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SUMMARY 

This document forms the basis of the ET development programs in hydrothermal 
energy conversion and fie19 syste~ technology. 

, , 
\ , 

The approach taken in planning the programs was to first study the current 
hydrotherma'l power industry growt~, and the proj ected ava jl abil ity of hydro­
thermal resources as estimated by, the U.S.G.S. in circular 790. With this 
information an assessment 'was then made to determine if existing technology 
would permit DOE goals for 'hydrot~ermal energy power-on-ljne to be met. , 

, I \ 

It was found that current industry growth using flash system technology would 
not permit DOE 2020 goals to be m~t. This conclusion is based on the \ 
assumption that industry would not develop a resource ii the cost of the re­
SUlting power were 50 mills/kW hr; or greater. Flash steam technology meets' 
this ~riteria with good flowing w~lls at temperatures of 350 - 400°F dr ' 
hjgher. The U.S.G.S. has ~ot projected sufficient resour~e of this quality 
to meet power-on-1ine goals and oQly a small part, about )/4 of the resource 
base can be ut; 1 i zed with ~ team techno logy. 

The use of binarY plants to generate power is calculated to produce 50 mill 
power at temperatures as low,as 280°F if adequate well f19WS are obtained. 
Industry is not acting on the cal~ulated advantages for binary technology, 
because the advantages havci not been demonstrated. An analysis of the 
utility industry planning cycle indicates that the acceptance of binary 
technology, must be oqtained by the mid to late 1980·s if DOE 2020 power­
on-line goals are to be met. The~e goals, as well as max~mum utilization of 
the resource base require advancea techno1oay compared with the current steam 
techno logy. ' ,- , 

'\ 

'With th i sneed i dent i fi ed, 'techno logy programs' were planned to prov; de 
utilities with the necessary information on binary technology and to obtain 
additional design data in areas of potential problems. Major programs were 
identified in each of the following areas: 

e Techni ca 1 data di ssemi nati on 

• Direct 'contact heat exchanger development 

• Small plant development 

• Minimum ground water usage 

o Pl ant performance improvement 
I , 

• Downhole pump'development 

e Well stimulation 

Successful completion of these programs with resulting industry acceptance 
and implementation of the resulting technology is projected to increase 

i i 
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power-on-line using hydrothermal resources by a total of 126,000 MH(e) 
This is equivalent to 40 billion barrels of imported oil Qver the 
planned 30 year 'lifetime of the pl~nts. Successful completion of these 
programs have the potential' of allowing economic utilizati,on of 85 percent 
of the resource identified by the U.S.G.S. ' ' , ' , 

• \ t t 

Management of the programs is del~gated to ~~ad laborator~es, Idaho 
National Engineering Laboratory for Conversion Technology and the Los 
Alamos Scientific Laboratory for Field System Technology via the re­
spective DOE field offices.' The l'ead laboratories will provide general 
direction and coordination bf the 'various program elements. I~anagement 
plans wi 11 be requi red for all maj:or program elements. : 

The following is the estimated budget requirement for the 'Conversion' 
Techno logy program.' ' 

i, 

" 
I , , 

1980 1981 1982 1983 1984 1985 1986 1987 1988 
-

8A 
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80 To 8e Supplied Later 
I , 

\ , 
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DGE/ET PROGRAM PLAN FOR CONVERSION SYSTEM TECHNOLOGY 
, ' AND FIELD SYSTEM TECHNOLOGY 

" .: 1.0 INTRODUCTION 

This plan describes technical programs that the Department of Energy, Division 
i ' 

of Energy Technology will co~duct t,O accelerate.the commercialization of electric 

power generation from geothermal energy. The plan ;s limited to conversion technology, 
1 \ I. 

and Field System Technology programs. Consideration has been given to the 

current state-of-the-art ; n geothermal power, generati on technology, current 
" ' 

growth of hydrothermal power in the U. S., and the identified and undiscovered 

resource base in the U. S. d~lineat'ed by the USGS(l), oOE/DGE goals which 

have been established are discussed with<respect to the te~hnology necessary to 
, ' 

achieve these goals and more importantly, maximize the utilization of this 

energy resource base, 

Two types of power/conversion syste~s are discussed, nash ,steam systems 

(dual or single) and binary systems. A flash steam plant utilizes geothermal 

energy by droppi.ng geothermal fluid: pressure to produce steam for driving 

a turbine. A dual flash plant drops the pressure in two stages to improve 

the geothermal fluid utiliza:tion. :Binary plants' utilize g:eothermal energy 

by transferring heat to an organic ,fluid which in turn drives a turbine. A 

binary system is more .thermodynamic'ally efficient. than eith'er type of flash 
, ' ' 

steam system~ but it is a new technology in this country. ,It is considered an 

advanced technology in this plan. 

In planning programs to accelerate 'the commercialization of geothermal electric 
, I 

power generation it has been assumed industry would respond to a d'emonstration 
, 

of favorable economics, The' basic ~pproach developed in tHe plan ,is to define , ' 

the distribution of the predicted U. S. geothermal resource in terms of well 

flow and temperature. Programs ar~ then assessed against iheir ability to , 
improve the economics and to: resol~e problems associated with the generation 

of power from the resource. so that 'maximum utiliation of the resource is obtained. 

Section 2 briefly summarizes the cu'r'rent s.tatus of geothermal power development 
, ' I 

in the U. S. , including current economics and the rate of .industry growth. 

(1) USGS Circular 790 Assessment'of Geothermal Resources'of the United States - 1978 I 
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:'~ Section 3 gives the basis for the technical programs. The total geothermal 
,~ 

resource is analized in terms of its rate of discovery and 'technical needs for 
,,~ economic utilization. Section 4 defines the programs in Conversion Technology 

,~ ') . 

',. and section 5 defines programs in F:ield System Technology. : Section 6 defines 
the management system which 60E wilJ use to accomplish the program. 

I 

Ii. 

2.0 CURRENT STATUS OF GEOTHERMAL POHER GENERATION 

Electrical production from geothermal energy is currently competitive with 
conventional power generation methods for a limited range of geothermal , , 
resources. Figure 1 shows the cost. of geothermal electrical power from binary 

and flash steam plants as a function of resource temperature and average well 
I ' 

flow rate, and compares it to a survey of power costs from new conventional 
• '. I 

plants in the south-western' United' States. This figure'shows that: . ; 

(1) Geothermal power costs, are i nfl uenced by resource temperature 
and w~11 flow rate, with both effects becoming more influential 

at lower temperatures .. 
(2) For the higher resource temperatures, geothermal power is com­

petitiv~ with new conventional power sources. 
(3) Binary plants extend the temperature range of competitive power 

generation costs signi,ficaritly below that for which dual-flash 
steam plants are competitive. 

Figure 2 supports the contention of competitive geothermal power costs by 
illustrating the historical growth 'of geothermal power in both the U. S. 
and the world. Both are growing rapidly, with the U. S. growth rate at 

I . I 

approximately 19% per year. Table ,1 provfdes a listing of .current U. S. 
geothermal projects. Three conclusions are apparent from this tabulation: 

(l} The overwhelming majority of U. S. geothermal development is in 
Geysers. 

(2) Almost all of the other resources being developed, or planned 
for development, are ihe high-temperature resources which Figure 
shows to be economical with dua·l-flash steam plants, providing 
reasonable well productivity is achieved. 

2 
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- Project -(location) Resource Operating 'Under 

-, Temperature design or 
rF} construction 

PG &_E (Geyse,rs) , ' . , - 460 ' - - ' 608 , ' ' - ' 60ff ' . - ' 
. ' , 

(dry steam) 
NCPA (Geysers) 460 110 

- ' ' - (dry s1eam) : ------- --------
- - - -- - - - - - - - ~ --- -

San Diego G&E (Salton Sea) 640 
Valles Caldera (New Mexico) 500 50' 
Union/Chevron Oil (Brawley) 500 10 

- ' ' -, 

MAflCO/Republic (Westmorland) 500 ' , 

Phillips/Rogers (Roosevelt) 460 . 50 
. O'BrienNTN (Roosevelt) 460 50 

Sierra Pacific Power (Nevada) >400 
Chevron/SCE (Heber) 360 50 
Magmarnax Binary (East Mesa) 360 10 
Republic (East.Mesa)_ - - - - -- ,- 335 - - - - - - - '---64'--

, 

INEL Binary (Rail River) 290 5 

.. 
I ) , ·608 1007 

. 

Table 1 Geotherma1 Power P1ants; in the United States 

- I­
I 

I. _ _ _""" ~ 

Total 1 Projected 
I 

.' 
, 

- - 105 - 1921 
.. ------ . 

110 
--.~---- -- - . 

10 10 
50 

' 10 _ 
-, 

50 50 
50 
50 

! 

50 50· 
50 
10 -- - - - - - -
64 

5 

, 

815 2430 

INEL-S-17 860 
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~-
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'Industry is not expanding us;ng'thebinary cycle even though'a 
, I , 

\ , 

I sign;fi"cant economic advantage is calculated to exist. (Figure 1) 
I, ' 

I . 

3.0 PROGRAM BASES \ . 

\ , ' 
I. , , 

To establish ,the technical program 'requirements it is neces'sary to evaluate , 
, ' 

where geothermal commercialization ,is presently headed and how well or likely 
. , 

the current path ;s to meet DOE power on-line goals. , 

: 1 _ 

The DOE hydrotherma 1 goa 1 s are 3-4000 ;~H(e) by 1985, 20-40, ~OO MW(e 1 by the 
, I 

year 2000, and 70-140,000 ~M(e) of installed capacity by the year 2020. Figure 

3, which is a' semi10g replot of Figure 2; shows the historical and projected 
. \ ' 

near-term growth of U. S." .ge·othermal power i~ relation to the goals for 
, 

geothermal power on-line.' If the geotherma 1 power industry: continues its 
I I ,-

present growth rate as shown ,on Figure 3, the 00E1985 goal, would be missed 

slightly (2500 MW on-line versus a 3000-4000 MW target); and the year 2020 
I 

, 
target would be greatly exceeded. These data indicate that current industry 

. " 

growth is sufficient to meet DOE power-on-line targets , if there is suffi.cient 
I . , • 

economic resource and/or technical·barriers are not encountered. 

, \ . 
In this section the total U. S. hydr,othermal resource is analized, the , . 

rate of availability is projected and the ec~nomic worth of'the available' 
, i ' . 1 

resources is as.sessed.· From 'this information an ,assessment, is made which shows , . 

that there is \ not suff; ci ent 'economi c resour~e to meet DOE power on-l i ne ~ 
. \ ' 

goa 1 s with current techno 1 og{ Tecryn i ca 1 programs are def; ned whi ch improve 

the economics: of generating power from the hydrothermal resource. An increase 
\ . \ 

of 126,000 MH(e) production {s proj~cted based on the improved economics. , 

3. 1 Resource Base 

I ' 
The USGS has projections of the total recoverable hydrothermal resource 

I 

base, in the U. S. in USGS Circular 790. The recoverable hydrothermal 

resource above 90°C is' proje~ted to be approximately:2400 x 1Q18J , of 
, 18, . 18 

which approximately 400 x 10 I J have been located, and 2000 x 10 J are 

presently undiscovered~ 
\ 

Figure 4 sums identified and undiscovered 

resources above 90°C by temperature category. (See Append; x A for the 

6 
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basis upon which Figure 4 and related figures were determined.) Its 
evident that a very substantial portion of the resource base exists , , , 

below ~he temperatures currently being exploited (see Table I) by flash­
steam techno logy (resource > 200°C) . 

, ' 
j 

I, 

Figure 5 shows the total eleCtrical power potential of the hydrothermal 
resource base presented in Figure 4. It does not consider whether the 

power could be econom~callY ~roduced or the time frame in whi~h it i 

would be available. Two' curves are shown, one for binary cycles and 
the other for flashed-steam cycles. The flashed-steam cycle represents 

, ' ' 

the cu:rrent dual flash technology which is generally, considered to 
represent the practi ca.l 1 imit of performance for fl ashed-steam systems. 

I ! ..... I • 

The binary system curve shows a greater power potential because of a , 
higher utilization efficiency' (more power per pound of geothermal water, , . , 

see Appendix B) and represents current binary system technology., Further 
improvements to binary cycle' performance, to be discussed, later in this , , , 
document, are not included in the binary cycle curve but would further 

(2} 

, I 

were economical. (An unrealistic condition) 
ExclusivQ use of the flash-steam systems greatly reduces 
the overall contribution of geothermal energy to the nations 
power needs. 

.. • ~ \ ! 

At all temperatures greater power is extracted from the 
geothermal' fluid when binary systems are ~sed. 
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3.2 : Industry Growth 'Trends ' and Umits 
I ' , , , , , , 

As shown ' previously, industry is expanding using the ' more economic 
I \ \ , '; I 

vapor:"dom;hated resour;ces anQ the higher temperature , liquid ' resources. 
I I , I I 

The Geysers is the only commercial vapor-dominated system in the U.S. 
today. \ There have be~n repo~ts of a vapor~domi nated : system ; n Northern 

Nevada, but it is not 'anticipated maj~r , growth will occur using va~or­
dominated systems bec~use'of : limited supp1~. The mo~t likely area of 

conti~'ued growth in the immediate future ;s the high :.. temperature 1 i1quid 

systems using 
I \ I 

flashed ~ steam conversion technology. Numerous plants of 
, 

this type are currently in the planning stages in the U. S. as shown 

on Table 1. , , 

, \ , , 
Current identified resources , have the ' potential to s~pport ~10,OOO MW(e) 

of installed capacity ,for 30 ' years at ,a power cost of 50 mills/kWh or 
, \ , 

less using high temperature dual-flash steam technology (see Appendix A , , 

for ca'lcu1ations). These resources c~u1d sustain the geothermal ,power , , 
growth shown on Figur~ J un~i1 around '1990-1995. G,rowth beyond this 

poin~ ~ou1d depend upon the rate at w~ich the unidentified ~eso~rce base 
, " is located, the fraction of the resource which is economical ' and local 

I I . I 

considerations, whether technical. in~titutiona1 or environmental which , , , 

may delay or prevent their development. '" , ' 

Pri"mary geothermal exploratipn is being conducted by: oil companies' , , 
" 

a reasonable means for and the past successes of these companies provide , , , 

projecting the rate at whic~ ~eotherma1 resources wi'll be located. In 
" , 

'\., . . 

I 

I ' 

I ' , 

- .. _- - --- --- -- -, 

I , 

the U.' S. oil and aas , industry', discovery has taken .place at an exponentially 
~ . -

decaying rate, and approxima~e1y 90% of the resourc~s have been discovered , ' , 

withi~ 30 years of the initiation of ~ ignificant exploration. Based on 
these ,assumptions, ana addin'g five years for project development, a 

I ! ' I 

projected maximum avajlabilf.ty of resources. for economical electric 

generation using today's f1ish-steam technology is shown as the limiting 
, ' 

curve 'of Figure 6. 
, ' 

{See Appendix A for the calculational basis of these 

projections. } 
, , 

, , 
, , 

" 

This limiting curve shows tHere is ample 'resource td support the current 
, 

growt h of the geoth ermal power industry until after ,t he year 2000 . At 

11 
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that time, resources wi 11 begi n to 1 im; t growth and around 2020, growth 
will 'terminate at an installed'capacity of around 45,000 MW(e). This 

< , ", I 

is well below the' DOE target Of 70-140,000 MW on-line in the year 2020. 
, " r 

To meet the 2020 goal, it is'necessary that ;n~ustry' begin building binary 
\ ' I 

plants, which increase 'the' percentage of the resources which are economically 
" , 

compet~tive, and which increase the p~wer obtained from theresour~es. 
. , \ ' I 

To practically sustai~ growt~ after the year 2,000 industry must .I?egin 
a major program building binary plants shortly after'1995. A ten year 

\ ' ' 
planning cycle is comrrion in the utility industry and,planning for binary 

, ' 

plants'must initiate shortly'after 1985. Magma Impe~ial is presently 
, , ' 

constructing a binary plant in Californ.ia,(See Table,I) but there is 
little'other apparent 'activeiinterest 'in binary plants at the present 

I'" I. 

time.: To get binary plants ~nto the utility planning cycle, a vigorous 
technology program is required immediately which stimulates industry , 
interest, assures that the economics projected on Figure 1 are correct, 
and in particular resolves technical barriers associated with binary 
technology. 

In summary the- fo.l1owing con~lusiol!s' can be derived from the preceeding 
material: 

(l). An active geothermal industry ;s currently developing economic , 

(2) 

(:3) 

(4 ) 

(5) 

resources. ,If the growth of this industry can be maintained, 
long-range DOE goils will be met. , 
In the short-term (i.e., i.n the 1985 time 'frame) there will 
likely be a" need th quickly resolve engine'ering problems , . 

assoc1ated ~ith the transition from the use of vapor-dominated 
systems to ~he use: of high-temperature, 1 i:qui d-domi nated systems. 
High-temperature resources are limited and industry growth will 
slow in the'1990-2boo year time' ~eriod wit~out the usa of 

, \ - ' 

moderate-temperature resour~es.' 
Stimulation'is needed to get industry acceptanc~ of advanced 

, I ' 

conversion technologies, which permit economical utilization 
of moderate-temperature resources (130-200~C range). , 
This indust;y acceptance must be obtained by the mid 1980's for 
incorporation into'the utility planning cycle to allow continued 
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, 
industry growth past the mid 1990's. 

, \ , 

3.3 "Advanced Technology Programs 

j 1 !, ( 

• 
This section defines major areas in which programs will be conducted 

I 

I ' I 

by th~ Department of Energy 'to help reso 1 \Ie techn i ca'l barri ers and L ' 
I ' I I 

stimulate industry conversion to binary technology. I The gain in potential 
econo~ical power on-line for' each of the major progr~m elements is assessed. 

The d~finition and scope of the major ,program elemen~s are as follows: 

:(1) Conversion 'System'Technology - all technology programs related 
III ! 

, f' selection, ,design. construction, operation and maintenance 
. • ' I ': 

3.3. 1 

of electrJcal pow~r plants\ 
I I I I 

Field System Tech\lology - All technology related'to the' , 
selection design,iconstruction~ operation' and ma~ntenance of 

I' I I 

the system:that provides geothermal water, to the power plant 
and disposes of the plant effluent (includes wells, piping, 
pumps, con~rols, ~tc.) 

\ 

Convers ;'on Technology 

I 

The conversion technology program has two principal end objectives: 

(a) Provide a ,technical climate that will encourage 
I ' • 

industry ~o switch from dua l-f1 ash systems to binary 
, 

systems. '. ' 
To 'improve the effi ci ency 

I ' 

, 
of bina~y systems so that a (b) 

greater percentage of the geothermal resource is 
economi ca 1 . , ' 

The conversion to basi.~binary technology is p;ojecte~ to result in 
an incrementa 1 4,1 ,000 ~'1W (e} of econom; ca 11y compe~itive geothermal 

.power on-line. This is based on calculations summarized in Appendix A 
, ' 

which shows that, dual-flash stea~ plants will support 45,000 MW(e) 
for 30 years at an 80% 'capacity factor, vii th power costs of 50 mill s 

, I, 

kWh or less. The same resource base will support 86,000 MW(e) 
I " 

under the same conditions using current binary ,technology, a 
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difference of 41 ,000 ~1W(e), worth 15.4 x 109 barrels of oil , , 
?ver the 3D-year, plant,lifetime. 

I, 
'1 i I 

, \" 
Better conversion-plant performance ,improves power generation costs: , , . 

,by reduci ng the' investment requ i red for the we 11 fi e 1 d, and 
, , I 

'also increases the potential output from ,individual resources and 
~he total resource base. Appendix B shows the potential for ~ 20% 
or more improvement in;plant performance, over: the current' basic 
binary technplogy. These improvements result principally from 
increased use oj stagi~g, use of hydrocarbon m~xtures and reduced 
condensing temperat~re~ The increment which is economical at 50 mills/kWh , 

I 1 ' ! 

or lower ;ncreasesfrom 86,000 to 111,000 MW(e) for 30 years. This 
,increase is worth 9.4 ~ .lOS barrels of 9iT over the projected plant 
'lifetime. 

I 

The conversion of industry to binary technology basically requires 
a demonstration that the calculated economic advantages summarized 
on Figure 1 are,real and that there are a minimum of unforeseen 
engineering and operational problems. Programs are described in 
this plan to obtain necessary operating experience using SMW, 
SOOkW and 60kW systems~ These systems will be used to 
demonstrate basic binary technology andinves<igate advanced 
systems. In addition programs are planned to provide solutions to 

I 

the known operating prpblems such as, limited ,availability of 
cooling tower makeup water and corrosion and/or scaling due to 
geothermal fluids. , ' 

3.3.Z Field System T~chnolo9Y 

,Field System Tethnologt programs which provide: the greatest 
payoff are those which- increase well flow rates since the flow 
,directly determines the number of wells requir'ed. Although several , , 

sub-programs makeup the Field System Technology work the most 
sign i fi cant benefits a1re expected to occur fro'm we 11 pump; ng and well 

: \ i ! 

stimulation. These two items are evaluated below: 
Pump; nq: A targe't has been estab 1; shed for the pump; ng program 

, ' , 

to make an additional 35,000 MW(e) avai1~ble at 50 mills/kWhr 
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, , , 
, , from the ge~therm~l . ~e~ourc~. ,The princi~al pr~gram in this 

, ,, , ' area is the: development of high temperature deep ':well 'pumps. 
Ij , ,\', , . ' " 

' " Study of a ,few sp~cific geotherynal wells ~or which data were " , 

! I , available shows that oeothe'rmal well flow 'can eadily be ' " 
: I , ~ , 'I , ' 

" , ,doubled' by pumping ' (Appendix A). This 'in ' itse; < 'will permit II ' ~.,' 
I I ' . I " . I' I I ' . 

, . meeting target increase in, pOll/er on - line.' Howev;er, w,elL ' I, " 1 

" ' . " ' ,,,' 
production :and di~~ribution wi~h liquid 017 two phase geothermal ,., 

J ,,' • 

, , 

resources is a new engineer'ing area with little prior experience .: , 
, , 
, , 

, " 

It is anticipated 'there' will be a substantial nu~ber of~nfore­
seen prob1e~s whi~h will requ;;e engineering R &'0 to permit ' 

: 1 , I 

economi c ut'i 1 izati'on of the geotherma 1 , resource. ':, 
I. ; I ' , I I 
I , , , , ' 

, I 

Stimulation': Well' 'stimulation 'is a standard technology ~ n 
I , , I 

oil reservo,ir development. ' This te'chno1ogy cannot be directly , , 
.. transferred' to geothermal reservoir development and a testing 

, I . I " 

program is required to ascertain proper techniques for geother-

.. , 

mal fields .' Hydr~logists generally agree1 that well stimulation 
, . 

will ' greatly enhance the f10w of poor producing wells, but , 
will do little fo~ ' the exceptionally high ' producing wells. , , 
On this basis, a well flo...." distribution curve was developed , 

with a goal ' of 60% improvement ' in the flow rates which are less 
t \ " 

than 555,000 1b/hr,. Meeting this goal wil ,l ' bring an additional 
, " 

. 25,000 MW(e) into 'the economic range of 50 mills/kWh, which 
, 9 " , 

is worth 9.~ x 10 , barrels of displaced oil. 

A summary of the' poten-tial impact of all advanced technology , , , 
programs is shollJ,n graphically' in, Figure 7. 

, , 
, \ 

3.4 Hydrothermal Industry Growth Limits , 
\ ' 

On Figure· 6 it was shown that the availability of ec6nomically develop -, 

ab 1 e resources wou 1 d limit ttle growth of the geotiierma 1 power i ndus 'try 
, , 

using flash-steam technology ~ Tn t he 'preceedfng section programs are 
, 

described which are in t ended ;to stimulate indus try conversion to bi ,nary 
, , , 

technology and to imp ~ove binary t echnology. Thes e are projected to , , , 
make an additi ona 1 126,000 MW of power from t he hydro t henna 1 r esou rce 

\ ' 
economica 1 ' for indust ~y development . ' 
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I 

On Ffg'ure 8 the anticipated availability of this additional resource 
, , , I 

'" • i 
I I I 

;s plotted versus the extrapolated growth of the U. S. Hydrothermal 
. I \ , It,. I ! 

indust'ry. This figure showsi that successful completion of the advanced 

progra'ms will permit meeting! the DOE 2020' hydrotherm'al goial~, but it ' 
1 \ t I 

will n,ot pennit continued industry gr~wth at the current rate beyond 
I. ' 

2020", Continued growth at this point will' require discovery of major 
I ' 

unpredicted hydrothermal resources in'the continenta,1 U.S,,, development 

of undersea hydrothermal resources, development of geopressured resources, 
. I \ ! 

or the development of,a hot dry rock power industry., 
I 

I \ 

The advanced programs ,described in this plan involve technology which can 

be us'~'d on either geopressured or hot' dry rock resources. Thi s technology 
\ 

should improve the economics, of using'these resources and the potential 
, . 

payoff ,for the advanced pro~rams could greatly excee'd the 
.. \ I I 

benefits 

defined in this plan ff it helps speed the commercialization of these 

additional geothermal 'resources. " , 
\ 

\ , 

\ ' 

\ , 

\ , 

\ ' 

" 

, 
\ ' 

" 

! ' 
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"'~ '. 4.0 ' CONVERSION TECHNOLOGY. PROGRAM 
~,~, ' I ' 

. /,' I • \ , 

/(' The previous 'secti ons have shown that the use of binary cyc1 e conversion systems: 
f 11 \ 

, 'is essential ,for the full utilization of the hydrothermal resources. Moreover,' 
, \ , • . I 

this technology must be in place bylthe late 1980~s if the DOE estimates of . 
, i \ I I 1 1 , 

geothermal energy contribution to tQe national ~nergy pictut:"e is- to remain valid. 
• I I 1 

It has been shown that binary technology, whi:le capable of increasing the 

utilization of the higher temperature 'reservoirs, primarily: permits those , . 

reservoirs which are at lowe~ temperatures to be used. The1programs outlined i,n 

this section ~re aimed at the technical demon'stration of th~ binary CYcles', 

particularly those designed ior the ,lower te~perature reservoirs and the r~moval 
1\ ,'I I ' 

of significant barriers that would limit the application of the binary system 
t \ ' I 

and hence limit the utilization of the hYdrothermal resource. , 
\ .. 
\ . 

Much of the requi red techno 1 09Y is essenti a lly state-of-the-art appl i cations 

similar to th~t u'sed in the process 'industry, but generally 'unfamiliar to the , 
utility industry. There are however., significant differences, such as the 

closed cycle nature of the power cycle and the greater emphasiS on the importance ' 
. ' ' 

of guaranteed efficiency and ~omponent performance. In addition, geothermal 

power plants, unlike conventi?na'1 po~er plants must be designed for a variety 

of energy source conditions including: temperature, relative productivity, 

corrosive fluids, limited cooling water, dissolved gas and possibly a resource 
,I ' I I 

temperature whi ch changes with time., , The geography of the area, resource size 

and its shape all influence the size' of the plant and plant :s;ze strongly effects , 

economi cs. Such items repres~nt barriers to the development of the geothermaL 

potential if design alternatives cannot be found to overcome' them either , 
" . 

technically or economically. ' , 

I 

Finer points involve such items as a, lack of accurate knowledge of working 

fluid properties .. Much work has beeh done over the years, n~tionally and 
\ ' \ 

internationa1ly, to obtain pr~ci.se measurements of the thermodynamic pr~perties 
of water (steam) used as the working'fluid inessentially all:major power plants. , 
In contrast, geothermal plants may use a variety of working fluids, none of 

which has a data base comparable to that available to design~rs of steam power 

systems. 
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4. 1 Program Descriptions 

The Convers i on Techno logy programs are 1; sted be low wi th a. bri ef 
, I 

descri ption of each program. \ Background materi.al is ,provi ded for some 
of the newer programs in the ~ppendices. Detailed p~ogram descriptions 

\ ' 
will be contained in management plans for each of the following program 
elements. The management plans will be maintained as appendixes to this 
plan when they are. completed., 

4.1.1 Technical Data Base Programs 

These programs are intended to accelerate the development and 
dissemination of information' regarding geothe~al conversion 
systems. The primary thrust is to provide conversion system 
performance and cost estimates, working fluid property and .heat 

, ' 

transfer data. Figure 9 provides a schedule of the major activities, 
mjlestones and cost of 'the program. 

I 

4.1.2 Direct Contact Heat Exchanger Pro~ram 

The purpose of this program is to provide a design alternative to· 
very high cost heat exchangers. when corrosive and/or fouling 
geothermal waters are encountered. The progra~ consists of both 
small scale tests and an integrated system test with a 500kW pilot 
plant. If necessary, a large, full scale direct contact heat 
exchanger will be tested using the 5MW pilot plant at Raft River. 
~1ajor concerns are actual direct contact heat exchanger performance, , 
environmental re~trictions on the loss of working fluid and overall 
plant performance; These concerns· will be evaluated by this program. 
Figure 10 provides a sch'edule of the major activities, milestones 
and cost estimates of this program. 
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'4.1.3 Small Plant Programs 

The purpose of this program is to provide small economical power 
, i 

plants. Such' plaht~, maY be essential 'to the ti~ely and full develop-
i . . I I • j 

ment of the geothermal ,resource (See Appe'ndix Co for further dis-
cussion)'. Two approach'es 'are included: A well' head ~nit incorporating 

I I, I 1 

anadvanc~d power cycle, and down hole heat exchanger and a Satellite , , , 

System consisting of a ~entralized c~ntrol and ~aintenance area 
• I \ • ! 

with small satelJite process areas distributed ~long the resource. 
, , : I , 

This type plant des.ign may be required in linea'r faulted systems 
! \ , i ' 

where the well f1eld may extend 6ve~ a considerable di~tance . 
• f' 

, 1 

The wellhead system is currently' in design and a demonstration is ' 
, I 

planned within a'few ye~rs. The,satellite plarit is ,a new project, 
, I ", 

whi ch will attempt to provide a modul ar-standar.i zed approach by 
utilizing the flexibility provided by the dual boiling cycle and 

I \ , ! , 

use of mixtures ~s the working fluid to cover a large temperature 
and power range.' This program involves design PROAls and an 

1 ' 

system f9r a demb plant, or a pilot system at Raft ,River depending . 
on design results. Figure 11 provides a schedule of the major 

, 1 ' 

activities, mile~tones and cost of the small plants program. 

, \ , 

4.1.4 Minimum Ground Water ,Use/Heat Rejection Programs 

A large portion 9f the geothermal resources that can b~ used for 
electrical power production are located in regi~ns where a shortage 

I \" j 

of ground water ~ither ~imits the amount available for use as cooling 
\~ater or substantially 'increases' the plant cost ·through purchase of ' 

, \ ' 

water rights. The pur~ose of this program is to develop methods 
, I 

to reduce or eliminate 'dependenc~ on ground water for cooling. 
\ , , 

Approaches are t'o utilize geothennal.water and/or hybrid cooling 
" . , 

systems. Chemi cal treatment of ,thegeotherma 1 'wa ~er, the use of 
\ , 

fluidized bed cooling ~owers, the use of hybrid towers and cycle 
desi gn that produces a ,hi gh quality condensate' are approaches 

, ' , 
included in this' progr~m. Because of the concentrating of the , 
~hemicals in the geothermal water when used for cooling, material 

• • \ I 

selection for corrosl0~ resistance is an important part of the 
, 
program. 
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DalE: MAJOR EVENT SCHEDULE 
Re •. 

Task I CY·BO I CY·8\ I CY·82 I CY·83 I CY·84 I CY-85 I CY·B6 1 CY·B7 

FY·BO FY·81 FY·82 FY·B3 FY·84 FY·BS FY-86 FY-87· 

'Small Pl'ant Programs .. .. - ..- - - .. .. .. .. .. .. - - .. .. .. .. .. .. - .. .. .. .. 
Complete , Complete Down- Complete prel. Complet Operation 

Well hole pump test test Program Pro ralll 

Sperry Gravj ty Head 
-bs. is -' -- ~ - - -' -' - -- - Power Plant - .. .. .. .. .. - - - .. - - - - - - .. .. - - .. - -

I~ 

Start Sh ked own - - - - .. .. 

on Plan • . 
Complete technic 1 

, .. - - - .. feas' bility'.Studyof tandard-- Comp ete Conceptual - .. .. .. 1- - -
izat' on & modular1zat on of desi n and Cost Est. 
plal t - .. - -

Satel1 ite Power -

6 
- .. .. -

Plant 0 ~ 
: Upda e for • 1 Dire t Contact 

k:""oPt iona 1 Routes 
Input from 
60kH tes ts .. - .. " - - .. .. .. .. .. .. - - - - - - - - - - - - - - - - - - - .. .. - - - - .. - .. - - .. - .. .. .. -

Issue PON or Complete Design Complete 
a. Issue PON for A-E Cc ntract Construction 

Demonstration 
L~ --

Select Design 
b. Modi fy Raft Rive 

Pilot Plant or Complete Desigl Complete Modifi ation 
Share Faci 1 i ty of Raft River 

.. - - Operations 
~ 

'-. 

Tolal Federal . 
Budg~t Authorily " 
(thousands 01 dollars) 

, 
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Hi gh performance condensers wi 11 be studi ed and' tested as means 
, " 

of improving heat rejection costs. Figure 12 provides a schedule 

of the major activities~'milestones 
, I, 

I I , , 

, , , 
and cost of, this program. ' 

i ! 

, , 
, \' 

4.1.5 Improved Performance and Cost Programs 
I, 

, I 

The economics of geothermal power production and hence resource 
I I ' i > 

utilization is signifi~antly influenced by con~ersion system, 
I \ I, ! , 

,# 

performance, Studies and experiments in this portion of the. program are: 
,designed to find ,means lof increasing performance .. Methods presently 

I ,,' 

identified use s~aging" working fluid mixtures or high performance 
equip'ment to minimize thermodyna~;c losses. Pe'rformance increases 

'. \ ' 
an~ the economic:tradeoff,involved with staging concepts are 
i,nvestigated by use of the GEOTHM computer code', The use of mixtures 
as a working fluid requ~res experimental verification of the benefits 

, ' 

proj ected ana 1 yti ca 11y.' The lowering of conden'ser temperatu re 
. i 1 

(and/or reduction in heat exchanger size of cooling losses) by , ' 

use of a high performance condenser also requires tests. All, 

means of increasing pertonnance require testing' with direct 
contact heat exchangers' as well as with shell and tube exchangers 

\ , 

since direct contact sy~tems may impose unique constraints. 
Investigation of ' new concepts which promise to improve either 
performance or plant cos.t are included in this program. Figure 13 

provides a schedule of the major activities, milestones and cost 
'of thi s: program. ' 

4.2 Major Technical Milestories 
I, 

, 

The need for the binary cycle Iwas demonstrated in secfion 2 and the 
, I, 

potential further increase in Ith'e resou'rce base by use of advanced , 

binary cycles was shown in section 3. It was further 'pointed out in , , 
section 2 that utility :acceptanc~ of the binary cycle ,must be obtained 
by the mid 1980's. The' Conversion Technology programs were then outlined 

'\ : I 

in 4.1 with the major emphasis on 'removlng barriers ,to 
, , " 

and improved performance. Th~se programs are designe~ 

26 
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mi 1 e'stones, demonstrati on of basi c binary technology by 1983 and advanced 
technology by 1986. These targets were picked to give utility p1an~ers 

, 1 ' 

necessary information to begin the planning processes· which will cause 
DOE 2000-and 2020 hydrotherma~ goals to be met.' , 

\ ' 

'I, 

, I 

The programs utilize three major facilities for testing of binary , I 

I 

concepts: The 60kW, the 500kW and the ,5MW pi] ot plants. The 5MW plant 
, , I 

uses shell and tube hea~ exchangers, the 500kW direct contact heat 
I ' 

exchangers and either may be tested with the ,60kW system. The interrelation-, 
I \ ' ' i ,I J 

ship between these thr~e pilot plants and there roles, relative program 
! • f I ,i 

goals is shown on Figure·14. The· eX!1erimental programs' lead to the two 
. \ ., I I 

major requirements establisheq' for conver'sion technology: ' A technical 
I 

demonstration of the conventional binary cycle (Milestone 5 in 1983) , 
, 1 

and technical demonstration of advanced binary concepts (Milestone 9 in 
1986). , 

Other important milestones are a technical demonstration of . , 
di ~ect cont~ct h·~at exchanger' systems and expe~;menta'l ;~a 1 u~ti on of 

, , ' 

mixtures of hydrocarbons as a' binary system working fluid. In addition 
to these facil iti es . ~esti ng: and evaluation of a fi r:st generation i 

advanced binary wellhead generator utilizing down-hole heat exchanger 
, ' 

and gravity head pumping will be completed in 1984. The technical 
\ ' 

feasibility for the satellite plant concept will be established by.i982 and 
testing of a demonstration un:it complete.d by 1985 if :this is found necessary. 
By 1985 the pi.lot plants will,'have accrued several years of performance , , 

and operation and maintenance' data. This binary plan~ experience will be 
I 

available to the utility industries in ample time for, them to include geothermal 
binary cycles in their'forwara planning for 1995 and later. 

\ ' 

, , 
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4.3 Program Interfaces 
. \ ' 

The purpose of this section is to define major interfaces that may 

exi st between the conv:ersi on : techno logy programs and: other components 
of DGE:OOE, other government agenciei or co-operative arrangements with 

I, 

pri vate industry. ' I . 

1. Di rect Contact: Heat Exchanger Program - I nj ecti on of hydrocarbon 
working fluid disol~ed in the geothermal :water and release of 

, " 

sma n amounts of, hydrocarb'on vapor from the condenser vent 
may requi~e apprdvalof state and federai environmental , , , 
protection agencies and/or agencies concerned with water 

resources.' ,The ~ltimate application of ~irect contact, 

systems depends upon satisfactorily working this interface 
to the benefit of the program.' , 

I, 

The Lawerence Berkeley Laboratory (LBl) has responsibility , 
for the direct contact programs (see section 6) and therefore 
is responsible fdr obtaining resolution 6f environmental 

, " 

problems. , LBL will interface directly with DOE environmental 
personnel and Environmental Protection Agency personnel as 

, I 

necessary., Interfacing \'lith state agenci es may be delegated 
to organization~'currently interfacing with State personnel. 

, I I 

Proposed hydrocarbon release limits will'be established based 

upon Ca} ~nalysi~ and experiments using ~he 60kW and SOOkW 
pilot plants (b}'estimates of practical limits on recovery 

, I 

and (c) background data, on hydrocarbon releases and hydro-
carbons found in'water system~ 

') 

2. Limit Ground Water Use - The portion of this program which 
(treats geothermal water for cooling tower makeup has the 

interest of OWRTiand several private companies in the water 
, I , 

treatment business. Interfacing arrange~ents between DOE 
and those parties intarested in participating in the work must 

, I, 
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be concluded. DGE will implement the 
I ' 

with OWRT based upon programs defined 
I I 

, be issued by the \ r daho Operat; ons Offi ce.' 

cooperative program 
I 

by ,I NEL. 'PON I s wi 11 

'( 
I I 

I , , • 
~. I 

Working Fluid Properties -: The National Bureau of Standards 
\ 

I ! 

I 

I \ I I 

conducts programs; to measure flu; d proper,~i es and has performed 
I ' I 

some tests, for DGE.' It is. anticipated that further wor~ will 
I \ , I ,I 

be perform~d by ~SBS for DGE. The partiGipatiory of NBS will 
I 

be ,defined, by the program perpared by LBl.;. Funding arrange-' 
, I 

men ts wi 11' be be~ween DGE and NBS. 
i. 

I I 

4.4 Program Cost Summary I, 

I, 

(T? be supplied when programs have been approved and 'program costs 
estimated) 

;: 

',' 

5.0 Field System Technology 

(To be supplied by LASL) 
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