$30.00 or less.
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Energy Conversion sub-system Synthesis

None of the existing powerful geothermal
system simulation/optimization codes can
perform the time saving and very important
synthesis function which preceeds design
objective definition and optimization.

Skill and good judgement with respect to
system characterization to capture the
essential elements of the conversion process
are enhanced through extensive understanding
of applicable theory. Because of the many
potentially controvergial technical and
economic factors, it is clearly beyond the
scope of this document to discuss the
synthesis function in detail.

Overall System Optimization Methodology
After candidate plant types have been selected
through some earlier synthesis process, the
thermodynamic system is defined to the degree
desired for submittal to the computer. The
designer specifies some overall system design

Objective Function (i.e. minimum busbar cost,
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minimum capital cost, etc.) and selécts
some or all of the system independent
thermodynamic state parameters as Optimizable

Parameters.

Multiparameter optimization calculations
generally proceed as depicted in Figurei’.l.
With the first few passes through the optimizer,
the objective function and its numerical deriva-
tives with respect to each of the optimizable
parameters are computed. Using this information,
the optimizer makes new choices for the optimi-
zable parameters to converge finally on the
optimum design. Very important geothermal

system optimization considerations are discussed

at length in reference 1.



(12)

input

Cycle definition

Cycle parometers X,(initial)
Optimizable parameters

Cost data

Ob)ecfive function
defirition,f

T
N
Power-plant component | | Optimization routine <
thermodynamic models : MINUIT ( SIMPLEX MIGRAD )
IS

X+ poramster set improvement
v

Equations~of-state
fluld properties T,p,

Cycle thermodynomic
colculotions F set

h,8,v

2

Power-plont cost modelgl.__,

Power—plant cost
Colculations

System

Optimum
?

Optimum power . plont design
state porameters, X * ,
performance factors, F set
objecfive function,f(X%

Fig. 3.1

XBL 792-7368

Simplified logic block diagram illustrating calculations

in the Design Optimization Mode of the LBL developed

process simulator, GEOTHM.

(Ref. 2)
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Feasibility Test

After the. obvious candidate

geothermal energy conversion systems have

been optimized for minimum energy cost, the
best system is compared with the known energy
cost from other non-geothermal alternatives avail-~
able to the grid. 1If the feasibility test
fails, but by only a few percent the obvious
thing to check is the specified system net
power output, Py. The optimization process

is repeated with new guesses of Py until the
best candidate plants have-been optimized in
all relevant variables.

If the feasibility check continues to fail it
may be necessary to return to the synthesis
stage and examine additional conversion systems.
If the best alternatives are flashed steam
cycles, the specified number of flash stages
can be re-examined. If binary processes are
best, other working fluids, multiple stages,

or, perhaps, floating cooling could be beneficial.

If the feasibility test continues to fail by
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large margins, the geothermal project should

bably be abandoned. - ,_c_)gi_;é_m&ﬁf . [fm/‘ tﬁfj

Pro . — 3T . gpre) LEC

Risk Acessment

If the selected design is feasible, but design

uncertainties, or risks, are known to be high,

it would be wise to re-examine those factors

which contribute before going on to the next

design phase. Uncertainties might be reduced
with improved characterization of:

1) The resource. Get more or better quality
technical data if éracticable (See2.2)

2) The overall sgystem. Is the degree of
system characterization adequate? Have
all important system‘interdependencies
been examined?

3) Costs. Has the best available data
been used?

If the geothermal power system is economically

competitive, all requirements of the grid have

been met, and risks are acceptable to the pro-
ject management, the preliminary design phase

begins.
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3.7.2 Funding Agency Requirements Check
By this point the management team should
have investigated the formal financial docu-
mentation requirements which will be imposed
by the funding agency(s). It should be.recog-
nized that the level of risk deemed acceptable
and adopted by the program management team
during the . conceptual design phase may not

be compatible with funding agency standards.

In addition, the financial assumptions and

acceptance criteria used in the system concep-
tual design phase may have to be modified tem-
porarily so that commercial feasibility can be

verified by the lender(s) methods.

3.8 System Deéign Summary

Because of a) the lack of an existing technology
base, b) 1little reliable cost information, and
¢) increased system thermodynamic complexity,

design uncertainties will probably be greater

for the binary process than for the flash steam

process, for the forseeable
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future.

On the other hand, system development

risks do not necessarily correlate with these
plant design uncertainties (Ref. 3,4,5).
Commercial operation of a 10 MWe geothermal
binary plant on a 180 C resource in-East

Mesa, California will very probably-begin
~in 1979 (Ref.6).- The development of moderate
temperature resources by binary cycles in
Latin American countries should not be overlooked.
Multiparameter optimization techniques have
reached a level of maturity, such that they can
be applied to hydrothermal systems on a
commercial scale to perform complex system
economic trade-offs with a minimum of bias.
These overall system models could reduce
design undertainties and the level of risk:
portrayed to the investor.
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