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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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1.0 Introduction

Dwindling oil,supplies, dependence on foreign oil and steadily rising
‘ .energy'prices have encouraged a more intensive review of alternative energy
v resources, Geothermal energy reserves are abundant in the western U.S. and .
,may be able ‘to supplement this country's energy.supply. Consequently, plan-
ning efforts have been_directedvtoward estimating»the potential of geother-
mal'energy utiliaationvin Arizona, and forjproviding information necessary
for its prospective commercialization.
bThe Department of Energy (DOE) through its San Francisco Operations

vOffice has delegated responsibilities for the industrialization of geother-

mal energy in Arizona to the Arizona Solar Energy Commission (ASEC) via a

»

cooperative agreement. The ASEC assumed authority for monitoring the pro-

_gress.of‘the,project through its'director‘James Warnock and its associate

director Dr.»Frank*Mancini The ASEC in turn subcontracted the commerc1a11-
—_—

zatlon and planning activities to the University of Arizona.v
L,._—-

_TheAArizona Geothermal Commercialization Team_consists ofkthree.key |
personnel, one supportiperson,:and additional temporary perSOnnel.. Key per-
sOnnel are' (1) Frank Manclni Ph D., Project Administration° (2) Don H.
White,vPh D., Team Leader; and (3) Larry Goldstone, Project Manager. ‘The
‘ support person is Lani Malysa,rGroup Leader.‘-Their tasks are.listed in-
the organization chart of the Arizona Geothermal Commercialization Team
(Figure 1—1) B o

Efforts during thelfirst years of the‘Ceothermal Team were character—
ized as planning. Planning activities included the identification and de-

lineation of geothermal prospects, the comparison of conventional energy

use patterns w1th'geothermal sources, ,he preparation of area development



‘plans and the_cbmpilatibn-of detailed economic and.gnérgy déta for each
area. |

During‘1980 and continuing on’through 1981, the Geothermal Team
changed theif emphasis from planning to commercialization. During 1981
theﬁainemphasis for this project is to produce plans and provide informa-
tion for geothefﬁal energy commércialization. The technical approach for
achieﬁing this gqal is to characferize geotherma1 résources and possible
‘usérs. A pfogfém éf direct interaction with business and community lead-
ers has beéh'undérfaken. Sévéfal éﬁproachés have.been taken, iﬁcludingv
_the publicatioﬁ_of a ﬁon#hly pewslétter; to”increase awareness of geother-

mal resources. and uses and to open channels for further communication,
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2,0 Tasks and Objectives

‘The overall objectives of the Arizona Geothefmal‘Cqmmeréialization
Teaﬁ_have been‘to_pfoduce geothermal-development plans ;o be used by the
vbrivéte@sector‘and fp,provide a'source of information fdr interested
parties in the sfate; ’These‘pbjecfives have been mét through a bélanced
planning, commercialiiation,’and.outreéch brogram. Each task has played
a significént rple in providing assiétance to potentiai geothermal develop-
ers. Eiamples of tasks perfofmed in the past include the following:

1) The forﬁulatioﬁ of Area Develﬁpment Plans involved the compilation

and analysis of detailed energy and economic data for seven areas in the
state. The result of these studies are a determination of potential mar-
ket penetration of geothermal emergy in each}of:the areas investigated.
Also,_potentiai dgvelopers were.identifiedvftom the residential, commercial,
industrial and agricultﬁral sectors.

2) The evaluétion of geothermal appiicatiqns (formerly referred to as

Site Specific Develépment Anélyses) invdlved:preliminary engineering and
eqonomic qnalyses for‘selected applications forvgeqthermal energyvin
Arizopa. Particuiar emphaéis was.piaéedﬂqn'épace»qpoliﬁg and‘heating, geo-
thérmai power'plants,,direct,therma1 u§e7for food andvindustrial proéess-
ing, geothermal énetgy utii;zati6n_iﬁ;catt1e<feedlpts, and Satellige urﬁan‘
.deVéloﬁmenf.b‘*

3) fThe evalﬁatibn:of‘gébphermai'#es§u;é§$ provided infd?ﬁétioﬁ of Arizona
.gggtﬁer@alArggource 1o§a£ion§’énd’gharacterisﬁiés. |
,4)..ip céftaip inétanées?‘moré coﬁb;ete engihéering and eéopqmié'analyseé
Weré pérforméd_énd»teéhhiéai éssiéténée ﬁrovidéd. Ihé moSt»imbortant'in-

‘stances were on'geothefmal energy utilization for gasohol production and



geothermal emergy for space heating/cooling for John F. Long; a Phoenix
developer. | |

5) Growth pattern impacts were studied to provide a better understanding
" of the role of'geothermal energy in a fast-growing state such as Arizona.
6) An outreach program for the purpose of providing information has been
conducted over the past two years. ‘

Tasks for'l981 consist ofisix specific contractual tasks plus the
completion of three tasks that'were started during CY 1980.. In addition
to these tasks;'the Ariaona Geothermal Commercialization Team plans to
make modifications in order torhroadenvthefscope of work for CY 198l.

Due to'some positiverresultsvand findings during CY 1986, four additional
tasks are being added foerY 1981. -The'six main'contractual tasks for
Al981’are as follows: | |

Task 1. Integrated Alcohol/Feedlot /Geothermal Operation

" The Contractor shall evaluate the integration of alcohol produc—

tion by fermentation with‘a cattle feedlot utilizing geothermal energy

’as much as it is.practical Specific locations w111 be considered where
agricultural crops and cattle feedlots overlap high potential geothermal
‘_energy resources, especially (a) in the Safford/Willcox area and (b) in
-the Casa Grande/Chandler area, to the south of Phoenix.' The drilllng of

-at least one exploratory geothermal well in these areas w111 be encouraged

Task 2. Geothermal Energy in Mining Industry v:

| | The Contractor shall work with a subcontractor knowledgeable of
and serv1ng the m1ning industry of Arizona, to utillze low= and medium—
’temperature geothermal energy in such applications as copper dump leaching,

solvent extraction plants of bulk leaching, flotation plants and in-gitu



mining of copper, uranium and other metals. .Special attention will be
paid to thev01ifton/Morenci’area and to_interactions with Phelps Dodge
of that area, where extensive copper,operations.and‘potential geothermal
resources overlap. 'The‘drilling of at least'one exploratory well in this
area will be encouraged and‘assisted from_resource'andIuse‘standpoints.

Task 3. Geothermal Space Cooling/Heating

'The Contractor shall continue the evaluation of using geothermal
energy_for absorption cooling and heat pumps in order to back out elec-
tricity during the heavy summer peak load of May-September, and will at-~
tempt to interest certain major corporations and/or Subdiv1sion developers
to participate in one or more exploratory wells in both the Phoenix and
Tucson areas.

Task 4. Identification of Suitable Industry for a Remote Geothermal Resource

The Contractor shall evaluate and make prellminary technical and
economic studies of the feasibility of attracting a new industry to the
remote San Bernardino Valley of Southeast Arizona, which is believed to
have ‘one of the best geothermal resources in the state,.

Task 5. Food Processing/Irrigation Pumping/Biosalinity Agriculture/Geothermal

_ The,Contractor shall study the fea51bility of utilizing.geothermal
energy in agricultural areas, especially the Yuma and Hyder Valley areas,
‘ where some of the higher food and food processing crops fruits and vege-
»tables could be expanded _ Certain practlces of the Imperial and San Joaquin
:Valleys of California w111 be considered for adaption to Arizona soils and
:climate to mutually assist in the development of these two agricultural

areas wh1ch appear to have geothermal resources.



Task 6. Coal-Fired Geothermal—-Assisted Power Plant

The Contractor shall assist Arizona Public Service and other
utility companies of Arizona in making»engineering and economic studies
on the possiblevbenefits.of UtiliZing geothermal energy (a) to reduce
the'quantity Of coal that must be slurried and pumped to the plant site

and (b) to reduce the total water'requirements of the power plant,

During 1980 a‘supplemental proposal with three tasks was funded by
DOE. Work on the three tasks was started immediately and some of the
findings included in 1980 reports} :These three tasks will be completed

during 1981 and include the following:”

Task'l. District Cobling/Heating of:a Satellite Community

The,Contractor shall inyestigate.the"feaSibility of a district
absorptionvcooling and space heating'system in a satellitelcommunity~or
new growth‘area mith geothermal;potential., Cooling and heating loads and
equipment necessary ‘to meet these needs will be defined. lmportant com-
munity_factorsgwill also be defined;é A‘costZStudy,_possibly with. the
assistance of New Mekico Energy’InStitute'(NMEI), will be done., The re-
sulting product will be an informational packet detaillng cost-effective-
bness, feasibility, energy saved ‘and‘financial incentives.

Task 2. Space Cooling/Heating,of a Large Industrial or Commercial Facility,

The Contractor shall interact with Owners . of large industrial and

l. commercial facilities in Phoenix and Tucson in order to define a system

Ny using geothermal energy to meet their cooling and heating loads._ 0f par-
ticular interest are large facilities in the electronics, computer, and

solid state industry. A cost study, possibly with the 8331stance of NMEI,



will be dome. - The fesulting'product wlll be .an informational packet de-

tailing cost—effectiveneSS; feasibility, and energy saved.

Task 3. Alcohol Production for Gasohol

The Contractor shall lnteract with persons interested in the pro-
duction of alcohol tovprovide‘technical assistance in evaluating the use
of geothermal energy as a major energy soutce in the distillation process.
Energy,balance and cost studies shall be nerformed for a specific site in
Arizona. The final product shall be a package of information on the legal,
‘institutional financial and engineering aspects of gasohol production
using geothermal energy.
| As previouslyjmentioned,,the'Arizona>Geotherma1 Team plans to modify
their scooe of'work;fot l981(by adding an additional four tasks., These
tasks are seenias a natural' ongoing progtession_of work performed during
1980 but more specific in nature, - The-four_additional tasks are detailed
in Figure-2-1 and lnclude‘the_following;‘,(l) Legislative and lnstitutional
Progtam; (2) cCities Program; (3)1Geothermal~Anplicatlons Utilization Tech-
vnology Program;:and.(4):anloutreach'Program,__

2.l- ,Legislativefand InstitutionalfProgram'

During the past two years, the Arizona Geothermal Commercialization
Team has- completed an in-depth study of state and local rules and regula*«
f'tions telatlng to geothermal developmentmin;Arizona. It is clearly evident
that,some of tnese rules and tegulations on‘the stateslevel,willfactvto,
d» deter geothermal;develobment..:Enamples ofathese-include how the royalty
fate is-calculated'for-leased state land unitization,vlack of ‘tax incen-

';tives for geothermal development, lack of municipality bonding authority,v

lack of state funding and most important, the conflict between groundwater
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laws'and'geothermal development laws,

Inasmuch'as the éeothermal Commercialization Team will not exist
next year, it is imperative that the Arizona State begislature be made
aware:of these barriers in'legislation. Therefore,'work for CY 1981 will
conSist of participating with the’newly‘established ad hoc Senate Sub-
committeekon Geothermal Energy. The Arizona Geothermal Team in conjunc-
tion with the National Conference of State LegiSlatures will suggest
legislative Changes and possible types of funding programs (similar to
other western'states) to help pave the way for'geothermal‘deve10pment.in
‘Arizona, | |

2.2 Cities Program

During 1980,rthe<Arizona Geothermal'ieamisupported’Dr. Mike
.Basqualetti_of Arizona State‘Uniyersity and his'work in collecting data
on how geothermal energy might be utilized in certain areas of Arizona.
According to Dr, Pasqualetti it would be counterproductive and unneces-
sary to allow land use to add to the burden faced by developers of geo-
thermal energy.“ The aimvshould be at removing as many landvuse barriers
as possible. VEarly land:uSe planning can be a relatively ineXpensive g
'step,_especially when compared to the benefits. As his methodology, Dr.
'Pasqualetti used Scottsdale as a model city type in order to determine
,the land use factors involved in geothermal development. '

: During 1981 the Arizona Geothermal Team will continue to support
.‘br. Pasqualetti s work on land use planning.' In addition, the.GeothermaI,
~Team will work to organize 1oca1 geothermal expertise in other towns such

as Safford Chandler, Willcox, Clifton, Papago Farms and others by pro—

viding cost data (in conjunction with NMEI), preliminary feasibility

10



studies, assistance in writing proposals, and planning assistance.

| 2.3 Geothermal Applications Utilization Technology

During 1980 a study on Arizona' s industries and the potential of
incorporating geothermal energy was undertaken. This was the beginning
of our understanding of industry in Arizona.

During 1981, further research will be done on- the cottonseed oil,
ready-mix concrete, soft drink and animal feeds industries in order to
better understand how geothermal energy can be utilized for their indus-
trial processes. Technical assistance services such as institutional

and regulatory, resource, engineering, and economic’ expertise will be

vprovided in order to help industry realize their geothermal potential

and help them in utilizing the resource.:
In addition, the geothermal team will take known technologies such
as greenhousing,naquaculture, alcohol production‘and space heating and

assist persons in better_understanding;how geothermaldenergy could be

- utilized. For thosegtechnologies that .are not yet fully understood

(mining applications, space cooling,'geothermal power plants, food pro-

’cessing, etc.), additional planning and research on how to integrate geo~

thermal will be done.,n_‘."

: 2 4 Outreach

During 1980 _the Geothermal Team began publishing a. monthly newslet-

“ter on relevant geothermal topics. With a mailing list nOW'over,SQO per-

sons, it has proved to be a most effective means of outreach.,.

During 1981, the Arizona Geothermal Team will continue to publish

the monthly;newsletter»The Geothermal Resource. _In‘addition,;the Team

11




will continue dthef-effective~outfeach activitieé including information

dissemination and‘éﬁhibiting the geothermal'display at energy fairs,

12



3.0 Work Completed--
. The following work was completed under each task during the second

quarter of 1981.". |

3.1 Hiring
| During the second quarter, three new student personnel were hired for
the Geothermal Team.' They include a chemical engineering student, a me~
chanicalvengineering student; and a.journalismvstudent; The engineering
students will continue work on the specific geothermal applications while
the journalism.student willzedit.the monthly newsletter and all technical
and informational_reports, |

3.2_.Institutiona1 and Legislative Program

The Arizona Geothermal Commercialization Team presented a paper for
the National Energy Plan III held in San Francisco on April 13, 1981. The
paper addressed barriers to further geothermal development and contained
policy alternatives‘for:the federal_government., Tax incentives for space
cooling with geothermal energyvnere stressed;gll

During the second quarter, the Arizona Geothermal Team also completed
an addendum to the currently published Arizona Geothermal Institutional
_Handbook.- The -purpose of the -Institutional Handbook, published in ‘May 1980,
is to assist interested persons in understanding the various institutional
:_procedures and requirements necessary for the development of geothermal en~
| ergy in. Arizona. It details the key federal, state, and 1oca1 agencies, and

1ru1es regulations, and permits applicable to geothermal development.’ The
iaddendum to the handbook details all the regulatory changes that have oc-
’.curred since the handbook was published.'
”‘ A review of- the federalgand state geothermal energy tax incentives ‘was

completed during the second quarter._ Hypothetical economic feasibility

- 13v



' problems are currently being worked on in order to- see if these tax incen—_

:tives make geothermal exploration an attractive investment. The tax in-'

centives for geothermal exploration and development include the following'

Benefits for geothermal development begin with the exploration phase.

,Unlike oil. and gas development, all expenses incurred during geothermal ex—

-_ploration and drilling may be deducted.

Development costs may be deducted during the first year of the project.

’Allowable deductions include all intangible costs for drilling, such as

1abor, supplies, fuel, and repairs.

In addition, geothermal deposits qualify for a percentage depletion al—

‘-,lowance, as much as 27 5 percent at the state level and 20 percent at the

: federal level. However, the allowable federal percentage decreases by two

percent a year through 1983, and thereafter becomes 15 percent.

: Beyond such favorable treatment for geothermal exploration and drill—

ﬁing, investment tax credits and business energy credits may be claimed for

rinvestment property that has a. useful life longer than three years.

A 10 percent investment tax credit applies to all capitalized items

associated with a; geothermal operation, and a business energy credit of

fb15 percent is available through 1985 for all equipment used in the produc-

‘ tion, distribution, and use of a geothermal resource.;g'p.

o There are several qualifications for obtaining business energy credits','

';'(1) geothermal fluid temperatures mnst be at least 50 c (122 F), (2) equip- -
'ment used in exploration and development cannot be claimed' and (3) equip—
ftment that uses both geothermal energy and energy derived from other sources '

,do not apply, such as certain heating and cooling equipment.vﬂlsj:_

Lastly, limits also apply when taking both credits. And if credits ex-

TR



ceed‘the.limit for one year they can be carried back three years or forward
up'to‘seven years;*

Alsovcompleted during-thejsecond quarter was a 1and and'permit acqui—
vsitionrsurveytlATheAmethodology of the;survey was to,cOntact private"sector
businesses thatfhave.expressed interestbin-leasing land in Arizona or ob-
taining permits to drill geothermal wells. ,The Geothermal Team was inter-—

‘ ested in finding out why Arizona lags behind other western states in leasing
- of state 1and and drilling for geothermal development and whether there were
any administrative or bureaucratic problems involved in obtaining the leases
-and drilling permits. Those businesses surveyed included Duval, Tenneco,
Anshutz, Phillips, Geothermal Kinetics Systems Union 011, Southland Royalty,
- and Chevron.' The results were that there generally did not seem to be any
administrative orebureaucratic hold—ups to the 1easing and well permitting
.stages. Instead these particular businesses simply did not feel that the
rgeothermal resources in Arizona ‘were as attractive as other western states.
It;was suggested to_the\Arizona‘Geothermal.Team_that they_continue to de—
'velop:information torinduce industryito.look_at‘geothermalvreSources on
ilvstate'land and‘that‘geothermal¥outreach govbeyondithe:boundaries of Arizona,
_ The Arizona Geothermal Commercialization Team's efforts to work with
the Arizona State Legislature on new geothermal 1egislation have been stag-
vnant this quarter._ The 1981 1egislative session adjourned in April without
taking any action on. newly proposed legislation.i In addition, Sherri - |

' Valentine has resigned her position with the National Conference of State

o Legislatures (NCSL). She was in the process of drawing up geothermal legis~

1ative options for the Legislature. Jerry'Sherk has taken over‘her position
and is‘currentlyvfamiliarizing,himSelf,with the specifics“of Arizona geo-

15



thermal law. Efforts will be made to meet further with the Senate Sub—
committee on Geothermal Energy during the legislative interim.

Lastly, the Arizona Geothermal Commercialization Team received the
Arizona Department of Health Services draft regulations on the new Under-

ground Injection Control Program. The draft regulations will be studied

and comments will be made to the Department.

3.3 Maryvale Terrace-

'Duringithe second quarter of 1981, work‘was completed and reviewed on
a report detailing a district heating/cooling system for a new growth area

with geothermal potential. The John F. Long Realty _Company of Phoenix,

' Arizona,»supplied information regarding Maryvale Terrace, a development in

west Phoenix which began construction in the fall of . 1980. ~In.the report,
cooling and heating loads and equipment necessary to meet the demands were

defined.l Also defined were important community factors involved in such

a system.

Results of the Maryvale Terrace study 1ooked pessimistic because of
the following' ) 1
1, rlow energy use density made distribution costly,
'.?.‘ too many production wells ‘were required' }
fv 3.; too many reinjection wells were. required' and
:s.ftthe depth to resource made drilling costs prohibitively expensive.

It must be noted however, that the system was not optimized. If the sys—

'tem in the study had been optimized the results may haVe been more opti—

rmistic.' An economic analysis will be done on the Maryvale Terrace during

the third quarter. o

16



’3 4 Mining Applications'

Work continued during the second quarter on the mining applications,

The Geothermal Team is- developing some new concepts to integrate geothermal

» energy in the copper dump leaching process, the in—situ mining process, and

the flotation process of copper recovery. ‘The results of the mining appli—

_cations study willibe reported. in theithird quarterly report.

3.5 _District'Heating/Cooling o

" Clifton

A meeting~between the-Arizona'Geothernal Team and the Clifton City

: Manager was held during the second quarter of 1981, 'The meeting, to discuss

'geothermal district heating of Clifton, was held because every indication

is, that the city is colocated with a good geothermal resource (an existing
well in downtown Clifton has been confirmed at 50 C (122 F) at a depth of
25 m (80 ££)). |

In preparation.for the neeting, a study of’the’environmental regula-
tions and permits relevant to such a project and a study of the 1and owner-

ship of Clifton and surrounding areas was completed. Results of the land

'ownership study indicated that there is primarily private land owned by
f,Phelps Dodge Corporation surrounding Clifton, but a large portion of it

.has federally‘held mineralorights. There are also portions of state 1and
,»and federal land surrounding Clifton. The environmental study for a dis—
Vtrict heating system in Clifton detailed the major federal regulations in-

rvolved those being the Prevention of Significant Deterioration Program
and the Underground Injection Control Program. Arizona environmental regue.

-lations regarding reinjection, well drilling, noise abatemeut, water quality,

disposal of brines, solid wastes and hazardous wastes were also detailed.
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fhereﬁappearedvto be no additional environmental'regulations at the Greenlee
' County level; o |

During thevmeeting, it was found thatuclifton:has some major problems
and other'priorities that would act to impede‘the'deVelopment of a district
heating systemfrfThese‘includebthe following:' | |

1. confusion over whO'owns what land and,mineral rights;

2. coneerns_of'tooimany EPA regulations,and.requirements;

3."concerns of too much federal intervention;v

4. new road being built by Phelps Dodgebthat would cut off one half

ofythe city;; v | 7 |

3. no city money;a

6. no bonding authority, ;

'7;._existing natural gas service from ‘an investor—owned utility, and

.8. 1ocation in a floodfzone. _Clifton_has experienced seven floods_in

_ the past ten years. = |
Efforts will be made to keep in touch with Clifton in case. any of the above
'situations change,,thus«mahingﬁfor,a_more_positive environment_for geothermal
development. . E | o |

3 6 Irrigation Pumping

Since 1972 the Sperry Research Center has been actively engaged in the
development of a down—hole pumping system for 1iquid-dominated geothermal
:resources. During the second quarter, work began on studying and summarizing
7_tthe Sperry information in order to determine the applicability of a modiffed
down—hole pumping system for irrigation pumping An Arizona. The design for
the Sperry pump relies on bottom hole temperatures of at 1east 121 C (250 F).
f_In the,study,_the GeothermallTeam is trying to-determine what would happen
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to the efficiency of thelpumprif lower temperatures were used,. To date,
work ‘has involved‘further'meetings with Sperrvvin-order to obtain additional
‘_information’necessary to complete.the‘studv;' Results will be reported at
the end of the third quarter.’A TR

3.7 Distriet Heating - Safford Downtown District

With the assistance of the New,Mexico;Energy Institute (NMEI), a pre-
liminary feasibility»study was performed for a downtown commercial heating
district for Safford, Arizona. The intentionrof the study was to approxi—
mate capital and'operating costs for'the construction and operation of
such a system. It should be noted that the following summary represents a
rough design using estimates for annual energy use,

The Safford downtown commercial district consists .of . approximately
' 167 commercial buildings in an area. one—half mile 1ong by one-quarter mile
wide., The estimated natural gas demand for heating and hot ‘water for the
buildings is 62 425 X 106 Btu/yr.! By correcting for-efficiency.losses in

9 Btu/

natural gas use, the actual heatingandhot water demand is 43 7.x 10°
B2 T Peak demand for all the buildings, based on the relationship of aver-
'age annual demand divided by average peak demand is 38.5 x 106 Btu/hr.
'The average user. peak demand is 230 550 Btu/hr. In meeting the heating
iand hot water demand with a 30 F temperature drop, 2 565 gallons per ‘minute
(gpm) of 60 C (140 F) geothermal water is required._i:

‘ In order to meet the heating and hot water demand, three production S
wells will be needed each flowing at 1 000 gpm. Each well will be drilled
| to approximately 3 500 feet and is to be sited in the downtown area. In
addition to three production wells, one injection well would be drilled to

a depth of 2 000 feet.l“
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In‘addition to prodnction and injection‘wells, ?.5 miles of distribu-
tion pipevand «25 miles'of transmission pipe will be needed. Also, the
design incorporates tnree well pnmps, heat eichanger, controls, circulation
pump and retrofit'and‘hookup:equipment..vTable'3-1 presents a cost summary

of equipment'reqnired for the system,

| Table 3-1: COST SUMMARY - SAFFORD HEATING DISTRICT

Wells g $1,17o;coo
-Heat Exchangeri | "120,b00
Piping 694,000

a‘ﬁélllPﬁmpsf.i”' | 169?000'

‘: Controls:g',‘i ‘ .3;__20,000

Circulation Pump 1,109,715

- $3,286,000

In addition to capital costs necessary to install the system, operating

costs ‘were also estimated for maintenance and electricity consumption. Op-

erating costs for electricity to power the system were estimated to be
~$83 960 per year based on 6 Sc per kilowatt hour of electricity. Also,
'maintenance costs were estimated to be $32 860 per year or one percent of -

" capital costs, . Table 3-2 summarizes operating and maintenance ‘costs,
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Table 3-2: OPERATING AND MAINTENANCE COSTS ~ SAFFORD HEATING DISTRICT

-Well pumps (1360 bp) 1015 kw

.Circulating pnnp_(165 hp)*,,‘,’?- 123 kw
Total S _,-.»; o 1138 kv
Hours of operation (per year) | 1135

;..Annual electric cost ($.065/kwh) 1$83,955
-'Maintenance~costs'(periyear)'a $32,86Q

Conventional fuel cost (1979)  $249,600

The.follOWing assﬁmptions werehnsed inﬁorder to analyze the economics

years, the cost of money was two percent above inflation, electricity prices

of a district heating system. It»was assumed~that the'project life was 20

'would increase at three percent per year above inflation, and natural gas

prices would increase at . five percent per year above inflation. Table 3-3

presents a.summary of economic;results using the net present value invest-

ment technique., .=~

_ Table 3-3: 'ECONOMIC ANALYSIS -SAFFORD DISTRICT HEATING PROJECT

. o . - " Nominal v”Present'Value
| capital Cost . $3,286,000 ‘. $3,286,000
lAnnual Operating Cost (20 years) v‘uf'g;i, 83,960 .. 1,845,192
jﬁAnnual Maintenance Cost (20 years) o : , »-32,560 o [548;054
o mota T 85,679,246
‘fiAnnual Conventional Fuel Cost (20 years) {':249;660ff; 6,666,859
| Net Present Value . s 987,613
'Percentage of Savings 1572
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Although the district heating systemleconomic analysis shows a positive’
‘'savings over 20 years, the commercial-energy users will still pay'85-percent
of the conventional fueljcost. It is concluded that‘a 15 percent savings
over 20 years'WOuld,not justify.the'capital'expense required for this pro-
ject. -

3.8 Geothermal Greenhouse heating/Biosalinity'Agriculture -

Environmental Research Laboratory, University of Arizona

Proposed work under ‘this task will involve the cooperation of the
Arizona Geothermal Commercialization Team, the Arizona Resource Assessment
" Team, the Office;of Arid;Land»Studies,'and;the EnvironmentalfResearch Labora-
tory, all-affiliatedjwith,the ﬁniversity of Arizona, The overall task en~
\compases three distinct phases, with the final goal being a cascaded utiliza-
tion of IOWhtemperature geothermal energy for greenhouse heating and a source
of saline water for growing salt-water cr0ps and algae. |
The first phase of the proj ect involves the utilization of geothermal
| waters as a medium for growing halophytes and algae._ The Office of Arid
Land Studies and the Environmental Research Laboratory have been experiment—
ing with alternative forms of agriculture and are now recognized 1eaders in
the field.v Because water is scarce in Arizona, new. crops will be needed to
replace current water-intensive agriculture within the state. Experimenta—
'tion with growing crops and algae in salt water has proved to be one pos-‘
sible future solution to the irrigation and groundwater situation in Arizona.
- ‘With the assistance of a $5 000. grant from the Arizona Solar Energy Commis-
sion, work has been initiated to determine if geothermal waters in Arizona
would be suitable for irrigation of new strains of crops.‘ In addition, del-~
eterious minerals present in the geothermal waters collected from around
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the state and resource areas Suitable for irrigation will be identified.v
=The final results will demonstrate whether geothermal waters represent a
new groundwater—source'forrirrigation.

The second phase of the project involves the design and analysis of
using 1ow~temperature geothermal waters for space heating for seven acres
~of greenhouseaat_the‘University of Arizona. During the past five years,
fuel costs for‘heating.the‘greenhouses.have averaged~about $120,000 per
years In‘addition,'wells drilled‘within five miles of the greenhouse site
have recordeditemperatures of'SOOC (1229F) or better at 762 m (2500 ft).
The Commercialization Team will evaluate the feasibility of this low-
"temperature application.‘ |

v The third phase of the project involves a resource assessment of the
area by the Resource Assessment Team. The Tucson Basin is a planned study
‘areapfor.CY l981. Special attention will be paid to the greenhouse site
‘ and Suggestionsiwill be;made:forvadditional resource:assessment based on
the local geology. - | ”
| g Byjyearfend'aipackageiContaining_information_onflocal geothermal re-
source'characteristics, engineering and:economic feasibility and'suitability
of using spent geothermal water for experimental agriculture will be com-—
l"bined ; The package will then be presented to the University of Arizona

‘for funding.' It.is anticipated that the-final product*will demonstrate

“: economic feasibility, will reduce disp0sal costs, and will turn otherwise

: wasted geothermal water . into a productive asset. Additional details and
' background as well as progress reports will be presented at the end of the

: thirdjquarter.
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3.9 New MExico Energy Institute Results '

Contract work with New Mexico Energy Institute has been completed

and analyzed.,~Cost-runs for all Arizona cities colocated-with geothermal
resources were received and reported on in the first quarterly report of
1981. Results indicate that113cities, including four communities near
vPhoenixy(Goodyear; Chandler, Mesa, Avondale), appear to have economically
useable reSources:suitablehfor:immediate‘development.

| In addition to these general results,’six potential resource areas
were chosen for further study and analysis. The areas include Goodyear/
'Avondale, Litchfield Park Alpine, Springerville and Clifton. Each of these
;areas is believed to contain low—temperature resources useful for space |
‘heating but not cooling. ln>several:instances, existing wells in‘the areas
are currently availablg-fprvuseé 'The.following summarizesvthe results for
; each area.

Goodyear/Avondale ;:
A Goodyear and Avondale are two communities located 16 miles west of
. Phoenix.v The twolcities, located beside»each other,_have combined popula-
tions‘of approximately 11 OOC people. Both'communities grew atra compound
annual rate of approximately 2 5 percent per year through the 1970s. How- :
ever, future growth projections suggest that the communities will grow at

' annual rates of 10—20 percentthrough the year 2000.. Clearly, both areas
exhibit high growth potential for the future.. '

';' New growth in Goodyear and Avondale over the next twenty\years will .
present ‘many situations for geothermal development. Geothermal development
:'will be ‘most economic for new growth situations rather than for retrofit

situations, In addition, the existence of low-temperature geothermal re-



sources is'quite evident in the‘area; To date; over‘3O existing wells in
the area‘exhibit;either temperatures greater than 50°C (122°F) or have cal-
~..culated temperature gradients'greater than Sboclkmb(3 7QF/100 ft)” ‘Three
of - these wells have discharge temperatures of 50° C (122 F) with flow rates
greater than 2270 lfmin (600 gpm) at depths less than 500 m (1640 ft).
‘ The analysis which follows ‘assumes that a private developer would be
able.to get the'rightsvto one of the wells currently flowing at-SO ¢ (122°p).
‘The developer would‘then‘construct a neW'commercial facility,vpossibly a
“shopping plaza»or a mall,at'the well site. The developer would useé the
‘vexisting geothermal well to: provide heat and hot water for the shopping
‘center.l Heat demand for the building was calculated based on.a new ‘building
vheating load of 33.3 Btu/hr/ft .
For purposes of this analysis, two building sizes were chosen in order
;to measure the affect'of:size on_the economics_of”such~§ PIOject.' It‘was
assumedgthat.oneﬁbuilding-would bepSS,QOO‘ftz'and;the second building would
be 280, 000 ft2. "The&»p‘eak héat demand for the“smaller facility would be
1, 830 000 Btu/hr and 9 250 000 Btu/hr for the larger. facility.: As will be-
7'{come clear, size is a critical factor in making a geothermal heating pro-
ject economic. ;”' | ‘ | |
| For the two differentsizednfacilities,‘all other assumptions necessary
,for the analysis were held constant. ‘Thos‘e necessary assumptions are sum— '
marized in Table 3—4 . L | A y' _ -
'A Using the outlined assumptions in the table (plus others), a life
rcycle cost for the geothermal energy was calculated and compared to the.price
f{of natural gas.:‘For the:smaller_facility, the price of.geothermal energy

per million'btu wasAfound to_ber$4.94, which given'an‘increasing price for
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'Table.3-4: Assumptions for‘Geothermal Heating for Commercial Buildings

Variablei,

'Resource Temperature.

Assumed Value

50°%c (122°F)

Depth | / 457 m (1500 ft)
Well Status R v existing

Flow Rate ~ = L o 2271 1/min (600 gpm)
Industrial Heat Demand = > _ 0

Bond Rate (above inflation) A | 2%
Equity Capital ‘ S R 10%
Sales Tax Rate - S | ' - 5%
State Income Tax Rate T - 15%
1Natura1 Gas Price (per MBtu) - ,'. ' L | $2 50
Real Fuel Price Increase per year to 1990 U ' 6.6%
Real" Fuel Price Increase per year beyond 1990 S 5.0% g
vProject Life I SRR : | 20iyears

'natural gas would be competitive in 1993. For the larger facility, the price
: of geothermal energy was calculated at $2 55 per million Btu, implying that it
would be comparable in price to natural gas today. Net savings over the life
of the.projects would,be $lZ,000~for the smaller facility and $262,000 for
the larger facility.' Table 3-5 presents anfitemized cost summary for the two
g facilities. ey | P | |

In addition to capital costs there are also operating costs which include
maintenance and electricity to run the pumps and fans for the system.‘ These ‘
rcosts are assumed to be 2 3 percent of the cumulative investment per year.
‘ Operating costs .are. not a separate line item. Rather they are reflected in the
final price per million Btu.r Further,_for each case considered the developer
. receives a 20 percent real rate of return for each of the first 15 years of the
eiproject and a 12 percent real return after that.( | |
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_ Table 3-5' Cost - Comparison and Summary
Geothermal Space Heating for Commercial Facilities - Goodyear/Avondale

Present.Value Capital Costs

Category o - 280,000 ££* 55,000 ££?
Design  §19,007 $ 4,306
Wellst 25,939 118,715
Coumercial Conversion 108,324 = 17,130
Heat Exchangers - 63,356 11,236

. TOTALS" T $216,626 - $51,387

=~*We11 cost includes costs for pumps and lease payments.
In this case, drilling is not" required /

. Although these data are~most'useful7inlc0mparingrthe relative savings
nfrom usingigeothermalwin two differentsizedtnﬁddings, they’also indicate that
jusingnexisting‘geothermal wells is an economiC’alternative to other conven-—
htional energy sources for providing space heating and hot water. lt is also
clear that size plays a significant role in determining the economic savings
‘,possible from utilizing geothermal energy.. With future growth anticipated
‘for the Goodyear-Avondale area of Maricopa County, the use of geothermal
energy could aid in reducing future energy costs.f_gf"é‘ 5:'f331

Litchfield Park L » o ‘ ~»-' : ’

Litchfield Park is another community located in Maricopa County, approxi—
mately 16 miles west of Phoenix and north of Goodyear and Avondale. Litch— v
vfield Park has evolved as a planned community with emphasis on development of
self—sufficient villages having their own stores, post offices, businesses andl
recreational facilities,; The 1980 population of Litchfield Park is estimated
pto he_3;500:people; Duringﬂthe decade;orbthe_l970s, Litchfield Park grew at
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an- annual compound rate of 7. 5 percent and future projections suggest the
: trend will continue to the year 2000
The previous analysis of a commercial facility in Goodyear or Avondale
would also bejapplicable-for Litchfield‘Bark. jAs mas the case in Goodyear
and Avbndale, Litchfield_Park'is also,located in.an’area where numerous warm
wells are known tovexistf One of these knownawells has a discharge tempera-
,ture greater than>SO°C (1229F)vwith a flow rate of 4390 1/min (1160 gpm) at
a depth of 600 m (1970 ft). | o
"~ As was the caselwith the Previous analysis, it is assumed that a devel-
'voper could acquire the rights to such a well.” In this case it is-further
assumed that the developer is interested in building residential housing and
in using geothermal‘energy to provide heating and hot water-for the complex.
For .this analysis two development types are considered The first‘consists
,of 500 apartments capable of housing 1500 people and the second consists of
375 houses and,125apartments capable of housing 1500 people. ln.both‘cases,
pno commercial or industrial energy users are considered 7
- The heating system was designed based on average heating values‘for homes
and apartments based on‘outside temperature._ Heat demand for the apartments’
was assumed to be 300 Btu/hr/ A ¥ and heat demand for the houses was assumed to
,.be 750 Btu/hr/A F. Litchfield Park has an average outside 1ow temperature of
2 C (36 F) Peak heating loads are calculated to be 10 800 Btu/hr for the‘
apartments and 27 000 Btu/hr for the homes, respectively. Total peak demand
- for the 500 apartments is 5 400 000 Btu/hr and total peak demand for the com-
‘bination of 75 percent homes and 25 percent apartments is 11 475 000 Btu/hr.
For the two different developments, all other necessary assumptions were
held constant. The analysis provides a comparison of the economic effect of
heating density for residential applications of geothermal energy. Table 3-6

N «
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summarizesrthe significant assumptions. .

‘Table 3-6: Assumptions for Residential Geothermal Heating

Variable f1 - v-:> ' o Assumed Value

Resource Temperature B 50°¢c (122°F)
Depth - ‘ 600 m (1970 ft)
Well.Status‘ o o . ‘ existing

Flow Rate © 4390 1/min (1160 gpm)
Industrial Heat Demand | ‘ 0
Commercial Heat Demand S ' 0

Well Distance R 1 mile
‘Bond Rate (above inflation) 2%
Equity Capital : 10%

Sales Tax Rate S . 5%
.State Income Tak Rate ,_7. AR ; ~15%
Natural Gas Price (per MBtu) o 1 ‘} o v$3t25

Real Fuel Price Increase Per Year to 1990 o 6.6%n
Real Fuel Price Increase Per Year, 1990—2000 ,,S,OZ ‘
'PrOJect Life L : ‘ : 20 years

: Using the aboveioutlinéd aSSumptions, a life cycle cost for geothermal

was calculated and compared to the current price of natural gas., For the de-

'velopment consisting of all apartments thepmice of geothermal energy -was

found to be $3. 48 . per MBtu, which, given the assumptions on natural gas price
increases, would make geothermal energy the least—cost alternative in 1984.

For the development consisting.of both,homes-and apartments, the geothermal.

1price was $4. 80 per MBtu and economic in 1989 Net fuel cost savings over’

the life of the two projects would be $1 808 000 for the apartment complex

: and $1, 115 000 for the combined development. Table 3—7 presents an itemized

cost summary‘for the two facilities.
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Table 3-7: Cost Comparison and Summary
Geothermal Space Heating for the Residential Sector - Litchfield Park

Present Value of Capital Costs

- Category ’ , | - Apartment Complex Houses and Apartments
Design ~ $150,880 - | $199,114
‘Wells* 25,939 22,125
- Transmission . - 136,516 139,968
Heat Exchangers v - 59,117 71,093
Central System 1,294,782 » 1,763,643
TOTALS o ©$1,667,234 $2,195,943

*Well costs include leasing and‘pump costs. Well was assumed to exist.

In addition to capital costs there are also operating costs which in-
clude maintenance and electricity costs to run the pumps and fans for the sys-
tem, - These costs. are assumed to be 2. 5 percent of the cumulative investment
' per year.» Operating costs are not a_separate line item. Ratherthey are re-
flected:in the final price per'million Btu.‘rFurther; for each casevconsidered
the deVeIOpervreceives a 20‘percent real‘return on investment‘for each of the
first 15 vears'of the projectband:aElZ‘percént'real return after‘that.

A point worth noting which becomes evident in this analysis is the re-

o :.quired flow rate to meet the peak demand versus the amount of flow available.

Fbr the all—apartment complex only 1070 l/min (282 gpm) are required leaving
| 75 percent of the flow unused.,vExpanding the system to include 2000 apart-
»ments would improve the economics of the system. Similarly, the combined com~
,plex of housesandapartments requires 2286 1/min (604 gpm), leaving 48 percent
of'the.heat_energy available'for use.f Expansion of_this system~would also
improve-thg:systemieconomics.;' o | | | |
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,A‘second comment,regarding the significant‘cost'factors also seems ap-
propriate.: Based on;local,well‘drilling.costs;’if the developer had to drill

a well, the‘final price perrmillion‘Btu for the all—apartment complex‘would

" increase by 9.6 percent or to $3.81/MBtu. It is clear that the cost of a single

well (excluding reinjection wells) would not seriously impact on the final
price.of geothermal energy. Rather, the most significant cost factor is the
distribution system necessary to deliver the heat. Because a smaller and less
extensive distributiOn system is required for the apartment complex, the overall
system economics appear. more favorable. |

Alpine;. | :

The community'ot Alpine is a small town located in-thevwhitefMountains

of east—central Arizona approximately 25 miles south of Springerville, Arizona.

tThe community has a population of 500 people and ‘has historically experienced

very slowvgrowth. Future growth is expected to be only one ‘percent. per year
during the nexthO_years. vBecause,the community is isolated, utility services

are not available. Most people heat their homes with purchased diesel oil or

| propane. In addition, thevmountain location results in‘severe‘winters of“much»

1onger duration than is the case in'southern Arizona. For comparison, heating

degree days for Alpine are 7500 versus 1500 in Phoenix. These circumstances

‘: make Alpine a possible candidate for a. geothermal heating system.

» Preliminary studies on the potential existence of geothermal energy re-

sources 1n the Alpine and Springerville area have been completed by the Arizona

: Bureau of Geology and Mineral Technology, Geothermal Group. Although the con—'

clusions of the study are far from definitive, several c0mments are worth

_,noting. First, the study coacludes that 'a relatively shallow heat source of

unknown character and dimension exists, probably beneath the area between

L,
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Springerville_and_Alpine.‘ Second, ground water'supplying the eastern half of
the area is positively affected'hy this heat»source." ‘In addition to these
conclusions, a shallow'bore hole has been drilledbjust north of Alpine. The
hole had a.temperature of 33°C (91°F) at_a'depth of 357 m (1170‘ft). The
estimated temperature'gradient was'55°6/km‘(59F/160‘ft). The economic analy;
'sis which follows assumes the existence of a geothermal resource with the
above charaCteristics,

The’following analysis concerns the economic factors necessary to de-
velop a geothermal heating district_in Alpine, Two cases are considered.
The first case assumes.that,the City of;Alpine‘estahlishrallocal public

service company responsible for the development, distribution and management

of the heating district.'.The'intent:of the utility would be to provide hot

water for domestic and commercial space heating and hot water needs while
earning a modest profit.. The second case assumes that a private. (investor—
owned) utility would be responsible for development,Ldistribution-and manage-
ment of the district heating system. The intent of the utility would be to
earn a profit on its operations; Both options are considered feasible methods
for geothermal development. .

The geothermal heating district for Alpine would consist of 167 residen-

: tial houses as well as commercial buildings._ It is assumed that commercial
‘heat demand is equal to residential heat demand. Estimated residential peak

| demand for the community is 7 516 000 Btu/hr.’ The developer would ‘be required
- to dr111Wells necessary for the system.» It is assmned that 60 C (140 F) geo-
i‘thermal water could be discovered at 914 m (3000 ft) at a distance of one mile

from Alpine.r It is further assumed that the flow rate would be 1890 1/min

(SOOlgpmo : Lastly, people 1iving in Alpine must purchase fuel oil or propane
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for use in heating hOuses andlbuSinesses. It is assumed that the price

ofbpurchasedrenergy-is $7;00/M3tu. Table 3-8 presents a summary of assump-

tions for the two cases considered. -

Table 3—8:v>ASSumptions for Geothermal Heating District in Alpine, Arizona

‘Variable : o ' City ; Private
- : R Development - Development
Resource Temperature , 60 c (140 F) ‘ 60°c (140°F)
Depth : 914 m (3000 ft) ' 914 m (3000 ft)
Flow Rate o 1890 1/min (500 gpm) 1890 .1/min (500 gpm)
Distance ' .- -1609 m (1 mile) 1609 m (1 mile)
. 'Bond rate (above inflation) 1% B R 2%
~Equity Capital - o - 10% ER 10%
‘Sales Tax Rate = - 0% e 5%
State Tax Rate .~ 0% o - 15%
Federal Tax Rate. =~ = el 0% " 46%
. Geothermal Tax Credit = T L' SR , - 15%
Minimum Tax. Rate L 0% o 15%
Property Tax Rate - " S 0% ' 1%
‘Regular Investment Tax Credit’ S0z C e e -10% -
Required Rate of Return (above : '1% V-f e 20%
- inflation) o R R o .
Conventional Fuel Price (MBtu) $7 00 B 7 87.00
Real Fuel Price Growth" (per year) 2% ' 2%

Project Life (years) P o200 : 200

g Using'the above-ontlined:asSumptions,*a lifeucycle‘cost‘for geothermal

. energy was calculated and. compared to the price of propane. The price of
B -geothermal energy was fOund to be $4 55 under private development and $4. 33

under city development. In both cases, geothermal energy can be supplied

at a price 1ess than the price of currently available fuel. “Net fuel cost

savings overthelife of the project total $3 693 000 under city development

and $2 795 000 under private development.‘ Table 3—9 presents an itemized '

'cost summary for the two. cases considered.k
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Table'3f9}"fGeotherma1'Heating'System Cost Summary ~ Alpine

- Present Value of Capital Costs

Category : . | City Development . Private Development
,Research Investment(l) ' $ 461,291 '$ 453,062
‘Design’ » 179,684 159,915
We1ls ) | 325,269 271,468
Transmission = . 195,967 S 118,770
Distribution Costs: _ . ‘ '
Resid. Retrofit S 362,570 330,753
Resid. Hookwp 125,802 = 114,845
Commercialiconversion" ‘ ' -255,309‘ - R 232,905
~ Heat Exchangers ;" ) t_ 75,963 | 69,297
Central System ~ 925,260 . 844,084
‘ToTALS T $2 907, 225:' e ',T $2,655,099:
a )Research Investment includes the cost of the first. well leases, and pumps.

(Z)Well cost is the present ‘value of a well drilled 10 years later to provide

for system expansion and necessary leases, pumps and injection wells.

“In addition to capital costsithere'aredalso'operating costs nhich include

‘maintenance and electricity costs to run the pumps .and fans for the system.

:These costs are assumed to be 2 5 percent of the cumulative investment per

year. Operating costs are not a- separate line item, Rather they are reflect—

‘ed in the final price per million Btu.ﬁﬁ'

L Of most interest in the above analysis is the difference in the price of

‘geothermal energy dependingtnnthetype of developer.‘ The advantages of city
;,"development include a lower cost of capital a: lower requ1red rate of return
;and exemption from state and federal taxes. However, because a private de-

‘,‘veloper can take advantage of geothermal ‘tax credits and regular investment

I

tax credits, the private developer is able to: offset some of the advantages
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of a city developer.

Springerville

Springerville,fArizona,balong with the adjacent community of Eagar, is
located about 220’m11es northeastjof-Phoenixvin the White Mountains of Apache

County. 'Historically,‘Springerville has been an agricultural community rely-

, ing heavily on cattle_and Sheep grazing. Today, the largest employment sec-
tor is the lumber industry followed by the construction industry. Currently,

. two large coal-fired power plants are under construction in the area. The

population of the Springeryille area 1s estimated to be 5,600 people and
the annual compound’growth rate during the.past:IO years was 5.8 percent.
Future population_projections suggest a‘growth rate of 4.2 percent per year
over the next ZQ'years. As was the case withpAlpine, Springerville experi-
ences long-winterslandvvery mild,summers. vHeating;degree days exceed 6000.
for the_SpringerVille area,rmakingbit a good.candidate:for districtfheating
nsing‘geothermal energy.; , | -

| The economic analysis which follows assumes the existence‘of a geother—

mal resource., As was the case with the Alpine analysis, only preliminary

studies on the local geothermal resource potential have been performed. "The

reader should refer back to the Alpine section for resource information.

In this analysis,,the economics of a geothermal district ‘heating system

are compared for two cases. The first case assumes that the district heating
i .system is established for existing residential and commercial buildings./‘The

second case assumes that a new subdevelopment would be constructed with the

intention of using geothermal energy to provide space heating and hot water.
In both cases’ it is assumed that a city utility develops the district heating

system. It is also assumed that current energy users consume electricity for

o35



O

<e,‘

their space heat and hot water needs.

For both cases considered, the geothermal district heating system would

~ consist of 250 residential houses as well as commercial'buildings. It is as-

sumed that total commercial demand is equal to 10 percent of residential de-

mand. Estimated total peak demand for the system'is calculated to be

10,518,750 Btu/hr. It is assumed that 60°C (140°F) geothermal water could

be discovered at 914 m (3000 ft) at a distance of one mile from the site. it

~is further assumed that the flow rate would be 3780 l/min (1000 gpm) Table

~3-10 presents a SUmmary of assumptions for the analysis.

Table 3fl0:..Snmmary_ofyCommon,Assumptions
for Springerville District Heating System

Variable =~ =~ 'l" ' i‘ -~ Assumed Value

. Resource Temperature = . _ 60°¢ (140°F)
beth o sum (00 o
Flow'Rate i". '1.1': S y378671/m (lOOOrgpm)
Distance 1690 m (1 mile)
~Bond Rate (above inflation) S e 1%
Equity Capital RO ' R 10%
Taxes (Federal and State) _df o T "0‘
Tax Credits EEEE s“"v" R : 7 0
Population S Ts0
Rate of Return (above inflation) R ';:, 1z
'vPrice of Conventional Fuel (per MBtu) S 810
Project Life (years) ‘ A ;.,v‘:5120“

Using thé above assumptions, two life cycle costs for geothermal energy
were calculated., If the development of a geothermal district heating system
involved retrofitingvexisting homes~and commercial,buildings, the life cycle

price~0f geotbérmal'energyiwasfcalculated to be $5.53 per million Btu. This
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~ price includes the costs for hookup and conversion of each structure to be

heated. If a new develoument were built and designated to use geothermal heat,
the price of geothermal energvaould be $3.96 per million Btu. In addition,
each home would require $1,250 worth. of hookup and heating equipment. 1In

both cases, the geothermal price compares.quite'favorably with local costs

. for both electricity ‘and propane. In the.retrofit case,-totalffuel cost sav-

'ings over 20 years equal $2 618, 000 and in the new growth case total fuel

cost savingsvequal $3,538,000. Table 3-11 presents an itemized cost summary

for the two cases considered.

Table 3-11: Geothermal Heating System Cost Summary - Springerville
| : ‘Present Value of Capital Costs
Category o S -~ Retrofit Case - . New Growth Case

Design S $ 238 011‘_ : . $ 168,810
Wellst | . 515,983 . 515,983
‘Transmission =~ 146,707 146,707
: Distribution'v S TSR R ‘i IR ' .
 Residential Retrofit o 466,017 0
Residential Hookup o A 162,l24 R ';_ : 0
"Commercial Conver81on Aiﬂﬁt 32,879_v{"v 0
Heat Exchangers . B !v 47,158 | 7 47,158
Centraltsystemh‘ i 1> ‘ 935}924f o 935,924
L OTOTALS ... §2,545,701 . §1,814,582

*Well cost includes production wells, injection wells, pumps ‘and lease costs.

In addition to capital costs, operating costs are estimated to be 2.5 per-

cent of the total cumulative investment in each year. These costs are reflected

- in the total price of the energy.

It is obvious from the above analysis that ‘new growth situations are

preferable'to retrofit situations,for establishingvgeothermal district heating
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systems. However, in the'new growth situation, energy users must pay for the

equipment installed in each home. The effect would be to increase the price
of each home or commercial building although the price of the heating equip-
ment is comparable to prices for current furnace units. A second point worth
noting is that the'system analyzed contains significant excess capacity. Ex-
pansion of the heating district tor7SD homes would be'possible without incur-
ring additional drilling costs. |

Clifton/Morenci

B Clifton and Morenci are two COmmunities located in Greenlee County about

170 miles northeast of Tucson.~ Clifton is an incorporated community and
county seat and Morenci is not‘incorporated and is the site of a large Phelps—-
Dodge copper mining.operation.‘ Approximately two-thirds of all employed per-
sons work'for the 1oca1.mine._ ‘The total area population is estimated at 9,000
people and:has'traditionally‘been‘a slow growth‘community, »Population pro-
jections suggestiless‘than»bne-percent growth‘per_year‘over the next 20 years.

In Section 3.5.0of thisfreport; a brief'discusssion is:included which dis-
vcusses problems currently faced’by the Town of Clifton. Despite the fact that

Clifton (population 1475) has one. of the most obvious and best understood geo—

,thermal resources in Arizona, the town has many other _motre serious concerns

regarding its future. For a number of reasons near-term geothermal develop—

ment,is unrealistic.‘ Despite the problems currently faced by Clifton, the

following economic analysis presents general results for establishing a geo-

thermal district heating system in Clifton.

Assumptions necessary for the analysis are presented in Table 3—12 The'

;,analysis assumes private development rather than city development.f
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Table 3-12: Assumptions for Clifton District Heating System

Varisble

Population =
Population Growth
Resource Temperature
Depth -

FloW'Rate

Distance

Heating Degree'Days

- Value
1475
0
60°C (140°F)

30 m (100 ft)
1890 1/min (500 gpm)
1609 m (1 mile)
3431

14,750,000 Btu/hr
11,062,500 Btu/hr

Peak Residential Heat Demand

Peak Commercial Heat Demand -

Bond Rate (above inflation) ’ - - 2z
,Return on Investment (10%) = | 10%

Price of Natural Gas (per MBtu) S $3.30

Results of the analysis indicate that even though the depth to the resource

»is only 30 n (100 ft) thelife cycle cost of geothermal energy is not competi~-
- tive withrnatural gas until l988. ‘The.caloulated&geothermalxprice 1Sﬁ$5'74

‘per million'Btu. The‘majority of the cost is associated with the,residential

retrofit, commercial conversion and central system components.' Central system
costs are directly related to energy use density, which in this example is
very low.a Table 3—13 presents an itemized cost summary.

Although a district heating system appears unfavorable from an economic

:,.point of view, the time will come when geothermal energy will be the best
venergy alternative for the community. The future savings available by replacing
natural gas with geothermal energy are $4 647 000 through the year 2000 How-

ever, it is unlikely that the current situatiOn will foster the development

of - the local resource for district heating purposes.
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Table 3-13: CostvSummary‘for District Heating System - Clifton, AZ

. Category ' - Present Value of Capital Cost
Research:Investment(l)" : : $ 18,022
Design - 362,426
wews® | 26,874
Transmission | 162,369

"Distribution. o N : _

Residential Retrofit ‘ ‘ ‘ >785,634

Residential Hookup¢ ' »-272,790

Commercial Conversion . | 414,913

Heat Exchangers 2 . 99,607‘

Central System , R 1,870,825
TOTAL 84,013,459

(l)Research Investment includes the cost of: the first production well
injection well and pumps.‘-. - .

(Z)Wells include cost of a second production and injection well pumps and
lease payments.

In conclusion, the results oflthe above six analyses indicate that geo-
thermal energy utilization for space heating within Arizona may be an attrac—
tive alternative today. It should be noted that the conclusions drawn are

‘ general in nature and do not represent final engineering studies. Rather, it
\7 is hoped that the above analysis,highlights the key factors involved in assess-
'fing the merits of geothermal systems.v Comparisons have included such factors |
as bullding size, number of homes versus apartments, city versus private de~
;velopment and new: growth versus retrofit. Further, significant geothermal re-
j-source areas have been highlighted and used as examples. All of the areas |

»and ideas presented here are felt to deserve further attention.
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3.10 Outreach

| Several speaking engagements'were fulfilled by the Commercialization
Team. Groupsrspoken to included the Tucson Optimist Club and a university en-
gineering class. In addition, several newspaper,articles on the activities
of the.Commercialization Team and the Scottsdale work appeared in local news-
papers.

Also as a function of outreach, the Arizona Commercialization Team ex-
hibited their geothermal display in the Greater Southern Arizona Home Improve-
ment and Energy Expo, which was held May 7-11. More than 300 alternative
energy-cdmpanies diSplayed their uares.

, Members of the,Arizona Geothermal Commercialization Team and Resource As-
sessment Team attended a Region IX contractor s meeting and a geothermal. pro-

ducer's meeting in El Centro, California, June 3-5. .- Potential development in

. Region IX was discussed as well as the:futuretxfthe geothermal effort in Arizona.

In addition to these outreach activities, the monthly newsletter, The Geo-

thermal ReSource,was‘mailed‘toiapproximately_SOO persons in both the public

and_priVate sectors in Arizona and,otherxstates.»JThis,newsletter serves to
keep interested persons_abreast of all current geothermal issues in Arizona.

During the second‘quarter,of‘1981,:majorﬁarticles:detailed the following:

| (1) the future of geothermal energy:in Arizona; (2) the monthly Arizona geo-

‘thermal highlights, (3) the Arizona Geothermal Institutional Handbook° a most

valuable asset, (4) Arizona cities with potential for geothermal development

(5) city planning for geothermal use;: and (6) the Williams Air Force Base geo—‘

) thermal project. A monthly series on the steps to geothermal use was started

during the first quarter and continued during the second quarter with articles

" on (1) exploration and siting, (2) drilling, and (3) testing ‘plans.
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Due to an Executive Order by:President Reaganqregarding information dis-

seﬁination, it is unsurefat'this time whether The Geothermal Resource will be

e distributed in the future.~ The'CommercializationeTeam must gain approval to

distribute the newsletter from washington D.C. before any more issues are sent

- ‘out.

Finally, during the second quarter, efforts have been made to clean up

: the project in anticipation of closing it out in. December.v The Commercializa-
tion Team plans to publish’all'past work in individual reports that would be
available to the public after the project is cloSed out. The following infor-
- mationdwill be contained in,individual reports: -(1) Area DeveloPment Plans;
(2) Arizona Geothermal Institutional Handbook (3) Geothermal resources and
their relationship to Arizona water 1aws, (4) A report on industrial process
'.temperatures,'(S) land use planning, and (6) the individual specific geother—
mal applicatlons and technologies. WOrk was begun on putting together and

editing these reports. ‘
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