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INTRODUCTION

The objective of this paper is to make an estimate of the
ultimate practical supply potential of all emerging energy tech-
nologies for that portion of Montana west of the Continental
Divide. This is a very complex topic set in a changing environ-
ment. The technologies are evolving very rapidly as a result of
public policies to research and develop renewable resources and
the private response to shortages and rising prices. Furthermore,
there are major unknowns surrounding quantitative supply estimates,
They include: uncertainty and lack of information about the phys-
ical resource availability; present and future costs; system
performance and reliability; and a full spectrum of real and poten-
tial social and institutional barriers. These factors are identi-
fied and discussed in depth in the REV design report (Nybo, 1979)

.

Accepting this introductory caveat , then, this report will proceed,

Energy consumption and production data are gathered and
assembled by a broad array of private, semi-private, and public
entities. The best overall source of energy data for the state
of Montana is the Historical Energy Statistics series, published
by the Montana Department of Natural Resources and Conservation
(Itami , 1979) . For most publicly available energy data, there
is not a convenient sub-state breakdown. The following profile,
developed as a reference profile of current energy use, reflects
an allocation of information from larger geographical regions to
the study area.

For analytical purposes, the study area will be defined as
the counties listed in Table 1. This table portrays the actual
and estimated population of the counties in the study area for
1970, 1977 and 1978.

TABLE 1:
Population of Counties in
the Columbia basin of Montana;
1970, 1977, 1978

COUNTY 1970 1977 1978

Deer Lodge
Flathead
Granite
Lake
Lincoln
Mineral
Missoula
Powell
Ravalli
Sanders
Silver Bow

Basin Total

15,652
39,460
2,737

14,445
18,063
2,958

58,263
6,660

14,409
7,093

41,981

221,721

14,400
47,000
2,700

17,700
16,700
3,500

67,300
7,500

19,500
8,500

40,700

245,500

13,900
50,000
2,800

18,300
17,100
3,800

69,700
7,600

21,100
8,500

39,800

255,100

Source: U.S. Bureau of the Census,
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Table 2 depicts the history of study area population in
relation to that of the state of Montana.

Population of Montana's Columbia
TABLE 2: River Basin and the State of

Montana, 1930-1978

1930 1940 1950 1960 1970 1977 1978

iiTibia Basin 157,722 173,107 185,730 200,637 221,721 245,500 255,100

ana 537,606 559,456 591,024 674,767 694,409 766,000 785,000

n as a %

lontana 29.3 30.9 31.4 29.7 31.9 32.1 32.5
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STUDY AREA ENERGY USE

While the focus of this report is on energy supply, it will
be measured against the background of energy consumption. This is
appropriate because the emerging energy technologies lend them-
selves to de-centralized, small-scale applications. Thus, the max-
imum practical level of production will be something less than (but
approaching) total energy consumption in the study area. For
example, it is nonsensical to project some maximum contribution of
passive solar in residential applications greater than the total
residential space heat needs of the region, even though the poten-
tial surely exists.

Table 3 reports state level petroleum consumption and Table
4 is overall state consumption of conventional fuels.

Table 5 is an allocation of the state totals from Table 4

to the Columbia basin of Montana. The allocation was made using
32.1 percent of the state levels. This figure comes from Table 2,
and is the Basin's population as a percentage of the state in 1977.
This is a very reasonable basis for estimating residential, com-
mercial, and transportation energy use, which tend to vary directly
with population. The technique is weak in industrial assignments,
as there is a small number of very large industrial customers in
western Montana, including two large primary metal refining plants
and several wood products plants. Industrial consumption of elec-
tricity has been adjusted as noted in the footnote on Table 5.

Tables 4 and 5 are both weak in that they do not reflect the tre-
mendous jump in residential space heating with direct combustion of
wood

.
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The major remaining weakness in the energy profile of the
study area is a breakdown of Table 5 into more detailed end use
categories and thermodynamic classes. Table 6, from Lovins (1977),
reports to the 1973 deliveries of enthalpy in the U.S., by quadril-
lion BTU ' s per year,. Table 6 will be drawn on in judging where a
possible source might mate with an energy need. Table 7 is a linear
extension of Table 5 to the year 2000, assuming constant energy
intensity and a growth rate of 43.4868%.
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TABLE 6

15
1973 U.S. Deliveries of Enthalpy by End Use (10 BTU/y)
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GEOTHERMAL ENERGY

Geothermal energy, heat from within the earth, is a resource
which occurs in Montana.. Surface manifestations of geothermal
energy, in the form of hot springs, have been known since the
earliest recorded history of the state. The best known occurrence
in the Montana area is Yellowstone National Park. There has been
very little exploration for and development of geothermal resources
in Montana. Entities with programs and responsibilities regarding
geothermal resources in Montana are the Montana Department of Nat-
ural Resources, the Montana Bureau of Mines and Geology, and the
Montana Energy Institute (MERDI) . An excellent report on the his-
tory of geothermal energy in Montana and summarizing known informa-
tion about identified geothermal resources has been prepared in
draft form by the Montana Department of Natural Resources and Con-
servation (Brown, 1978). Table 8 is a partial breakdown of the
water temperatures of Montana's thermal springs.

TABLE 8: Temperature Breakdown of Thermal
Springs in Montana.

Temperature Range Number of Springs

149 F or greater
130 F to 149 F
110° F to 129° F

90 F tOQl07° F .

Under 90 F or unknown

7

6

13
7

All remaining

SOURCE: Keith E. Brown, "Montana Geothermal Planning and Resource
Inventory", unpublished draft report, Montana Department
of Natural Resources and Conservation, 1978.

Because of its geology characterized by mountains and geologic
faults, the western third of Montana contains the majority of the
state's surface geothermal resources. The surface manifestations
are primarily isolated, low volume hot springs. Figure 1 is a map
which identifies geothermal sites in the western third of Montana.
Table 9 lists those sites and their reference numbers from Figure 1,

which occur west of the continental divide.
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TABLE 9: GEOTHERMAL SPRINGS IN MONTANA'S
COLUMBIA BASIN

RIVER VALLEY
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Table 11 portrays the year 2000 level of development for
a city utility ("ultimate practical supply potential"). Based
on the known distribution of surface manifestations, this table
assumes that only one third of this potential would be available
in the study area.
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SMALL SCALE HYDROPOWER

In a recent study for the U.S. Department of Energy, the
Idaho Water Resources Research Institute examined the theoret-
ical low-head hydroelectric potential of the pacific northwest
region. For study purposes, low-head hydroelectric power was
defined as power produced from sites with gross hydraulic heads
ranging from 3m to 20m and with power plant sizes greater than
200 kW. Because it was impractical to identify every possible
site, the project set out to define the theoretical power poten-
tial of the streams by reaches. Theoretical power potential was
calculated for reaches, and plant capacity was computed for five
different flow rates, corresponding to the 10, 20, 50, 80, and
95 percent exceedance levels. Calculations assumed the total
head available for each reach, and an efficiency of 100% in all
power and energy computations. Plants are assumed to be run of
the river, with no storage other than where it currently exists.
Table 12 portrays the maximum developable power potential for
western Montana Rivers.
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A substantial level of specific detail has been developed
through this project on feasibility, transmission, and load
restraints for each identified reach in the study area.

The key question for this report is, which level should
be utilized in estimating the ultimate practical potential by
the year 2000? The levels which appear to merit consideration
are the fifty, eighty and ninety five percent levels. For the
basin, the power and energy levels associated with these levels
are found in Table 13.

TABLE 13: POWER AND ENERGY LEVELS
FOR LOW-HEAD POWER PRODUCTION
IN WESTERN MONTANA, FIFTY,
EIGHTY, AND NINETY FIVE PERCENT
EXCEEDENCE LEVELS

Percentage
Exceedence
Level Power (MW) Energy (GWh] (TBTU)

80
95

2044.32





COGENERATION

A cogeneration system produces thermal energy and elec-
tricity and/or mechanical energy in tandem, using waste heat
from one component of the system as an energy source for the
other. An excellent report on cogeneration in the context of
state policies has recently been published by the U.S. Depart-
ment of Energy (Resource Planning Associates, 1979), Cogener-
ation is a technique where the overall efficiency of an energy
conversion system can be improved through more complete utili-
zation of the energy. The typical electrical generating plant
achieves a conversion efficiency of about thirty five percent,
with the remainder of the input energy being disposed of as
waste heat. The typical system for producing industrial process
heat has an efficiency of about seventy five percent. Cogene-
ration, by jointly producing heat and electrical or mechanical
energy, is a mechanism for improving the overall efficiency of
the energy conversion process through the reduction of
waste

.

In its commonly used sense, cogeneration is generally
considered in an industrial context. In many cases it is specif-
ically referred to as industrial cogeneration. This report
will' present quantitative estimates of the potential contribu-
tion of cogeneration to electrical supply, assuming that the
process heat was already being produced. Thus the electrical
production is treated somewhat as a bonus. It is worth mentioning
that a major departure from conventional approaches to cogene-
ration has been thoughtfully outlined by Dr. Barry Commoner, the
Director of the Center for the Biology of Natural Systems,
Washington University (1979). Commoner argues that a major
decentralized network of residential and commercial cogeneration
facilities can be established along the following lines. Pro-
duce methane biogas on a substantial scale, mix it with natural
gas, and use existing natural gas delivery systems to bring it
to homes, apartments, and places of work. Install building-
scale internal combustion generators in the buildings, each
designed to efficiently capture the waste heat from the internal
combustion engine for use in the space heating system. Utilize
the existing electrical transmission and distribution system
for sharing electrical surpluses generated in each building.
While this report makes no estimate of the contribution of a

system of this genre in western Montana, the reader should be
aware that it is being seriously advocated by a well-known
national energy spokesman, and is reflective of the kind of almost
revolutionary changes which could occur in this country over the
next twenty years

.

In a recent study for the Bonneville Power Administration,
the Rocket Research Corporation examined the potential for indus-
trial cogeneration in the BPA service area (1979) . Since this
service area includes western Montana, these estimates will be

-19-





utilized here. Rocket Research identified an existing cogene-
ration capacity currently in place in western Montana of 24 MWe

.

In looking at regional cogeneration potential, the study found
that western Montana has an identified technical cogeneration
potential of 45 MWe, all of which is in forest related industries.

In its survey of existing cogeneration capability, the
study identified 400 MV7e of capacity in the region, and found
that in 1977, the average generation was 187 MWe, or 46.75% of
the potential.

Since this is a report on the ultimate practical level of
energy supply, a plant factor of .85 is assumed, which is in the
range of working plant factors for commercial power plants, and
is probably a practical upper limit to cogeneration output. Thus,

for western Montana, the ultimate practical level of new indus-
trial cogeneration capacity is 45 MWe, adjusted by .85 or 38.25
MWe. On an annual basis, this is 335 X 106 KWh, or approximately
1.1 TBTU. This has been assigned to the industrial sector in the

summary section.
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BIOMASS

The biomass resource includes forest and agricultural
waste, fuel crops, human solid waste and sewage. Biomass utili-
zation can involve direct combustion chemical conversion to a

gaseous or liquid fuel, or thermochemical conversion such as
pyrolysis. The chemical conversion can be through anaerobic
(methane) digestion, .or fermentation (alcohol) . Montana pro-
duces a regular flow of biomass in each of the possible cate-
gories .

The most observable use of biomass which is already oc-
curring at record levels (in relation to our recent history)
is the direct combustion . of wood for residential space heat.
Although no firm data are avilable, the wood piles are greater
in both size and number than ever before.

Western Montana contains the majority of Montana's forest
productive capacity, and thus contains the potential for the
greatest use of the wood resource. Farming, which produces
straw, is concentrated east of the Divide, and while it does
have some potential in the western part of the state, it is not
estimated here.

^' Municipal waste is a potential source of energy. A crude
estimate of the potential recoverable energy from the municipal
waste stream is based on the expected population in the year
2000. Assuming 352,260 persons, producing .7 tons of waste each,

with an energy content of 13.3 X 106 BTU/ton, yields a hypothet-
ical maximum level of 3.3 X 10^2 g^U. Adjusting this by a

factor of 50%, to account for the urban/rural settlement pat-
terns which would influence economies of scale, results in an

estimate of 1.6 TBTU/year.

Western Montana contains the majority of Montana's produc-
tive forests. In 1971, the U.S. Forest Service estimated that

13 million tons of slash are generated in Montana's commercial
forests every year (USFS, 1971). Assuming that two-thirds of

the forests are in western Montana, that the recoverable energy

content is 4,500 BTU per pound, and that half of the slash

is recoverable for energy utilization, the ultimate supply poten-

tial of this resource in- western Montana is estimated at 39 TBTU

per year.

The total contribution from biomass, then, is estimated

at 40.6 TBTU per year in the study area.
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WIND

Wind energy can be utilized as mechanical or electrical
energy. Western Montana is characterized by high peaking winter
winds. Combined with the hydrolectric generation system for sum-
mer peaks, it appears that wind would blend well into a mixed
generation format. Much- of western Montana has low wind
potential in the valleys.-, but could have significant potential
on ridges or at elevated heights. Distance to point of use or
transmission system, higher construction and maintenance
costs due to inaccessible sites, and environmental concerns
could weigh heavily against major wind energy production in the
study area. Information on wind energy potential at specific
sites is quite limited for the western Montana area. A standard
measure of wind energy potential is watts/meter^ . Table shows
measured wind energy for Butte and Missoula.

TABLE 14: Average Annual Wind Energy for Butte
and Missoula

SITE WATTS/METER^ MAXIMUM MONTH MINIMUM MONTH

Butte 104.8 158.7 76.8

Missoula 50.1 75.8 19.5

SOURCE: Montana Energy Institute (MERDI), "Proposed Montana
Renewable Energy Program", January, 1979.

A meaningful estimate of wind energy potential in terms of
delivered BTU ' s must be founded upon a competent site analysis
study. This has not been done for western Montana.

Strictly for comparative purposes, the following hypothet-
ical system of wind generators is considered for the study area.
Further study could easily change this number by several orders
of magnitude.

Assume 1000 wind machines of a 25 foot prop diameter, tip
to tip. Assuming a twelve mile per hour average wind speed, this
array of generators would produce 5.28 X 10° KWh per year or
,02 TBTU/year.
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SOLAR

Direct solar energy can be captured as heat and can be con-
verted to electricity through photothermal or photovoltaic proces-
ses, In its direct form, space heat can be provided through pas-
sive systems, where the basic features of the building capture
heat when needed during the cooler times of the year, and store
that heat through the use of thermal mass incorporated into the
building design. Active systems using air or water based solar
collectors, storage, and pumps can also be installed, Active
systems for heating or pre-heating domestic hot water are avail-
able for purchase today. Passive cooling through sun-shading,
landscaping, and natural ventilation systems is quite appropriate
to western Montana, where the evenings generally cool off even
during the hottest summer months. The northern and western por-
tions of the study area tend .to have a cloudier climate than the
rest of the study area and the rest of the state of Montana. This
cloudy climate will work to the disadvantage of direct solar appli-
cations. Passive system.s will still function, though not as well,
during cloudy periods, Concentrating solar collectors and many
active systems require direct solar radiation, and would be inef^
fective on cloudy days. To determine the expected performance of
a particular solar system, one should have the benefit of long-
term solar insolation data, This is not available for any point
in western Montana, There is a project sponsored by the Montana
Department of Natural Resources and Conservation, however, which
has established a network of solar monitoring stations through-
out the state. Most locations now have two years of data. The
Montana Solar Data Manual (Fowlkes, 1979) reports results from
continuous recording stations located at Libby, Kalispell, Thom-
son Falls, Poison, Missoula, Hamilton, Anaconda, and Butte. Man-
ual data stations are located at Eureka, Whitefish, Superior, Mis-
soula and Deer Lodge",

Residential Sector

Responsible solar targets are very much a judgmental matter.
Drawing heavily on the County Energy Plan Guidebook (Okagaki, 1979),
the following targets have been developed.

Sixty five percent of new homes constructed between now and

the year 2000 will have passive design features. These homes will
receive 75 percent of their heat from the passive system. Although
there is definite potential for active retrofits of existing homes,

no level of such conversions is included here, as they may be

inordinately costly. Conservation measures in the existing housing

stock are discussed in the conservation section.

Solar systems for heating or pre-heating domestic hot water

are now available on the market, area competitive with electrical

systems in some areas, and have been demonstrated to be technically
effective. It is believed that a target of 60% of all water
heating energy in both old and new construction is reasonable in
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the study area. It should be noted that most of these installa-
tions will not provide 100% of the domestic hot water needs in
the household; they will be used in conjunction with another
system, with the solar component providing from 50 to 90% of the
household's water.

Direct solar electrical production through the use of photo-^
voltaic cells is a technology which is characterized by uncertainty
at this writing. There is a substantial level of research occur-
ring in the area, and- a breakthrough, such as the development of
cells which use amorphous material rather than crystalline matter,
could substantially reduce the cost. It is assumed that by the
year 2000 the technology will have been refined to where it can
compete with conventional electricity in non-industrial applica-
tions. A reasonable t.arget for photovoltaic electrical production
in residential and commercial applications is 50% of electrical
use after all other conservation.

Commercial

This sector can achieve similar results to residential appli-
cations, and the same- targets will be adopted here.

Industrial

The opportunity for significant industrial use of direct
solar energy is extremely limited in the study area, First, the
very energy-intensive industries are using electricity or natural
gas in processes requiring very high temperatures, These appli-
cations lend themselves to cogeneration and waste heat recovery,
providing new sources, of energy for the lower temperature needs.
Finally, the cloudy climate of western Montana does not lend
itself to the concentrating collectors which require direct solar
radiation, rather than the diffuse radiation coming through the

^

clouds, Furthermore,, the actual potential of direct solar utili-
zation must be based on a rather detailed industry by industry
analysis. Therefore,, it is assumed that direct solar use in the

industrial sector can contribute at best 5% of industrial energy

usage after conservation in the year 2000.
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> CONSERVATION

Conservation is largely nothing more than reducing waste,
Or, put in a more positive way, getting more out of the energy
we use. Total energy use by fuel and by sector has been pre-
sented earlier. A working breakdown of residential and commer-
cial energy use follows:

Use Residential Commercial

Space Heat 70% 60%

Water Heat 15% 10%

Lighting, Refrigeration,
and other 15% 30%

Residential Sector

Western Montana has a harsh winter climate. This is well
known by all who live there, and the housing stock is believed
to be substantially above the national average in terms of weather-
ization features. Even though this is the case, it is believed
that substantial additional improvements can be made in the existing
housing stock by the year 2000. It is assumed that energy savings
for residential space heat in existing homes will amount to 45
percent.

While there are conservation measures which can be taken
for domestic hot water, such as adding more insulation on the
tank, turning down thermostats, retrofitting with spark ignition,
and installing flue dampers, it is assumed that the major savings
in domestic hot water will come from solar hot water systems. This
is included in the solar section. Lighting, refrigeration and
other savings will be 30 percent.

Commercial Sector

Although there is reason to believe that the commercial
sector could achieve even greater conservation savings than
the residential sector, the same targeted conservation levels
have been used.

Savings

Space Heat 45%
Water Heat See Solar
Lighting & Other 30%

Industrial Sector

The major industries of the study area are extremely energy
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intensive. A target for the year 2000, recognizing that this does
not reflect a detailed industry by industry analysis, is a 30%
savings.

Transportation Sector

Transportation is a major energy user, and because it relies
on transportable liquid fuels, is not well suited to many of the
technologies cited. Thus, conservation plays a key role in this
sector. Anticipated transportation savings should be based on a
detailed analysis of the vehicle fleet, vehicle miles traveled,
potential for modal shifts, potential for trip reduction through
better planning, as well as walking or bicycling, and raising load
factors. Such an analysis was outside the scope of this study.
Based on federal mileage targets, a fairly significant modal shift,
a modest level of trip reductions, and a significant improvement
in load factors, it is believed that a target of 50% savings can
be attained by the year 2000.

It
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SUMM?\>RY

In suiTunary, this analysis indicates a tremendous potential
for energy savings and energy production through conservation and
the development of renewable energy sources, At a gross level,
Table 15 indicates that a projected gross level of energy consump-
tion in the year 2000 of 116,4 TBTU ' s can be reduced to 73,7 TBTU '

s

through conservation. In developing renewable energy sources, an
ultimate practical level- is estimated to be 71.32 TBTU. This
leaves a net balance of 2,38 TBTU to be provided from conventional
sources in the year 2000, One critical factor which the reader
should be aware of, is the difficulty in allocating the biomass
energy to sectors, and particularly, the difficulty of making
judgments on the degree to which it would be physically possible
or economically desirable to utilize biomass energy for the very
large industrial plants, particularly the two primary metal refining
operations, which use extremely large quantities of electricity.
The significance of the final energy balance, then, should be
tempered by this factor..
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