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The state of Oregon is recognized as a world-wide leader in

the utilization of geothermal energy for purposes other than elec-

tric generation. Due to increased regulation on publicly-owned

land, many potential developers can be expected to prefer privately-

owned geothermal property on which to site their operations. Prior

to the combination of their resources, however, the landowner and the

developer must enter into a contractual relationship which specifies

the terms of the combination of their respective resources and allo-

cates returns to each party.

The purpose of the present inquiry is to apply existing econo-

mic theories to one aspect of geothermal development: acquisition

of the right to use the resource for process-heat applications

through contractual leasing arrangements. To provide necessary fain-

iliarity with geothermal development in Oregon, Chapter II of the

thesis contains a review of the statewide energy situation and

possible regional environmental and socio-economic effects of process-

heat geothermal development. A literature review of the technical

and institutional aspects of geothermal energy applicable to Oregon

(Chapter III) provides further background information. The economic

theories which purport to explain the decision-making process of the

developer and the landowner are examined in detail: property rights;

land rent; input substitutability; and investment under uncertainty.

The theory of the lease, and the means by which its terms may recon-

cue the parties' opposing viewpoints, is discussed. The theories are

then realistically illustrated through analyses of process-heat
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develont scenarios and annual equivalent cost theory. The

scenarios to which these theories are applied include an onion

dehydrator facility, an alfalfa pelletizing operation, and a

tree seedling qreenhouse.

In these scenarios, the effects of natural and market uncer--

tainty and changes in lease type on the art' returns are

examined, and the general hypotheses of the thesis confinrd: that

the terms of the lease can drastically affect returns to each

party. Other conclusions reached in the study are:

that upper and lower paraneters to the rental parent can be

estimated during lease negotiations (and it is further assumed

that neither party will accept a payment which falls outside this

Acceptable Range of Lease Payments (PRLP));

that the savings attributable to the use of the geothermal

system (as opposed to a conventional fuel system) is a function

of the non-inflating higher installation cost of the geothermal

system, which eliminates the cost of continued fuel acxuisition;

and

that share tenancy , ccimonly used in agriculture to pro-

tect the leasee against uncertainty, have a definite limitation in
geothermal development, due to the nature of the developer's net

return which is the savings accruing to the geothermal system less

payment to the landowner.
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PREFACE

The purpose of this preface is to explain the use of data

which would have been apparently out-of-date at the time this thesis

was completed.

The original concept for the thesis was the outgrowth of

a research paper done in 1977. Institutional data for Chapters II,

III, and IV were collected during 1978, while empirical data for

Chapter Vwere collected and research methods developed during 1979.

Numerous drafts of the text were prepared, with the final copy

essentially completed in late 1979. Due to the author's departure

from Oregon State University in 1979, however, completion of the

thesis and passage of the oral examination were deferred until

August, 1983.

At that time, it was the author's preference to leave all dated

references in the text intact, and to let stand the 1979 empirical

data on which the Acceptable Range of Lease Payments calculations

are based. The reasoning behind this decision was to maintain the

continuity between the institutional and empirical data. The

Annual Equivalent Cost formulas developed in Chapter V are applicable

to any available geothermal data, and the conclusions drawn from the

scenarios and presented in Chapter vi would remain essentially

the same were new data analyzed.



A PRELIMINPRY STUDY OF CONTRACTUAL LEASING APRPNGEMENTS FOR
PROCESS-HEAT GEOTHERMAL DEVELOPMENT IN OREGON

CHAPTER I

PURPOSE AND METHODOLOGY

The history of geothermal energy utilization in Oregon predates

the arrival of the white man. According to tradition, Indians used

the natural hot springs for food preparation, medicinal purposes and

warmth. Actual deve1opient of the resource was begun approximately

fifty years ago as residents of the Kiamath Falls area began to heat

their homes and businesses with warm water or down-hole heat

exchangers. Use of geothermal energy for space heating and cooling

of this type is now widespread in Kiamath Falls, and process heat

utilization of the geothermal resource as a factor in production

includes uses such as commercial greenhouses, a creamery and the

Ore-Ida Foods processing plant near Ontario, Oregon, which iS
currently being retrofitted for geothermal utilization.

Additional possibilities for commercial development of geo-

thermal resources in the state of Oregon are of interest for two

major reasons. First, known geothermal areas of the state generally

are located in rural areas. Development of the geothermal resource

would promote rural economic diversification, leading to income and

employment stabilization as well as economic growth. Such resource-

based rural development would be consistent with the recommendations

of the Governor's Economic Development Task Force, convened in 1976,

which stated explicitly that economic development in rural areas

should be a primary economic objective in state policy.

Second, with the regulation, environmental impacts and price

uncertainties of fossil and nuclear fuels drawing increasing public

attention, serious consideration is now given to substitution

possibilities involving alternative energy sources. The possible
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economic feasibility of geothermal heat as an alternative energy
source is apparent in that, since 1974, petroleum and geothermal com-
panies have leased public land in Oregon and have drilled exploratory
wells as the first step toward large scale corTunercial development
of geothermal energy.

In the past four years, the number of acres under lease or
application has fluctuated from a high of over 2,000,000 acres in
1976 to the current estimated low of 500,000 acres. Despite this
apparent decline in actual or potential utilization, progress is
being made in development of the geothermal resource. Evidence

supporting this supposition includes the increased number of permits
for both shallow gradient wells and deep production wells awarded
annually by the Oregon Department of Geology and Mineral Industries
(DOGAMI), and the large-scale development of the resource taking
place in Ontario (at the Ore-Ida processing plant) and in Klainath
Falls with the district heating plant, which is now in the explora-
tion stage. Agency officials at DOGAMI feel that interest in geo-
thermal development will increase with the rising costs of other
sources of energy. Public and private responses to geothermal
development has been favorable generally. The Department of Economic

Development is currently conducting studies on methods to best
implement its policy of geothermal utilization as a uItarget7 industry
to be encouraged in Oregon. At two state universities, several
projects have been conducted on physical assessment of the resource
and engineering and cost aspects of various applications.' Spokes-

men for business concerns in Klainath Falls contacted Oregon State
tJniveristy in 1976 to discuss a possible study of leasing arrange-
ments for private landowners.2 As a result of this contact, several
faculty and student members of the Department of Agricultural and
Resource Economics participated in a study of uses for low to

1/ These studies are further described in Chapter III.

2/ The original request caine from Mr. George Proctor, Klarnath Falls
attorney and president of Geosolar Foundation, Inc., in July of 1976.



intermediate temperature geothermal resources in the Klainath Basin

(Reistad, 1978).

Statement of the Problem

Relatively little is known about the private feasibility and

social equity of economic development of geothermal resources.

Knowledge is needed of the institutional and economic relationships

which characterize geothermal development. Such knowledge would

help to satisfy intellectual curiosity, alleviate private indecision,

and fill public policy vacuums.3 Plans to develop the geothermal

resource within the state are moving forward. If needed economic

knowledge related to the development of this presumably exhaustible

resource and the return to it is to be made available prior to

development, research should be initiated as soon as possible. The

purpose of this thesis is to apply existing economic theory to one

aspect of geothermal development: the acquisition of the right to

use the resource for process-heat applications through contrac-

tual leasing arrangements.

This is the most relevant and useful aspect of geothermal

leasing to initially explore for two reasons: (1) The increasing

tendency for exploration and development to focus on privately-owned

acreage, and (2) widespread availability of the resource suitable

for less intensive development. First, leasing of public land is

already constrained by regulation at both the federal and state

levels. Acreage, annual rent, duration of lease and royalties are

fixed by law for those developers using public land. Development

on private land, on the other hand, faces far fewer constraints,

since both the landowner and the developer are able to negotiate

their positions toward a mutually acceptable market price for the

3

3/ Two conferences held recently in Oregon have been directed
toward public policy issues in geothermal development. The National
Conference of State Legislatures sponsored a workshop in Salem in
October 1978 on general legislative issues, and the Oregon Graduate
Center held a double workshop at Oregon Institute of Technology at
Kiarnath Falls and in Portland in March 1979 on wironmental issues
in geothermal development.



resource. That potential developers prefer this freedom in contract

bargaining (and the additional freedom from stricter environmental

regulation on public land) is evident from the trend of rising

ratios of private to public land leasing. Whereas in 1975 leases

and applications were estimated to total only 240,000 acres on

private lands to 1,013,985 public acres (Hull, 1976), the ratio

currently stands at approximately 320,000 public to 180,000 private

acres leased (Newton, 1980), confirming the importance of private

landowners in geothermal development.

Second, although one of Oregon's leading geothermal experts

estimated in 1974 that at least 20,000 electric megawatts of dry

steam energy could be found in Oregon (Bowen, 1974), recent trends

in development and research seem to indicate the future of the

resource in this state will be directed more toward direct-heat or

process-heat applications, at least in the immediate future. The

primary reason for this pattern of development is the lack of proven

resources capable of supporting electric generation. The ideal

geothermal field for electricity generation is dry steam. Only

three fields of this type are currently known to exist in the world:

the Geysers in Sonoma County, California; Laradello, Italy; and

Yellowstone National Park, Wyoming. Although some wet-steam and

super-heated water reservoirs are believed to exist in some areas,

most of the resources in Oregon, while more than adequate for process-

heat, have not presently proven capable of supporting electric

generation. In a current study by the Water Resources Research

Institute (Klingeman, 1980) only two sites in Oregon are estimated

to be geologically capable of (and institutionally available for)

electric generation.

At current prices, electricity from geothermal resources is

estimated to require $200 in capital outlay per kilowatt from a dry

steam source, and $600 per kilowatt from a hot water source (Bowen,

1979). These estimates place geothermal electricity in a cost-cornpe-

titive range with electricity from nuclear plants (currently

approximately $1000 per kilowatt); coal-fired thermal plants ($500

per kilowatt); and large scale hydrodams ($1000 to $1500 per kilo-

watt) (Babcock, 1979). Although these estimates make geothermal



electricity appear attractive, the geologic uncertainty of proven

resources in Oregon may well delay geothermal electric generation

longer than other types of electrical production, thus greatly

increasing costs.

General Underlying Assitions

During the course of preliminary research on geothermal

leasing, two general assumptions re formulated concerning choice

of contractual arrangements. The first assumption is that the

terms of the contract (primarily distribution of uncertainty and of

payments) have a significant impact on revenues and costs arising

from geothermal leases. The second elucidates on the first by

stating that the landowner and the developer are or should be

aware of the impact of these terms and should take them into consi-

deration during contract negotiations.

It is important to note the relationship between these two

general ssuriptions. The first deals with the impact of

an established lease on the revenues and costs of geothermal

develoç*nent. The second concerns each party's perception of the

impacts of possible lease terms on his utility function. Assuming

that both parties are utility maximizers, each will attempt to

negotiate a lease advantageous to himself. However, the nature of

any lease requires a distribution of "goods" and "bads," revenues

and costs, security and uncertainty, between the parties. Gains in

"goods" by one party are reflected by losses by the other party.

The terms of the lease finally established, and the degree to which

each participant is benefitted, are determined by relative bar-

gaining power.

Objectives and Procedures of Research

Three components of the geothermal resource developnent problem

are considered in this thesis. The first component is the technical

background, which has little economic content: the geology of the

5



resource; geophysical and geochemical assessment; institutional,

legal, and environmental parameters on development; and information

on applications and utilization. A working knowledge of this back-

ground is necessary to a general understanding of the geothermal

development process and the leasing process in particular. The

first objective of the thesis is, accordingly, to document the non-

economic aspects of geothermal development. As the least important

thesis objective, documentation procedure is accomplished through a

literature review of the technical aspects of geothermal resource

development in the state of Oregon.

The second component of the problem is theoretical. As stated

earlier, very little economic theory has been applied to development

of the geothermal resource. Relevant theory must be drawn together

from widely scattered sources. The objective with respect to

the theoretical component of the thesis is to apply existing theory

on property rights, land rent, investment under uncertainty, and

contractual arrangements to the special case of direct heat geother-

mal utilization. Each body of theory was chosen for a particular

reason; property rights and land rent theory relates to the point

of view of the landowner; theory of investment under uncertainty,

and of substitutability of inputs, applies to the point of view of

the developer; and contractual theory provides the framework for the

interaction of the parties' points of view with allowances made for

risk and uncertainty. In short, to understand the significance of

the terms of a geothermal lease, it is necessary to understand each

participant's decision-making stance and how this stance will be

affected by the terms of the lease. The procedure used to accomplish

this objective is a detailed examination of each body of theory as

it applies to direct heat geothermal utilization and leasing. These

bodies of theory can be viewed as parameters of the leasing process,

just as the technical aspects provide parameters for the development

process.

The empirical component of the thesis concerns the isolation

of lease payments as a variable in the costs and returns of the

developer and the landowner, and how this payment variable is in turn



affected by other variables in the development process. The objec-

tives of this component are to determine the range of lease payments

acceptable to both parties, and to demonstrate the impacts which

changes in certain variables would have on this range. These

objectives are accomplished through the development of a series of

equations using annual equivalent cost calculations of land rents

and savings of geothermal over conventional fuel systems. These

equations are then applied to three site-specific process-heat uses

of geothermal energy. For each site, the level of production at

which geothermal system costs would equal conventional fuel

system costs (i.e., a "break-even" point) is calculated. Next,

fluctuations in exploration costs, availability of inputs, and pro-

duct prices are simulated, and their effects on the returns to the

landowner and the developer are estimated.

Overview of the Thesis

The thesis itself consists of six chapters, including this

introduction. An overview of the Oregon energy situation, a brief

synopsis of the geological characteristics and location of Oregon's

geothermal resources, and notes on environmental considerations in

their development are presented in Chapter II. Also contained in

this chapter is an overview of the projected socioeconomic effects

of direct heat geothermal development on Oregon conurtunities. The

technical literature review is contained in Chapter III. Detailed

examination of pertinent bodies of economic theory applicable to

geothermal development and leasing is given in Chapter IV. Prefaced

by these parameters, Chapter V contains the annual equivalent cost

methodology and its application in three hypothetical process-heat

applications. Highlights of major findings are presented in Chapter VI

including re-emphasis of qualifying factors and surrunarization of
assumptions. Avenues for future research are also suggested.



CHAPTER II

AN OVERVIEW OF GENERAL ISSUES IN GEOTHERMAL DEVELOPMENT

The purpose of this chapter is to present an overview of some

of the general issues involved in geothermal development: energy,

geology, socio-economics, and the environment. None of these issues

are exhaustively treated; their discussion is intended to place

geothermal development within a larger social framework, thus giving

some perspective on the specific problem.

Section One of this chapter contains a brief review of the over-

all Oregon energy outlook, and establishes the need for further

research on, and development of, additional energy sources. Infor-

mation on the availability of geothermal resources in Oregon is

provided in the second section, illustrating where development of

this resource is most likely to take place. The purpose of Section

Three is not to promote geothermal development, but to briefly

exaiine some of the socioeconomic effects which development of this

resource has had, and could have, on Oregon communities. The fourth

section deals with some potential environmental impacts of geother-

mal development. Although none of these issues directly concerns

the economics of the specific problem, taken together they provide

the context within which geothermal development takes place, and as

such exert exogenous influence on the economic analysis itself.

Ore9on Energy Outlook

In order to place geothermal development in perspective, it is

appropriate to first look at the energy situation as a larger whole,

both statewide and nationally as broader trends affect state energy

supplies and consumption.

Figures 1 and 2, pages 9 and 10, illustrate historical data

and, projected trends in energy consumption by source for the state.

As might be expected, total energy demand is expected to increase

through the year 2000. From 1978 to 1990, the projected annual

8
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increase is 1.7 percent per year. These rates show a decline from a

high of 2.9 percent average annual growth in total energy demand

which occurred from 1967 to 1977. According to the Oregon Department

of Energy (ODOE) in its Fourth Annual Report, there are four reasons

for the projected slowdown in energy demand increases: increased

real energy prices; reduced rates of population growth; reduced rates

of growth of personal income; and greater automobile fuel efficiency.

While the rate of increase for total energy demand may be

described as consistent overa1l. rates of increase for each of the

major energy sources are not uniform. Although total usage of each

source is projected to increase, the average annual rates of increase

vary: .7 percent for petroleum; 2.4 percent for natural gas; 3.1

percent for coal and other fuels;and 3.0 percent for electricity.

These rate trends are projected to alter consumption patterns, as

shown in Figure 2.

The overall Oregon energy picture is one of imported resources:

Oregon produces less energy than it demands. Consumers therefore

are greatly affected by national and worldwide fluctuations in energy

supply and consumption, especially in those sources not produced

here in coirmercial quantities. Relevant current supply situations

and projections for each major energy source are surrffnarized below.

Due to the great degree to which electricity supply can be affected

by domestic policy, analysis of this source is given last and in

greater detail.

Petroleum

Oregon has no known oil resources or petroleum refining facil-

ities. All petroleum products are therefore imported in their final

form. The bulk of the supply comes through the Olympic pipeline

from Puget Sound refineries, and the remainder from California by

tankersç trucks, and rail or through the Chevron pipeline from

Salt Lake City, Utah. National vulnerability to petroleum supply

instability has increased as the percentage of imported oil to total

oil consumption has increased, and as sources of supply have shifted
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from Canada and other Western countries to the Middle East.

The major thrust of Federal petroleum policy is to reduce

U.S. dependence on foreign oil through tax incentives and other

pricing mechanisms designed to encourage conservation and discourage

use of petroleum products. A price decontrol plan has also been

announced which is intended to encourage exploration for and produc-

tion of domestic oil.

Future oil prices will be controlled by the Organization of

Petroleum Exporting Countries (OPEC) which controls over 60 percent

of the proven world reserves. Market-wise, the petroleum picture is

one of a slim margin of supply over demand coupled with increasing

prices.

Natural Gas

Like petroleum, Oregon's natural gas supply is imported:

approximately 66 percent from Canada and the remainder from resources

in the Rocky Mountains and the Southwest. Canadian gas is imported

through two pipelines under separate contracts, both of which have

time extensions under negotiation at present. The continuation of

supply from Canada is dependent on the role of the western provinces

in the Canadian national goal of energy self-sufficiency. As

Canadian oil imports decline, western gas formerly exported to the

U.S. may be sent to eastern provinces instead. Less politically

affected supplies may become available from Alaska or Mexico.

Domestic production is also projected to increase with price deregu-

lation.

Future natural gas supply and prices will be determined in the

short run by Canadian national energy policy, and in the long run

by domestic production. In general, the natural gas supply outlook

appears more favorable now than in recent years past.

Electricity

Sources of electricity supply in Oregon have gradually shifted
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from regional federal and utility-owned hydroelectric dams to

utility-owned thermal generation plants. This transition has

occurred as full generative capacity is reached at environmentally

acceptable darn sites while public utilities, the priority recipients

of federal hydropower, increase demands upon the system. As hydro-

electric supplies to private utilities were reduced by the Bonneville

Power Administration in the early 1970s, these companies turned to

more expensive thermal generation. The Trojan nuclear plant at

Rainier, Oregon, co-owned by Portland General Electric, the Eugene

Water and Electric Board, and Pacific Power and Light, began opera-

tion in early 1976. By 1977, Trojan generation had supplied at

times up to 25 percent of Oregon's total electricity demand.

As mentioned previously, the rate of increase in demand for

electricity is projected to exceed that of other major energy

sources. With the exception of incremental generative capacity to

be installed at existing darns (and used primarily for peaking pur-

poses), the bulk of the additional power needed to supply Oregon's

future electricity needs is expected to come from thermal plants

(both nuclear and coal-fired) throughout the Pacific Northwest,

Montana and Wyoming. Of the twelve thermal plants originally

scheduled to be built between 1980 and 1990, however, only one will

come on line as scheduled. In addition, ODOE projections for rates

of increase in demand for electricity have themselves increased since

the last Annual Report. The combination of these two factors has

resulted in projections of power deficits through 1984, and decreased

surpluses throughout the remainder of the planning period.

Despite the projected need for additional electric generation

capacity, there is a major drawback to the addition of thermal

plants to Oregon's power supply: potential environmental hazards

caused by radiation leaks through man-made or natural causes, or air

and water pollution in the case of coal-fired plants. Although the

probability of radiation leakage is small and has been reduced by

federal and state regulations, a possibility of accidents, such as

the March 1979 leakage at Three Mile Island in Harrisburg,

Pennsylvania, does exist. In an environmentally-oriented state
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such as Oregon, even this slight possibility of contamination makes

nuclear plants unattractive. Public opinion confirming this was

reflected by a moratorium passed by the 1979 Oregon State Legislature

which forbade site certification required of such plants until

November, 1980. Legislation such as this, while intended to provide

opportunities for additional research and public input, delays the

estimated completion date of such plants and may worsen projected

power deficits.

Concern over issues such as supply, price, and environmental

hazards of conventional energy sources is demonstrated by an

increasing interest in both public and private sectors in nontradi-

tional energy resources. Several such energy sources are recognized

as having potential for significant development and contribution to

regional energy supplies. These sources are listed in Table 1.

Of these resources, geothermal energy seems to be one of the

more likely candidates for development for several reasons. Geother-

mal technology is relatively advanced, the resource is available in

wide areas throughout the state, and in several of these areas geo-

thermal utilization is currently economically competitive with other

sources of energy. The physical location and temperature character-

istics of geothermal resources in Oregon are suirmarized in the next

section. Any development will undoubtedly occur in or near these

areas.

Geological and Temperature Characteristics
of the Geothermal Resource

Geologically, Oregon is bisected by a volcanic be1t which

underlies the northern and central Cascades and runs diagonally

northwest/southeast to the Idaho border. Water filtering through

permeable rock layers and down fault lines above pockets of magma in

this volcanic belt is heated to temperatures approaching and some-

times exceeding the boiling point, although geothermal energy in

Oregon occurs mainly as warm to hot water, rather than steam. Heat

can be extracted from this water either above ground level or

within the water table itself. Piping this heated water off-site,
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TABLE 1.

UNCONVENTIONAL ENERGY SOURCES LISTED BY NEPP AND ODOE

geothermal energy for space heating and cooling**

wood residue steam products including electricity generation**

solar space heating and cooling**

wind electricity**

geothermal steam products including electricity generation

low head hydroelectric dams

solar thermal electricity generation

municipal waste space heating and process heating

**jndjcates agreement between reports
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however, can drastically increase the costs of its utilization,

although super-heated water has been piped up to 90 miles (in

Iceland). Direct-heat utilization of geothermal energy , therefore,

is mainly confined to on-site use of the resource. For this reason,

it is necessary to have a working understanding of the location and

quality (in terms of temperature) of geothermal energy in Oregon,

as these factors greatly affect factor costs and product prices.

Regions containing geothermal energy are shown in figure 3, page 17.

A full discussion of geology and temperature characteristics by

region is summarized below. (Hull, et al, 1977)

High Cascades

This region is composed almost exclusively of late Cenzoic

basalt and andesite. Numerous volcanoes of recent origin, including

Mount Hood and the Three Sisters, are found here. This recent vol-

canic activity is the primary reason for the area's high geothermal

rating, as little heat gradient data is available from existing

wells. Numerous hot springs are scattered throughout the area, with

surface temperatures ranging from 73°C (163°F) at McCredie Hot

Springs to 92°C (197°F) at Breitenbush Hot Springs. Subsurface

temperatures are estimated to be up to 50°C (approximately 90°F)

above those measured at the surface.

South Central Area

This region lies within two geologic areas of Oregon: the High

Lava Plains and the Basin and Range Province. The northern part of

the area is composed of recent Cenzoic basalt and other igneous

rocks interspersed with sedimentary formations. The Brothers Fault

Zone which runs through this portion is currently being explored

for "blind" geothermal anomalies. The southern area has a similar

geologic composition, numerous volcanoes, and an extensive system of

faults. Typical geothermal gradients for the region run from 121°F

(50°C) to 175°F (80°C) per kilometer of depth. Some of the hottest
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temperatures in the state are found here.

LaGrande Area

Usually regarded as having less geothermal potential than the

previously listed regions, this area is composed of older sedimen-

tary rocks, strongly metamorphosed, and younger igneous and sedimen-

tary rocks. Temperatures of hot springs in this area are below those

found in more promising geothermal develonent regions, although

some utilization of the resource is taking place.

Vale Area

Located in the Owyhee Upland region, the area near Vale is

underlain with relatively recent igneous flows and sedimentary

strata. Numerous hot springs occur here, with surface temperatures

around 73°C (1630F) and estimates of subsurface temperatures range

from 160 to 180°C (320 to 356°F).

Within these areas, the geothermal resource is considered

economically viable by geologists if it meets the following criteria:

sufficient temperature for the intended use -- 50° to 150°C for

direct heat, 150°C + for electricity generation; initial volume or

recharge of the reservoir enabling it to sustain 30 to 50 years

of production; and fluids confined by relatively impermeable rock

layers, which allow them to accumulate.

Availability is not the only factor in resource develonent,

however. Subjective decisions must be made weighing the potential

positive and negative impacts of developnent -- decisions which

are made in both the public and private sectors. The socio-economic

impacts which influence these decisions are considered in the next

section.

Socio-economjc Impacts of Geothermal Development

18

Since geothermal development is a relatively recent phenomenon
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in the United States and in Oregon, it is difficult to predict the

social and economic effects which such development could have on

local communities and the state. Lack of precedents and the inavail-

ability of factual information are major components of the problem.

For these reasons, only general observations are possible on the

socio-economic impacts which process-heat geothermal development

could have on coirununities where such development may occur. The

same types of effects, while less pronounced, would be felt through-

out the state.

The degree to which these impacts will occur is dependent on

the magnitude of geothermal development. In most cases, the socio-

economic impacts generally discussed in geothermal literature are

those resulting from the construction and operation of electric-

generation plants, which are usually more extensive (in area) and

intensive (in capital use) than direct heat applications. It is

important to recognize that most direct heat applications create

less intense impacts in both the local and the regional area than

electric power plants. In addition, several physical aspects of

the geothermal resource affect the magnitude of impact: proximity

of the site to the community (since the energy must remain on or

near site for direct-heat use); site terrain; and field longevity

(geothermal energy is not usually considered inexhaustible). These

physical factors affect the size and type of process-heat application

being considered, which in turn affects the degree of impact felt

by local citizens.

Positive Impacts of Geothermal Develoiment

Several socio-economic impacts which the local community (and

the region) are likely to perceive as positive or beneficial are

outlined in Table :2. Three of these impacts (increased property

tax base, increased employment, and decreased dependence on

imported energy) can be interpreted as the consequences of geother-

mally-induced economic development.

Internal growth in a region can be due to internal structural
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TABLE 2

SOC IOECONa'1IC IMPACTS OF GEOTHERMAL DEVELOPMENT

Impacts Likely to be Perceived as Positive

increase in local property tax base
possible increase in local employment
decreased dependence on imported energy
possible increase in production of raw products for geothermal
processing

increase in land values in geothermally active areas
increase in profit or decrease in costs due to utilization of
geothermal energy

Impacts Likely to be Perceived as Negative

bias of local political power toward geothermal developers,
away from community officials

temporary influx of outside labor (boom-bust)
land speculation in geothermally active areas
adverse effects on existing hot water wells
increased noise, dust, and traffic during drilling and

construct ion

loss of agricultural land
disruption and possible degradation of environmentally

unique areas
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changes (such as proportional increases in employment in the basic

sector) and/or expansion of local markets for locally produced

goods and services. This latter type of growth, coupled with expan-

sion of the export sector results in self-reinforcing growth, the

type which allows a region to gain a relative comparative advantage

over other regions. The level of positive impact of a region's

natural resource development is a function of the criteria listed

below (Perloff and Wingo, 1964):

Development of the resource will support a variety of nationally

demanded products. This is dependent upon national demand and

regional supply conditions: Market and production potential must

also exist.

Development of the resource must be characterized by widespread

local linkages both forward and backward. In other words, the

development must have a high intersectoral income multiplier.

The wide variety of products produced from utilization of the

geothermal resource indicates the potential for diversity in geo-

thermal applications in Oregon. If the second criteria is to be

applied, however, agribusiness applications in Oregon's geothermally

active areas would appear to have the advantage over industrial uses,

due to the relatively higher levels of multipliers for the agricul-

tural sectors of rural areas.

Decreased dependence on iuirted energy can also be viewed as

reducing leakages from the regional economy. For example, from the

installation of its geothermal heating system in 1962 through 1974,

the Oregon Institute of Technology has saved the cost of 182,000

barrels of oil which would have otherwise been used to heat the

campus. As conventional fuel prices rise, the magnitude of leakages

prevented by use of geothermal will also rise. In addition, since

the regional multiplier is defined as 1/(1-s), where s is the margi-

nal propensity to consume less the marginal propensity to import

(Nourse, 1968), the regional multiplier will increase as

imports decline.

4/ Tables III and IV in Chapter III list some of the products of geo-
thermal applications currently in operation.
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Another perceived benefit of geothermal developTient is the

possible increase in production of raw products (primarily agricul-

tural) as a result of the construction and operation of a geothermal

plant which would process these products into a more valuable

corrnodity. In the examples presented in Chapter V1 onions are

processed into dehydrated onions, and green alfalfa into pellets.

Both these products would normally be exported. In order to

compute the net benefit of increased exports, however, the value of

products currently grown for export on lands which would be developed

for geothermal purposes must be subtracted from the total value of

the geothermally processed product.

Evidence already exists for increases in property values due

to existing use or known potential of geothermal resources on a

particular site. In a separate study conducted in 1977 (Wogan,

1977), a real estate broker in Kiamath Falls observed that whereas

in the past people were rather indifferent to buying a house with a

hot or warm water well because these wells require maintenance,

buyers are now willing to make concessions in the condition of a

house in order to get the heating well. As can be expected, homes

with existing wells or in an area where the resource is known to

exist have risen rapidly in value. According to the real estate

broker interviewed in the 1977 study, there is not enough land with

proven direct heat wells to meet the market demand. The completion

of the planned Klamath Falls geothermal heating district plant will

theoretically increase land values within the district and outside

those areas with known potential, since risk in these areas would be

eliminated by access to a guaranteed resource. This district-wide

increase in land value could be expected in any community which con-

structed a heating system.

Further information on the capital costs, savings, and returns

to three specific geothermal applications is given in Chapter V1

in which the benefits of geothermal development to the private sector

are simulated. The public sector too could experience similar

savings through geothermal utilization. The most widely discussed

application in this case is space heating of public buildings.
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Already in Kiarnath Falls, several schools and the County Museum are

heated by geothermal energy, and a system under construction in Boise,

Idaho, would supply heat to many of the state office buildings there.

Savings in fuel costs to government could result in lower tax

rates, or in additional funds made available for other purposes.

Counterbalancing the positive impacts of geothermal development

are equally probable impacts which the coninunity involved is likely

to perceive as negative, or as costs. These are discussed in the

following section.

Negative Impacts of Geothermal Development

Impacts of geothermal development which local residents and/or

Oregonians in general are likely to perceive as negative, or as

costs to their areas, are also presented in Table 2. One major

concern expressed by local governments (Huggins, et al, 1978) is

that the development process in their area may, figuratively speaking,

"get out of control" in the sense that private developers could

make decisions affecting community economic development independent

of community or local government interests. On the other hand,

local government insistence on compliance with regulation may dis-

courage potential developers who already face regulation on the

federal and state levels.

Another concern expressed by some citizens is the negative

impact of the familiar "boom-bust" cycle which characterizes large

construction projects in less developed areas. This phenomenon

would be felt to a much greater extent from construction of a geo-

electric plant, but could have some impact from process-heat plant

construction, especially if the local economy cannot supply the

essential materials, equipment, and labor required. While larger

communities such as Klaxnath Falls might absorb the surge and ebb of

employment and incoming dollars without significant negative impacts,

smaller towns such as La Grande and Vale could suffer if public

facilities were expanded during the early phases of development

only to be left idle as crews left the area.
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Often accompanying the boom-bust cycle is speculative real

estate activity on those lands indirectly affected by development:

i.e., nearby property with or without geothermal potential. Owners

of property adjacent to a developing geothermal industrial park, for

example, might be pressured into sale or leasing of their lands

despite their desire to maintain the land in its current use. This

pressure would be especially intense on owners of undeveloped pro-

perty within a community's urban growth boundary if their land had

above-average geothermal potential.

Drilling new wells in areas where utilization is currently

taking place can have other impacts aside from speculative increases

in land values. One user in Klamath Falls has already experienced

fluctuations in well temperature after a nearby well was placed in

production (Wogan, 1977). The same phenomenon has been observed at

the Geysers and at the Laradello fields: as the number of wells in

production in a given area increases, the well-head temperature and

pressure of existing wells declines. A real possibility exists that

as the number of wells drilled by both public and private users in

Oregon's geothermal areas increases, existing well users may

experience a decline in the quality of their resource. Assignment of

responsibility for this decline may require judicial decisions, as

may the level of any damages to the injured parties.

Property owners adjacent to larger scale geothermal developments

may also be adversely affected by increased noise, dust, and traffic

during the drilling and facility construction phases of development.

These side effects would have a greater impact on residential areas

nearby than on agricultural or commercial areas, although some

evidence does exist that growth or production rates for certain live-

stock, poultry, and field crops can be damaged by excessive noise and

dust (Anderson and Wallace, 1976). The problems of toxic chemical

emissions and noise from steam release, which are characteristic of

most electricity-generation field sites, are unlikely to occur in

Oregon due to the lack of proven reservoirs capable of producing

electricity, and to the relative chemical purity of Oregon geothermal

water.
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While the degree of impact of excessive noise and dust on

agricultural production is not well known, estimates can be made of

the social and economic impacts of converting lands with high geo-

thermal potential from agricultural to industrial use. In Cnapter V1

the opportunity costs of this conversion are approximated by the sum

of agricultural land rents over the life of the project. These oppor-

tunity costs, and the removal of land from agricultural production

would be viewed by some as a negative impact of development. The

magnitude of this impact also, however, is dependent on the size and

type of geothermal development considered. The process-heat appli-

cations used as examples in Chapter V occupy eight to 55 acres and

are assumed to be exclusive uses of those sites. A geo-electric

field, on the other hand, may occupy several thousand acres, yet only

that area occupied by the generator buildings and access roads would

be totally removed from the possibility of continued agricultural

production. This is the case in Laradello, Italy, where geothermal

wells and pipes produce and transport steam amid productive wheat

fields.

Some geothermal lands have a perceived value greater than the

value of the land in production. This added value can be a result of

the area's recreational potential, its historical value, or its

unique environmental characteristics. Due to the unmneasurable nature

of these qualities, assessment of positive and negative impacts on

them is difficult. The final section of this chapter focuses on one

of the unrneasurable impacts: the environmental effects of geothermal

development.

Environmental Effects of Geothermal Development

Despite the fact that geothermal energy is generally regarded

as a relatively benign source of power, there issome concern among

environmental groups that aggressive development of the resource

could have detrimental impacts on the environment, particularly in

the case of electricity generation. Environmental concern is perhaps

best sunmarized in the Sierra Club's 1976 revision of its geothermal
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"Geothermal is presently characterized both by quan-
titative uncertainties and by a number of adverse
environmental effects associated with resource pro-
duction and utilization . . . Regulatory agencies and
the geothermal industry should give urgent attention to
the mitigation or elimination of the adverse effect of
current and future exploration and resource production
projects, and to the resolution of land use conflicts
arising from project siting proposals. Research and
develonent projects should also be carried out under
conditions of appropriate environmental protection and
in areas of minimal environmental and land use sensi-
tivity." (Sierra Club, 1975-1976)

More specifically, the Sierra Club feels that further study is

needed on several issues of environmental concern, including the

following which are applicable to Oregon:

directional drilling technology to minimize surface
disturbance;

reservoir management techniques which can maintain a
balance between fluid withdrawal and reinjection;

the use of geothermal for non-electric applications.

Environmentalists as a whole also oppose geothermal deve1onent

in any areas designated by the federal or state government to have

ecological , scenic, natural, wildlife, geological, education,

historical or scientific value.

The levels of environmental impacts of geothermal utilization

are directly related to type of deve1oçnent. Electricity generation,

the most capital-intensive use, predictably has the most potential

for adversely affecting the environment.5 Land use conflicts, air

and noise pollution, erosion, land subsidence, and disruption of

wildlife are the hazards most often mentioned in connection with

geothermal electricity generation. The construction of transmission

lines beyond the generation site increases the impact. Electricity

generation, however, is not foreseen as a use for geothermal energy

26

5/ Paradoxically, the most capital-intensive use of geothermal
energy is also the least efficient in terms of BTU recovery. It

has been estimated by experts that 85 to 90 percent of the heat con-
tent- of geothermal fluids is effectively utilized in direct heat
application, whereas only 15 to 20 percent of the heat content is
effectively used in electricity generation.



27

in Oregon's near future. Only the possible environmental effects

of direct heat applications are, therefore, relevant to the present

inquiry.

The most widely discussed potential impact of geothermal

develonent on Oregon's environment is centered on alternative

methods of disposal of hot water after its use. This impact is

non-existent with the use of down-hole heat exchangers, which with-

draw heat from the well without withdrawing fluids. If fluids

are withdrawn from the well, however, their disposal must be consi-

dered in the design of the system. For example, a home with a peak

heating demand of 30,000 BTU per hour would require approximately

640 gallons of 250°F water per day, which would require disposal

after heat extraction (Johnson, Simmons, and Peterson, 1977).

Several alternatives have been proposed by researchers. These

include disposal as irrigation water, impoundment, discharge into

streams, sewers and/or storm drains, and reinjection through addi-

tional wells. Impoundment or use as.irrigation water requires

either additional land surface or proximity to crop or pasture land,

neither of which may be available in an urban or suburban area.

Discharge into streams raises the possibility of thermal pollution,

which is regulated by the Department of Environmental Quality. These

regulations are especially stringent for streams with an anadramous

fishery. Discharge into storm sewers poses a similar problem, while

discharge into private sewer lines in urban communities may overtax

treatment facilities. Reinjection is usually regarded as the least

environmentally offensive, although the most costly answer to the

problem of fluid disposal. This alternative has the additional

advantage of recharging the aquifer from which the fluid was origi-

nally extracted.

An example of another major concern of environmentalists over

geothermal develonent was brought to public attention in the case

of Sierra Club versus Hathaway. In this court case, the Sierra

Club, with the support of the High Desert Study Group, sought an

injunction in U.S. District Court to prevent the Bureau of Land

Management (represented by Secretary of the Interior Hathaway) from
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holding lease sales in a portion of the Alvord Desert Known Geo-

thermal Resource Area on the grounds that an Environmental Impact

Statement had not yet been filed. The District Court denied the

injunction, and the Appellate Court later upheld the denial.

Oregon Sierra Club Energy Program Coordinator Elizabeth Frenckel

explains that, while the Sierra Club and other environmental groups

are not opposed to geothermal development (most consider it an

attractive alternative to coal or nuclear power), they are concerned

over a lack of step-by-step environmental review. Once leases are

granted and exploration begun, the developer has "sunk costs" which

make him reluctant to relinquish his project if an environmental

hazard occurs or is foreseen to occur. This reluctance increases

with the number of dollars already invested, as can be expected.

The Sierra Club concern, then, is that once leases are granted and

exploration begun, little can be done to halt geothermal development

if adverse impacts do occur. It was this concern that triggered

the Alvord Desert controversy.

Environmentally concerned groups and individuals have consis-

tently voiced their views on geothermal development on a site

specific basis in the Environmental Analysis Records and Impact

Statements filed by federal land management agencies. A brief

discussion of these reports, as well as other relevant technical

but non-economic literature is contained in the next chapter.



CHAPTER III

REVIEW OF TECHNICAL LITERATURE

As outlined in the introductory chapter, the problem underlying

the present research on geothermal energy has three components:

technical, theoretical, and empirical. Since applications of econo-

mic theory to geothermal energy are relatively new, the purpose of

this literature review is to provide basic familiarity with the tech-

nical, non-economic aspects of geothermal development which form a

framework of constraints for economic examination of the subject.

The economic theory component (and objective) is pursued in depth

In the following chapter.

The bulk of technical geothermal literature relevant to Oregon

can be divided into three categories: case studies of applications

or potential applications; legal and institutional literature; and

exploration and assessment studies. None of these subjects applies

directly to an economic analysis of geothermal development, but each

body of knowledge can affect the deliberations of the parties

involved in the leasing process. In determining whether a specific

development is practical, for example, both the landowner and the

developer would probably want to know what other types of geothermal

applications are currently in operation, and whether local conditions

make these applications feasible for the case under consideration.

Some legal constraints affect construction and production costs for

the developer, while assessment methods affect his exploration costs.

Finally, a general familiarity with these subjects is helpful to the

applied economist working with landowners and developers at the site,

giving him or her a broader perspective on the problem.

Application and utilization literature is reviewed in section

one of the chapter, legal and institutional literature in section

two, and exploration and assessment articles in the final section.

29
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Application and Utilization of the Geothermal Resource

Prior to beginning a project, the developer must be reasonably

sure of its economic feasibility, which depends on several factors:

availability of the resource; markets for inputs and outputs; and

construction costs. By comparing his planned project with studies of

existing applications, the developer may be able to reduce uncer-

tainty in some or all of these areas. For this reason, both the

economist and the developer should be familiar with other current

applications and methods of utilizing the resource.

Application and utilization literature on geothermal resources

generally consists of broad national or international overviews of

applications, or more specific utilization studies involving engi-

neering (and occasionally cost) data for a particular use at a

particular site. The "overview" literature reveals that at the

present time develoçent of geothermal resources for both non-elec-

tric and electric-production purposes is proceeding rapidly through-

out the world. The United States, Japan, New Zealand, and Italy

are world leaders in electricity production technology, with the 590

megawatt (Mle) plant at the Geysers in California being the largest

in the world. Other countries, including Mexico, Iceland, and

El Salvador, also have operative electric geothermal plants from wet

steam sources.

Geothermal energy in the volume and temperature required for

cost-effective electricity generation occurs relatively rarely.

While more publicized, electricity generation is only one of many

uses for geothermal resources. More common uses are in the areas

of space heating and cooling, and in process-heat for both agricul-

ture and industry. As opposed to present worldwide electrical genera-

tion capacity of approximately 1500 MWe, over 7000 thermal megawatts

(MWt) are used for space heating and cooling, agriculture and

aquaculture production, and industrial processes (Lund, 1978).

Agriculture-related usage is most common in the Soviet Union: an

estimated 5000 MWt are used there alone for this purpose. Iceland
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is the international leader in space heating: over 50 percent of

all Icelandic homes and businesses, including the entire capital of

Reykjavik (population 90,000) is geothermally heated, consuming an

estimated 225 MWt annually. Industrial uses, while not as common

as agri-business applications or space heating, are considerably

more varied: drying of earth, fish, wool and timber; pulp and paper

processing; and chemical extraction. Leaders in this field are

Iceland (diatomaceous earth-drying) and New Zealand (paper and wood

processing). Table 3 is used to illustrate international uses of

geothermal energy.

In the United States most geothermal uses outside Oregon are

confined to exploitation of available surface water in the form of

thermal springs, with thenotable exception of the Geysers. Of the

23 states using geothermal resources, Oregon ranks fifth in consurnp-

tion using an estimated 176.9 MWt6 (Peterson, 1976). Table 4 is

used to sunffnarize applications in the western United States, where

most geothermal development is currently taking place.

In the category of direct application of developed, non-elec-

tric geothermal energy, Oregon ranks first in the nation: "In the

U.S., the largest utilization of natural hot water is in Klamath

Falls, Oregon, where several hundred homes and numerous schools

use geothermal waters for heating." (Bowen, 1974.)

Lund, et al (1975) have described the engineering aspects of

space heating, which include well drilling and heat distribution.

Space heating wells may be up to 600 feet deep, and are usually

drilled with cable rig equipment. A 12-inch diameter bore is;±ilied

with a perforated 8-inch diameter casing to allow circulation of

warm water within the well (Figure 4). Warmth is extracted from

the well water by a heat exchanger -- two lengths of pipe in a hair-

pin configuration -- which is lowered into the warm water inside

the casing. The pipes are then connected with the distribution

system (which is filled with pure water). Through the process of

"thermo-syphoning," the city water warmed down in the well moves

6/ The formula for computation of thermal megawatts utilization
(Mt) jS flow rate (gpm) times degrees Fahrenheit greater than
59 F (15 C) divided by 6834.



HUNGARY

Greenhouses
Animal Husbandry
Space Heating
Crop Drying

ICELAND

Space heating on a large
scale (40% of population)

Hot houses for flowers and
vegetables

Industrial utilization
Power generation
Drying of seaweeds
Curing cement building slabs
Mining of diatomaceous earth
Fish husbandry (salmon)

ITALY

Power generation
Chemical production
Ore Processing

JAPAN

Space heating
Melting road snow
Sewage heat treating
Livestock barn heating
Egg hatching and poultry
Power generation
Tropical animal husbandry
Tropical and food fish
husbandry, eels

Greenhouses
Sapling growing

II. Soil disinfecting
Heating irrigation water
Cooking
Bathing
Heating swinming pools and

TABLE 3

GECYI'HERMAL APPLICATIONS OUTSIDE THE UNITED STATES
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JAPAN (Continued)

Salt making or desalting sea
water

Tropical gardens
Food drying, processing
Mineral water and medicinal
Rice processing
Extraction of gases
Production of sulfuric acid
Brewing and distillation
Raising alligators, crocodiles
Sinter extraction (alum)

MEXICO

1. Power generation

NEW ZEALAND

Process heat for newsprint,
pump and lumber mills

Space heating
Power generation
Space cooling by lithium bro-
mide absorption unit powered
with geothermal heat

Biodegradation of wastes from
pigst ies

Washing arid drying of wool
Soil and bulb sterilization
Tree seedling nurseries
Cooking and sterilizing gar-
bage feed

Alfalfa drying

USSR

Domestic hot water
Space heating
Greenhouses
Soil heating (permafrost)
Industrial uses
Mining uses

tire tigriting water 7. Dairy farming
Power generation (experimental)
Iodine recovery

Source: Geothermal Development in Oregon: A Planning Report.
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GEOTHERMAL APPLICATIONS IN THE WESTERN UNITED STATES

33

Source: Geothermal Development in Oregon: A Planning Report.

IDAHO
Possible Future Applications

1. Space heating
2. Domestic hot water 1. Power generation
3. Greenhouses 2. Sugar processing
4. Swixrming pools, resort use 3. Fermentation processes
5. Fish propagation (mainly 4. Freeze drying of food

catfish) 5. Production of heavy H2o
6. Irrigation 6. Mineral extraction from
7. Animal husbandry (warm water brines

watering during winter
months)

7. Production of alumina from
bauxite

8. Forest campgrounds 8. Gasification of coal and
other carbonaceous

NEVADA 9. Textile processing

1.

2.

3.

Source of water for domestic
use

Space heating
Safe heat source for

10. Products of fermentations:
Ethyl alcohol
Butanol acetone
Citric acid, etc.

processing explosives
4. Spas and recreation
5. Greenhouses

Applications Now in Effect

OREGONALASKA

1. Swirrffning pools and bathhouses 1. Space heating
2. Greenhouses 2. Heating water for domestic
3. Limited space heating use

3. Pasteurization
CALIFORNIA 4. Industrial cleaning

1.

2.

3.

4.

5.

Power generation
Space heating
Heating water for domestic

use
Greenhouses
Spas and recreation

5.

6.

7.

8.

Refrigeration (reverse cycle)
Coils under pavement to pre-
vent accumulation of ice
and snow

Greenhouses
Tree seedling nurseries

6. Lumber mill drying kilns 9. Swinining pools, spas
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through the distribution system and radiators, then back to the

well. A second, smaller coil, also filled with city water, is

inserted into the warm water in the well, heating water for domestic

use. This system, while suitable for small-scale space heating,

is not adequate for larger scale projects. In commercial space

heating, water is pumped from the well and through surface heat

exchangers and then discharged or injected back into the ground.

Several other current applications of geothermal energy in

Oregon are discussed at length in the Geoheat Utilization Center's

Quarterly Bulletin, published by the Oregon Institute of Technology

(OIT). These include de-icing a dangerous highway grade (Lund,

1976, parts 1 and 2) through installation of a grid of pipes, filled

with geothermal water and antifreeze, beneath the pavement, and

heating greenhouses at OIT (Karr, 1977) and at Lakeview (Lienau,

1975). The latter, a commercial enterprise, calledOregon Desert

Farms, has been in operation since 1970 and produces tomatoes for

sale in southern Oregon. Perhaps the most exotic use of geothermal

water at the Geoheat Utilization Center has been the aquaculture

project in which giant freshwater prawns (macrobraium rosenbergii)

were raised in geothermal water ponds (Johnson, 1976). This deli-

cacy sold for more than $12 per pound in 1976.

The Geoheat Utilization Center also prepares feasibility studies

for future uses of geothermal energy in Oregon, such as Agribusiness

Geothermal Potential of the Klamath and Snake River Basins, Oregon

(Lienau, 1978). In this paper, the engineering and cost structures

of six agribusiness applications are described. Three of these

applications are retrof its to geothermal process heating by three

existing companies: Western Polymer; .znalgamated Sugar Company; and

Ore-Ida Foods. Three hypothetical applications also covered

in this report are onion dehydration, alfalfa pelletization, and tree

seedling greenhouse heating. Using cost equations comparing conven-

tional fuel systems with geothermal systems over the lives of the

projects, the researchers at OIT demonstrate that the savings

result in favorable returns on investment with lower payback periods.



Legal and Institutional Constraints in Geothermal Development

At a recent conference on geothermal development, a representa-

tive of the energy industry stated that the primary reasons for
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Utilization studies of this type have also been done at Oregon

State University (Reistad, et al, 1978) although different applica-

tions were studied in less depth. Emphasis was not on agribusiness

as such, but on resource-based industries which could use hot water

in an integrated or cascaded system. Processes examined included

greenhouse tree seedling production, greenhouse tomato production,

controlled environment swine production, barley malting, methane

generation from swine wastes, and lumber drying. Although costs

could be reduced by use of geothermal energy (instead of conventional

fuel) in five of six cases, only greenhouses were considered econo-

mically feasible for the Klainath Basin. Savings from use of geother-

rnal energy were offset by increases in costs, such as transportation,

in the other applications. The six applications were then combined

(on paper) in a multi-level cascaded system. While the economic

feasibility of such a combined system depends on the size of each

process, the integration of applications reduces production costs

for every process. Management and coordination problems were fore-

seen for this system, however.

Another integrated facility called TERSA (Total Energy Recovery

System for Agribusiness) is described in Fisher, et al (1978).

Although not designed specifically for Oregon, TERSA combines several

applications studied in this state. The TERSA module, which uses 500

gallons per minute of 250°F water, consists of greenhouses, mushroom

houses, prawn ponds, bioinass digestion units, a refrigeration unit,

an office/laboratory, the heat exchanger and distribution systems

among the buildings. TERSA has not yet been tested, but the authors

seem confident of its success given a resource site of sufficient

capability, and a lack of legal and/or institutional constraints.

These constraints, as they apply in Oregon, are reviewed in the next

section.
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development delay in Oregon was an unfavorable political climate.

Although his comment drew some criticism, it was generally agreed

that the political environment exerts a powerful influence on present

and future exploitation of the resource. A discussion of legal and

institutional restrictions affecting development of geothermal

resources is relevant to the present inquiry.

Legal Constraints to Geothermal Development

Geothermal legislation throughout the United States is a rela-

tively recent phenomenon, and is newer still in Oregon. The bulk of

federal legislation is contained in the 1970 Geothermal Steam Act,

and Title 43, Part 3200, Chapter II, of the Code of Federal Regula-

tions (CFR). These administrative guidelines authorize the Bureau

of Land Management (BUvl) and the United States Geological Survey

(USGS) to regulate land leasing, well drilling, and geothermal energy

production on federal lands under the jurisdiction of the BLM, and

on those non-federal lands to which mineral rights have been retained

by the federal government. The Geothermal Steam Act also includes

authorization and guidelines by which United States Forest Service

(USFS) lands can be made available for lease, but relatively few

applications for leasing in Forest Service lands have been completed

in Oregon to date.

BLM and USFS lands available for geothermal leasing are divided

into two categories: Known Geothermal Resource Areas (KGRAs), the

designation of which is based on geological evidence and/or competi-

tive interest in that region; and non-KGRA acreage. Lands within

KGPAS are offered for leasing at announced sales on acompetitive

bonus-bid basis. All bids must be submitted with proof of qualifica-

tions and payment in the amount of one-half the amount of the bid

for the total acreage. The successful bidder must pay the remainder

of the bid and the first year's rent prior to issuance of the

lease. A plan for diligent exploration must also be filed. Non-

competitive lease applications are sent to the BLM District Office

in Portland during monthly filing periods: the minimum rental is
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$1.00/acre/year for the first five years, after which the rental

escalates at the rate of $1.00/acre/year until geothermal resources

are produced in commercial quantities.

Both types of federal leases have a primary term of ten years,

but a 40-year extension may be granted if commercial production

occurs. A second 40-year extension is also possib1e if the land is

not needed for another purpose. Both types of leases are limited to

2560 acres within a six mile square per lessee, or 20,480 acres per

lessee in one state. Energy royalties are 10 to 15 percent of the

energy value, and 5 percent of the value of any mineral by-products.

In the case of electric generation, royalties are computed from the

value of the power at the busbar (i.e., at the transformer), whereas

direct heat royalties are computed from the price of the lowest

cost equivalent alternative source of heat. Leases may be terminated

on 30 days' notice for violation of terms.

The USGS Geothermal Operational Orders 1-7 contain much more

specific regulations for environmental protection, technical regula-

tions controlling the physical construction of the well, construction

of pipelines and other surface production facilities, and production

measurement and testing.

State Laws. Leasing of state lands for geothermal energy

production is administered through the Division of State Lands (DSL),

as authorized by the Oregon Administrative Rules Compilation (OAR),

chapter 141, sections 75-010 through 75-575. These guidelines took

effect on September 14, 1974, and apply only to those lands listed

in the State Registry of Geothermal Resource Rights. On these lands

the administrative relationship between the DSL and the state Depart-

ment of Geology and Mineral Industries (DOGAMI) closely parallels

that of the BLM and the USGS on federal lands, with the exception

that DOGAMI's jurisdictional powers and regulations apply to all

lands within the state, whether in public or private ownership. As

a rule, state lands with potential for geothermal development are

interspersed in federal lands, reducing their attractiveness as

large-scale development sites.
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On state lands, acreage is again divided into two categories

Designated Geothermal Resource Areas (DGRA5); and non-DGRA5. Lands

within DGRAs are leased on a competitive bonus bid basis entirely

similar to the KGRA lease and the lease applications must be accom-

panied by a $10,000 corporate surety bond. There are no acreage

limitations for this type of lease. Non-competitive lease applica-

tions for non-DGRA land, however, must exceed 40 acres per lease.

Prior to leasing on state lands, an exploration permit, accompanied

by a surety bond, must be filed with the DSL. The application is

then circulated among potentially affected state agencies before

lease issuance. Lessees on state lands may also combine their opera-

tions with other parcels on non-state lands in cooperative

development.

Adopted in 1975, ORS chapters 522 and 523 define a geothermal

well as any excavation 500 feet or more in depth made for the dis-

covery or production of geothermal resources. This stipulation makes

intent the distinguishing factor in the definition of a geothermal

well. The law also states that, due to the nature of the water

and/or the method of drilling, any water well with a bottom hole

temperature of 250°F or greater than 2000 feet deep must also have

a geothermal permit from DOGAr4I. This provision protects the well

driller who may unintentionally strike warm water at a shallow depth.

Wells falling in this latter category are legally classed as ground-

water wells, and are subject to the doctrine of prior appropriation,

as stipulated in the 1955 Groundwater Act (ORS 537.505 through

537.795).

Geothermal wells were placed under DOGAMI's jurisdiction

only after several years of legislative study. Difficulties seemed

to arise from the nature of the resource and/or the unique methods

used to "harvest" it. Separate permits are required for exploration

(or "prospect") wells, and production wells or "deep holes", where

the former are defined as less than 500 feet deep, the latter as

greater than 500 feet (usually around 2000 feet). Applications for

either type are cirulated among affected agencies prior to approval.

Bonding requirements are included in the application: $5000 for
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gradient well(s) and $10,000 for a deep hole ($25,000 for two or

more). These bonds insure the correct abandonment of the wells

if exploration is unsuccessful. Applications must also Contain

specifics on the proposed well depth, casing, and abandonment

procedures (ORS 522).

Several Oregon Revised Statutes already exist to regulate

subsequent geothermal utilization. ORS 308.370 provides for the

assessment of lands subject to geothermal resource development

for ad valorem taxation. ORS 215.213 preserves the preferential tax

treatment for zoned farm lands on which geothermal energy is produced.

Department of Environmental Quality permits for air and water p01-

lution resulting from geothermal development are required, as stipu-

lated in ORS 468.350.

Institutional Factors and Literature

Institutional analysis of geothermal development focuses on

the participating groups: firms utilizing geothermal energy;

public agencies regulating its development; private groups seeking

to influence such development; and others. In this sense, the

"institutions" involved in the development process include the regu-

latory agencies, production field developers and operators, public

interest groups whose interests are not geographically limited,

and citizens of communities affected by geothermal projects. A full

analysis of these participants would involve multidisciplinary

research, with economics playing a contributing rather than a major

role. In addition, institutional literature for geothermal develop-

ment in Oregon is extremely limited. For these reasons only a

review of literature is presented here.

Regulatory Agency Literature. While agency reports from the

Oregon Department of Energy (ODOE), the Geoheat Utilization Center

(CHUC), and DOGAMI usually concentrate on utilization, assessment,

or exploration overviews, other state and federal agencies respond

to geothermal development projects in response to Environmental
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Analysis Reports (EARs) and Impact Statements (EIS's). From an

examination of the correspondence contained in these EARs and EISs,

two insights may be drawn: (1) Interest is usually confined to

the agency's immediate area of jurisdiction -- comprehensive impacts

are not considered; and (2) most agencies show relatively little

concern over potential negative impacts of geothermal development

in Oregon.

Literature from Public Interest Groups and Local Residents.

EARs and EIS's also contain testimony from environmental and other

public interest groups and from area residents. Correspondence

from environmentalists in EARs and EIS's indicates concern for

the overall impacts geothermal development might have on the entire

ecosphere. Response by citizens in Klarnath, Lake, Harney, and

Maiheur counties to proposed geothermal leasing seems split, pro and

con, on the desirability of development.7 Local business concerns

are understandably in favor of increased economic activity within

the community, while some private residents have expressed concern

over disruption of local landmarks, etc.

Industry and Trade Literature. A comprehensive study of

geothermal developers would analyze articles in industry conference

proceedings and trade journals, but general understanding of the

developer's role can be obtained by skimming these articles. In

general, these publications include interviews with, or papers by,

industry experts and government officials; reports on new tech-

nological developments in all stages of resource utilization;

update reports on government activities; and studies on geothermal

advances in other countries. Trade publications such as Geothermal

Energy Magazine and the Geothermal World Directory also serve the

industry by providing directories of businesses and individuals

(both US, and international), regulatory agencies, and academic

7/ The notable exception to this pattern is the general mood of
correspondence contained in the Breiteribush EIS, which is one of
marked opposition to development.
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concerns which participate in geothermal development.

The role of the geothermal developer is seldom expressed

objectively. In general, geothermal developers give the appearance

of being harassed and frustrated either by environmentalists hostile

to any energy development or by lethargic bureaucracy unwilling to

speed up leasing application processing or preparation of EARS and

EIS's.

Exploration and Assessment Literature

With thelimited scale of geothermal application, it is not

surprising that most geothermal literature specific to Oregon covers

pre-application issues such as exploration and assessment of the

physical resource. These studies play an important role in the

development picture, and are therefore summarized here although

their relevance to the economist is limited.

Literature on the geothermal resource in Oregon can be cate-

gorized into three types: extent of exploration; gradient and geo-

chemical assessment; and geophysical assessment. Examples of the

first type are the geothermal activity sunimnaries published in

DOGAMI's Ore Bin
8

each January. These studies are purposefully

non-technical and are understandable in the most part by the educated

layman. Their purpose is to briefly enumerate geothermal exploration

and leasing activity which has taken place in the last year.

Research by agencies on various aspects of the resource and its

development are also mentioned, and no attempt is made to discuss

findings or data at length.

DOGAMI's role in information dissemination, however, does not

stop with annual overviews of geothermal activity. The Department

has drilled test wells throughout the state, which are monitored

both for temperature and chemical content of fluids. Temperature

reports include those by Bowen, with Blackwell, Hull, and/or

Peterson (1972, 1970, 1975, 1976, 1977). This type of research is

8/ The name of the monthlyDcKAMl publication was changed from the
Ore Bin to Oregon Geology in January, 1979.
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often called a "gradient study." Geothermal gradient is defined as

the rate of temperature increase with depth. Normal gradients are

approximately 300C per kilometer, but areas of geothermal activity

exhibit much higher gradients (Bowen, 1972). Studies of this type

(published as Miscellaneous Papers by DOGAMI) are technical reports

of little interest or use to the non-specialist.

Water smples from test wells are also tested for chemical

content of fluids, although results of these tests are not available

in published form. The techniques and conclusions used in these

tests are described at length by Fournier (1966, 1974), but can be

summarized briefly here. Certain minerals, such as silica (Si),

calcuim (Ca), sodium (Na), and potassium (K), dissolve in underground

water. The proportions of these minerals in solution is determined

by the depth and temperature of the water, but remains unchanged as

the fluids move to the surface. From the parts per million (ppn)

of Si, Ca, Na, and K in hot spring water, therefore, the depth

from which the water originated, and temperature at that depth, can

be determined.

The purpose of geophysical exploration and resource assessment

is to develop a geologic cross-section of subsurface strata to assist

in the location of geothermal resources. Members of the Geophysics

Group at OSU have done extensive field study in Oregon (Bodvarsson,

et al, 1974; Tang, 1974; Lillie, 1974; Couch, 1975). The least

technical reports of these studies are published in the Ore Bin and

even these can be confusing to the non-specialist. The more common

types of geophysical studies done in Oregon include telluric, aero-

magnetic, seismic reflection and refraction, seismic micro-earth-

quake, and gravity surveys. These techniques locate geothermal sub-

surface reservoirs by documenting discrepancies in the natural elec-

tric currents of the earth (telluric), in return speed of shock waves

from planted charges (seismic studies) or magnetism of surface rocks

(aeromagnetic).

Other geophysical techniques used in geothermal exploration

include aerial infrared surveys to detect latent heat emination, and

potassiurrv'argon (K/Ar) dating of rhyolitic dome formations to
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determine the date of most recent volcanic activity: active areas

have high potential for geothermal development (Walker, 1975).

The purpose of this chapter has been to familiarize the

economist with important but non-economic literature concerning

geothermal development. Development alternatives, legal and

institutional factors, and exploration and assessment techniques

each affect the leasing decision process in terms of the feasibility

and timing of development. In Chapter IV, bodies of economic

theory pertinent to geothermal development will be discussed within

the context implied in this chapter.



CHAPTER IV

ECONOMIC THEORIES APPLICABLE TO GEOTHERMAL DEVELOPMENT

Building on the background presented in thapters II and III,

economic theories more specific to the leasing process will be

exaniined in the current chapter: property rights; land rent, input

substitutability; investment under uncertainty; and contracts.

The purpose of this chapter is to apply these theories to

geothermal develoent from the viewpoints of the participants,

the landowner and the developer, to clarify (1) the roles of each

party in the exploitation and utilization of the resource, and

(2) their decision-making frameworks during lease negotiation. The

concepts of property rights and of land rent are used in Section 1

of the chapter to examine the viewpoint of the landowner. The

developer's viewpoint is presented in Section 2 in the context of

two major theories: substitution among factors of production; and

investment under uncertainty. The conflicting viewpoints are

examined in the lease context in Section 3, using contract theory.

Economic Determinants of the Landowner's Behavior

In economic theory, two attributes of land influence its value.

From the standpoint of society, the bundle of property rights

attached to the land gives the owner the right to use it; while from

the market standpoint, the rent which accrues to the land as a result

of ownership of these rights gives the land value in use. The value

of land used in producing currently marketed resources (such as

fossil fuels, timber, and agricultural goods) has already been

established through institutional allocation of property rights,

rental payments, productivity, and product prices. Little considera-

tion, however, has been given as yet to establishing the value of

undeveloped resources such as geothermal energy. In the absence of

an established market value, therefore, the value of the resource
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would be based on compromise between the landowner's and the

developer's perception of its worth.

Property Rights

In current property rights literature, maximizing behavior is

considered standard: each decision-maker is assumed to be motivated

by self interest to move to the point of highest obtainable returns.

The institutional constraints placed on each decision-maker (parti-

cularly existing property relations, and transaction and enforce-

ment costs of the contract) are usually specified in each case,

since these constraints greatly affect the allocation of property

rights and the returns to each party. Rather than advocating

government intervention in negotiation, property rights theory as

a rule seeks to extend the market concept into new areas, where

resources may be misused due to lack of incentives for efficient use.

Emphasis is placed on individual choice (as revealed through market

or political behavior) rather than on arbitrarily established social

standards. Finally, the goal of property rights theory, as expressed

in the literature, has been to establish operationally meaningful

propositions about the economy.

An economic incentive exists to establish property rights

over a resource when those parties affected by externalities in

resource use can gain from internalization of those benefits or

costs (Deinsetz, 1967). In most cases, this incentive applies to

resources formerly (and erroneously) considered free or inexhaust-

ible. A classic example is the extension of U.S. offshore fisheries,

where the benefit of exclusive use is assumed to offset costs of

enforcement. Once property rights have been established, Demsetz

continues, they define permissible and non-permissible actions to

benefit oneself or to harm another. By extension, the rights imply

to whom, and under what circumstances, payment for actions is due.

Allocation of property rights to geothermal resources in

Oregon was resolved in 1975, following introduction of legislation

in 1969, 1971, and 1973. ORS 522.035 assigns the rights as follows:

46
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(522.035) Ownership rights. CX.nership rights:to geo-
thermal resources shall be in the owner of the surface
property underlain by the geothermal resource unless
such rights have been otherwise reserved or conveyed.
However, nothing in this section shall divest the people
or the state of any rights, title, or interest they may
have in geothermal resources.

The intent of the first sentence is clear full property rights

to geothermal resources are vested with the owner of the surface

property, except in those cases where, through the Federal Homestead

Act or similar legislation, mineral and/or geothermal rights to

private land are reserved by the government.

Some agency experts feel that the purpose of the second sen-

tence is to retain state ownership of geothermal resource, should

they be defined as water. Water resources in Oregon are subject to

an entirely different system of property rights, as explined in

ORS 537.110:

(537.110) Public ownership of waters. All water within
the state from all sources of water supply belongs to
the public.

Although each statute effectively assigns property rights to

a resource, the difference between them is apparent. Examination of

subsequent chapters (ORS 522, 523, and 537 respectively) further

clarifies this distinction. Water is defined as a publicly owned

resource. Permission to use any water source for other than domes-

tic purposes must be obtained from the state in the form of a water

right. This right specifies the amount of water to be used, the

point of diversion, the rate and type of use, and the period of

time in which the water will be withdrawn. Although the water right

can be transferred to another party, the constraints placed on diver-

sion and use of the water remain. In contrast, the property right

given to the surface owner in the case of the geothermal resource

is effectively fee simple ownership, which gives him: a) the right

to i.ise of the resource (whether personal or assigned); b) the right

to benefit from a return to the resource; c) the right to change the

form or substance of the resource; and d) the right to transfer his

ownership in any legal manner. All these rights are reserved to
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him, to the exclusion of all other parties. The second sentence of

ORS 522.035, however, reserves to the state powers of taxation,

policing, and eminent domain.

By this allocation of property rights, a geothermal resource

owner legally has the right to develop his resource in any manner

he sees fit, within the bounds of the overall interests of society.

Society in this case is represented by various state agencies which

safeguard public health and welfare bypolicing drilling and

production procedures. Taxation of the return to the resource may

take the form of income taxes and/or property taxes for process-

heat uses, or of public utility fees and taxes for energy transmit-

ted of f site, i.e., generation of electricity.

Despite the fact that Oregon statutes define the geothermal

property right as fee simple ownership by the surface landowner,

some non-internalized externalities may continue to exist resulting

in a rate of use above or below the social optiiiium. These exter-

nalities result from the nature of geothermal energy and of land

ownership patterns. Since their existence may result in alteration

of property rights, externality issues are briefly discussed below.

Property Rights and Externalities. The geothermal resource

is similar to petroleum in that the pool (or reservoir) is in

many cases not confined to a tract of land under single ownership,

but follows topography and sub-strata surfaces. Thus, one geother-

mal reservoir may have several owners. Two types of externalities

may occur in this situation those resulting from. competition among

multiple owners, under a rule of capture, or thce resulting from

fluctuating retrieval costs (Barlowe, 1972). Although there are

probably several instances of multiple ownership of a reservoir,

past and present intensity of use is such that xnflicts due to

scarce supply have not yet arisen. Empirical evidence on the former

type of externality is, therefore, unavailable in Oregon.

Documented evidence does exsit, however, of fluctuations in

steam temperature and pressure at the wellhead in the Geyser and

Laradello fields due to additional drilling in the vicinity of
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existing wells. Fluctuating retrieval costs need not be negative,

however. Positive externalities could occur if exploration costs

were reduced or land value increased on tract A due to successful

development of the resource on adjacent tract B.

Figure 5 (page 50) is used to illustrate the divergence

between private and social marginal costs and benefits in the case

of non-internalized externalities. If owner B drills a well,

which lowers wellhead temperatures for owner A, a diseconoiny exists

in which the rate of use by B exceeds the socially optimum rate.

MCp indicates the marginal private cost of the well to B, whose

optimum use rate is determined to be X, the intersection of MCp with

VMP, the value of the marginal product of the well. Marginal social

cost (MC5), which includes the cost of A's lower wellhead tempera-

tures, is higher than MCD. The socially optimum use rate is Y,

indicated by the intersection of MC5 and VMP.

On the other hand, if owner A can sell his land for a higher

price, due to the presence of geothermal resources as evidenced by

development on B's adjacent tract, B has generated an external

economy that accrues to A. B's optimum use rate, however, will not

relect this added social benefit, and private optimum use rate will

be below the socially optimal rate of use. Again referring to

Figure 5, MB (formerly MC5) represents the marginal private

benefit of B's development of his resource. It's intersection with

VMC (formerly VMP) indicates B's optimal use rate at point Y,

whereas the intersection of marginal social benefit (MB5, formerly

MCp) indicates a socially optimal rate of use at X.

Rent

When the property right has been legally established and

the possible ramifications of externalities understood, the owner

of that right can seek an appropriate return to the owned resource.

This is the second attribute of land which influences its value,

and which will be discussed in this section. Rent traditionally

has been used as a measure of the economic return that accrues to
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Y X
quantity of water over time

Figure 5. Effects on Geothermal Use Rates of Non-Internalized
Externalities (source: Land Resource Economics)
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ownership of resources when those resources are placed in production.

Rent can be defined as the remainder of total value product after

subtraction of the operator's total factor costs. This amount is

credited to the remaining fixed factor: in the case of geothermal

development, land.

Types of Rent. In discussing rent theory, it is necessary

to differentiate between non-economic and economic concepts of

"rent." The non-economic concept is usually considered a factor

cost, and is sometimes market negotiable, whereas the economic

concept, mentioned earlier, is a theoretical return to a factor in

production, the level of which influences non-economic "rent."

Contract rent is defined as the actual rental payments tenants

make for their use of otherst property, and is synonomous with non-

economic "rent." If the lease contract between a geothermal land-

owner and a developer called for annual payments of $25 per acre

leased, this amount would be considered contract rent, as would any

percentage of profits paid to the owner by the developer under the

terms of the contract.

The term land rent represents the theoretical earnings of

land resources (the residual return previously mentioned) which

accrues or should accrue to land for its use in production.

The concept of land rent as a residual economic surplus is

illustrated in Figure 6 (page 52), which shows the amount of land

rent (rectangle LMPR) as either the portion of total value product

(LNSP) above total factor costs (MNSR) of or total returns above

total costs.

Land rent can be further broken down into ground or site rents,

and location or site-quality rents. In the previous lease example,

$25 per acre would be considered "ground rent" -- the return to

unimproved land. A percentage of gross profits paid to the owner

would be considered "site rent" -- the return to plant, equipment,

labor, and other improvements on the land. Contract rent payments

to landowners in Kiamath Falls, which are higher than to owners

in the Alvord Desert, result from a favorable location -- an example
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of "location rent." Bonus-bids by developers in the Vale KGA

(subsurface temperature estimated at 2500 to 300°C), which are higher

than on tracts in the Klajnath KGRA (estimated subsurface temperature

150°C), are examples of site-quality rent. The concepts of location

and site-quality, and their effects on land rent, are further exa-

mined below.

Effects of Location and Site Quality. The concept of location

rent is important to Oregon geothermal landowners in determining

the level of land rent which may accrue to their resource, as

direct-heat geothermal utilization must take place on or very near

the welihead site. Any cost advantages of geothermal heat on their

particular site may be eroded by transportation costs: either of

the energy itself or of the processed product. Figure 7 (page 54)

is used to illustrate the transportation cost problem.

At distance to markets = 0, land rent is maximized as transpor-

tation costs = 0. As distance to markets increases, however, total

production costs (TPC in upper diagram) increases with increasing

transportation costs, and land rent (shaded triangle in upper

diagram) declines. At a distance of A miles to markets, total pro-

duction costs = market price of the product, and land rent is

exhausted. At distances past A, therefore, rent no longer accrues

to the land. The lower diagram of Figure 7 is used to clarify the

inverse relationship between land rent and distances to markets.

At distances less than A, rent continues to accrue to the land

(rectangle :ABCD): at A, however, land rent is exhausted.

The effects of site-quality on land rent encompass more

factors than those of location. For this analysis, the concept of

use-capacity is introduced to measure the cumulative impact of all

factors affecting site quality: temperature and quantity of water

available; distance to input and output markets, etc. Assume that,

at a given point in time a) geothermal lands in Oregon can be placed

on a graded scale based on decreasing use-capacity, and b) those

lands with the highest use-capacity (and lowest per unit production

cost) will be brought into production first. Figure 8 (Page 56)
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is used to illustrate the relationship between land rent, production

costs, and use capacity. This figure assumes a scale of lands

with use-capacities ranging from high (at A) to low (at C). As the

extensive margin of land use shifts to the right, lower grade, less

productive land is brought into production, and per unit costs

increase. Simultaneously, price levels will rise enough to bring

whatever additional product demanded onto the market. Triangles

KLR (at price LR), KMS (at price MS), and KNT (at price NT) are

illustrative of the amounts of land rent produced as the extensive

margin shifts from A to B, C, and D respectively.

In general, land rent declines as land use-capacity declines,

unless or until increased product prices bring still less productive

land into use. This relationship is illustrated in the lower

diagram of Figure 8, which can be considered a larger scale example

of the shaded portion of the upper diagram.

Significance of Land Rent. The concepts of land rent discussed

above are important in that they establish the conceptual basis for

projecting levels of rent without case-specific data (such as

those hypothesized in the next chapter); these concepts allow the

geothermal landowner to develop a relative but not absolute idea of

the returns he can expect. Despite this limitation, land rent

theory can be used as a tool in examining issues which are more

meaningful to the geothermal landowner: contract rental arrange-

inents; property values; land resource investment and develoçment

decisions; and land resource allocation between alternative uses.

Contract Rental Arran9errlerits. Under ideal conditions, both

the landowner and the developer would have complete, accurate infor-

mation on the costs and returns to geothermal development prior to

lease bargaining. This information would include the expected

economic return to land rent. The landowner would, therefore,

bargain to receive the full land rent plus as much additional payment

as possible. The developer, on the other hand, would consider full

land rent a bargaining ceiling, rather than a floor. The contract
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rent agreed upon would reflect the parties' respective strength

at the bargaining table.

It can be expected, however, that both bargaining parties will

not have accurate information on the costs and returns to geothermal

development in Oregon. Deviations in contract rent from actual

land rent should, therefore, be expected, although fluôtuations in

contract rent should reflect corresponding fluctuations in land rent

attributable to site-quality or location. If, for example, the

number of developers willing to invest in geothermal leases declines,

contract rent will decline (due to lower demand for geothermal land)

as will land rents (due to lower income accruing to land resources.)

The reverse situation will also occur. As previously mentioned,

bargaining power also influences contract rent. In those areas where

developers have multiple sites from which to choose, they will have

the edge at the bargaining table. Conversely, where several deve-

lopers seek to lease the same prime land, the landowner may expect

a higher return: bonus-bids in KGRA5 are an example of this.

Land Allocation ?Jnong Alternative Uses. As shown in Figure 8

land rent is a positive function of use-capacity. By extension, the

level of land rent a tract receives in production can be used as

an indicator of its use-capacity in that use. The geothermal

landowner choosing among alternative uses for his property could,

therefore, determine its "highest and best" use (the development

for which it has the highest use-capacity) by comparing contract

rents he would receive for all alternative land uses.

This concept of land rent comparison is known as margin of

transference, and is illustrated in Figure 9 (page 58), which is

an adaptation of the lower diagram of Figure 8. Overlapping land rent

triangles (OEP', OFR', cKS', and OuT) are used to compare hypothe-

tical returns to land in geothermal production, residential use,

irrigated agriculture, and grazing or forestry, respectively.

The hypotenuse of each triangle in this case represents the maximum

land rent possible for that use. The points of intersection of

these lines (ab, bc, and cd) are the margins of transference.
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As use-capacity declines past each of these points (or at ?, R, and

S, respectively), the profit-maximizing landowner will convert his

land to the next lower use, enabling him to collect rent past the

no-rent margin of the previous use.

Having examined the economic concepts of property rights

and rent, it is now possible to apply these concepts to the land-

owner's behavior, and to his decision-making stance at the bargaining

table. The landowner's purpose in leasing his resource is usually

to secure a greater return from geothermal development than that

which is currently earned from the existing use. The landowner must,

therefore, understand those aspects of property rights and rent which

will affect the geothermal return.

The landowner's perception of externalities can, for example,

affect his time frame for development. If he is confident that

he owns all of a particular "pool" and no externalities will occur

in its development, he is free to defer the decision to lease, as

no uncertainty exists over future depletion from other owners'

development. If, however, he is uncertain as to his complete owner-

ship of the "pool," he may foresee conflicts with adjacent landowners

who, in leasing to competing developers, may deplete his share of

the pool. This would motivate him to develop his land as soon as

possible.

To apply economic concepts of rent to his leasing decision,

the landowner should objectively compare his land with other geother-

mal sites in Oregon with respect to its major characteristics

quality and location. Some investment may be required to confirm

the temperature of geothermal fluids under his land; while he may

have access to studies such as those described in Section 3 of Chap-

ter III, additional tests may be necessary. This investment will,

however, give the landowner additional confidence during bargaining

and may increase the minimum level of rent he will accept.

In comparing the location of his property to other geothermal

sites in Oregon, the landowner should consider the proximity to both

input and output markets. If the property is remote, the landowner

should expect to make some concessions in rent, to offset the
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developer's additional costs of transporting production material to

and finished products from the site.

Finally, while making the site-quality and location cornpari-

sons with other sites, the landowner must realize that, if his site-

quality or location factors are lower than those at more favored

sites, his expected rent must be lower than rents at those sites.

Margins of transference in rent should also be evaluated by

the landowner. In applying this concept, the owner should assign

geothermal development a priority on his land, based on his best

estimate of the accruable rent. If geothermal development will

earn a higher rent than other uses on a portion of his land, the

owner should lease only that portion for geothermal development.

In other words, he should not lease all his land if it is unsuitable

for geothermal production or if other uses may generate a greater

return on the remaining property.

The concepts of property rights and rent, and their roles as

determinants of the geothermal landowner's economic behavior have

been examined in this section. In the next section, the concepts

of input substitutability and uncertainty, and their respective

determinant roles, will be examined from the viewpoint of the

geothermal developer.

Economic Determinants of the Developer's Behavior

Despite physical availability of the resource, corrnunity sup-

port, and enthusiastic landowners, the deciding factor in development

in the private sector has always been the economic feasibility of a

particular project as perceived by the developer. For this reason,

those factors which influence a decision-maker's choice to develop

and the theoretical framework within which the decision is made

should be understood. In this section, the nature of present geo-

thermal developers in Oregon is outlined, as are some general charac-

teristics of geothermal development. The effects of substitutability

of energy input factors, and of uncertainty, are then discussed in

detail.



Present Geothermal Development

As of August, 1979, there were approximately 20 companies

holding geothermal leases on public lands in Oregon. These companies

are assumed to be representative of those leasing on private lands,

for which data are unavailable. According to DOGAMI officials,

these developers are split roughly equally into two groups:

1) petroleum companies; and 2) private utilities, independents, and

smaller development companies. The intended applications for the

geothermal energy were likewise split: the latter group of smaller

companies hope to use it for space- or agribusiness process-heat,

while the larger petroleum companies and utilities are seeking sites

suitable for electricity generation, a highly capital-intensive use.

Three Oregon utilities, Portland General Electric, Northwest Natural

Gas, and the Eugene Water and Electric Board, either hold leases

or are drilling in the Cascades.

As mentioned in the introductory chapter, geothermal develop-

ment is characterized by a considerable lag-time, and progresses in

several separate stages. These stages are briefly described as

background information on the geothermal developer.

The first stage of geothermal development, whether on public

or private land, is the developer's acquisition of a lease for an

area with suspected geothermal potential. Public agencies require

a lease prior to virtually any exploration on public land. It is

also important for the developer and the private landowner to nego-

tiate some form of lease before exploration to legally protect

each party's assets during later stages of development. Following

lease acquisition, the developer will probably spend several months

(usually in the surruiier) conducting exploratory tests. The degree

of accuracy of these tests will probably be a direct function of

their costs, which in turn are a function of the overall expense of

the project. If the tests indicate a high probability of geothermal

resources, the third step of development -- gradient well drilling --

begins. Shallow wells, 500 to 1000 feet deep, are drilled at

61
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selected sites on the leasehold to pinpoint the location, tempera-

ture, and quantity of geothermal fluids.

Assuming that gradient well drilling is successful and indi-

cates the desired quality of geothermal resources, thenext stage of

development is the drilling of the production wells which may be

2000 feet or more in depth. These wells may be fitted with the

equipment necessary to operate surface heat exchangers, as previously

described. The cost and length of this stage is dependent on two

factors: site stratigraphy and weather. Site stratigraphy deter-

mines the drilling expense per foot, which ranges from $25 to $40

per foot east of the Cascades to $75 per foot in the dense, frac-

tured basalts and andesites of the Cascades themselves. Weather

also affects the time required to drill the well(s), since

drilling is usually confined to the period between late spring and

early fall, when heavy drilling equipment is more easily moved.

Although construction of the production facility and assembly

of the heating system (step 5) may begin prior to completion of

the production well(s), this stage of development will be deferred

until the developer is confident that the required resource is

present. Again, this stage may be delayed due to capital avail-

ability, weather, and other factors. Due to the high costs of piping

fluid, the process-heat production facility is assumed to be located

in the inmediate vicinity of the production wells.

The final stage of geothermal development is the operation of

the facility and processing of the final product. As indicated in

Chapter III, section 1, many diverse goods and services can be

produced using geothermal energy.

Substitutability of Geothermal Energy for Conventional Energy Inputs

The primary motivation for interest in geothermal energy is

economic. Geothermal energy research and development can offer no

ew product to the consumer. Its advantage lies in offering existing

products to the market at a reduced price, due to cost savings in

production, specifically, on the energy inputs to production.
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To focus on the impacts of energy costs in the production

function of geothermal developers, it is necessary to make an

important assumption. Unless otherwise specified, labor, management,

capital, and raw materials costs for a plant utilizing direct-heat

geothermal energy are assumed to be identical to those of a conven-

tionally fuelled plant of the same capacity. The geothermal

facility and its conventional fuel counterpart are also assumed to

produce homogeneous products and to face the same market demand

conditions.

Total, fixed and variable costs for geothermal (GTH) and

conventional fuel (CF) energy systems are compared in Figure 10

(page 64). In this figure, hours of operation, rather than number

of units produced, are considered the "output't of the respective

systems, since unit production depends on additional inputs other

than energy. Total fixed cost for the CF system is $20 versus $100

for the geothermal system. Geothermal systems are characterized

by higher fixed costs, which include drilling costs, and equinent

costs for casings, pumps, pipelines, and heat exchangers not present

in CF system expense. The total variable cost curves for the two

systems, however, show the difference in variable cost per hour of

system operation. The higher CF system variable cost ($5 per hour)

results from the continuous purchase of energy electricity; natural

gas; oil; etc. Since the energy acquisition costs for geothermal

energy are included in fixed costs as capital, the variable cost of

system operation is relatively low -- $1 per hour. Variable energy

cost per hour of system operation will always be greater than zero,

however, due to the electricity required to operate pumps, fans, and

similar equipment included in a geothermal energy system.

Figure 10 shows that the break-even point between the two

systems occurs at 20 hours of system operation where TCGTh TCCF.

With this information, the geothermal developer can assess the number

of hours the system would be in operation. In this example, if

capital and raw materials were available to support more than 20

hours of system operation, the geothermal system would have the

cost advantage. At less than 20 hours, geothermal development
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would not be feasible, since the conventional fuel system is less

costly.

Figures 11 and 12 are used to illustrate two situations

which affect the substituability of geothermal energy for conven-

tional fuel. In Figure 11 (page 6), total variable cost for the

CF system has increased by 20 percent due to an increase in the

price of conventional fuels. In this case, the break-even point

between the two systems has dropped to 16 hours of operation,

ceterus parabus Figure 10. At levels of operation above 16 hours,

the cost advantage of the geothermal system also increases.

Figure 12 (page 67) is used to illustrate the effects of

transportation costs on total costs of production. Total produc-

tion costs are measured on the vertical axis, and units of produc-

tion on the horizontal. Just as transportation costs can offset

land rent, they also offset the cost advantage of a geothermal

system. Since geothermal sites, as previously described, are

generally distant from major markets, other production inputs and

outputs would need to be transported from and to those markets.

Since the geothermal developer is assumed to face the same market

conditions as his conventional fuel counterpart (who has a wider

choice of location), he must absorb increased transportation costs

which may arise from his location. In the example, transportation

costs are shown to have increased total variable costs by 50 percent,

increasing the break-even point from 20,000 to 22,500 units. As

shown in this diagram, the relative importance of transportation

costs to the developer would be greatly affected by the level of

existing capital costs.

Effects of Uncertainty on Development

The diagrams in the previous section illustrate the effects

on geothermal system costs of variation in costs of alternative

energy inputs and transportation. These are by no means the only

areas, however, where variation or uncertainty enters the geothermal

development picture.
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Risk and uncertainty have traditionally been distinguished by

knowledge of the probability distributions of the outcomes.

. the practical difference between the two
categories . . . is that in the former (risk) the
distribution of the outcome in a group of instances is
known . . . while in the case of uncertainty this is
not true." (Knight, 1957)

By these definitions, the developer must include both risk and

uncertainty in his feasibility analysis of a particular project.

Geothermal energy fits Wantrup's definition of a "fugitive

resource," as it must be "captured" before use, and because owner-

ship conditions are such that an individual reservoir may have

several owners. Under these conditions, both the price of "capture"

and the profitability of deferred use are subject to uncertainty

for the individual developer. As development proceeds, uncertainty

may become risk as exploration and planning fix parameters on the

costs of development, but both types of variability are present

throughout the development process (Wantrup, 1968).

The nature of geothermal energy requires that any party

considering development make greater allowances for risk and uncer-

tainty than would be necessary for a similar project utilizing con-

ventional fuels. The types of risk and uncertainty for which the

developer must make allowance can be distinguished by their origin

as natural, market, or institutional. Natural risk and uncertainty

is herein defined as the variance in expected costs or returns

attributable to physical conditions of discovery, extraction, and

use of the resource. An example would be the variance around a

mean of exploration and drilling costs necessary to secure the

resource at a required temperature and quantity. Variance in the

costs of inputs (drilling equipment and other capital, labor, and

raw materials) and in the prices of outputs can be defined as market

uncertainty. Institutional uncertainty can be defined as the

variance in time (and subsequently costs and returns) required to

comply with government regulations and to deal with other
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institutional delays such as legal action brought against the

developer for environmental reasons.

In the case of natural risk and uncertainty, expansion of

exploratory activities such as geophysical and geochemical testing

and gradient hole drilling can fix parameters to the distribution of

costs of production drilling and to the economic life of the

resource, Studies and research on input and output prices (present

and future) are also available to the developer to reduce uncer-

tainty of capital costs, however, the geothermal developer is at

a disadvantage vis a vis his conventional fuel counterpart. In a

tight capital rnarket, where geothermal development must coete

with numerous other investment opportunities, investors are reluctant

to back projects involving relatively high risk, long waits for

returns, or unproven resources (Burt, et al, 1970). Uncertainty in

capital costs, or inthe availability of capital at all, is therefore

increased for the geothermal developer.

Institutional uncertainty is relatively greater for geothermal

developers in Oregon than in other areas, due tothe historically

high interest of Oregonians in maintaining the environmental status

quo. This interest is expressed in stringent air and water pollution

regulations and energy facility siting criteria, and in a general "go

slow" approach to leasing and drilling permit applications on both

public and private lands. Compliance with governmental regulation

on all levels may require a considerable (and unpredictable) invest-

ment of time and money by the developer, whose equipment, labor, and

capital will be idle during the period. It is entirely possible,

if the developer perceives the delay as excessive, that he will cut

his losses and terminate the project.

The traditional method of dealing with uncertainty is to

assign subjective probabilities to each outcome or event influencing

costs or returns. The geothermal developer, hever, deals with

uncertainty in a different manner. Rather than assigning probabili-

ties to each outcome in each step of development first, he will use

geological, marketing, and cost data to reduce uncertainty and risk

during each step, thus determining the probability of successful
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completion of each step before proceeding to the next (Peterson, 1975)

(Rogers, 1979).

The basis for this "one step at a tim& approach can be traced

to two factors: risk aversion and capital costs. Although installed

geothermal energy may be cost-competitive with conventional fuel, the

higher costs of geothermal installation will motivate a risk averse

developer to guarantee an adequate supply of the resource (as much

as is within his power to do so) prior to making the capital outlay

required in the final stages of development. For this reason,

specific planning and investment are seldom extended to energy

system and facility construction during preliminary exploration

stages.

Figure 13 is used to outline the six major steps of develop-

ment and to specify some of the areas where uncertainty affects

the costs and returns of the project. Steps 1, 2 and 3 occur in the

sequence indicated, while steps 4 and 5 are usually accomplished

simultaneously, as explained previously.

Although the geothermal developer appears to face much greater

uncertainty than his conventional fuel-utilizing competitor,

several areas can be shown to have a lesser impact than initially

indicated. In natural uncertainty, increases in variability can be

overcome by increases in the exploration budget. While a trade-off

does exist between reducing uncertainty and minimizing front-end

expenses, the exploration costs considered justified by the

developer will fluctuate directly with the cost of conventional fuels.

Uncertainty in the market sector, and the allowances in budget

which must be made for it, may be offset by the certain knowledge

of reduced variable energy costs as compared to oil, gas, or elec-

tricity utilization.

The effects of rising conventional fuel costs on institutional

uncertainty, however, are not as clear as in the former cases. On

the one hand, the desire for community development and economic

growth may induce state or local government to make concessions, in

the form of tax write-offs, land use variances, and other development

incentives to the developer locating near a population center. In
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this case, public endorsement of geothermal development will greatly

reduce institutional uncertainty. On the other hand, development

in remote areas with uniquely perceived environmental characteris-

tics may be delayed by public hearings, law suits, and "emergency"

legislation. Thus institutional uncertainty can be evaluated only

on a case-specific basis.

In this section the economic concepts of substitutability of

inputs and uncertainty have been examined. It is now possible to

briefly discuss the developer's behavior as influenced by these

concepts, both at the bargaining table and throughout the develop-

ment process.

The economic motivation for the developer to seek private geo-

thermal resources is two-fold: the reduction of costs arising from

increasing institutional uncertainty on development of public land;

and the cost advantage of geothermal over conventional fuel as an

input to production. To attain the latter benefit, however, the

developer must first analyze the following characteristics of his

project:

Construction Costs. The developer must have available the

full capital and construction costs of a geothermal energy system

for his plant, as well as a homogeneous conventional fuel energy

system. These costs, as previously mentioned, do not include

capital, construction or labor costs associated with the facility as

a whole, but only those costs associated with the construction and/or

installation of the respective energy systems. Construction costs

of the geothermal system will undoubtedly exceed those of the conven-

tional fuel system.

Energy Costs. For the geothermal system, the information

required is the cost of operating arid maintaining the system, plus

any additional energy required, i.e., electricity for pump operation,

etc. These costs should be computed on an annual basis (with

allowance for inflation) and discounted to an annual equivalent rate.

For the conventional fuel system, however, operation and maintenance
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costs will include the continual cost of acquiring energy (elec-

tricity, oil, gas, etc.) Again, these costs need to be computed

annually for the life of the project, and to be discounted for

comparison.

3) Location of the Geothermal Site. The developer must

determine how much transportation costs of other inputs and final

outputs from and to their markets will reduce annual savings of

geothermal resource use over conventional fuel use. Transportation

costs should be computed each year for an average level of produc-

tion.

With this knowledge, the geothermal developer can make an

accurate estimate of the annual savings available at a particular

site. Since this annual savings is the value of the resource to

the developer, it also is the maximum amount he will pay to use

the energy, since any payment beyond this level increases total

geothermal system costs above total conventional fuel system

costs, and negates the motivation to lease geothermally active

property.

Levels of natural, market and institutional uncertainty and

their possible reduction are also of great interest to the risk-

averting developer. To deal with uncertainty, budget allowances, or

an acceptable range of costs, will be established in each financial

area which may be affected.

The developer should remain aware of his limitations in

reducing each type of uncertainty, and hence cost, at each stage of

development. For example, additional expenditures in stages 2 and

3 of development may reduce natural uncertainty and drilling costs

in stage 4. Similarly, some investment in improving public rela-

tions may decrease institutional uncertainty, especially on the

local level. On the other hand, although investment in market

studies may reduce market uncertainty, this investment may not have

an appreciable effect on actual costs paid.

As a result of uncertainty, the geothermal developer will

naturally seek to leave himself some margin of safety in negotiating
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a lease and annual payments. The theories of leasing, and how

uncertainty and other issues are reflected with the lease, are

discussed in the concluding section of this chapter.

Leasing and the Choice of Contractual Arrangements:
Interface between the Landowner and the Developer

"When there is a perfected market, the going market
price is not only an expression of the cumulative
rationality and aggregated factual information avail-
able, but also a social consensus that can be self-
validating. Under such circumstances, the individual
has little need to make private commitments regarding
the future unless he doubts the stability of the market
or has a penchant for gambling . . . It is only when
an individual or business is involved with an increas-
ingly complex economic process with more and more
unique and specialized problems that there arises a
need to develop a private relational structure. It

is in this sense that contract can be thought of
not simply as anticipating the future, but as
actually organizing and planning future economic
relations. What is going on is economic decision-
making which structures events in the scale of
time similar to planning which structures relations
in the scale of space and size. The market exchange
system can thus become secondary or ancillary to the
actual planning and organizing of the complicated
and important processes that go on in a modern
economy." (Lowry, 1976)

In the first portions of this chapter, economic theories were

presented to structure the behavioral patterns of the geothermal

landowner and developer. In this portion, the reconciliation of

these patterns through the vehicle of the lease is discussed.

The lease contract itself implies a relation between two

(or possibly more) resource owners for the purpose of combining

their assets for production purposes. This economic relationship

is hanrered out in the transaction phase of leasing -- the period

of bargaining between the parties. During the transaction phase,

both parties must distinguish between the presumptive (institu-

tionally fixed) and negotiable (privately discretionary) aspects

of the lease. From an economic viewpoint, however, the most
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important distinction is that between individual and social

rationality in bargaining. With these distinctions in mind, the

first portion of this section examines the advantages of leasing as

a means of coirbining factors of production, and the parties'

reasoning in the initial decision to lease. The second portion

analyzes how uncertainty and coordination cost can be dealt

with in the lease terms. Other economic factors which may cause

disagreement in lease negotiation are examined in the third section.

In the final section, the reconciliation of the respective viewpoints

of the landowner and the developer are discussed in the context of

selected clauses of the lease.

The Initial Decision to Lease

There are few cases in Oregon where either the geothermal

landowner or the developer have sufficient land and capital

resources to initiate production individually. Each party must,

therefore, secure use of the other's resources prior to bringing

his own into production. Despite this restriction, either party

(most commonly, the landowner) may choose not to enter lease nego-

tiations, though still aware that he may lose development benefits

as a result. Reasons why the decision not to lease may be made

involve the benefits and costs of present development as seen by

both parties, and the land ownership pattern in the area.

On the landowner's side, the decision not to lease may be

based on the difference between his perception of the present value

of his land, and the developer's. This difference may be due to the

parties' evaluation of the probability of exploration, and can be

illustrated in a series of equations where:

PVr = present value of future revenues

PVc = present value of future costs

p = the perceived probability that the particular parcel
contains geothermal resources

Cexpl = developer's costs of exploration

The expected value of the lease to the landowner after exploration is

P(PVr - PVC)
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The developer, however, must pay the costs of exploration, and the

present value of the lease to him (the price he would pay for

development rights) is

p(PVr - PVc) - Cexpi.

If the landowner is positive that exploration will eventually take

place and the developer is not, the landowner will disregard the

developer's exploration costs, and will hold out for a higher pay-

ment for his land.

Leasing is not the sole alternative available to develop a

particular geothermal site. The owner of the site may purchase the

equipment and borrow the necessary capital or the developer may buy

the land. For the most part, however, geothermal landowners and

developers would find it advantageous to lease rather than buy

the resources they require. The landowner's main source of income

may not be geothermal production: he may be unwilling to invest

large sums in production capital when considering the time lag

between investment and return. The developer may wish to avoid

property taxes and the loss of liquidity resulting from purchasing

sizeable tracts of land.

If the landowner and the developer choose a lease contract to

combine their resources for production, a subsequent decision to be

made is the choice of lease type most advantageous to each party.

No common alternatives are the fixed rent lease and the percentage,

or share, lease. The fixed rent lease calls for the lessee (the

developer) to pay the lessor (the landowner) a specified cash

payment every month or year. A percentage lease calls for the lessee

to pay a straight percentage of gross or net returns from production

to the lessor. Both parties may have preferences for one type over

the other, the reasons for which are explained in the following

sections.

Coordination Costs and Uncertainty

No economic factors to be considered in the choice of a

contract are transactions or coordination costs (the costs of
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"enforcing" or negotiating the terms of the lease) and the distri-

bution of risk between the two parties (Knight, 1957). For the

latter concept, both parties can be assumed to be risk-averters:

given an average level of production, each will prefer a lower

variance to a higher variance in their annual return from the

resource. This variance in geothermal utilization returns may be

due to either natural orinarket conditions, or both. Unavoidable

depletion or fluctuation of water tables may occur, forcing abandon-

ment of a particular well, or the temperature gradient may fluctuate

with production. Inflation or rising transportation costs may

cut into profits, or rising costs of conventional energy may increase

the resource value.

A fixed rent contract, in which the rental payment remains

at one level regardless of natural or market influences on produc-

tion, has lower coordination costs per lease period than would a

percentage contract. The landowner need make no effort to determine

a "true" return on production; he merely takes his cut off the

top. Under a share agreement, the landowner must know the value

of goods produced to prevent cheating or fraud on rent paid by an

unscrupulous developer. Negotiation of the percentage could also

be more costly and time-consuming than the negotiation of a fixed

payment. On the other hand, if the landowner wishes to maintain

flexibility within a fixed rent contract (i.e., the option to

adjust rent should the developer's returns fluctuate) he may be

forced into even costlier annual renegotiations of the fixed rent.

From the standpoint of risk aversion, the landowner would again

prefer the fixed rent contract, which requires the developer to

absorb all fluctuations in production returns. The developer, on

the other hand, would prefer to share potential losses with the land-

owner through a percentage contract which distributes uncertainty

between the parties. Since the landowner is left with some uncer-

tainty, percentage leases usually involve a higher rent for an

average year than do fixed rent leases. A compromise can be

reached through provision of one or more "escape clauses" for low

production years. Under these terms, a fixed rent is charged is
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charged in all years except those during which production falls below

a given level.

Cheung's conclusion (Cheung, 1969) that higher uncertainty in

returns to production cause a lessee to prefer a percentage contract

is disputed by Rao (Rao, 1971) who holds that the same condition

in India has resulted in a preference for fixed rent contracts.

Huang (Huang, 1973) reconciles these opposing theories by dividing

uncertainty in production into two sources: natural conditions (as

per the definition of natural uncertainty) and production alterna-

tives, such as decisions among types of heat exchangers or pipes

to be used. Under the first type of uncertainty, Huang suggests

the lack of human control over uncertainty would cause the developer

to prefer to share the uncertainty through a percentage lease --

Cheung's theory. Rao's preference for fixed rent under uncertainty,

however, refers to uncertainty of the second type, over which the

developer has sortie degree of control.

Under Huang's hypothesis, marginal productivity plays a major

role in the developer's preference of lease. Where low quality

geothermal resources place a fixed ceiling on production, natural

uncertainty becomes the prime consideration. In this situation,

the developer will prefer a percentage contract, since the marginal

productivity of his inputs is low. If resource quality and poten-

tial is high and the developer's choice of inputs may significantly

increase the level of production, he will prefer a fixed rent

contract which will allow him to take greater advantage of his

extra investment.

Ho (1976) further analyzes the developer's lease preferences

through examination of the developer's own perception of his relative

income or profit stance. This perception may lie anywhere from

a minimum only sufficient to continue some effort on the project

to his own optimal profit level. An "acceptable" median income

will lie somewhere between the two. If the developer's expected

income (or perception thereof) lies nearer the subsistence level,

he may prefer a percentage contract, although his potential profit

would be higher under the fixed rent. This choice reflects his
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propensity to spread the risk of uncertain returns. In this case,

his unwillingness to incur loss would outweigh his gaithling instinct.

If he perceives his income closer to his optimal level, he may

prefer a fixed rent contract to take advantage of the higher poten-

tial profit. As his expected income increases above subsistence,

the developer is more willing to incur risk for higher gains.

Both fixed rent and percentage contracts are found in agricul-

tural leases, but obvious differences exist between agricultural and

geothermal production. One of these is in the area of uncertainty

over time: in agricultural production, natural uncertainty may

increase over time as viewed from the present, while in geothermal

production the higher initial risk diminishes over time with explora-

tion and the rising value of the resource. This diminishing uncer-

tainty may motivate the landowner and the developer to renegotiate or

even change contract type in the long run. Market uncertainty may

again increase for agribusiness geothermal developers however. In geo-

thermal production, then, there are high initial uncertainties in

costs, because the level of effort required to extract a certain

amount of the resource at a certain temperature is unknown, whereas in

agriculture the uncertainty falls mainly on the returns side.

From this analysis of coordination costs and uncertainty, two

conclusions may be drawn concerning either the landowner's or the

developer's preference of lease type: 1) From the standpoint of

coordination costs, both the landowner and the developer prefer the

fixed rent contract, which minimizes the production information which

the developer must provide to the landowner. 2) From the stand-

point of uncertainty (and the distribution thereof), both parties'

preference of a particular lease type seems dependent on their

respective perceptions of the potential of the geothermal resource

on the site. If both parties perceive the resource to be of rela-

tively low quality, the landowner will prefer a fixed rent lease

which will minimize his risk, and the developer will prefer a

percentage lease to reduce his potential losses. If the resource

is perceived by both parties to be of high quality and good poten-

tial, the choices are reversed. The landowner will prefer a
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percentage contract which would enable him to have increased returns

as resource value or production returns increase, while the devel-

oper would prefer a fixed rent lease, which would give him all

additional profits from increased or added inputs.

Other Economic Factors

Another consideration in choosing the terms of the lease is

duration, since duration is a determinant of transactions costs.

Long term leases are traditionally chosen to protect the investments

of the developer, and can eliminate costly renegotiation. They

are especially preferable if the developer has invested heavily in

long term capital. If the capital invested is considered short

term and is depreciated or amortized relatively quickly, a shorter

lease may adequately serve both parties' needs. While both the

landowner and the developer may be reluctant to enter a long term

lease (i.e. 40 years), a developer who foresees enough geothermal

potential to invest large sums of capital may be unwilling to sign

an agreement he perceives as too short in duration to bring his

plant into full production.

There are several other economic factors which must be consi-

dered when choosing the terms of the contract after a lease type

has been selected: but the main point will be the amount of contract

rent to be paid the landowner. To reach an agreement on this

figure, both the landowner and the developer have projected (either

formally or informally) flows of future benefits and costs from

geothermal development. If these flows differ due to misunder-

standing of the costs involved, a compromise may be relatively close.

However, the flows may differ due to varying methods of calculation,

or to differences in the judgernent of the parties. Three sources

of the latter divergence can be the assessment of the resource's

future value, perceptions of the uncertainty involved, and relative

planning horizons.

In a benefit-cost analysis, the revenues and costs generated

by a project such as a geothermal process-heat plant would be
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projected in future dollars, which are then discounted to their

present value to make comparison possible over time. Assuming

that for convenience' sake both the developer and the landowner

choose the market interest rate as their rate of discount, the

present value of the geothermal resource may still differ greatly

from a difference in the distribution of estimated returns over

time. The landowner may see large initial returns, decreasing

in the future, whereas a developer may use rising conventional energy

costs as an indication that returns will increase over time.

These unequal distributions may lead to varied estimates of the

present and future value of the resource, causing disagreement over

a fair return.

Even if the landowner and the developer have the same expec-

tation of the distribution of future returns, their estimates of

present value may differ if either party believes that uncertainty

may be unevenly distributed over the life of the project. The

party with this perception will use a higher discount rate for

revenues in periods of higher uncertainty than for those in less

uncertain periods. If there is disagreement over when these

periods of higher uncertainty will occur, the parties' assessment

of present value will differ. Differences in uncertainty estimates

may also occur due to each party's opinion on the productive

capacity of the energy and of the technology required to extract it.

The landowner and the developer may also have different

planning horizons, affecting lease duration as well as annual rent.

An individual landowner who desires the maximum possible rent

within his lifetime may estimate a fair annual return exceeding

the developer's perception of same. The developer may indeed be

a corporate entity leasing only to diversify its portfolio, or to

outstrip competition should geothermal development become a future

bonanza. In this case, the corporation may want to simply main-

tam this development option, and would, therefore, be unwilling to

pay the high initial rents the landowner desires.



Leases as Equilibratory Mechanisms

In this section, economic concepts of leasing and key provi-

sions of the lease itself have been discussed. Using these concepts

and those in previous sections, it is now possible to analyze more

specifically the lease contract as an equilibratory mechanism,

which reconciles opposing viewpoints and provides parameters for

the relationship between the parties.

For the remainder of this chapter and the next, it is assumed

that both parties in geothermal development, the landowner and the

developer, are willing to enter into some sort of leasing arrange-

ment to combine their resources. This willingness places the

parties in the transaction phase of leasing.

In the transaction phase, as previously mentioned, the

parameters of the relation aspect of leasing are decided. The most

important parameters are: the distribution of transaction costs

and costs of uncertainty; duration; and contract rent. Logically,

uncertainty costs and transaction costs should be distributed on

the basis of which party could gain or lose the most, as should

negotiation of duration and contract rent. It is, therefore,

important to review the parties' viewpoints on gains or losses,

or returns and costs, from development.

The developer's return has been identified as the net savings

accruing to a geothermal energy system over use of a conventional

fuel system. As indicated in Figures 11 and 12, this savings is

affected by conventional fuel prices and transportation costs.

Although this savings is zero at the GTE - CF break-even point,

no maximum can be established within the scope of this analysis.

It is, therefore, assumed that the developer's return is open at

the upper boundary. His costs can be assumed to be the opportunity

cost of the capital invested in geothermal development. Likewise,

the landowner's return, rent, is also affected by conventional fuel

-prices and transportation costs. Rent can also, for the purpose of

this study, be assumed open at the upper boundary. And, as with

the developer, the landowner has a cost of development, which he

82
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will consider the lower bound of his return: opportunity costs

which are the highest rent available from any alternative use of

his land.

Since both parties involved in geothermal development will

experience costs as a result, neither party will be satisfied with

a leasing arrangement placing all uncertainty or transaction costs

on him, or which is not compatible with his viewpoint in duration

or lease payment. The remainder of this chapter, then, considers

some compromise options available for each of the following issues:

uncertainty costs; transactions costs; duration; and lease payments.

Uncertainty Costs. If the costs of uncertainty in geothermal

development are to be distributed jointly, either type of lease,

fixed rent or share tenancy, can be revised to protect the interest

of each party. If a fixed rent lease is desired, the negative

effects of uncertainty born by the developer can be minimized by

an escape clause, which would provide for minimal lease payments

should savings on the geothermal input approach zero. A share

tenancy lease could be made more palatable to the landowner with

the provision that lease payments must not drop below an established

percentage of the opportunity cost of the leased land in any one

year, and must exceed the opportunity cost over the life of the

project.

Transaction Costs. An equitable arrangement for collection

of rent and enforcement of other lease provisions is necessary to

avoid friction between the parties over the life of the project.

Regardless of the type of lease preferred, provision can be made

for the sharing of transaction costs. For example, although a fixed

rent lease has no costs for collection of rent, provision can be

made that both parties must maintain their resources in "working

order" to insure continuing returns. In a share tenancy lease, the

landowner could take the initiative in contacting the developer and

computing his own return in cooperation with the developer. The

developer in turn would be responsible to the landowner for the



accuracy of his own books.

Duration. As mentioned in earlier sections of this chapter,

it is in the best interest of the developer to secure a lease

duration corresponding to the economic life of his project --- 20

to 40 years. Prior to the final steps of development, however, he

will seek to maintain flexibility in the lease in the event that the

required temperature and quantity of water is not available. The

landowner also is interested in a long lease, which minimizes

transaction costs. He, however, may have economic incentive to

break the lease if he could convert to a more profitable land use

in the future. A compromise could be reached by inclusion of

clauses which provide for: 1) minimal lease payments until

production drilling begins, and the option to drop the lease before

that point; and 2) periodic renegotiation of contract rent at the

landowner's option during the main period of the lease. Costs of

this renegotiation would be born by the landowner. If an alterna-

tive use could increase thelandowner's rent, the developer can

opt to a) match the higher rent, b) buy the land outright; or

c) sell his interest in the facility to the landowner.

Lease Payments. As can be seen from the given examples, the

level of lease payment is affected by most other provisions

of the lease. It is, therefore, important to fix some parameter

on the level of lease payments acceptable to both parties prior to

consideration of any other aspect of the lease. Based on the pre-

vious arguments, these parameters can now be identified. The land-

owner will obviously and understandably be unwilling to accept

any contract rent below the highest return provided by any other

reasonable land use. A reasonable land use can be determined by

observing the historic development patterns of the region, and by

analyzing existing government land use regulations. A landowner

in the Alvord Desert, for example, cannot expect geothermal rent

exceeding the return from his land were it sold for high density

residential use. Since one party will not accept a level of lease

84



85

payment lower than this, the highest rent among the most probable

land uses available for the property can be considered to be the

lower boundary of the Acceptable Range of Lease Payments (ARLP).

The upper boundary of the ARLP is fixed at the amount the

developer is willing to pay for the use of the land. The value

of geothermal energy to the developer is the savings accruing to

a geothermal system over use of a conventional system. The

savings is therefore the maximum amount he would pay to secure the

use of the energy, since any level of payment exceeding this amount

would increase total geothermal system costs above total conven-

tional fuel system costs.

A more detailed analysis of the Acceptable Range of Lease

Payment is used to introduce Chapter V, in which are presented

several geothermal development scenarios. In these scenarios,

the effects of rent, uncertainty, substitutability, and lease types

on geothermal returns and costs are realistically examined.



CHAPTER V

EFFECTS OF NATtIRAL AND MkRKE'T UNCERTAINTY AND LEASE
TYPE ON RETURNS TO GEOrHERMAL DVELOPMENI

The purpose of Chapter V is to isolate lease type, annual

payment, and uncertainty components and to demonstrate the inter-

dependent effects which they exert on returns and costs to both

parties in geothermal development. The viewpoints of the landowner

and the developer, and the variables which influence them, can thus

be examined. A scenario format will be used to realistically

discuss geothermal development. Three agribusiness applications of

geothermal energy will be evaluated: a tree seedling greenhouse

operation in Klarnath Falls; an onion dehydration facility near

Merrill; and an alfalfa pelletization plant near La Grande. The

locations of these hypothetical plants are shown on Figure 14,

(Page 87). The data required for each scenario and the methodology

used to isolate and examine the previously mentioned components

are discussed in the following subsections of this introduction.

Formulation of the Scenarios

Scenario Data

In simulating the operation of three non-existent geothermal

applications, even the most reliable and recent data used are based

on careful speculation rather than actual experience. Within this

limitation, the use of realistic data can increase the validity of

the conclusion although precise empirical results cannot be shown.

To develop the landowner's returns and costs from geothermal

development, current and projected land uses and estimates of

their respective rents were obtained from Extension Service agents

-inK1asnath and Union Counties. At Klarnath Falls and Merrill, the

proposed plant sites are on lands currently under agricultural use

and expected to stay within that use for the estimated 20 year
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project life. Projections of future rents are based on the location
of these sites outside the respective 20 year Urban Growth Boundaries
of the two coimunities.

Current annual land rents are assumed to be $100 per acre
for the Klaiitath Falls site, and $110 per acre for the Merrill site,
both of which are presently in use for potato or alfalfa production.
At the La Grande site, however, the current owner is considering
geothermal development on his land. Although in this case the rent
accruing from the current use (grazing) is $30 to $50 per acre,
atLaGrande the landowner is assumed to be fully aware of the geo-
thermal potential of his land, and for development purposes will
not accept less than $200 per acre per year for the property.

As mentioned previously, more data are needed to evaluate the

developer's returns and costs than the landowner's. The most reli-
able data available on costs for geothermal process heat systems and
comparable conventional fuel systems have been published by the

Geoheat Utilization Center at Oregon Institute of Technology in
Klarnath Falls, which obtained the information front the system manu-
facturers. Due to the age of thesedata (March, 1978), however, they
has been updated. Initial costs have been increased by 17.7%, the
change in the Consumer Price Index from March 1978 to September 1979.
Projected annual rates of increase in energy costs are from the
1980 Fourth Annual Report of the Oregon Department of Energy.
Projections for the cost of capital and the general inflation rate
over the project life were provided by the Economics Division of
U. S. National Bank, a major Oregon lending institution. DOGAMI

made available estimates of exploration and drilling costs and
their possible variations. Estimated product prices were obtained
from the following sources: for tree seedlings, from the principal
buyer, the U.S. Forest Service; for dehydrated onions, from the
Kiantath County Extension Service (based on wholesale prices of a
homogeneous product from existing plants in Northern California;
Wand for pelletized alfalfa, from the Eastern Oregon Farming Company,
which currently operates an alfalfa pelletizer in Boardrnan, Oregon.

The following datawere obtained from these sources for use in



the geothermal developiient scenarios:

20 year projected inflation rate (t) = 10%

20 year projected prime rate (cost of capital)

(i) = 12%

Industrial natural gas:

Electricity:

1.9% 1979-1988

1.6% 1989-2000

Exploration, construction and maintenance costs, and output

prices are specified within each scenario.

Scenario Methodology

As stated in the conclusion of the previous chapter, the level

of lease payment paid to the landowner represents his return from

geothermal development and the developer's cost of obtaining the

resource. This level of payment, itself a variable in the lease,

is affected by other variables, especially lease type and uncertainty.

To isolate this variable without reference to any other lease

component is, therefore, impossible. However, parameters can be

placed on the acceptable range of lease payments: the lower bound

is the landowner's opportunity cost of land, and the upper bound

is the developer's savings on a geothermal system. Computed on an
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Projected real annual increases in energy prices:

Industrial heating oil:

9.4% 1979-1980

.9% 1981-1984

2.0% 1985-1989

4.6% 1990-1994

4.7% 1195-2000

.9% 1979-1970

.9% 1981-1984

1.9% 1985-1989

4.4% 1990-1994

4.6% 1995-2000
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annual basis, these figures would represent the range within which

the lease payment must fall in order to be acceptable to both

parties.

Two factors complicate the computation of opportunity costs of

land and the geothermal system savings. One is inflation, which

must be considered for accurate cost and return estimates in a 20-

year project. The other is the differing rates of increase in the

prices of energy: geothermal, electricity, heating oil, and natural

gas. To make an accurate estimate, of his annual savings, the geo-

thermal developer must consider not only the differing rates of

increase in geothermal system prices and conventional system prices,

but also the fact that the rates of price increase for each system

would fluctuate in a different pattern throughout the 20-year

project life. Any formula to compute land rent and geothermal

savings must take both these factors into account.

Consider an annual cost which begins in year 1 of a project at

$1000 and inflates at the rate of 10 percent per year. Annual

payments, in current dollars, for the first 5 years, would be:

Year 1 2 3 4 5

Payment $1000 $1100 $1210 $1331 $1464

If the initial payment = a, and the rate of inflation = t,

then annual payments can be computed as follows:

Year 1 2 3 4 5

Payments a a(1+t)2 a(1+t)2 a(l+t)3 a(l-f-t)4

The present value (PV) of such a stream, discounted at a cost

of capital of 'i" percent, could then be computed as:

Year 1 2 3 4 5

a a(1+t)1 a(l+t)2 a(l+t)3 a(1+t)4

(1-i-i)' (l+i)' (lti)3 (1+i)4 (l+i)

If the number of interest periods, or years, equals n, then,

n n I- a(l+t)XL a X

(1+i)X
or

1+i _x1 Tii:

Since the sum of the sequence Kr1 +Kr2 + Kr3. . . Kr can

be expressed as K
(1)

the previous experssion can be simplified

to:
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\l+i)aPV1 (l+t\-1
L '1+i/

While this equation computes the present value of a future

stream of costs, it does not compute the "annual equivalent" of those

costs, and it is this formula which is required to calculate the

annual savings or an annual lease payment. To obtain this annual

cost equivalent, the present value of the future cost stream is

multiplied by a standard capital recovery factor, determining what

series of equal annual payments would be required to "pay back"

that amount. The "annual equivalent cost" (AEc) is therefore:

AEC PV x Capital Recovery Factor (cRF)

= PV or

GY' 1] [j(1+j)fl
1

(l+t'
1

(l+i) -1
l+i1 J L

which can be simplified to:

AE - --- - 1+i Ii(l+i)n
1+i [\1+iJ J(l+t)_(l+i) JL(l+i)n-1

a 1fi+t' 11 j(1+i)'
- t-i L¼iJ j [1+in-1

In the geothermal develonent scenarios, this AEC equation

or the capital recovery factor contained within it will be used to

convert system installation, operation, and maintenance costs to

their annual equivalents. For the computation of the AEC of

exploration and installation costs, the entire formula is unneces-

sary, as these are front-end costs which do not increase annually.

The AEC of these costs is calculated using only the capital recovery

factor, with i = 12.5 percent. Maintenance costs are computed using

the entire AEC formula, with i = 12.5 percent and t = 10.0 percent

for the entire project life. For the computation of annual energy

costs, the real rates of increase for conventional fuel prices

would be added to t = 10 percent. Annual equivalent costs for

inputs with fluctuating rates of price increases are computed
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in a sequential manner: using the initial rate of increase for

the specified period over which that rate applies, to arrive at

an AEC which is then inserted into another calculation using the

next rate of increase over its applicable period, and so on.

Using the AEC formula with the inflation and price increase

rates listed in the previous section, the following were calculated:

20 year annual equivalent for $1 of installation or
exploration cost = $0.138.

20 year annual equivalent for $1 of maintenance cost = $2.00.

20 year annual equivalent for $1 of electric power
cost = $2.42.

20 year annual equivalent for $1 of natural gas cost .$2.40.

20 year annual equivalent for $1 of heating oil cost = $2.43.

Using the AEC formula establishes the annual cost savings

accruing to the geothermal system, and thus the upper bound of the

acceptable range of lease payments. This formula cannot be used to

compute the opportunity costs (highest alternative land rent) which

are the landowner's minimum acceptable return and, therefore, the

lower bound of the ARLP. For the sake of comparability, then, the

annual rent figure will be computed as a cost to the developer,

rather than a return to the landowner. The dollar amount will not

be affected by this change in perspective.

Although the AEC formula can be used to compute the upper and

lower parameters of the acceptable range of lease payments,

further methodology is required to evaluate the effects of natural

uncertainty, market uncertainty, and lease type on the returns and

costs to the parties involved. In the three geothermal development

scenarios, exploration costs will be varied to simulate the effects

of natural uncertainty in geothermal development. These varied

exploration costs will then be converted to their annual equivalents

to illustrate the effect on the developer's total savings. I'iarket

uncertainty will be simulated by allowing variation in product price

and quantities produced. These analyses will show effects to both

the landowner's and the developer's returns under a tenancy lease

contract, while the effects on the RLP when quantity produced

approaches the break-even point between geothermal and conventional
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fuel systems will be examined in a third analysis within each

scenario.

Although the importance of transportation costs and their

effects on rent and system savings were previously emphasized,

variations in transportation costs are not examined in this chapter.

For each application examined (tree seedling raising, onion dehy-

dration, or alfalfa pelletization) the site chosen for geothermal

operations is located either near the output market (in the tree

seedling case) or near the raw materials market (in the onion or

alfalfa cases). Therefore, regardless of the energy type used,

transportation costs to and from these sites are minimized. The

choice of siting for the two processing plants is not unrealistic:

facilities of this type, regardless of energy input used, are

generally located in or near the raw materials production area, to

minimize the cost of shipping water in non-processed vegetables and

grasses. For other applications, however, transportation costs of

inputs and outputs could exceed savings to a geothermal system on

a particular site, regardless of the excellence of the resource that

may be found there.

Scenario Format and Limitations

As mentioned previously the contract terms agreed upon by the

two parties will probably reflect their respective bargaining power.

Where the landowner has the bargaining advantage due to high site-

quality or competition among several developers, a fixed rent

contract can be expected, in which all uncertainty is borne by the

developer. In this case, the landowner may require a level of

paient far greater than the annual equivalent of the present value

of future alternative rents. On the other hand, competition for

developiient among owners of less-than-optimal sites will give the

developer the bargaining advantage. In this case, the outcome of

contract negotiations would probably be a tenancy contract, in

which uncertainty is shared between the two parties. Lease payments

would be negotiated at some percentage of projected average annual
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income below the annual equivalent cost savings accruing to the

geothermal system.

In order to "simulated the possibility of one party's

advantage over the other, the format of the scenarios includes

another factor in addition to those discussed in the methodology

subsection. For each site, two mini-scenarios" will also be used

to exariine the effects on the returns and costs of both parties

arising from the types of leases discussed above.

Each geothermal development scenario, then, will include the

following:

presentation of site, facility, and product data as

background information;

computation of GTH-CF system break-even point and

acceptable range of lease payments;

(C) demonstration of the effects of natural and market

uncertainty on the J½RLP by allowing variation in

exploration cost (E), product price (E), and quantity

produced (Q); and

(d) demonstration of the effects of changes in lease types

on the returns to geothermal development for the land-

owner and the developer.

'I%qo final notes should be made on the limitations of this type

of analysis. The purpose of the present chapter is not to investi-

gate the feasibility of specific geothermal applications, nor to

suggest the optimal site for processing plants. Rather, the

geothermal land lease and its components will be evaluated as a

means of acquiring an energy source substitutable for existing

energy sources. Emphasis is thus placed on energy as an input to

an agribusiness production process, rather than on the process itself.

For this reason, total construction and equipment costs for the

facilities under examination are not included in this study.

The validity of the most theoretically sound study can be

impaired by use of unsound data. The second, more relevant limita-

tion of this study, therefore, concerns the projection of inflation,

cost of capital, and energy prices. Each of these projections was
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made with its own inherent assumptions, the violation of which

impairs the validity of the projections. The purpose of the present

inquiry, however, is not to quantify or document the exact changes

in geothermal returns and costs arising from uncertainty or vari-

ations in lease type. Rather, the purpose is to empirically demon-

strate the general magnitude and direction of such changes, using

formulas which are adaptable to any projections of the relevant

variables. Relatively less emphasis is, therefore, placed on the

numerical results of the study, and more emphasis on the theoretical

and institutional factors which influence those results.

Merrill Onion Dehydrator Scenario

Background Information

The hypothetical onion dehydrator is located in the Kiarnath

basin approximately three miles east of the cornunity of Merrill,

near the California border in Klarnath County. Geothermal potential

is estimated as greater than average for 122°F to 2l20F water at

550 to 1100 foot depths. The production facility itself uses a

type of equinent known as a Proctor and Schwartz dehydrator,

requiring approximately eight acres of land, including storage and

shipping facilities. The geothermal energy retrieval system

providing process heat to this facility would require at least two

2,000 foot wells (providing 975 gallons per minute of 2209F water)

a 1,000-foot reinjection well, and the connecting pipes, pumps,

and water-to-air heat exchangers.

At present, no onions are grown on the Oregon side of the

Klarnath Basin, due mainly to increased costs incurred in transporting

undried onions to processors in California. Researchers at the

Geoheat Utilization Institute and the K1ariath County Extension

Service, however, feel that an onion dehydrator on the Oregon side

could generate its own raw material supply within a short period as

Oregon farmers converted land currently under other uses to onion

production. The processing facility requires 17,500 tons of raw
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onions for production of 2,600 tons of dehydrated product in a 150

day season. Assuming only a two week onion harvest season in the

Klamath Basin, however, yields a total processing season of 336

hours in which approximately 1633.335 tons of raw onions can be

processed into 242.667 tons of dried onions, which currently whole-

sale for roughly $1.18 per pound. The possibility exists that such

a facility, once in operation, could extend its processing season

through use of storage facilities and by contracting with local

greenhouses for transplants. This possibility is not discussed,

however, due to lack of data.

The Acceptable Range of Lease Payments

Lower Bound. The proposed site of the onion dehydrator is

currently used for potato and alfalfa production. Land rent for

this use is $110 per acre. The site is expected to stay in agricul-

tural use, barring geothermal developnent: the rate of

rent increase is, therefore, assumed equal to the overall inflation

rate for the life of the project. Assuming that the developer

chooses after exploration an eight acre parcel for his facility's

exclusive use, the minimum rent the landowner will charge for use

of the parcel is $880 per year. The annual equivalent cost to the

developer of $880 per year is computed as:

880 [f' l.l0
20

1 r .125(1.125)201 = $1,759.80
.lO-.l25 [..l.l25)

- 1 j[ll2520l J

which is the lower bound of the acceptable range of lease payments.

Upper Bound. Comparative data for two process heat systems

for a Proctor and Schwartz dehydrator are shown in Table 5, Page 97.

Exploration costs are assumed to include exploration leases at $10

per acre for ten times the required acreage, and twice the number

of gradient wells as production wells. Annual maintenance costs for

the geothermal system include cleaning and adjustment of heat

exchangers, replacement parts and labor, and maintenance of the

pumps, lines and wells. Annual maintenance for the natural gas



COMPARATIVE ENERGY SYSTEM COSTS FOR ONION DEHYDRATOR

Current Cost AEC
Geothermal System
exploration leases 800

exploration wells (4) 65,912
production wells (2) 121,231
6" pipe (insulated) 18,832
8" pipe (insulated) 13,887
8" pipe (uninsulated) 35,885
injection well (1) 30,602
deep well pumps (2) 35,310

292,459

heat exchangers 58,850
pipes (2000) 11,770
valves and fittings 5,885

instrumentation 5,885
electrical wiring 5,885
engineering 5,885

94,160

annual maintenance costs 8,936

total AEC fixed costs

energy costs per hour:
electricity for pumps:
112 KWH @ .03035/KWH

supplemental natural
gas (5 therms)

total variable costs/hour

Natural Gas System
system and boilers

annual maintenance costs

TABLE 5

3.40

2.25

11,770

3,531

40,359.34

total AEC fixed costs $8,686.26

energy costs per hour:
natural gas:
26xl06 BTU/hour
@ .45 therm 117.00 280.80

Geothermal system total costs: $71,225.42 + 13.63/hour

Natural Gas system total costs: $8,686.26 + 280.80/hour

97

12,994.08

17,872.00
71,225.42

1,624.26

7,062.00

8.23

5.40

$13.63
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system, on the other hand, involves only cleaning and adjustment of

boilers and replacement of parts.

A break-even point in operating hours for the two systems can

be computed using the data in Table 5:

difference in fixed costs:

$71,225.42 - $8,686.26 = $62,539.16

contribution per hour of geothermal system:

$280.80 - $13.63 = $267.17

Break-even occurs at:

$62,539.16/$267.17 = 234.08 hours

Figure 15, page 99, is used to illustrate this break-even point

and to show the total savings accruing to the geo-system at the

assumed level of operation. At 336 hours per season, annual equiva-

lent energy costs would be $4,579.68 for the geo-system (GTH), as

opposed to $94,348.80 for the natural gas system (NG). Adding these

to the annual equivalent fixed costs, gross savings in equivalent

costs accruing to the geo-systein would be:

($8,686.26 + $94,348.80) - ($71,225.42 + $4,579.68)

= $103,035.06 - $74,805.10 $27,229.96

This amount can be considered the upper bound of the acceptable range

of lease payments (ARLP).

While the level of savings to the geo-system has been estab-

lished, the developer's return to the system is not equal to this

full amount. Rather, the developer's return to the system is equal

to the savings less the rent payment: in this case, assuming a

minimal annual rent payment of $1,759.80, the return to the

developer would be $27,229.96 - $1,759.80, or $25,470.16.

Effects of Uncertainty on the ARLP

One of the major effects of natural uncertainty on geothermal

returns and costs is variation in exploration and drilling costs. In

the initial calculation of annual equivalent costs for the Merrill
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dehydrator, exploration costs totalling $66,712 were assumed. The

AEC of these costs is $9,206.26.

Table 6, page 101, is a summary of calculations demonstrating

the possible effects of natural uncertainty on the upper bound of

the ?RLP. The initial exploration cost is allowed to fluctuate

to alternative levels. The AEC of these levels are then calculated

prior to the evaluation of new levels of savings, given the assumed

20 year average operating season of 336 hours. The net effect of

the changes in exploration costs are indicated in the last column:

within the range shown, a percentage variation in exploration cost

will result in a percentage variation in savings roughly .338 percent

that of the variation in exploration cost.

It is possible to compute the level of exploration costs

which would decrease savings to the geo-system to zero: the

"break-even exploration costs," given an annual level of operation,

such as 336 hours. The fact that

total AECng - AECgth = Savings

has already been shown.

AECgth = AEC (exploration + installation + maintenance +
operation)

Inserting this definition into the first equation, and subtracting

AEC (exploration) from both sides gives:

total AECng - (AECjnst + AECint + AECoper)

= Savings + AECexpl

At the point where Savings = 0, AEC expl will equal the result of the

left side of the equation. Referring to Table 5, AECinst can be

assumed to be the total cost of the installation of the production

wells, heat exchangers, etc. less the cost of exploration leases and

wells. At 336 hours of operations, this figure can be calculated

as (103,035.06) -[(48,287.17) + (17,872.00) + (4,579.68)J= $32,296.21

in annual equivalent costs. The current dollar equivalent of this

figure can be found by diving by the Capital Recovery Factor:

(32,296.2l)/.138 = $234,030.50

Variations in the quantity of raw onions available for proces-

sing could result from either natural uncertainty (a bad harvest

season), market uncertainty (high raw onion prices), or both.



TABLE 6

EFFECTS OF VARIATION IN EXPLORATION COSTS ON SAVINGS

exploration costs
current
dollars

TO THE GECY2HERMAL SYSTEM --

total AEC
AEC fixed cost

ONION DEHYDRATOR

total cost
at 336 hours savings

effect on
savings

1.0 (66,712) 66,712 9,206.26 71,225.42 75,805.10 27,229.96

.9 (66,712) 60,040.80 8,285.63 70,304.79 74,884.47 28,150.59 +3.38%

.75 (66,712) 50,034 6,904.69 68,923.85 73,503.53 29,531.53 +8.45%

1.10 (66,712) 73,383.20 10,126.88 72,146.04 76,725.72 26,309.34 -3.38%

1.25 (66,712) 83,390 11,507.82 73,526.98 78,106.66 24,928.40 -8.45%
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Returning to the initial break-even calculation, the contribution of

the geothermal system, or the difference between operating costs of

the two systems, was found to be $267.17 per hour. The Proctor and

Schwartz dehydrator, as previously mentioned, requires approximately

1633.335 tons of raw onions for a 336 hour season, processing roughly

9722.32 pounds per hour. In Table 7, page 103, the effects of vari-

ation in tonnage of raw onions available for processing is examined.

Annual equivalent fixed costs and energy costs are assumed the same

as those used in the initial ARLP calculation. As in the previous

table, the overall effects of changes in raw material availability

are indicated in the last column: changes in raw material avail-

ability produce corresponding changes in geothermal savings roughly

300 percent of the original fluctuation.

Market uncertainty can affect returns and costs to geothermal

development in variations in product price. These variations will

affect not the ARLP but the contract rent payments stipulated in

the terms of the lease. Lease terms must therefore be established

to evaluate the effects of product price changes on returns and

costs to the involved parties.

Effects of Lease Type and Product Price on Returns

As discussed earlier in this chapter, the relative bargaining

power of the geothermal landowner and developer will affect the type

of lease upon which the parties eventually agree. The lease type,

in turn, determines the variables affecting the level of rental

payment by the developer to the landowner. For example, if the land-

owner has obtained a fixed rent lease, variations in product price

will have no effect on his rental return, and the developer will

be required to absorb all uncertainty and variation in costs in his

own return.

If uncertainty is shared between the parties in a share

tenancy lease, on the other hand, product price becomes the key

variable determining rental payments and returns to the landowner

and the developer. As product prices or share percentages fluctuate,



TABLE 7

EFFECI'S OF VARIATION IN AVAILABLE TONNAGE OF RAW ONIONS
ON SAVINGS TO THE GEOTHERMAL SYSTEM

Tons of Onions
Available

Processing
Hours

Geo-system
Total Cost

Natural Gas
Total Cost

Savings to
Geothermal

Effect on
Savings

1.0 (1633.335) 336 75,805.10 103,035.06 27,229.96

.9 (1633.335) 302.40 75,347.13 93,600.18 18,253.05 -32.97%

.75 (1633.335) 252.0 74,660.18 79,447.86 4,787.68 -82.42%

1.10 (1633.335) 369.60 76,263.07 112,469.94 36,206.87 +32.97%

1.25 (1633.335) 420.00 76,971.02 126,622.26 49,651.24 +82.34%
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returns to both parties will vary. The same constraint holds for

tenancy lease payments, that affects fixed rent contracts: the

annual rental payment (as indicated by its annual equivalent cost

to the developer) must fall between the lower and upper bounds of

the ARLP.

Effects of Variations in the Fixed Rent Lease. In establishing

the initial lower bound of the APLP, rental payments to the land-

owner are viewed as costs to the developer, and are calculated using

the annual equivalent cost formula. At a present opportunity cost

(alternative rent) of $110 per acre or $880 for the development

parcel, the AEC, or lease payment, was found to be $1,759.80 per

year for the 20 year project life. By allowing the initial rent

to increase in objective increments, the impact of opportunity cost

increases can be analyzed per year and over the life of the project.

Continuing the tabular format demonstrating the effects of

natural and market uncertainty, Table 8, pagelO5, is used to illus-

trate the effects of incremental increase in initial rent on returns

to the landowner, per year and over the life of the project.

Although discrepancies occur in rounding, the relationship between

increases in rent per acre and return to the landowner is clearly

one to one. Considerable room for negotiation exists, however,

between the minimum rent of $110 per acre and $1,702.06 per acre,

the payment which would totally exhaust savings to the geo-systein

under the original assumptions of this scenario.

This "break-even rent" can be computed for a given level of

operations using constants already calculated in the initial rent

equation. Noting that:

AECrent + {Ej1
_1 [ (l+i)n_lJ

inserting the appropriate constants from the intitiai. rent equation

gives

AECrent = current rent [(_l/.025,(_ .362027)(.13809586)3

or AECrent = current rent (1.9997763)



TABLE 8

EFFECTS OF VARIATIONS IN FIXED RENT PAYMENTS
ON RETURNS TO THE L1NDCNER -- ONION DEHYDRATOR

Annual Equivalent 20-year % Increase
Level of Rent Per Year Per Acre Return/Acre per year

Total Rent
For 8 Acres

1.0 (110/acre) 219.98 4399.60 1759.84

1.1 (110/acre) 241.97 4839.46 10 1935.76

1.25 (110/acre) 274.97 5499.39 25 2199.76

1.50 (110/acre) 329.96 6599.26 50 2639.68

2.00 (110/acre) 439.95 8799.02 100 3519.60

3.00 (110/acre) 659.92 13,198.40 200 5279.36

10.00 (110/acre) 2199.76 43,995.10 900 17,598.04
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At the point where the annual equivalent cost of rent equals savings

on the geothermal system, the return to the developer is zero.

No rent greater than this can be charged. Allowing AECrent to equal

Savings, therefore,

S AECrent = current rent (1.9997763)

= current rent = $13,616.50 for 8 acres

or $1,702.06 per acre.

Effects of Variations in the Tenancy Lease. The level of

rental payments in a tenancy lease is not a function of current land

rent or develonent costs, but is a percentage of the gross or net

revenue of the operation. issuining the geothermal dehydrator and its

natural gas counterpart produce a homogeneous product, the gross

revenues of the facilities should be equal. As noted in the back-

ground information, dried onions currently sell for approximately

$1.18 per pound, which would generate a gross revenue of $572,694.12

for either a natural gas or a geothermal dehydration operation with

a 336 hour season. Any negotiated percentage of gross revenues must

be small to generate a lease payment within the bounds of the ARLP:

if the landowner charged over 4.76 percent of gross revenues as

rent, savings to the geo-system would be depleted and geothermal

energy would become more costly than natural gas. On the other hand,

any lease payment below .307 percent would generate a level of lease

payment below the landowner's opportunity cost (as computed as an

annual equivalent cost to the developer), at this level of operation

and product price. The impacts of minute changes in the percentage

of gross revenues on the level of lease payment is shown below:

at share = .00307 payment = 1,758.17
.0033 1,889.90
.0066 3,779.78
.0100 5,726.94
.0200 11,453.89
.0300 17,180.82
.0400 22,907.76
.0466 26,343.93
.0476 27,260.24
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As shown above, the landowner's rent (and the developer's

remainder from savings) are greatly affected by minute changes in

the percentage of gross revenues negotiated. To demonstrate the

effect of changes in product price, however, a particular percentage

must be used. For this analysis, therefore, a percentage of gross

revenue is arbitrarily chosen to generate roughly equal levels of

return to both parties at the assumed level of operation. At the

current product price, a percentage payment of 2.35 percent will

generate $13,458.31 for the landowner per year and will leave a

net return of $13,737.70 out of savings from the geo-system as a

return to the developer.

Table 9, page 108, is used to illustrate the effects which

changes in product price exert on returns to the landowner and the

developer. As indicated by this table, changes in the landowner's

and developer's returns are in almost direct proportion to changes

in the product price. As could be expected, increases in product

price result in increases in the landowner's rental return. However,

an increase in product price results in a decrease in the developer's

return from the geothermal system. The key to this contradiction

is the factors which affect the geothermal developer's return. Since

the developer's gross return from the geo-systernisthe savings

accruing to the system over conventional fuel system costs (at a

given level of operation), this cost savings is not affected by

changes in total revenue. The developer's net return, however, is

geo-system savings less lease payments to the landowner. In a

share tenancy lease, lease payments increase with product price,

reducing the developer's net return to the geo-systeni. There con-

ceivably exists, therefore, a level of product price at which saving

to the geo-systern would be completely depleted.

La Grande Alfalfa Pelletizer Scenario

Background Information

The site for the second hypothetical geothermal application is



EFFECTS OF VARIATIONS IN PRODUCI' PRICE ON RETURNS

TABLE 9

UNDER A 2.35 PERCENT GROSS PROFIT TENANCY LEASE

Landowner 's

-- ONION DEHYDRATOR

Product Price Gross Revenue Return % Change Developer's Return % Change

1.0 (1.18/lb.) 572,694.12 13,458.31 13,771.65

.9 (1.18/lb.) 515,424.70 12,112.48 10% decr. 15,117.48 + 9.77%

.75 (1.18/lb.) 429,520.59 10,093.73 25% decr. 17,136.23 + 24.43%

1.1 (1.18/lb.) 629,963.53 14,804.14 10% incr. 12,425.82 - 9.77%

1.25 (1.18/lb.) 715,867.65 16,822.89 25% incr. 10,407.07 -24. 43%
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approximately nine miles southeast of La Grande, near the Hot Lake

Hotel resort. Geothermal developnent is currently underway in this

area, as evidenced by the restoration of the resort itself.

To understand the role of geothermal energy in this applica-

tion, some information on the alfalfa pelletization process is

necessary. The Eastern Oregon Farming Company is currently operating

an alfalfa pelletizer in Boardman, Oregon, in nearby Morrow County,

and the La Grande pelletizer is assumed to follow the same basic

steps in operation. These steps can be surrunarized briefly:

Alfalfa is cut in the field, chopped into 1.5 inch lengths,

and sun wilted to remove some moisture content. It is then trucked

to the pelletizer facility.

The dried alfalfa is belt-fed to a triple pass rotary

drum dryer, in which its moisture content is further reduced.

The dried alfalfa is moved through and out of the drum by

a suction fan, belted to a hammer mill, and finally passes through a

pellet mill, producing a uniform product roughly 1/4-inch in diameter.

The geo-system for this facility would consist of a 1500-foot

production well providing between 300 and 500 gallons per minute of

220°F water, a 500-foot reinjection well, heat exchanger and fan,

and the connecting pipes, pumps, and electrical controls. The

entire facility would include the triple pass dryer, the hammer and

pellet mills, and storage sheds for the final product. The pelletizer

complex is assumed to cover roughly eight acres.

Approximately 87,500 tons of alfalfa were raised in Union

County in 1978. Only an estimated 20,125 tons (23 percent) were

sold, however; the remainder being kept by the growers as livestock

feed. Assume that 90 percent of the alfalfa available for sale

(18,112.5 tons) will be sold to the pelletizing plant. Chopped

green alfalfa has a moisture content of 78 percent, while the pellets

produced from it have a moisture content of only 8 percent. The

available tonnage of alfalfa, therefore, could be processed into

4,331.25 tons of pellets. Assuming the La Grande plant has the

same processing capacity as the Boardman facility (producing 10.33

tons of pellets per hour), this would provide raw material for a
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processing season of roughly 419.29 hours. Personnel of the Union

County Extension Service also feel that acreage in alfalfa production

would increase if a pelletizer was operating in Union County,

increasing the tonnage available for processing. At the present

time, alfalfa pellets are sold for approximately $86 per ton in

Portland: nearly all alfalfa pellets produced in Oregon are exported

to Japan.

The Acceptable Range of Lease Payments

Lower Bound. The site of the alfalfa pelletizer is currently

used for grazing, and its rental value in this use is minimal: $30

to $50 per acre. Although it lies outside La Grande's Urban Growth

Boundary, however, this particular site is not expected to remain

in agricultural use: the property owner considers geothermal

development the highest (and eventually inevitable) land use for his

property. As mentioned in Chapter IV, the landowner who is conf i-

dent of his property's eventual development may refuse to accept

the opportunity cost of his land in its current use as geothermal

rent. Accordingly, the lower bound of the PRLP for this scenario

is calculated under the assumption that the owner of the pelletizer

site will not accept less than $200 rent per acre per year for his

property. Assuming that the developer will choose an eight-acre

parcel for his facility's exclusive use after exploration, the minimum

lease payment he can expect is $1600 per year. The annual equivalent

cost to the developer of a $1600 yearly lease payment can be computed

as:

1600 1.10 20
1

.125(1.125)20
- $3 199 64

.l0-.125 1.125 - (l.125)ZU-1 -

which is the lower bound of the ARLP.

Upper Bound. Table 10, page 111, is used to illustrate the

comparative cost data for a geothermal heating system and a compar-

able oil-fired heating system for the La Grande pelletizer. Explora-

tion costs are assumed to include twice the number of gradient wells



energy costs per hour:
electricity for pUmpS:
56KWH @ .03035/hr.
electricity for fan:
83 KWH at .03035/hr.

energy costs per hour:
electricity for blower:
62 KWH @ .03035/KWH
BTU/hr.= 62 gal/hr. @
.86/gal.

TABLE 10

CC4PARATIVE ENERGY SYSTEM COSTS
FOR ALFALFA PELLETIZER

current cost AEC

Geothermal system:
exploration leases 800
exploration wells (2) 17,655
production well (1) 47,080
injection well 17,655
6" insulated pipe 9,416
6" uninsulated pipe 2,354
60 HP deep well pump 17,655
controls and wiring 5,885
contingency (10%) 11,850 17,988.30

heat exchanger 17,655
fan 2,354
support and housing for
above items 5,885

wiring and controls 2,354
28,248 3,898.22

annual maintenance 2,354 4,708.00
total AEC fixed casts 26,594.52

Oil fired system:
burners and supports 2,354

total AEC fixed costs 324.85

1.70 4.11

2.52 6.10
10.21

1.88 3.76

53.32 129.57
133.33

Geothermal system total costs: $26,594.52 + $10.21/hour

Oil fired system total costs: $324.85 + $133.33/hour

111
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as production wells, and exploration leases at $10 per acre for

80 acres.

The break-even point between the geothermal and the oil-fired

system can be calculated as follows:

difference in fixed costs:

$26,594.52 - 324.85 = $26,269.67

contribution per hour of geothermal system:

$133.33 - 10.21 = $123.12

Break-even occurs at:

$26,269.67/l23.12 213.36 hours

This break-even point is illustrated in Figure 16, page 113, which

also serves to show in annual equivalent costs the approximate

savings accruing to the geothermal system at the assumed average

level of operation, 419.29 hours. This level isnumerically

calculated below:

oil-fired system costs:

$325.85 + 419.29(133.33) = 324.85 + 55,903.94 = $56,228.79

geothermal system costs:

$26,594.52 + 419.29(10.21) = 26,594.52 + 4,280.95

= $30,875.47

$56,228.79 - 30,875.47 = $25,353.32

which is the gross savings to the geothermal system at the expected

annual level of operation, and can be considered the upper bound of

the ?RLP. The relative magnitude of this savings is due in part

to the current high costs of fuel oil.

At the expected annual level of operation, therefore, the

maximum net return the developer can expect is $25,353.32 - 3,199.64

= $22,153.68.

Effects of Uncertainty on the PRLP

The effects of natural uncertainty on the gross savings to the

geo-system for the pelletizer can be simulated by allowing variations

in exploration costs. These variations, and their impacts on



I
150 300 450

hours of operation
Figure 16. Alfalfa Pelletizer Break-Even Analysis in Hours (Energy Costs Only)

U I



114

geothermal system savings are illustrated in Table 11, page 115.

Percentage changes in savings resulting from changes in exploration

costs are indicated in the final column. AS was the case with the

onion dehydrator, the change in savings for the alfalfa pelletizer

is proportional to the initial change in exploration costs. For

the pelletizer, however, the change is less: approximately 1.01

percent per 10 percent fluctuation in exploration costs, as opposed

to 3.388 percent for the onion dehydrator. This divergency may be

traced to the relationship between initial exploration costs and

total fixed costs, as measured in annual equivalents: exploration

costs comprise 9.56 percent of the pelletizer total AEC fixed costs,

but 12.93 percent of the dehydrator total fixed costs.

The "break-even exploration costs" for the La Grande pelletizer

at 419.29 annual hours of operation can be computed using the equa-

tion discussed in the previous scenario.

Total AECoil - AECgth inst.+maint.+oper.
= Savings

+ AECgthp1

$56,228.79-(19,339.73 + 4,708.00 + 4,280.95)

27,900.11 in annual equivalent costs where Savings = 0 or

= $27,900.11,138 = $202,174.71 in current dollars.

Variations in the tonnage of alfalfa available for pelletizing

can also affect the gross savings to the geo-systern. As mentioned

in the background information, the La Grande pelletizer can process

alfalfa at the rate of 10.33 tons of produced pellets per hour, and

that the average available supply of alfalfa (18,112.50 tons)

would allow production of 4,331.25 tons of pellets in a 419.29

hour season. Table 12, page 116, is used to illustrate the effects

variations from this available tonnage have on operating hours,

and hence on savings to the geo-system. AEC for both fixed and

energy components are assumed equal to those in the initial J½RLP

calculation, and changes in savings are recorded in the final column.

For the alfalfa pelletizer, variations in raw material availability

cause variations approximately 100 percent greater on gross Savings

to the geo-system.



TABLE 11

EFFECTS OF VARIATION IN EXPLORATION COSTS ON SAVINGS TO THE
GEOTHERMAL SYSTEM -- ALFALFA PELLETIZER

exploration costs
current
dollars ABC

total AEC
fixed cost

total cost at
419.29 hours savings

effect on
savings

1.0 (18,455) 18,455. 2546.79 26,594.52 30,875.47 25,353.32

.9 (18,455) 16,609.50 2292.11 26,339.84 30,620.79 25,608.00 +1.01%

.75 (18,455) 13,841.25 1910.09 25,957.82 30,238.77 25,990.02 +2.51%

1.1 (18,455) 20,300.50 2801.47 26,849.20 31,130.15 25,098.64 -1.01%

1.25 (18,455) 23,068.75 3183.49 27,231.22 31,512.17 24,716.62 -2.51%



TABLE 12

EFFECTS OF VARIATION IN AVAILABLE TONNAGE OF ALFALFA ON

Tons of Alfalfa

SAVINGS TO THE GEO-SYSTEM --

Processing Geo-system
Hours Total Cost

ALFALFA PELLETIZER

Oil fired System
Total Cost

Savings
Geothermal

Effect on
Savings

1.0 (18,112.50) 419.29 30,875.47 56,228.79 25,353.32

.9 (18,112.50) 377.36 30,447.37 50,638.26 20,190.89 -20.36%

.75 (18,112.50) 314.47 29,805.26 42,253.14 12,447.88 -50.92%

1.1 (18,112.50) 461.22 31,303.58 61,819.31 30,515.73 +20.36%

1.25 (18,112.50) 524.11 31,945.68 70,204.44 38,258.76 +50.90%



Effects of Lease Type and Product Price on Returns

Aside from the scenario assumptions, Union County in reality

has fewer sites with above-average geothermal potential than does

Klainath County, the location of the other scenarios. Hence, it is

not unrealistic to assume that the landowner would be aware of any

geothermal potential his property had and would value it accordingly.

The scarcity of sites may well mean he could also gain the upper

hand in lease negotiation. On the other hand, the developer could

gain the advantage due to the landowner's dependence on outside

capital to increase the return to his property.

In the case of the landowner's superior bargaining power,

uncertainty will probably be shifted to the developer through a

fixed rent lease. In the second case, the developer may succeed in

sharing uncertainty (primarily market uncertainty over product

prices) with the landowner through a share tenancy lease. Variations

in the annual rent charged by a powerful landowner are illustrated in

the following section. The latter case, and the effects on returns

of variation in product price, are demonstrated in the concluding

section of this scenario.

Effects of Variation in the Fixed Rent Lease. As previously

mentioned, rental payments to the landowner can be viewed as costs

to the developer, and can be calculated using the AEC formula.

The initial computation of the lower bound of the ARLP was found in

this way to be $3,199.64.

Table 13, page ll8,is used to illustrate the effects which

increases in the initial rental payment will have on the landowner's

total rental return, each year and over the life of the project.

Again, the relationship between increases in initial rent and

increases in returns to the landowner is direct and one to one. The

"break-even rent" can be computed for the alfalfa pelletizer at its

average annual level of operations, 419.29 hours, as follows:

break-even rent or AECrent SaVings
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TABLE 13

EFFECTS OF VARIATIONS IN FIXED RENT PAYMENTS ON RETURNS
TO THE LANDC'JNER -- ALFALFA PELLETIZER

Level of Rent Per Year
Annual Equivalent

Per Acre
20-Year Return

Per Acre
% Increase
Per Year

Total AEC Equivalent
Rent for 8 Acres/yr.

1.0 ($200/acre) 399.96 7999.11 3199.64

1.1 ($200/acre) 439.95 8799.02 10 3599.61

1.25 ($200/acre) 499.94 9998.88 25 3999.55

1.50 ($200/acre) 599.93 11,998.65 50 4799.46

2.0 ($200/acre) 799.91 15,998.21 100 6399.28

3.0 ($200/acre) 1199.87 23,997.31 200 9598.93



= current rent (1.9997763) where Savings = 0

= $25,353.32 = 12,678.08 for 8 acres
1.9997763

or $1,584.76 per acre.

Effects of Variations in the Tenancy Lease. In this analysis,

transportation costs and product quantity and quality for the geo-

thermal alfalfa pelletizer and its oil-fired counterpart are assumed

equal. As mentioned in the background information for the La Grande

pelletizer, its product can be sold for $86 per ton in Portland.

Gross revenues for either facility (producing 4,331.25 tons of pel-

lets per season) would, therefore, be $372,487.50.

In order to generate a share percentage within the RLP, the

negotiated percentage of gross revenues must fall between approxi-

mately .859 percent (generating an annual payment of $3,199.67 at

a given price) and 6.805 percent (generating an annual payment of

$25,347.74). Returns to the landowner (and conversely, declines in

the net returns to the developer) are very sensitive to changes in

this percentage: a change of 1 percent can increase or decrease

returns by $3,724.88. To demonstrate the effects of changes in

product price, however, a particular percentage must be used.

Following the example in the previous scenario, a percentage of

gross revenue is chosen to roughly equate returns to the parties:

3.40 percent of gross revenues charged as annual rent gives the

landowner a return of $12,664.56 on his property and leaves the

developer with a net return of $12,688.76 on the geo-system. The

magnitude of the effects which changes in product price exert on

returns to the landowner and developer are demonstrated in Table 14,

page 120. Changes in returns show a onetoone relationship to

changes in product prices.

As was the case with the onion dehydrator, increases in product

prices again cause increases in the landowner's return and subse-

quent decreases in the developer's net return.
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TABLE 14

EFFECTS OF VARIATIONS IN PRODUCT PRICE ON RETURNS UNDER
3.40 PERCENT GROSS PROFIT TENANCY LEASE --- ALFALFA PELLETIZER

Product
Price/Ton Gross Revenue Landowner's Return % Change Developer's Return % Change

1.0 (86) 372,487.50 12,664.56 12,688.76

.9 (86) 335,238.75 11,398.18 -10.0% 13,955.14 + 9.9%

.75 (86) 279,365.62 9,498.43 -25.0% 15,854.89 +24.9%

1.1 (86) 409,736.25 13,931.93 +10.0% 11,422.29 -10.0%

1.25 (86) 465,609.37 15,830.72 +25.0% 9,522.60 -24.9%



Kiarnath Falls Tree Seedlin9 Greenhouse Scenario

Background Information

The site for the third hypothetical application is approxi-

rnately five miles south of Kiamath Falls in the Miller Hill area.

The facility consists of multiple polyethylene covered greenhouses,

a cold storage unit, and a pump house on a four acre site. The

geothermal energy retrieval system for this facility would require

one 500-foot well pumping up to 380 gallons per minutes of 200°F

water, one injection well of the same depth, a heat exchanger, and

the connecting pipes.

The Klainath greenhouse differs from the onion dehydrator and

the alfalfa pelletizer in that the greenhouse is not a processing

plant. Its operation does not process a given quantity of raw

product into a lesser quantity of dehydrated or pelletized product,

nor is its operation confined to a particular season. The tree

seedling greenhouse operates on a year-round basis, producing one

crop of spring-germinated seedlings per year. The energy require-

ments of the greenhouse, however, do not remain constant throughout

the year: the seedlings are germinated in the spring in relatively

high temperatures (82°F during the day); grown for a 16-week

period in more moderate temperatures (70° to 750F during the day);

and are finally "hardened" through the fall and winter months at

temperatures averaging 40°F during the day. Operating costs

cannot, therefore, be considered on an hourly basis. For the

tree seedling greenhouse, operating costs are computed on a per

thousand seedlings basis. All break-even points and levels of

savings to the geo-system can be calculated on this basis. The

estimated capacity of the four acre complex is 8,000,000 container-

ized seedlings: two-thirds in 4 cubic inch containers, and one-

third in 10 cubic inch containers.

Experts in this field at Oregon State University estimate

prices for seedlings at approximately $100 per thousand for the
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smaller seedlings and up to $175 per thousand for the stronger

seedlings in the larger containers. Assuming that 5,360,000 small

seedlings and 2,640,000 larger seedlings can be grown in the green-

houses each year, gross revenues for the complex should, therefore,

be approximately $536,000 for the small trees plus $462,000 for the

larger trees: a total of $998,000 annually. Although most contain-

erized seedlings are sold on a competitive bid basis to the

U.S. Forest Service or to tree improvement cooperatives, the prices

given above are within the acceptable bid range, and the developer

is assumed to be able to sell his entire yearts production at these

prices.

The Acceptable Ran9e of Lease Payments

Lower Bound. Land near Miller Hill in Klarnath Falls is cur-

rently used for alfalfa or potato production. As mentioned in the

introduction to this chapter, land rent for this use is assumed to

be $100 per acre and is expebted to inflate no faster than the assumed

overall rate of inflation, which is 10.0 percent per year for the 20

year project life. Again assuming that, after exploration, the

developer will lease a four acre parcel for his facility's exclusive

use, the minimum rental payments he will be charged can be computed

using the annual equivalent cost formula:

400 1.10
20

1.125(1.125)20
-1 - j Ll.l2szo_l
- $ . 1

which is the lower bound of the PRLP.

Upper Bound. Comparative data for the heating systems of

the geothermal greenhouse and its natural gas counterpart are shown

in Table 15, page 123. As discussed earlier, operating (energy)

costs for the respective systems are given per thousand seedlings,

rather than per hour. In-house heating and cooling equipment for

both systems consists of a fan coil connected in series with a

network of horizontal pipes installed on outside walls and under

benches. The water which circulates through this network is either



123

Geothermal system total costs : $45,922.82 + 2.57/1000 seedlings

Natural Gas system total costs: $21,161.32 + 8.33/1000 seedlings

TABLE 15

CC1'IPARATIVE ENERGY SYSTEM COSTS FOR TREE
SEEDLING GREENHOUSE

current cost AEC
Geothermal system:

exploration leases 400
exploration wells (2)
production well and injection

well (including deep well
pump and pipes)

22,400

66,100

in house heating and cooling
equipment

annual maintenance
pump and wells
heating and cooling

equipment

88,900

129,244.50

7,062

847.44

12,268.20

17,835.74

14,124

1,694.88

total AEC fixed costs

energy costs per 1000 seedling:

45,922.82

electricity for pump:
242,994 KWH @ .03035/KwH
miscellaneous electricity

.92 2.23

36,290 KWH @ .03035/KwH .14 .34

2.57

Natural Gas system:
burners and supports

in house heating and cooling
equipment

annual maintenance
heating and cooling

equipment

11,816.64

129,244.50

847.44

1,630.70

17,835.74

1,694.88
total AEC fixed costs

energy costs per 1000 seedling:

21,161.32

miscellaneous electricity
24,300 KWH @ .03035/KWH
natural gas: 6,000 x iU6

.092 .22

BTU @ .45/therm 3.38 8.11
8.33
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hot geothermal fluid, or is heated by natural gas burners.

A break-even point between the geothermal greenhouse and the

natural gas greenhouse in terms of thousands of seedlings can be

computed in the same manner that was used for a break-even point

in terms of operating hours:

difference in fixed costs:

45,922.82 - 21,161.32 = 24,761.50

contribution per 1000 seedlings of geo-systeni:

8.33 - 2.57 = 5.76

Break-even occurs at

24,761.50/5.76 = 4,298.87

or roughly 4,299,000 seedlings produced per year.

This break-even point is illustrated in Figure 17, page 125.

Also illustrated in this figure is the gross level of savings

accruing to the geo-system at the expected annual output level of

8,000,000 seedlings. At this level, the annual equivalent costs for

energy are $20,560 for the geothermal system, and $66,640 for the

natural gas system. By adding these costs to the total AEC fixed

costs for the respective systems, the gross savings to the geo-

system can be numerically calculated:

($21,161.32 + 66,640) - (45,922.82 + 20,560)

= 87,801.32 - 66,482.82 = $21,318.50

This gross savings can be considered the upper bound of the ARLP.

At the expected annual level of output, the developer's

maximum net return to the geo-system is $21,318.50 - 799.91 =

$20,518.59

Effects of Uncertainty on the RLP

By allowing variations in the initial level of exploration

costs for the geothermal greenhouse, the effects of natural uncer-

tainty can be demonstrated. These variations and their end effects

on gross savings are illustrated in Table 16, page 126. The change

in gross savings for the greenhouse equals roughly 1.48 percent for

every 10 percent change in initial exploration costs. In this case,
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Figure 17. Tree Seedling Greenhouse Break-Even Analysis in Thousands of Seedlings (Energy Costs Only)



TABLE 16

EFFECTS OF VARIATIONS IN EXPLORATION COSTS ON SAVINGS

exploration costs

TO THE GEO-SYSTEM

current
dollars AEC

-- ThEE SEEDLING GREENHOUSE

Total AEC total AEC
fixed cost for 8,000,000 sdlngs.

effect on
savings savings

1.0 (22,800) 22,800 3146.40 45,992.82 66,482.82 21,318.50

.9 (22,800) 20,520 2831.76 45,608.18 66,168.18 21,633.14 +1.48%

.75 (22,800) 17,100 2359.80 45,136.22 65,696.22 22,105.10 +3.69%

1.1 (22,800) 25,080 3461.04 46,237.46 66,797.46 21,003.86 -1.48%

1.25 (22,800) 28,500 3933.00 46,709.42 67,269.42 20,531.90 -3.69%
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exploration costs are roughly 6.85 percent of total fixed costs,

as opposed to 9.58 percent for the pelletizer and 12.93 percent

for the dehydrator. This percentage fits the pattern established

by the first two scenarios: as the ratio of AEC exploration costs

to total AEC fixed costs declines, the magnitude of effects on

gross savings to the geo-system made by variations in the explora-

tion costs declines.

Using the "break-even exploration cost" formula explained

inpreviousscenarios. it is possible to calculate the initial level

of exploration costs whose annual equivalent would reduce gross

savings on the geo-system to zero.

Total AECng - AECgthj5
+ rnaint. + oper. = AECexpl.

when Savings = 0

87,809.32 -(26,957.54 + 15,818.88 + 20,560) = AECexpl

= $24,464.90 in annual equivalent costs or $177,281.88 in

current dollars.

In demonstrating the effects of natural and/or market uncer-

tainty by varying the quantity of seedlings available, a slightly

different approach must be used for the greenhouse. Production of

the assumed annual output, 8,000,000 seedlings, will utilize the

full capacity of the greenhouse for the entire year. Increases

in the number of seedlings grown per year above this amount are,

therefore, not considered. On the other hand, although the developer

is assumed to be able to sell all his annual production at the prices

given, he may be forced to reduce production if market demand

declines. As shown in the initial break-even calculations, the

savings in variable AEC costs attributable to the geo-system is

$5.67 per thousand seedlings. Table 17, page l28,is used to

illustrate the effects on gross savings to the geo-system of reduc-

tions in seedling inventory. All costs are assumed equal to those

used in the initial break-even calculations. As in the previous

tables, the final column indicates the overall effect on gross

savings of a decrease in seedling output. In this case, each 10

percent decrease in seedling output results in a decrease of

approximately 21.6 percent in gross savings.



TABLE 17

EFFECTS OF DECREASES IN SEEDLING OUTPUT ON SAVINGS TO
THE GEOTHERMAL SYSTEM -- TREE SEEDLING GREENHOUSE

bOOs of Seedlings
Total Number
of Seedlings

Geo-system
Total Cost

Natural Gas
Total Cost

Savings to
Geo-system

Effect on
Savings

8000 8,000,000 64,482.82 87,801.32 21,318.50

.9 (8000) 7,200,000 64,426.82 81,137.32 16,710.50 -21. 62%

.8 (8000) 6,400,000 62,370.82 74,473.32 12,102.50 -43.23%

.75 (8000) 6,000,000 61,342.82 71,141.32 9,798.50 -54.04%



Effects of Lease Type and Product Price on Returns

The relative bargaining power of the Miller Hill landowner and

the greenhouse developer will determine the type of lease contract

which will regulate both parties' returns to geothermal develop-

ment on this site. The Miller Hill site is considered to have

greater than average potential for hot water at the quality required

for operation of the greenhouse. The landowner has added bargaining

power due to close proximity to railyards and major highways in

Klamath Falls. If, due to these better site-quality and locational

characteristics, the landowner gains the upper hand in lease nego-

tiations, he will seek to shift all uncertainty onto the developer

by a fixed rent lease. On the other hand, Kiamath Falls is the

statewide center of geothermal deve1oent, and competing landowners

there may be seeking to increase their returns to property by encour-

aging geothermal developers to locate on their site. In this case,

the developer may have the bargaining advantage, and would opt for

a share tenancy lease, the returns on which are dependent not on

land rents or greenhouse costs, but on gross revenues from sale of

seedlings.

The fixed rent lease, and the effects of changes in the initial

level of rent, is discussed in the following section. The accep-

table range of percentages on gross revenues and the effects of

seedling price changes on returns within a share tenancy lease are

demonstrated in the concluding section of this scenario.

Effects of Variations in the Fixed Rent Lease. Under the

assumption that rental payments can be considered costs to the devel-

oper, and as such can be computed using the annual equivalent cost

formula, the initial bound of the acceptable range of lease payments

was found to be $799.91 each year of the 20-year project life for

four acres.

The effects of increases in the assumed initial rent on

returns to the landowner, per year, and for the life of the project,
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are illustrated in Table 18, page 131. As with the previous

scenarios, a percentage increase in initial level of rent generates

an equal percentage increase in the landownerts return. The "break-

even rent" for the Klamath greenhouse can be calculated using the

constants established in the initial rental equation, assuming

annual output of 8,000,000 seedlings:

AECbreak_even rent = Savings = current rent (1.9997763)

21,318.50 = l0.660.44 for 4 acres
1. 9997763

or $2,665.11 per acre per year.

Effects of Variations in the Tenancy Lease. The geothermal

greenhouse and its natural gas counterpart on the Miller Hill site

are assumed to grow homogeneous tree seedlings, and to have the

same yearly capacity. Given the price data in the background infor-

mation, gross revenue for the greenhouse (with either heating system)

would, therefore, be $998,000. Any negotiated percentage of this

gross revenue which would generate a lease payment within the

acceptable range must fall between .0802 percent (generating a lease

payment of $800.40) and 2.136 percent (generating a lease payment of

$21,317.28). Returns to the landowner and the developer are very

sensitive to the level of this percentage: a change of .5 percent

can increase or decrease returns by $4,990.

In the final section of the greenhouse scenario, the effects

of variations in the price of seedlings on returns to both parties

will be examined. To demonstrate this effect, a percentage of

gross revenue generating a roughly equal return for each party is

chosen, following the examples of the previous scenarios. 1.065

percent of gross revenues will generate $10,628.70 rent for the

landowner and will leave the developer with a net return of

$10,689.80 from the geo-system. Effects on returns from variations

in seedling prices is illustrated in Table 19, page 132. Due to

the unequal prices of the seedlings in each year's output, the first

columns of this table are used to subdivide increases in gross

revenues into those components attributable to each type of seedling.



TABLE 18

EFFECTS OF VARIATIONS IN FIXED RENT PAYMENTS ON RETURNS

Level of Rent/Year

TO THE LANDCNER --

Annual Equivalent
Per Acre

TREE SEEDLING GREENHOUSE

20-Year Return % Increase
Per Acre One Year

Total Rent
For 4 Acres

1.0 (100/acre) 199.97 3999.55 799.91

1.1 (100/acre) 219.97 4399.51 10 879.90

1.25 (100/acre) 249.97 4999.40 25 1999.76

1.50 (100/acre) 299.97 5999.33 50 2399.76

2.00 (100/acre) 399.96 7999.11 100 3199.68

3.00 (100/acre) 599.93 11,998.66 200 4799.44



TABLE 19

EFFECTS OF VARIATIONS IN PRODUCT PRICE ON RETURNS UNDER
A 1.065 PERCENT GROSS SHPRE TENANCY LEASE -- TREE SEEDLING GREENHOUSE

Product Price/1000
Revenue from Revenue from
Small Sdlng. Large Sdlng.

Gross
Revenue

Landowner's
Return % Change

Developer's
Return % Change

1.0 (100 + 175) 536,000 462,000 998,000 10,628.70 10,689.80

.9 (100 + 175) 482,400 415,800 898,200 9,565.83 -10.0% 11,752.67 + 9.94

.75 (100 + 175) 402,000 346,500 748,500 7,971.53 -25.0% 13,346.97 +24.86

1.1 (100 + 175) 589,600 508,200 1,097,800 11,691.57 +10.0% 9,626.93 - 9.96

1.25 (100 + 175) 670,000 577,500 1,247,500 13,285.88 +25.0 8,032.62 -24.86
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The changes in returns shown in Table 19 follow the pattern

of the previous scenarios. Increase in product prices generate

proportional increases in the landowner's returns, and proportional

decreases in the developer's net return to the geo-system.

The purpose of this chapter has been to isolate lease type,

annual payments, and uncertainty components and to demonstrate the

interdependent effects which they exert on returns to both parties

in the leasing arrangement. Several conclusions can be drawn from

the analysis of hypothetical process-heat applications in these

scenarios, and these are presented in the concluding chapter of

the thesis.



CHAPTER VI

SUIIMARY, CONCLUSIONS AND
RECOMMENDAT IONS FOR FURTHER RESE1RCH

The purpose of the present inquiry, as stated in the first chap-

ter is to apply existing economic theory to one aspect of geothermal

development: the acquisition of the right to use the resource for

process-heat applications through contractual leasing arrangements.

Any economic research done in this general area is important for

several reasons. Geothermal energy is an Oregon resource proven

valuable in many existing applications: its further development

could expand the economic bases of several rural Oregon communities,

and could reduce leakages from these communities and from the state

as a whole. Of the three types of geothermal development (electri-

city generation, process-heating and space-heating), the second type

initially appears to warrant first priority in research, due to its

immediate feasibility (since no sites proven capable of supporting

electric generation have been discovered to date in the state) and

its wider economic linkages both within and without the local commu-

nity. Since process-heat utilization generally occurs on-site,

unlike electric generation or even large scale space heating (i.e.

districts) the perceived negative environmental impacts of this use

may also be less. Process heating, therefore, appears to be the

most likely form of development to actually occur.

The choice of relationship studied is also a logical one, and

stems from the assumption that the geothermal developer is a cost-

minimizer. In preference to the institutionally fixed bidding proce-

dures and (expensive to him) environmental safeguards which may

restrict his options for development on public lands, the developer

will, where feasible, probably seek a less constraining production

relationship with a private landowner, who likewise is not bound by

pre-existing regulations. As mentioned in Chapter IV, the most

likely means by which the landowner's property and the developer's

capital and equipment will be combined is through a contractual
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leasing arrangement in which the developer pays the landowner a

return to his resource.

The property owner's right to collect this return is established

through Oregon statute which vests him with fee-simple ownership of

the geothermal resources underlying the surface property. This

assignment of property rights, however, does not guarantee a socially

or privately optimal utilization of resources. Strong evidence from

other geothermal sites around the world suggests that both positive

and negative externalities in use may result from greater concentra-

tion of develoçment here in Oregon. For the present purpose, and

without local empirical evidence thereof, these externalities are

not relevant to a study of leasing.

In order to estimate a reasonable return to his resource, the

landowner should have a working understanding of several theoretical

aspects of rent, especially if he seeks to compare his estimate with

existing rents at other sites. The effects of location and site-

quality on land rent (and subsequently contract rent) should be

understood in this comparison. Similarly, knowledge of opportunity

costs and the margin of transference approach will assist the

landowner to arrive at a realistic minimum acceptable payment figure

for his own property.

The utilization of geothermal energy can provide no new good

or service to the consumer. The value of geothermal resources to

the developer is in their substitutability for other inputs in the

production equation. Two factors combine to make the analysis of

substitutability more complex in this case: the instability of the

energy market as a whole; and the fugitive nature of geothermal

resources. These factors also contribute to a second determinant of

geothermal value -- the risk and uncertainty which must be accounted

for in its use.

To continue the study of the value of geothermal energy to the

developer past this point, its role as a production input must be

isolated. In both conceptual and empirical analysis, therefore, the

assumption is made that all other relevant components of the produc-

tion function are equal -- that only the costs of providing the
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energy input will be allowed to vary. Consideration is limited to

the respective costs of the substitutable inputs: geothermal energy

or a conventional fuel. Primary limitations to this assumption are

an avoidance of increased transportation costs which may be neces-

sary to secure the required quality of geothermal resource, and a

dismissal of an increased cost of capital which may face the geother-

mal developer vis-a-vis his theoretical conventional fuel-utilizing

counterpart.

Practially speaking, geothermal energy is valuable if its use

results in a cost savings over use of conventional fuel. The level

of this savings is a function of the installation costs at the begin-

ning of the project, and of the operational costs of the energy

system throughout the project life. In comparing these costs for

geothermal versus conventional fuels, geothermal system installation

costs will always be drastically higher than those for conventional

fuel systems. Following installation, however, operational costs of

a geothermal system are very low in comparison to the operational

costs of a conventional fuel system, since the latter includes

continuous acquisition costs for fuel. (For the purposes of this

study, the initial exploration and installation costs of the geo-

thermal system are assumed to secure an adequate primary energy

supply, without fluctuations, for the life of the project.)

The geothermal developer may also incur additional costs (not

paid by his conventional-fuel counterpart) to minimize the greater

uncertainty involved in "capturing" a "fugitive" resource. Again,

in order to isolate the role of geothermal energy in the production

function, an important assumption is made with respect to types of

natural, market, and institutional uncertainty. The geothermal

developer is assumed to face the same market for both raw materials

and output as would a conventional-fuel plant operator at the same

site. Inputs and outputs of both systems are assumed homogeneous in

quantity and quality. While this supposition of the individual

developer's role in input and output markets is essentially sound and

realistic, it again avoids questions of possible increases in costs

of transportation or capital. These questions, however, are not the
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foci of the present inquiry.

Before either party can begin to obtain a return from geo-

thermal resources, their respective assets must be combined by some

sort of contractual agreement. For several reasons, the most

probable form of arrangement will be a lease in which the developer

acquires a certain amount of land for his exclusive use at the cost

of a payment to the landowner. Leases of this type will generally

take one of two forms: a fixed rent lease, in which the lease

payment remains constant unless renegotiated; and a share tenancy

lease, in which the lease payment is a set percentage of annual gross

or net profit, and will fluctuate with output levels and prices.

In addition to the level of payment the terms of the lease must

implicitly or explicitly address other issues, such as coordination

costs, the degree of uncertainty which each party must bear, and the

duration of the lease. The parties' viewpoints on each of these

issues, discussed at length previously, are sujrnarized below for more

immediate reference:

Coordination costs: In a fixed rent lease (following establish-

ment of a mutually acceptable payment), coordination or enforcement

costs approach zero unless one of the parties defaults on part or

all of the terms. In a share tenancy lease, the landowner must be

able to verify the operation's revenue to insure that he receives

the agreed upon percentage thereof. While the cost of this verifi-

cation may not be monetary, it does exist for both parties even when

both are in compliance with all other terms of the lease. The oppor-

tunities for cheating by an unscrupulous developer are also greatly

increased by this arrangement, as may be the costs of renegotiation

of payments demanded by a discontented landowner. Both parties

therefore prefer a fixed rent to a tenancy lease to minimize coordi-

nation costs.

Distribution of uncertainty: Each party's preference for a

particular lease type when considering uncertainty originates in their

perception of the operation's potential, and will probably conflict

with the other's preference even if their perceptions are compatible.

For example, if the landowner believes the developnent will be only
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marginally profitable, he will negotiate toward a fixed rent to

reduce variations in his return. The developer's preference under

the same perception (of marginal profitability) will be for a tenancy

lease which will distribute a degree of uncertainty to the landowner

as well as to himself. The developer, in this case, will be aware

that if a predetermined percentage of revenue is payable to the land-

owner, his return (the savings accruing to the geothermal system less

the lease payment) will decline as revenue rises. If production

potential (and revenue) remain relatively low, so will the lease

payment. The preferences reverse themselves under mutual percep-

tions of high production potential and/or revenue: the landowner

will opt for a tenancy lease to improve his return over time; whereas

the developer will be inclined toward a fixed rent contract which

will reserve to himself all revenues which may result from his

additional efforts.

Duration of the lease: Conflicts concerning the length of

the lease may occur regardless of the type of lease chosen. The

developer will probably prefer a term sufficient to depreciate

all his assets fully, whereas the landowner may consider this "too

long to tie up his land." On the other hand, the landowner may want

a longer-term source of income than the developer had initially

anticipated.

Level of payment: Conflicts in this area can be anticipated

after agreement on all other terms has been reached, and the final

compromise figure, whether fixed or percentage of profit, will reflect

the parties respective power at the bargaining table. Based on the

viewpoints of the parties as examined in Chapter Iv, parameters

can be placed on this level: the landowner will not accept a payment

which falls below the highest rent available from any other feasible

land use, nor will the developer pay rent which is greater than the

cost savings attributable to use of the geothermal system. These two

amounts represent the upper and lower bounds, respectively, of the

mutually Acceptable Range of Lease Payments (ARLP).

The 1JRLP concept is further developed and demonstrated empiri-

cally in Chapter V1 in which the effects of natural and market
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uncertainty and changes in lease type on the parties' returns are

demonstrated using process-heat develoent scenarios. These

scenarios were selected to focus attention on this aspect only: the

same assumptions used in the conceptual analysis of Chapter IV are

inherent in these models, which therefore have the same limitations

as does the theoretical study.

In light of this qualification, the integrity of the scenario

analysis relies to an even greater degree on the accuracy and realism

of the remaining variables. For this reason, background data for

the three scenarioswere obtained first-hand from the most pertinent

source available: costs of capital from a leading bank; product

prices from their principal buyers or from operators of similar

systems; and energy retrieval costs from engineers at the Geo-Heat

Utilization Center in Klamath Falls. The methodology used to esti-

mate the bounds of the ARLP is annual equivalent cost (AEC) analysis,

an established engineering theory. In each scenario, following

presentation of the background information, the break-even point for

energy costs between a geo-system and a conventional fuel system

was derived, and the ZLp determined. Key variables in the AEC

analysis were then allowed to vary to simulate the effects of uncer-

tainty, and the end effects of these variances on the parties'

returns noted.

Several conclusions can be drawn from the scenario analyses

regarding these effects. The conclusions are presented below,

without regard to their probable relative importance.

1. The level of gross savings, attributable to the geothermal

system in each scenario is a function of the relative levels of

fixed front-end costs and variable operational costs between the

geothermal system and the conventional fuel system. In each case,

geothermal fixed costs drastically exceeded conventional fuel fixed

costs, while conventional variable energy costs far exceeded geother-

mal variable costs. The key to the cost advantage of the geothermal

system is the non-inflating initial exploration and installation

costs -- the wells, pumps, and heat exchangers -- which form' the

larger fixed costs. The AEC of these components is computed over
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the life of the project through use of the capital recovery factor

alone. Increasing conventional fuel costs are incurred every year,

however, and their greater AEC outweighs the initial difference in

fixed costs.

The effects which changes in exploration costs exert on

gross savings attributable to the geothermal system are determined by

two ratios: that of exploration costs-to total fixed costs; and of

total fixed costs to total costs at the qiven level of production.

The lesser the ratio in each case, the lesser the effect on gross

savings of changes in exploration costs. If exploration costs are

a smaller component of total fixed costs, the effect of changes in

the former on the latter will be smaller. Similarly, if fixed costs

are a lesser component of total costs at a given level of operation,

the effects of changes in the former on the latter will be smaller

still.

The effects which changes in quantity produced exert on

gross saving attributable to the geothermal system are directly

related to the difference between the variable energy costs for the

two systems. In each scenario, increases in operating hours or

output above the break-even point (in comparative costs between the

two systems) increase gross savings to the geo-system. In the first

two scenarios, conservative annual levels of operation were selected

with the observation that installation and operation of the facility

could result in increased quantities of raw materials available

for processing. In the greenhouse scenario, additional acreage and

greenhouse structures could be added to the facility to increase its

capacity.

This savings would also increase at a fixed level of output if

natural gas and fuel oil prices increase at greater rates than those

assumed in the computation of annual equivalent costs.

Share tenancy leases, in which returns to both parties are

based on gross or net returns to an operation, are designed to

protect the developer against uncertainty to a degree, but have a

definite limitation in geothermal develoçnent This limitation is

based on the nature of the tenancy contract: as total revenue rises,
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payment to the "host resource" (the geothermal landowner) also rises

toward the upper bound of the ARLP which is not affected by rising

revenues but by cost. In each scenario, if product prices rose to a

certain level without corresponding increases in quantity of output,

savings to the geo-system could be totally depleted.

5. In each scenario, a substantial gap exists between the

lower and upper bounds of the ARLLP. The landowner's rental payment

can, therefore, increase dramatically above the opportunity costs of

alternative land use rents while the developer still maintains a

positive net return to the geothermal system. The magnitude of

this increased rent is dependent, of course, on the range of the

ARLP initially.

As indicated by the title of the thesis, the present inquiry is

necessarily a preliminary study of geothermal development in Oregon.

Other avenues of research should be followed within this area, as

the limitations of this analysis would indicate. For example, the

larger-scale effects of geothermal process-heat development on a

community or region could be estimated using existing input/output

models and complete engineering and cost profiles for one of the

hypothetical process-heat applications used herein. This type of

study can demonstrate through multipliers the positive economic

effects which a new export operation would have and can also indicate

any leakages which may be reduced through use of geothermal energy

as opposed to conventional fuel.

A second important area of research suggested by the limita-

tions of this study concerns the effects of transportation costs on

the gross savings attributable to the use of a geothermal system.

The sites of the three scenarios were chosen to minimize transporta-

tion costs for raw materials regardless of the energy type used in

processing them. A significant difference may exist between total

transportation costs (of inputs and outputs) of operations using

geothermal energy or conventional fuel if each was located at its

own optimal site.

Product prices and the short and long term effects of exter-

nalities are additional areas where further research could be
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beneficial to both geothermal landowners and potential developers.

The former study could include field research in a particular county

to discover to what degree, if any, the location of a processing plant

nearby would increase the quantity of raw materials available to be

processed, and what price the developer should pay to bring these

crops to market. The latter research should consider the institu-

tional aspects of vested property rights in controlling external

diseconomies created by subsequent developnent of the same geothermal

pool, but should concentrate on the options available to both the

developer and the landowner in the event that production potential

is negatively impacted by such diseconomies.

The purposes of this thesis are to illuminate the economic

determinants of decision-making behavior of the geothermal landowner

and the potential developer of that resource, and to present an econo-

mic model the use of which can render this decision-making more

rational. The purposes do not include demonstrating which option

among those examined is preferable, as this is a decision which
must consider far more specific data than that presented.

As mentioned in Chapter III, the state of Oregon leads the

nation in non-electric utilization of geothermal resources, which

indicates receptivity toward use of this "home-grown" energy source.

If this thesis in any way reduces the uncertainty which might impede

the desired developiient of geothermal energy anywhere in Oregon, it

has accomplished its purpose.
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