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INTRODUCTION

The Maine Comprehensive Energy Resources Plan - 1981 is a agescription of
existing energy sources, existing ana projectea energy demands ana uses,
anc an analysis of existing ana potential energy resources to meet the
neeas between the present ana the year 2000. The Plan is designea to
assist the Governor, the Legislature ana the People of the State of Maine
to work together to determine our energy policy and to shape aur energy
future.

The purpose of this Plan is to provide the information neecea to cevise an
energy strategy for Maine. 1In this sense, the report is cescriptive
rather than prescriptive. It makes no recommencations concerning the
amount of each resource we should expect to use to meet our expectead
neeas. Before we decice where toc ga and which paths to follow, we must
have an understanaing of where we have been, where present trends could
take us, ana what options are availab}e to us in charting our future
course.

The Legislature celiberately chose this descriptive approach. During the
First Regular Session of the 109th Legislature, the mandate of the Office
of Energy Rescurces was clarifiea to require a two-stage process in the
agevelopment of energy policy. The first part consists of a Comprebensive
Energy Resources Plan to consist of two elements:

"l. A gescription and quantification of the present supply rates of use
ana energy needs of the State; a cost analysis of proviaing energy to
meet the State's future neeas; a cescription of the assumptions upon
which tne precictions ang costs are based and the probability of
error in the projections in the plan. These tasks shall be completec
on an annual basis and submittea to the Governor ana Legislature by
January 15tnh of each year; ana

2. A description ang quantification of the availability of various
energy resources for the State. This assessment shall utilize the
most current available oata ana include all resources that can
potentially help meet Maine's energy neeas. This task shall be
accomplishea on a biennial basis ana public input shall be sought
through a public bearing pracess determined by the director in
accordance with provisions of Title 5, chapter 375. After public
hearings have been neld, the final copy of the Plan shall be
submittea to the Governor and Legislature by January 15th to serve as
a basis for legislative initiative,.."

This cocument is intenced to respond to both reguirements. Section II
corresponds to the annual report and Sections III-VI correspond to the
piennial report. A separate aocument is mandateo to recommend Maine
energy policy:

"The Office of Energy Resources is airectea to prepare a state energy
policy to incluce the following: The direction or airections most
feasible for Maine to pursue in the field of energy resource use ang
agevelopment, feasible alternatives to implement the state energy plan
and long range as well as short range energy. programs,"



Tnis two-stage approach is not only required, it is preferable. It will
allow a thorough public review ana debate on the various resources
describea in this Plan prior to making the important cecisions ana
recommendations which must be made in the State Energy Policy.

With the submission of this Plan, we embark on an extensive public
discussion cancerning energy policy with a view to the preparation of the
energy policy aocument. The 0ffice of Energy Resources will seek out the
views and expertise of the Legislature, the executive agencies, interest
groups ano oranizations, energy specialists and, above all, Maine people.
In fact, in the preparation of the present cocument, this process has
alreaay begun. We intenc to complete this process and prepare the State
Energy Policy pefore the conclusion of the First Regular Session of the
110th Legislature.

The preparation of this Plan ana, in particular, the comments receivea on
the agraft on which testimony was taken at public hearings, have inaicatea
the ways in which this Plan shoulg be improvec in the future. To respond
to this need, the Office of Energy Resources will reorient its efforts to
provice more sophisticatedg information on the energy mix employeo by each
class of users anda better projections on the impact of recucea or
increasea use of specific resources on the rise of that ana other
resources ano the use of other forms of energy.

A worG shoulc be said about "the probability of error" in the projections
containec in this Plan. Broac limits were aaoptea for the projections
made and, as a result, it is relatively safe to state that actual
cgevelopments will fall within the upper ana lower limits selected.

Because of the methodology usea, it is highly likely that energy costs in
the future will not be as high as those containea in the most pessimistic
scenario includea here. However, the very conservatism of the projections
containea in this report must serve as a stimulus for the Office of Energy
Resources to improve its methoaology in orcer to refine its projections
without sacrificing their reliability.

We expect that the state energy policy will be a blueprint for action
extenaing years into the future. Because our information will inevitaoly
change ana improve over the years, the biennial element of the
Comprehensive Energy Resources Plan can serve, in the future, as a way of
upcating the State Energy Policy. Of course, the Policy itself may be
revised and upaatea fram time to time.

In evaluating the various energy resources, we have used & uniform
approach., We have examined the current use of each type. The resource
availapility in the State of Maine is also stuciea within the limits of
currently available cata. General considerations that those oeveloping
energy policy may wish to take into account are summarizea. Ana, because
state government has been pursuing a variety of programs ano short-term
energy policies in the past few years, they are cutlinea. We &also look
briefly at those user sectors where each resource is ano can be usea. 1In
aocition to evaluating energy resources, we also focus on conservation,
which will be of utmost importance to any ultimate energy policy.



The public hearing conducted in connection with the preparation of this
Plan and the oral and written comments received outside of those hearings
have revealed a number of broad concerns to which the State Energy Policy
might be expected to respond:

1. Maine people are vitally concerned about the cost of energy. In a
state with a low per capita income, rising energy prices, almost
totally cetermined outside of the state, exact a heavy and, for some,
unbearable toll.

2. Maine, locatea at the ena of the energy "pipeline" for the resources
on which we are mostly heavily dependent at present, must improve the
security of energy supplies.

3. The way of life and the enviromment of our state are highly prizeaq,
and energy development must take into account the need to preserve
these assets which give Maire its special character.

4.  Given the economic status of the state and projections that per
capita income will continue to remain relatively low, we need to
undertake policies ang programs to promote economic cevelopment that
will create jobs and increase income.

5. Local initiative in the cevelopment of energy resources shoula be
recognized and encouraged.

6. Traaitional energy sources will continue to be needed in the coming
years because the transition to the newer resources may be difficult
ana will be incremental.

7. To the greatest extent possible, the State of Maine should come to
rely on indigenous and renewable resources.

8. Energy conservation should be as vital an element of our policy as
energy development.

9. Market forces will be perhaps the major determinant of energy
resource utilization, and policy should be designed to channel these
forces so as to respond to the other public concerns.

Obviously, various organizations and individuals may interpret these
concerns differently. In the development of energy policy, compromises
will have to be found among these differing interpretations ano difficult
choices will have to be made. But, to best serve Maine, energy policy
should recognlze them all, as well as others that may emerge in the publlc
discussion in the next few months.

Of course, we cannot wait for the publication of the State Energy Policy
to take action to respond to these concerns. Since the petroleum embargo
of 1973-74, three governors and four legislatures have responaea
vigorously and imaginatively. Even as this Plan was being completea,
Governor Joseph E. Brennan submitted to the 110th Legislature a package of
propcsals which, if adoptea, will represent a broaac response to concerns
expressed above.



The programs of the past few years do not answer two important auestions:

1. What combimation of conservation and eneray resource utilization will
best serve the needs of Maire as it moves through a transitional
period toward its ultimate eneray mix?

2. What should be the lonag-term emeray utilization pattern and what
steps should we take in the next decade to insure its achievement?

These are the aquestions fto which the State Ernerqgy Policy will respond.

The Office of Eneray Resources invites the involvement of all Maine people
in the coming months in the preparation of the recommended responses to
these guestions in light of the broad concerns listed above. While we
must recognize that developments in Maine will be stronaly influenced hy
forces outside of the State, we can act affirmatively to affect our own
destiny, .

The contributions of those who testified at the public hearinas and who
submitted oral and written comments were influential in shapina this
report and in pointing out areas for further work. Those who participated
in the process included: Cheryl Ring, Mairme Audubon Society, Dan Boxer,
Paper Industry Information QOffice: Richard Leighton, Maine Hospital
Association; Stephen Powers, Maine 0il Dealers Association: David Thodol,
Congress for Safe Erergy: Alwyn Waite, Congress for Safe Ererqy: James
Friedlander, Greater Portland Council of Governments: Bill Butler, Maine
Woodsman's Association: Michael McConnell: Jobn Rensinbrink, Congress for
Safe Enmergy: William Pynchon: Alan Philbrook: Anne Hammond, Brunswick
Citizens for Safe Energy: Barbara Bigas, Maine Women for a Nuclear Free
Future: Norman Temple, C.E. Monty, Seward Brewster, Central Maine Power:
Nancy Doble, Greater Portland Nuclear Referendum Committee: Pat Garrett:
William H., Beardsley, Bangor Hydroelectric Company: Christine LeGore,
Maine Nuclear Referendum Committee: Judith M. Rarrows: Denise Gravelle:
Steven D. Webster, Maine Friends of the Earth, Congress for Safe Ereray,
Committee for Alternatives: Milton Huntington, Maine Petroleum
Association: Paul Firlotte, Great Northern Paper Company: Peter Heimann,
Natural Resources Council: John Baldacci: John Jerzhek: Frank Hochmoth:
Stuart Silverstein: Richard R. Sevony, R.L. Petit Co.; Mal Corey,
University of Maine at Farmington: Gordon E. Torrey, Portland Ocean
Services: Stanley C. Moses, City of Bangor: Normand [aberge: Robert
Faunce, City of Lewiston: Theodore S. Chadbourne, R.H. Chadhourne Co.:
Dick Baker.



Overview

The purpose of the Maine Comprehensive Eneray Resources Plan is to provide
3 basis for making the policy decisions that will shape Maine's ereray
future. This will be accomplished hy providing the most current
information available concerning the State's existing eneray supplies and
demand, outlining high and low forecasts of energy use during the next two
decades, and by discussing the renewable and non-renewabhle energy snurces
available to meet those needs. Using this information, the assessment of
various policy options will be more easily made. 1978 is the latest year
for which complete, consistent data on Maine's eneray supply and demand
exist. For this reason, 1978 was used as a base year to develop
assessments of current energy use and forecasts of future demand.

Wherever OER has been able to compile accurate data regarding a particular
fuel source for 1979 and 1980, this information has heen included.

Total enmergy use in Maine grew fairly steadily between 1960 and 1978.
Except for the period during the Arab oil embarago of 1973-1974, total
energy consumption increased at an average rate of iust over 3% per year,
In 1978, total consumption of ermergy in the state was 336.1 trillion BTUs.

The future demand for enmeroy in Maire will depend heavily on fuel costs,
fuel availability and the rate at which conservation and other energy
efficiency measures are implemented in each end-use sector. The OER low
demand estimate, which assumes a high level of conservation efforts,
proiects a total emeray demand of 270.4 BTUs by the year 2000. This would
be a decrease of 9.6% over total consumption, mot including electrical
gereration losses, in 1978. The high demand forecast, which assumes high
economic growth and no conservation measures beyond current levels,
projects a total ermergy demand in 2000 of 345.0 trillion BTUs. This would
be an increase of 15.3% over 1978.

As a aroup, petroleum fuels presently comprise the mainr source of energy
for Maine, accounting for 68% of the total energy used in 1978, Three
types of petroleum products made up the bulk of this amount. Motor
gasoline supplied 19.4% of Mairme's total enmeroy supply, residual fuel nils
(used primarily by utilities and industry) supplied 16.7%. Home heating
0il and related distillates accounted for 18.6% of Mairme's total eneray
consumption., Otbher types of petroleum products such as kerosene and
aviation fuels were responsible for the remaining percentage amount. The
only other type of non-renewable enmeray source that currently makes a
major contribution to Maine's energy supply is nuclear power. 1In 1978,
natural gas and coal both provided less than 1% of the State's ereray
supply.

Currently, Mainre's most used renewable energy resource is hydro power,
which provided 7.9% of the 1978 eneroy supply. Wood provided 5%, while
other mative rerewable resources (solar, wind, tidal, hiomass, peat, and
solid waste) provided either much smaller unguantified amounts or no
contribution in 1978,

Electricity is not defimed as a primary energy source in terms of total
energy supply in this plan since electrical generation actually uses
primary energy sources. Of course, electricity does provide a substantial
amount of power to residential, commercial, and industrial end users. In



1978, electricity, as a secondary power source, provided 15.3% of the
end-use energy consumed by those three sectors. The primary energy
sources used to generate electricty usea in Maine are nuclear, hyaro power
and oil.

To provice a better understancing of Maine's energy situation, this Plan
describes current energy consumption ana forecasts of future demana by
resiaential, commercial, incdustrial ana transpartation ena-users. In
1978, 22.2% of Maine's total energy supply was used in the residential
sector; 18.1% in the commercial sector; 30.0% in the incustrial sector and
29.7% was used for transportation. 1In the OER low growth forecasts to the
year 2000, each sector's share of total enmergy consumption woula not be
expected to change substantially.

Uncer the high gemana scenarios, the inaustriazl sector would show the
greatest increase in energy use. The high demana forecast for the year
2000 suggests that the inaustrial sector's share of the state's total
energy consumption woula increase to about 42%.

One of the most important factors in Maine's energy future will be
conservaticon, defined here as "an improvement in energy efficiency."” OER
forecasts estimate a potential for a 9.6% cecresse in overall energy
demana by the year 2000 through increased conservation measures. The
ultimate potential may be far greater than this.

Most of our energy conservation opportunities are well known. They
incluce:

0 Energy efficient weatherization of existing builaings;

0 Energy efficient construction of new buildings;

0 Energy efficient operation of commercial ana incustrial builaings ana
proCesses;

0 Installation of energy-efficient appliances ana incustrial eguipment;
and

0 Increasec implementation of energy-efficient transportation methocs,

including ridesharing anc public transportation where appropriate,
ana the use of higher mileage vehicles.

Another attractive methoa of increasing energy efficiency is cogeneration,
the use of waste heat to generate electricity or supply space heating
needs. The Office of Energy Resources estimates that there is a potential
for a significant increase in cogeneration in Maine. Much of this
potential is within the forest procucts incustry.

A preliminary stuagy aone for the OER indicatea that "an acaitional 265 Mw
of steam turbine generating systems coula pe installec at Maine paper mill
sites ana produce electricity at costs competitive with current utility
proocuction costs, while meeting the mill's process steam requirements."

Maine has a relatively large renewable energy resource potential anc
substantial guantities of peat resources, which are theoretically, but not
practically, renewable. Of these, three major renewable resources hold
the greatest promise for increasea energy potential: hydro power, wood,
ana solar. Other renewable resources, such as solic waste, winac, tiaal



and biomass, can also make significant contributions to local and regional
energy demands.

Maine's renewable enerqy resources offer many important opportunities tn
diversify the state's ereragy mix. Along with strong conservation effarts,
their increased development can substantially reduce the state's
dependence on imported fuels and the drain those fuels impose on the
state's economy. In addition, the develnpment of these alternative
resources have many potential indirect economic benefits for the state
through business and job development.

Progress in developing these resources and the extent of their
contribution to our enmergy needs in the future will depend on many
factors. These factors include market conditions, available techroloay,
private and public policy.choices that must try to balance ecormomic and
environmental concerns, and the availahility of affordable capital.

Currently, there are 85 hydro power facilities operating within the
state. Current developed capacity is mare than 00 MW, eaual to
approximately 8% of Mainme's current total emergy consumption (down from
about 17% in 1950 when eneray demands were smaller). At present, hydro
power provides roughly a third of the electricity used in Maine., New
efforts to use Maine's untapped hydro potential were being actively
pursued at over 50 existing dam sites in the state during the past year,

The potential may exist to approximately triple the amount of eneray
produced by bydro power in Maine. However, conflicts with other
beneficial water uses, envirormental impacts and ecnnomic constraints are
such that only part of this potential can reasonably be expected to be
_developed.

If environmental and economic constraints allow only half of the currently
estimated hydro power potential in Maine to be developed over the long
term, about 1030 MW of capacity would be gained and the contribution of
bydro power to state ermerqgy needs would douhle. Hydro power would then
contribute the equivalent of about 20% of Mainme's total current annual
energy consumption, or about 40% to 50% of the state's total current
annual electrical use.

Use of solar power is limited at present, but a great potential for
increased use exists. Solar enerqgy technoloay is being used in about 1400
Maine homes and commercial buildings, primarily for space heating or
domestic hot water heating. The most common and inmexpensive method of
using solar power is through passive solar building designs. Retrofittinag
buildings with simple low cost solar air heating devices which simply
transfer heat into the adjacent interior space is also gaining in
popularity.

Solar hot water heaters are another widely available, increasingly popular
solar alternmative. Thus far, about 400 solar water heaters have been
installed in Maine. These heaters can supply up to 60% of the heat
reauired for a domestic bot water supply. It is estimated that &0% of 3ll
existing huildings in the state bave adequate "solar access'". With proper
planning, about 90% of all new buildings could use snlar power for some



degree of space or water heating at little or no additiornal cost. Most
existing solar space heating installations in Maine provide an average of
20% to 30% of a building's yearly space heating needs: current solar water
heaters supply about 40% to 60% of the domestic hot water needs in
buildings wbere they are used. Simple passive solar systems will prohably
be used most extensively in the next two decades. Active solar systems
use will increase as well, but more slowly.

A major result of the past decade's rising o0il prices has been a dramatic
increase in the use of wood for space heating. In 1970, Maine homeowners
burned about 324,000 cords of fuelwood. During the 1978-79 heating
season, the figure had risen to 575,000 cords.

The New England Fuelwood Survey found that during the 1978-79 heating
season 46% of all Maire households hurned wood as a primary or
supplementary heating fuel. An OER Resurvey found that approximately 55%
of Maine households burred wood during the 1979-80 heating season.

Maine's pulp and paper companies have also increased their use of wood
residues, such as sawdust, shavings and bark, for space and process
heating needs.

The exact amount of oil saved by this trend is unkmown: but it is believed
to be a3 substartial amount. For example, the new bark-fired hoiler used
in one of Great Northern Paper Company mills Aallows a savings of over
400,000 barrels of oil a year.

About 90% of Maine is forested. Considering the size of our forest
resources and the fact that trees are renewahle, wood could be used as a
major fuel in the state in the future. The limits to the contributinn
wood can make as an energy resource depend on a number of factors
including: how well our forests are managed, how efficiently wood fuel is
used, and the extent of the demands for wood as a resource for
manufactured products and other uses.

Municipal waste-to-energy systems could supplement Maine's energy supply
and at the same time belp to solve solid waste disposal problems. The
city of Auburn bas become the first community in Maine to build a solid
waste resource recovery project. When this facility hegins operation
early in 1981, it will generate steam for use by industry.

There are 12 urban areas in Maine where waste-to-eneragy proiects are
considered feasible. Towns in eight nf the areas are actively
investigating refuse to erergy options. TIf built, these projects, plus
Auburn's would save the equivalent of 400,000 - 400,000 harrels of nil
each year,

Wind power can make substantial contributions to the electrical needs of
individual homeowners. However, more efficient, less expensive techroloay
must be developed and made availahle hefore the use of wind power will be
widespread and its potential contributinn to Maine's overall energy needs
can be realized.

The most favorable sites for tidal power development in Maione are
generally considered to be in Cohscook and Passamaquoddy Bays. These



areas bave both the right coastline configuration and the 15-20 foot tidal
ranges common east of Machias.

Since 1976, the Passamaauoddy Indians at the Pleasant Point Reservation at
Perry bave been studying the feasibility of building a small-scale tidal
powered electric generating facility at Half Moon Cove in Cobscook Bay.

It would cost $21 million to $35 million to construct and have a capacity
of 10 to 12 MW, enough to serve the electric needs of an estimated 5,000
to 10,000 people. They are expected to apply for a license to build and
operate the facility during 1981. Construction could he finished and the
plant could go on line as early as 1985,

Preliminary OER studies indicate there are approximately 100 sites along
the Maine coast where small-scale tidal facilities may he practical.
Fifteen to twenty of these sites with potential ranging from 40-1000 KWH
of capacity are now being actively studied.

The Army Corps of Engineers, which bhas heen studying the potential for
building a large scale tidal plan in Rassamaquoddy and Cohscook Bays,
concludes that a large scale tidal project is not economically feasibhle at
this time.

Biomass is any plant or organic matter, including agricultural crops, crop
residues, other plants, animal wastes, wood and wood residues, garbage and
solid waste material containing cellulose. Biomass can be burned
directly, pelletized, gasified and made into alcohol. Although there are
many potential sources of biomass energy, wood and wood residues are the
only sources being used extensively in Maine at this time,

Maine produces a number of agricultural crops that could be used for
ethanol production, an alcohol fuel that could be used to make gasohnl,
For example, if all of Maine's cull potatoes were used for alcobol
production, about &4 million gallons of alcobol or about 1.5% of Maine's
unleaded gasoline consumption for 1979 would he produced. There are
presently 3 moderate to large scale ethanol prniects that are in various
stages of planning or construction in Maine. Two of the plants would use
potatoes. One of the plants would use imported grains from the Midwest.

Although peat can be used as a fuel and Maine bas considerable peat
reserves, they are not currently used to supply any portion of the state's
energy demands, The energy potential of Maine's peat deposits may be
great, and a number of local and national firms are studying tbe
feasibility of peat energy facilities in Maire. However, there are many
ma jor areas of concern with respect to the potential environmental effects
of peat mining., This may severely limit the possible use of peat as a
fuel.

Maime is extremely dependent on non-renewable fuels for its current eneray
needs. As a group, non-renewable fuels provided about four-fifths of the
energy used in Maire during 1978. Hydro power, wood and other renewable
energy resources supplied about one-fifth. In the next few decades,
non-renewables will likely remain the domimant factor in our energy
situation, though changes are expected to occur in the availability and
levels of use of the various non-renewahle fuels.



The most problematical non-remewable eneray sources are petroleum
products, which make up 68% of Maine's ftotal current emeray supply. Our
supplies of gasoline, home heating oil and other distillate nil fuels are
critically tied to foreian reserves and production rates. Political
events abroad have led to shortages of these fuels in the past decade and
may create others in the future.

It is also possible that world reserves of crude oil will become tighter
and tighter as the turn of the century approaches and it is certain that
prices of petroleum products will contimue to rise. The importation of
petroleum fuels already leads to a beavy drain on Maine's economy (about
$1 billion annually) and shortages or increasingly unaffordable prices
could lead to severe economic and social crises in the state unlpcs
dependence on these fuels is reduced.

Natural gas bas heen available in Maine for 13 years. During that time it
has made a relatively small contribution to Maine's total emergy needs.
However, the potential exists for matural gas to bave a larger role in the
future, especially in the Portland and Lewiston/Auburn areas.

Though only about 1% of Maine's population currently uses- natural gas, an
estimated 12%, or 130,000 people, live within 100 feet of an active gas
main. This includes roughly two-thirds of the population of Portland,
South Portland, Westbrook and Cape Elizabeth and nearly the entire
population of Lewiston/Auburn, The major bharrier keeping natural gas from
expanding to meet this potential is the lack of existing piping from gas
mains to buildings.

Two things are remarkable ahout the use of coal as an energy resource in
Maine. Ore is the decrease in coal use over the past 30 vears. The other
is the promise it holds for supplying emergy to Maine in the future. From
more than 21% of total enmergy supplied in 1950, coal use dropppd to
virtually nothing in 1978.

The use of coal has not yet rebounded from it's recent low point to majior
levels. However, the prospect for increasing coal use in Maine over the
next two decades is evident. Several recent developments indicate likely
future trends. For example, the Martin Marietta cement plant at Thomaston
has converted to coal for its space and process beat uses. Central Maine
Power is considering constructing a major coal fired-electric gererating
plant on Sears Island, possibly using mew innovative coal bhurning
technology. CMP will soon convert 7% of its present generating capacity
at the currently oil-fired Mason Station in Wiscasset to coal burning.
And, while exact figures are not vet availahle, there has bheen a strong
expan51on of the home heating market for coal over the past two years.
These events are undoubtedly signs of the upward direction of coal
utilization in Maine. Coal-fired electric cereration, as well as
industrial and domestic use, are expected to expand over the next decade.

Maine'!s single existing nuclear power plant, Maine Yankee, bas a rated
generating capacity of 829 MW, Maine utilities own and distribhute half of
Maine Yankee's output. The rest of the electricity it produces is
exported out-of-state through the New England power grid. Thus, Maire
Yankee supplied 27% of the electricity used in Maine during 1979, although
it produced 60% of the total electricity germerated in the state,

10



Maine utilities also own a combined total of 70 MW of capacity in nuclear
plants located elsewhere in New England. In 1979, these out-of-state
plants contributed approximately 6.2% of the electricity sold to Maine
consumers., At this time it appears unlikely that any new nuclear power
plants will be built in Maine, and Maine Yankee is only licensed until
2008. Imports of power from nuclear power plants located elsewhere in New
England or in Canada may temporarily increase the contribution of nuclear
power to Maine's total ermergy supply by up to 50%. It's contribution is
expected to substantially decline after the turn of tbe century.

There is an increased potential for importing electricity from Canada in
the next five to ten vyears. Quebec has shown interest in exporting bydro
power from its large James Bay project and additiomal pawer may be
available from the Churchill River area in Labrador. New Brunswick's new
nuclear power plant, Point LePreau, is also expected to bave at least a
short-term surplus capacity. Central Maine Power Company is presently
negotiating for 30 MW, If an agreement is reacbed, this power will he
available between 1981 and 1589. Presently, the State of Maine does not
receive any natural gas directly from Canada. However, one immediate and
two longer range Canadian sources for natural gas imports may exist.

As this overview demonstrates, there is a vast amount of information which
must be assimilated and digested before appropriate policy choices are
made regarding our erergy future. This Plan is an attempt to do this. It
is boped that using this Plan as a basis, the development of a reasonable
State ermeray policy will soon occur.

1






II. SOURCES AND USES OF ENERGY IN MAINE:
TRENDS, CURRENT STATUS AND PROJECTIONS






IT.

SOURCES AND USES OF ENERGY IN MAINE: TRENDS, CURRENT STATUS AND
PROJECTIONS

Introduction

In order to develop a comprehensive plan of any sort, it is necessary to
examine historical trends, understand the current situation, and make the
best possible forecasts regarding the future. Such a process is
undertaken in this section. By completing this analysis, we will have
established a frame of reference against which it will he possible to
measure the relative value of particular policy options as they become
apparent.

"Sources and Uses of Ermergy in Mainme™ is divided into four sections which
follow the lire of thought described above. Part 1, "Historic Use,
1960-1978", describes the history of Mairme's energy demands and supplies,
Part 2, "1978 Eperay Supply and Demand Status", describes Maire's eneray
supply and demand status as of 1978, 1978 is-the most recent year for
which complete, consistent data are availahle in terms of eneray supply
and demand. Federal sources, from which this information is derived,
experience about 3 two-year "lagtime" in the production of fereral data
bases. Wherever the OER has heen able to compile accurate data regarding
a particular fuel source which include 1979 and 1980, this information bas
been used and noted. Part 3 forecasts possible supply and demand
scenmarins in the future,

In each part of this section, energy consumption trends are described from
an "end-use'" viewpoint. Throughout this plan, "end-use" refers to the
actual purpose, or end, for which emergy is required. 1In dealing with
energy demand, four major end-use sectors have been identified:
residential, commercial, industrial, and transportation. 1In dealing with
enerqgy supply, each part describes various eneray supply resources which
have been used in the past, are currently utilized, or may be used in the
future.

The data represented in the graphs in this section are derived from
several sources. Much information was taken from the State Energy Data
Report DOE/EIA-0214 (78), April 1980, produced by the Eneray Information
Administration of the U.S. Department of Energy. Other sources include
the Maine Department of Finmance and Administration Bureau of Taxation, the
New England Fuel Wood Survey, the Maine Public Utilities Commission.(PUC),
the Electric Courncil of New England (ECNE), the Federal Erergy Requlatory
Commission (FERC), the 1975 and 1979 Fuel Distribution Surveys compiled hy
the OER, and data provided by the major petroleum suppliers to the OER
which, because of confidentiality, are not reproduced in this report but
which were used to validate dats from other sources.

Because the sources of information in this report are so diverse, there
are many variations in data on individual fuel types. Where such
variations occur, the particular variation and the reason for its
occurrence are noted. The OER is continually collecting and assessing
energy supply and demand data from various sources. The information
presented in this report represents the best collection of data
available, This information provides a sufficiently accurate basis for
projecting future energy needs and resources. As the process of energy
planning matures, the accuracy and reliability of this data will
constantly be reviewed and improved where possible.
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Historic Use, 1960-1978

This section cescribes the manner in which energy has been usea in
Maine and the types of energy resources which have been consumec to
meet the neeos of the State. This analysis will provicge the reacer
with an accurate perspective as to the history of energy supply ana
gemana in the State. The following analysis is presentea by a series
of graphs and charts which illustrate certain key trenos. The long
term historical oata, presentea in Figures 1 and 2, are shown in
terms of trillions of BTUs. - While BTUs are a good basis for
comparison, most people are more familiar with units of measure such
as gallons of oil, coras of wood ana kilowatt hours of electricity.
One trillion BTUs are equivalent to & million gallons of gasoline,
fifty thousana corcds of hardwooa or 300 million kilowatt hours.
Although the average citizen will not normally buy this amount of
energy at one time, these figures will give the reacer a point of
comparisaon.

A. Demana

1. Total Demana

Figure 1 cescribes energy consumption in Maine from 1960-78
in terms of the total emergy consumec by ena use. Four
ena~-use sectors are oescribea: resicentizl, commercial,
inaustrial ano transportaticn. The resicential sector
incluoes energy consumeo for spsce hesting, cooling, water
beating, lignting, refrigeration ano other uses in homes,
apartments and other types of resicential units.

Commercial energy users include wholesale ano retail
stores, office builoings, hospitality establishments,
government builaings, institutional builcings ana the
construction trages. The construction inwustry is inclucea
in the commercial sector primarily because it is consiocerea
a service rather than a primary proouction incustry.

The industrial sector incluoes all primary gooos proouction
facilities in the State. Energy consumea in agriculture is
also incluceg in the industrial sector since agriculture
involves the primary procuction of gooaos. Transportation
uses include all private ana commercial vehicles involved
in on-roac use. 1t excludes fuel usea for construction,
agriculture or otrer off-road purposes.

13



FIGURE 1

MAINE ENERGY CONSUMPTION BY END USE SECTOR
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The demands for the various fuels are created by

consumption of these fuels to meet enc-use cemands in the

four energy consuming sectors of the economy

resicdential,

commercial, inoustrial ana transportation.

This sector grew most

These figures reveal that tne most rapic growtb has
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consumption by each sector of the economy from 1960 through

1978.
rapialy between 1966 and 1972, prior to the OPEC oil

Figures 2 through 5 illustrate the trenas in energy
embargo.

been in the incustrial sector.



Residential Energy Consumption

Figure 2, "Residential Consumption of Energy in Maine",
details the trends in energy consumption in the residential
sector between 1960 and 1978. Petroleum, particularly
agistillate fuel oil (home heating oil), is by far the
primary energy source for this sector. This fuel is usea
mainly for space heating auring Maine's winter months. The
relatively rapid increase in the consumption of electricity
reflects the rising popularity of that energy form for
space heating. The graph is also marked by a significant
decline in the demana for kerosene, and the virtual
disappearance of coal as a fuel in the residential sector.

FIGURE 2

RESIDENTIAL CONSUMPTTON. OF ENERGY IN MAINE
1960 - 1978
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Commercial Energy Consumption

The most striking feature about Figure 3, "Commercial
Consumption of Energy in Maine, 1960-1978", is that this
sector, too, is dominatec by the use of petroleum products
as the major energy source. Distillate fuels, along with
liquified petroleum gas (LPG, or "propane") and residual
fuel o0il make up the majority of the petroleum usea.
Electrical use has grown quite rapidly. Coal has declined
to relatively insignificant amounts ana natural gas also
constitutes a minor component of the energy mix on a
statewide basis.

FIGURE 3

COMMERCIAL CONSUMPTION OF ENERGY IN MAINE
1960 - 1978
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Inaustrial Energy Consumption

Figure 4 gepicts the fact that Maire's industrial base is fueled
primarily by petroleum products, with resicual fuel oil being the
principal canstituent. Smaller amounts of aistillate fuel oils, LFG,
and other petroleum products make up a comparitively smaller portion of
the fuel mix. Purchased electricity surpassed self-generated hydro
power for the first time between 1976 and 1978, as total electrical
consumption grew ana self-genmerated hydro power by Maine's inaustrial

establishments remained relatively stable.

Two distinctive features cominate this figure. The first is the decline
in coal use and increase in residual fuel oil use through the 1960's as
industry undertook a fuel-switching effort due primarily to
environmental constraints. The secona aistinctive feature is the sharp
rise in total industrial energy use in the early 1970's, again dominatea
by increasea resicual fuel oil consumption, which marks a major
expansion of Maine's pulp and paper industry, with several new mills,
new paper machines and accompanying oil-fired boilers.

INDUSTRIAL CONSUMPTION OF ENERGY IN MAINE FIGURE 4
1960 - 1978
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Transportation Energy Consumptian

Maine's transportation system is virtually 100% dependent
upon petroleum fuels as an energy source. The
contributions from non-petroleum sources are insignificant
and cannot be accurately aepictea on the trena charts
(Figure 5). The principal constituent in the
transportatlon energy supply mix is motor gasoline, used
primarily in private automobiles ana light auty trucks.

The othber major motor fuel usea in Maine is diesel oil with
aviation fuel and residual oils having a small use for
specific modes of transit.

FIGURE 5

CONSUMPTION OF ENERGY BY
TRANSPORTATION SECTOR IN MAINE 1960 - 1978
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B. Energy Supply

1. Total Consumption by Fuel Type

Figure 6 presents the historical supply of energy to Maine,
1960-78, by fuel type. This energy supply picture aivides
energy supply into five segments: petroleum, hydro,
nuclear, natural gas and solic fuel (woog and coal). It
should be notea that the cumulative energy supply ana
demanag figures described in Figures 1 ana 6, if
superimposed, ado not always coincice. This is because the
State has alternated between being a net importer or
exporter af electricity curing different years. When these
imports ana exports are accountea for, the supply ana
gemana figures balance.

FIGURE 6

CONSUMPTION Or ENERGY BY FUEL TYPE IN MAINE
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Figure 6 shows that individual fuel types have varied
dramatically in terms of their contribution to Maine's
energy supply. Coal, for example, supplied almost 10% of
Maine's total ermeray corsumption in 1960, but less than one
percent in 1978, Petroleum declined to ahout 72% of use in
19781 after peaking at more than 80% of total emergy
earlier in the decade. Nuclear power use was non-existent
in 1960, but accounted for almost 16%2 of the energy used
in Maine in 1978. Hydroelectric power use bas also
remained relatively canstant, contributing about 8% of
total ermergy supply in 1978. Finally, use of natural gas,
which was introducted in 1966, has grown sliagbtly from
0.23% in that year to almost 0.6% in 1978.

2. Consumption hy Resource

Petroleum Supply and Demand Trends

Petroleum in many forms is Maine's major emergy resource.
Of course, it has occupied this prime position for decades,
as oil pushed aside other forms of enmergy which were most
costly, less efficient and more cumbersome to transport.
However, since the 1973-74 o0il embarao, consumption
patterns have changed sianificantly as has the mix of
petroleum products used in Maine.

a. Gasoline

Between 1960 and 1978 gasoline corsumption increased
steadily, reflecting its availability and reasonahle
price, both of which served to promote widespread use
of automobiles with little regard for esconomy of
operation. In 1978, however, the consumption trend
turned downward as the combined effect of sharply
higher gasolire prices and germeral inflation caused
motorists to choose more fuel-efficient vehicles and
to reduce their drivina. As prices have continued to
climb, consumption has continued to fall, This trend
indicates considerable demand elasticity, especially
as compared with previous expectations, Figure 7
indicates the 14% decrease in aasoline consumption in
Maire between 1978 and 1980.

Lrhis figure is calculated using the U.S. DOE figures as presented
in the State Ermergy Data Report. These figures are adiusted
slightly in tbhe analysis of 1978 energy consumption, and the
percentages shown there are somewhat different than the numbers
shown here,

27he bydro and nuclear figures include eneray losses attributed to
the electrical gereration process.
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FIGURE 7

MAINE GASOLINE CONSUMPTION AND PRICE
(State Tax Data) 1970 - 1980
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Midcle Distillates - Domestic Heating 0il

Home heating cil or No. Z heating oil constitutes the
largest share of all distillates usea in Maine.
Between 1974 ana 1980, consumption of No. Z oil
aecreased by 17%. The shift in consumption resultec
from the pressures exertec oy rising prices,
parallelling the situation with respect to gasoline.
However, the aownturn begsn earlier than it cic in the
case of gasoline, suggesting that doubts about
security of supply, resulting from the embargo,
stimulatea conservation efforts anc the selection of
alternative fuel types. Consequently, cemana
flexibility is evicent with respect to No. 2 oil.
Figure 8 inaicates the trenas in price anc consumption.
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FIGURE &

MAINE #2 HEATING OIL
CONSUMPTION AND PRICE 1970 - 1980
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Miadle Distillates - Kerosene

Over the years, kerosene has been a significant
heating fuel in Maine. In the last five years,
however, kerosene has pecome sharply limitea in
availability on the Maine market, ana No. 1 or range
0il has been substituted for it. The cecline in
availability of kerosene results from its use as a
base for jet airplane fuel. Kercsene cor No. 1 oil has
been wicely usec to blend with No. 2 heating to reduce
"pour point" of the more reacily available cistillate
ana thus to eliminate the tencency for No. 2 o0il to
congeal at low temperatures, a major problem for
resigential users who store their fuel in outdoor
tanks., Recently, otber methoas of recucing the "pour
point" have become available, recucing some of the
demana pressure on Nc. 1 0il ang kerosene. Kerosene
has also been used in resicential space heaters in
homes witbout central hesting systems. The majority
of kerosene users have peen low-income families.
Figure 9 illustrates the decline in kerosene
consumption in Maine in the 1570's, a trend that is
expectec to continue until virtually nc kerosene 1is
available at the eno of the cecace.
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FIGURE 9

MAINE KEROSENE USE 1974 - 1980
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Middle Distillates - Diesel Fuel

The use of ciesel fuel increasec auring the last
cecage and, notably, during the last two years of the
perioa when gasoline use cgeclined. Almost all
over-the-highway trucks ana many short-haul vehicles
are aiesel fuelea. In recent years, a growing number
of light trucks ana automobiles powerea by agiesel fuel
have been put in service in Maine. The incentives to
increasea ciesel utilization are bigher efficiency
than gasoline anuo & somewhat more favorable price. At
least one manufacturer bas suggested that one-guarter
of all light trucks anc automopiles manufacturec in
1990 will oe ciesel powerec. It is expected that
aiesel use 1n Maine wili continue to increase curing
this decace.

Resiaual Fuel

Resicual fuel oils are useo principally for incdustrial
boilers and electric utility generating plants. No
clear trena emerges as to the utilization of resicual
fuel. Users often have relatively large storage
facilities which somewhat obscures cemanc trends. In
fact, the use of residual oil may vary greatly over a
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specific period, if consumers shift to other eneray
resources. Because of rising oil prices, reflected in
utility bills, and uncertain supply, residual fuel may
show a decline in use due to conservation and shifts
to other types of fuel. Still, this trend is expected
to be gradual, with residual fuel continuing to be a3
major energy resource in this decade.

f. Liguid Petroleum Gas (LPG)

Very little LPG is used in Maine and demand bhas risen
only slightly in the last decade. LPG or propane
costs less than otber petroleum fuels and it is more
readily available throughout the world. As a result,
consumption in Maine may increase from the 1978 level
of 84.9 million gallons. Ore potential use of propane
may be as a replacement for kerosene in bomes lacking
central heating systems.

a. Aviation Fuel

Because the majority of aviation fuel is
kerosene-based, and in light of dwindling supplies of
that fuel, aviation fuel use has been falling in
recent years as supplies have tightened. Consumption
has fallen by 40% hetween the 1979-1980 period, and
without federal government intervention, it could
almost totally disappear from the Maine market.

h, Other Petroleum Products

Asphalt, lubricants and other mon-fuel petroleum
products account for about é% of petraleum use in
Maine and are expected to continue at this level of
usage in this decade. Waste lubricating oil is being
used on a small scale as a fuel, when mixed with otbher
fuel oils. This usage may have a minor impact on
total petroleum consumption.

Natural Gas

This fuel was introduced in Maine in 1966, replacing
manufactured gas first in Portland and later in
Lewiston-Auburn, It is used in the residential, commercial
and industrial sectors, and its total usage has increased
in recent years, Maine's only gas utility, Northern
Utilities, expects that usage will continue to increase and
estimates that 12% of Maine's population have potential
access to the existing matural gas distribution system. A
considerable potential also exists in the commercial and
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Source:

ingustrial builaings locatec along the supply pipeline.
Fegeral controls, scheculec for removali by 1985, have kept
the price of natural gas lower than competitive fuels ana
this price acvantage shoulc persist for several more years,
an encouragement to continuec steacy growth in this

gecade. Natural gas has been suppliea from domestic
sources, proviaing for security of supply. Acditional
supplies from Canaca may become available which coula
improve availability in the existing market areas anc in
areas, such as Bangor, which woulad be situatec along the
supply pipeline. OQOutsice of the existing market areas,
usage woulo be expecteo to be principally in the inaustrial
sector. Figure 10 shows consumption patterns.

FIGURE 10

CONSUMPTICON OF NATURAL GAS IN MAINE
1975 - 1980
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Coal

As has been notea earlier (see Figure 6), use of this fuel
geclined steadily from 1970 to 1977. Because of its
potential as an alternative to No. Z and wood, and because
of its possible inaustrial uses, it has begun to increase
its share of the Maine market since 1978. Coal use in
Maine in 1980 was approximately 20,000 tons, and demand
outstripped supply. Most of the coal used in the
residential sector in Maine is anthracite, while commercial
ana industrial users rely principally on bituminous.

Wooa

This fuel was once the backbone of epergy supply in Maine,
supplying an estimatea 1.2 million coras for home heating
ana cocking in 1880. Throughout this century, wood nas
given way to coal, o0il, gas anag nuclear energy. Rapia
price increases for petroleum, especially No. 2, ana
concern about security of supply, led in recent years to
increasea utilization, almost all from Maine sources. Wood
has been most popular among resicential users, but also has
been usec in inoustrial anu commercial applications.
Although there have been some recent signs that many
resigential users may eventually prefer coal or some other
afforcable alternative to wooa fuel, aue to the
inconvenience assoclateo witn wooo use, anc cespite the
growing recognition of the limitations on total wooa
avallability, it is expectec that steacy growth will
continue in coming years. Figure 1l shows the recent
upswing in resicential fuelwooa consumption.

FIGURE 11
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C. Electricity

Unlike other sources of energy, electricity plays a cual role in
the supply of energy. On one handa, electricity is a primary
user of energy: oil, nuclear, and hyaro power. These primary
energy sources are consumed in the procuction of -electricity and
in that process a certain amount of energy is lost. Electricity
then becomes a secondary source of supply and it is that amount
of enmergy that is consumea airectly by the resicential,
commercial anc industrial sectors.

Figure 12 shows the consumption of primary energy sources by
electric utilities in Maine between 1960 anc 1978. Electricity
use in Maine has risen steacily over the last 10 years at a rate
of about 5.6% per year. In the last 5 years the rate of growth
gecreased to about 4.9% ana in 1979 (not shown on the graph) the
growth rate was 1.9%. The cgecreases in the rate of growth are
consicerea to bg, aue to conservation ana the increasing use of
alternative energy sources, measures motivatec by the steadily
increasing cost of electricity.

FicupRz 12
CONSUMPTION OF ENERGY
BY ELECTRIC UTILITIES IN MAINE 1960 - 1978
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Hycro electric generation accounts for between 1/4 ano 1/3 of
the electricity generateo by electric utilities in Maine.
Dependence on hyaro electric generation increasec to an all time
high in 1974 but, due to low water flows, odeclinec somewhat in
the last four years. In 1979, 15% of the utility-ownea electric
generation capacity in Maine was hydro. In acditicn, Maine
inaustries own about 300 megawatts (MW) of hydro power capacity
(not shown) for both electric power generation ang direct
mechanical arive. The incustrial hydro electric generation
capacity contributes about 1 billion kilowatt-hours (KWH)
annually, nearly all of which is used by the inaustries.

Dependence on petroleum fuels for electric power generaticn in
Maine has been recucea considerably since 1970. 0il contributed
about 60% (over 4 million barrels) of Maine's electricial
generation mix in 1972, but fell to 9% (less than 1.5 million
barrels) of the mix in 1977, pefore increasing slightly again in
1978. Maine now relies on fossil fuels for about 16% of the
electrical generation, nearly all of which is residual oil.

In 1972 the energy mix changed cramatically when Maine Yankee
Atomic Power plant began commercial gperation. Maine Yankee has
a ratea net plant capacity of 829 MW and has producec since it
has come on line an average of 4.6 billion kwh of electricity
per year. During the last 5 years it has procuced an average of
about 6 pbillion kwh., Maine utilities own 50% of Maine Yankee's
capacity. Therefore, only 27% of the electricity solc in Maire
in 1979 was prooucec by nuclear generation, although nuclear
generation prooucea nearly 60% of the total electricity
generatea in the state. Maine utilities also own & combined
total of 70 MW of capacity in other nuclear power plants in New
Englana,

Figure 13 cetails the monthly megawatt-ncur genmeration by Maine
Yankee for 1978 ana 1979. The sales of electricity by ena-use

FIGURE 13

MAINE YANKEE ATOMIC POWER CO. MONTHLY GENERATION OF ELECTRICITY
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sector are shown in Figure l4. As oiscussea earlier, the rate
of growth of demand has slowed in recent years ano as shown in
this graph, has actually oeclined in the resiaential and
commercial sectors. Prior to 1972 when Maine Yankee went on
line, Maine imported more electricity from out of state than it
exportea. Between 1972 and 1978 Maine exported a substantial
amount of electricity (see Figure 15). In 1979 we became a net
importer again mainly because of the Maine Yankee shutdown in
April and May.

FIGURE 14 ' FIGURE 15
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As notec at the beginning of this section, electricity is a
secondary source of energy. It is an intermeadiate conversion
ana not an ena-use. In nearly all conversions of a primary
energy source to power there is a loss of energy. The cdegree to
which the conversion process makes use of the full potential of
an energy source is the "efficiency" of that process. For
example, when o0il is burned to heat a home about 70-85% of the
potential energy in the o0il is put to use ana the rest is lost
"up the chimney". Therefore, the use of o0il in home heating is
consiocerea to be approximately 75% efficient.

In the generation of electricity, fossil fuels are generally
acceptea to be 30-40% efficient and nuclear energy is 30-33%
efficient; thus, 60-70% and 67-70% of the energy potential is
lost in conversion. On the other hand, hydro electric
generation is nearly 100% efficient since little energy is lost
in converting the energy of falling water to electricity. In
oraer to incluge hydro power in the cata presented in this ana
other sections, a constant "heat rate" of 10,400 BTU/kwh is
appliec to all electricity generated by hycro power. In
reality, however, the electricity from hyro facilities requires
no external energy input.

Figure 16 shows the relationship between the total amount of
energy used to generate electricity from 1960 to 1978 anc the
total amount of electricity actually proaucec. The top line
incluces the total potential number of BTU's available in the
primary energy source (fossil fuels, hydro anc nuclear). The
line labelled Electricity Generatea represents the resulting
energy avallable after conversion. This is also the total
number of Kwh procucea. Thne ratio of the two lines is the
average efficiency. The loss incurrec in conversion ana
transmission is the cifference between the two lines. The
average efficiency varies with a change in the mix of primary
energy sources and conversion technologies.

The line representing electricity generated also represents the
cemana for electricity in the resicdential, commercial ana
industrial sectors. If this demand is met through other energy
sources cirectly rather than through the use of electricity, a
secondary energy source, the overall demana for energy can be
reguceG. For example, if o0il is used to heat a home, 15-30% of
the energy potential of a gallon of 0il is lost in converting
0il to heat. If electricity is usea to heat a bome ano oil is
used to generate the electricity, 60-70% of the energy potential
of the cil is lost. When hyorc pawer 1is used to generate
electricity, virtually no potential energy is lost. Thus,
electricity usea for space heating ana hot water in particular
is usually not as efficient as using a primary energy source.
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1978 Energy Supply and Demana Status

1978 is the latest year for which complete, consistent cata on energy
supply ana cgemand are available. For this reason, 1978 was used as
the base year for this plan, and, together with the supply ana demand
data in Part 1, was used to cevelop forecasts of future energy use as
presented in Part 3.

In order to put Maine's energy supply and demand patterns into
perspective it is necessary to compare them with the national
situation. The pie charts presentea in Figure 17 allow an easy
comparison of Maine's supply and demand distributions with the nation
as a whole. The detailed information on which the pie charts were
Dased is provided in Tables 1 ana 2.

In terms of overall supply, Maine uses somewhat more energy 1in the
residential (1.3%), commercial (2.1%) ana transportation (3.3%)
sectors ana less energy in the industrial sector (6.7%) than is used
nationally. From an end use perspective Maine usea a total of 336.1
trillion BTUs in 1978.

The pie charts entitlea "Energy Supply by Fuel Type" show very
significant differences between Maine's supply mix and the national
mix. Maine aepenas on petroleum procucts for &68% of cur total energy
supply, while the Unitea States, as a whole, aepenas on petrcleum for
only 47.4% of the total. Likewise, natural gas ana coal are aslmost
negligible portions (0.6% ana .1% respectively) of Maine's total
energy supply, but they contribute 25.6% anc 17.8% to the national
mix. Wooa, hydro and nuclear contribute greater percentages of total
supply in Maine as compared with the rest of the nation.

Total energy supply equals 369.1 trillion BTUs or approximately 32
trillion BTUs more than total energy aemand. This 32 trillion B7Us
was energy consumea to generate net exportea electricity from the
state. Petroleum suppliea 68% of the total energy consumea in Maine
in 1978. However, because out-of-state utilities own a large
fraction of the Maine Yankee Atomic Power Plant anad smaller fractions
of other electric generation facilities in Maine, the actual amount
of energy supplied to the end use sectors in the state accounts for
only 95.5% of the total energy consumption. If this out of state
utility ownership were omitted from consiceration, Maine's depencence
on petroleum products woula increase to slightly above 71%.

According to stuoies by the New Englana Regional Commission of o©il
suppliea to New England, over 80% of the petroleum coming into the
region is imported. Thus, Maine consumers are aepenaent on foreign
oil for nearly 57% of their total energy supply. At the current
average price of $30 per barrel, this level of aepencence on foreign
0il represents a drain on Maine's economy of more than $1 billion
annually in the outflow of petroleum collars, and contributes to the
Feaeral balance-of-payments problem. As a result, current state
programs are designea to: 1) recuce Maine's gangerous oOvercependence
on undependable ana expensive foreign petroleum supplies anc 2)
mitigate the adverse effects on Maine's economy that are cue to
rapidly escalating petroleum prices.
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Table 1

1978 Eneray Supplv hy Fuel Type

Maine United States
TBTU % UNITS TBTU % UNITS
Gasoline 71.788  19.4 573.972%  14,210.988 18.2  113,623%
: (13.666) (2,705)
Residuall 61.766  16.7 412.482%  6,9%36.026 8.9  46,336%
( 9.821) (1,103)
Distillatel 68.648  18.6 495.971%  7,296.139 9.3 52 ,607*
(11.809) (1,753)
Av. Fuel 14.254 3.9 109.704%  2,230.039 2.8 16,792%
( 2.612) ( 400)
LPG 8.111 2.2 84.924%  2,068.288 2.6  21,657%
( 2.022) ( 516)
Kerosene 4,474 1.2 33.138% 363.118 0.5 2,680%
( .789) (  64)
Misc. Petrol  22.038 6.0 214.704%  4,860.697 5.1  35,21%*
(5.112) (828.41)
Petroleum 251.079 £8. 1,924.,895%  37,965.295  42.4  288,919%
Subtotal : (45.83) (6,879)
Maine United States
TBTU % UNITS TBTU % UNITS
Coal 0.498 0.1 20,000 tons 13,943,887 17.8  &23.5 M tons
Mat. Gas  2.149 0.6 2,115 8 19,998,907 25.6 19,627.5 T cu ft
Wood?2 19.25 5.2 962,500 cords 1003.527° 1.3 50.1764 M cords
Hydro 29,2444 7.9 1,850,000 MWH 3,173.000 4.1  304.073 M KWH
Nuclear  57.661 15.6 5,354,000 MWH 2,976.585 3.8  276.402 M KWH
Imported
Flec. 9,235 2.5 2,700,000 MWH
TOTAL 369.111 100% 79,259.9243 100%

NOTE: Al]l petroleum figures are shown in millions of gallons and the parentheses
indicate millions of barrels.

TBTU = Trillion BTUs
B Billion T =
M Million MWH

li

Trillion
= Megawatt Hours KWH = Kilowatt Hours

t

FOOTNOTES on the following pace.
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lpistillate ano Resiaual Figures aajustea for aisplacement by wooc (9.25
trillion BTU in Residential and 10.00 trillion BTU in Inaustry)

Zwooa figures from Dartmouth University ana New England Fuel Wooad SurVey
>Incluces 1 gquaorillion BTUs from wood waste in the pulp and paper inaustry

4Hyoro Electric Generation calculatec at 10434 BTU/kwh
Hydro electric represents the sum of electricity generated at utility
ownea hyoro facilities (taken from the Electric Council of New England
Statistical Report) plus the electricity generatea by private inaustrial
hycaro facilities (taken from the DOE/EIA State Energy Data Report).

5Importeo electricity calculated at 3414 BTU/kwh
The Importec Electricity figure was calculatea by summing the total
electricity generatea by utilities in the State, subtracting the amount of
electricity sold out of State (based on out of state ownership of electric
generating plants) ana calculating the cifference between that amount of
electricity and the actual electricity demand for all sectors (from the
DOE/EIA State Energy Data Report).

Table 2

Energy Demana oy Consuming Sector

MAINE UNITED STATES
Trillion BTU Percent Trillion BTU Percent
Resicential 74.6 22.2 16,334.8 20.9
Commercial 60.8 18.1 12,558.5 16.0
Incustrial 100.9 30.0 29,739.1 36.7
Transportation 99.8 29.7 20,623.9 26.4
TOTAL 336.1 100.0 79,256.3 100.0

Note: The energy requirea to generate exports of electricity eguals
32.2 trillion BTU

34



ENERGY SUPALY o DEMAND PSTRIBUTION
MAINE w. UsA. 72

-

FIGURE 17
It5) ) . '
226, TRILMLON BTU'S 2563 TaHoN BTu s
= rc U.S. A
MAINE B‘E‘Q%l{-ﬁ‘w
EL=CTRICTY
DIsmrisuTED

RESIDENTIALL

RESIDENTIAL
22.2"%

TRANSPORTATION 20,9 %[y

TCOMMERC AL
1.0

INDUSTRIAL
36.0°(,

INCUSTRIAL
361 %

]

v 44 NUCLEAR — USA\
IMPRTED e, 2:5% MAINE B\Laiééyeum_y i A
NUZLESR, Fusl TvPe

GAS0LINE
19.4 %o

DI5TiLL.
Q.39

256> TRILON BTUS

NoteS .

(1) INCLLD=S 27100 MILLION KWH [MPPRTED ELECTRICITY AT 2412 51U/ KWH

7) BACLUDES 22,% TRILLION BTU'S oF ENERGY REQUIRED FR GRNERATION oF
ELE&TKlﬁzTy EAPORTED

35



Forecast of Maine Energy Demand, Supply anag Price Projections: 1985,
1990, and 2000 .

Introduction

The cecisions that will determine Maine's energy future might well be
divided into three types - incividual decisions, palicy cecisions,
ana external cecisions. Every cay hundreds of Maine citizens make
individual energy use decisions in their personal lives and
businesses: whether or not ta buy a new car which is mare fuel
efficient, whether or not to insulate their homes, whether ar not to
install more energy efficient equipment in their factories. These
are the inagivicual decisions. They are made within the context of
fuel availapility, price levels, personal incomes, and aaministrative
regulations. Many of the factors in this eguation are beyond their
control. At the same time, although less frequently, the State's
voters ana government ana the major energy producing businesses make
energy use cecisions with broac public conseguences: whetber or not
to shut down Maine Yankee, whether or not to ouild the Sears Island
plant, whether or not to subsidize home weatherization, whether or
not to mandate energy efficiency standards for builaings. These are
the policy cecisions. They are by and large, cecisions that can be
mace at the State level. These policy cecisions affect the context
within which incivicual cecisions are mace. Together they can have
an important impact on Maine's energy future. Finally, there are
decisions ana events that are largely beyona the State's control:
whether or not oll from the Miceast is interrupteo by war, whether or
not major new gas or oil reserves are aiscovered, whether or not
Congress acecontrols energy prices. These are external ocecisions.
They affect the context within which inocividual anoc policy oecisions
are mace and thus the ultimate character of Maine's energy future.

Given the uncertainty surrounding this hierarchy of energy use
oecisions ana the interrelationships among them, an attempt to
calculate a single forecast for energy supply and demand is nearly
impossible. The purpose of projection is to improve decision making,
o cescribe the alternate futures that are possible, to list the
actions that will likely be required to realize each and to explain
the implications of taking any particular course of action.

A. Forecast of Maine Energy Demand: 1985, 1990, 2000

Tne forecasts mace in this section are cevelopec from the gemana
viewpoint. Each major energy use in thbe four end-use sectors is
examineo and, based on historical trends and socio-economic
factors, forecasts are made of energy demanc in escn sector.
Given rapicly changing national ano international events, the
complex interrelationships arouna energy use cecisicns ano the
limiteo cata available, an attempt to calculate a single
forecast for energy cemand woulc not be useful or valio.
Therefore, the forecasts shown in this section establish a range
of possibilities within which actual energy cemanc by eno users
will occur for the years 1985, 1990 ana 2000. A "Low Demanc"
forecast for energy consumption is mace assuming a compination
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of low growth rates in the end use sectors and a higher
utilization of energy conservation measures than presently
exists. This coes not mean that low growth anc conservation are
necessarily related. This combination, however, yields a low
baundary for probable energy cemand. An assumption of high
growth rates ana adoption of conservation measures basec on
current practice is usec to gevelop a "High Demang" forecast.

1.

The Residential Sector

Energy consumption in the resicential sector aepenas on the
number of householas, the thermal efficiency of the housing
units, the number ana electrical efficiency of lights ana
appliances used in each household, the cost of energy, anc
inaivicual preferences. Future energy aemana in the
residential sector thus cepends on a wige variety of
factors. To proviade a range of values within which future
residential energy demanc is likely to occur, high ana low
cemana forecasts are made.

The resicential forecasts are made using 1978 residential
energy use ana housing acata as a point of aeparture.
Energy consumption for each househola is computea by
aiviaing the aagjusted total resicential energy use (62.7
trillion BTUs) not incluaing electrical generation losses
by the number of householas (370,000) to give an average
consumption of 169.46 million BTUs per resicential unit.

A stuay by A.D. Little for the Department of Energy shows
that energy use in the resicential sector breaks down as
follows:

75% Space Conaitioning
15% Water Heating
10% Lighting, cooking, appliance.

Applying these percentages to the overall resicential
consumption yielas the following averages:

127.09 million BTU's for Space Conaitioning
25.42 million BTU's for Water Heating
16.95 million BTU's for Lighting, cooking, appliance.

This preaskaown can be used as a basis for assumptions sbout
potential conservation measures. The greatest potential
for energy conservation is in the area of space
conaitioning which represents 75% of the total resicential
energy use. To compute the energy cemana forecasts for
1985, 1990 and 2000 we have focused first on conservation
as it relates to space conaitioning.

From surveys done for OER oy the Social Science Research
Institute at the University of Maine anc statistical
analysis of REAP gquestionnaires (see Section III,
Conservation), estimates are mace regarcing the present
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level of eneragy efficiency in existinag residential units
(Tahle 3). The average home (one using 127.09 million
BTU's) is assumed to be at Level 1: conservation measures
including heating system mainterance, caulking and weatber
stripping, storm doors and windows bave been adopted.
Approximately 1/3 of all existing homes are at this level.

Table 3
Adopted Conser-  Households at Level Eneray Consumption
Level vation Measures Percentage Number Levels (MBTU)
0 Nore 37% 136,900 146.06
1  Heating, System 33% 122,100 127 .08

Maintenance, Caulking
and Weatherstripping
Storm windows and
Doors

2 Level 1 plus R-38 20% 74,000 112.47
ceiling insulation

3  Level 1 plus floor 10% 37,000 86.18
and wall insulation

Energy Consumption levels for new bhousing are
calculated differently from those for existing
housina. All new houses are assumed to meet the Maine
Energy Efficiency Building Standards which allow a
maximum heat loss of 38,000 BTU per sauare foot of
floor area. This assumption is based on the
agreements that have been reached by the OER with the
Maine State Housing Authority and the Farmer's Home
Administration for rew construction to meet these
standards. MSHA and FMHA account for 75% of all new
housing construction in Maipe, If, in addition to
meeting the standards, these houses are properly
designed and sited to take advantage of passive solar
eneray, the space heating energy consumption can be
reduced even further., These two additionmal levels are
represented as follows:

Adopted Erergy Consumption
Level Conservation Measure Levels (MBTU's)
4 Meets huilding standards 52.80
5 Level 4 plus passive snlar 42 .30

Table 4 shows the low and high growth forecast of housing
units expected to exist in the State in the years 1985,
1990 and 2000. Two forecasts were made by the Maine State
Planning Office for high and low growth scemarios.
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Table 4

Number of Householas in Maine

Low Growth High Growth
1985 407,000 423,000
1990 436,000 461,000
2000 494,000 527,000
Table 5

Distribution of Housing Units by Level of Conservation

Energy
Consump-
tion 0 1 z 3 4 5
Level 146,06* 127.08*% 112.47% 86.18% 57.80% 42.30%
1985 24,000 185,000 110,000 0 47,700 5,300
High units units units
1985 55,500 148,000 148,000 18,500 33,000 3,700
Low units units units
1550 66,000 148,000 125,500 18,500 81,900 9,100
High units units units
1950 0 110,000 220,000 37,000 59,400 6,600
Low units units
2000 0 110,000 220,000 37,000 133,450 23,550
High units units
2000 0 110,000 277,500 92,500 93,000 31,000
Low

*MBTU
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The high growtb scemario assumes an annual growth in
residential bhousing of 7% by 1985, 1990 and 2000. The low
growtbh rate is based on present 5% growth in new housing.
Using the housebold growth and conservation data presented,
the distribution of bousing units by level of conservation
is calculated (Tahle 5).

The low demand forecast is calculated based on an
assumption of low household growth, 5% per year, and
extensive adoption of enmeragy saving conservation methods
through private efforts and puhlic programs. By 1990 all
new housing units in the State are assumed to bave adopted
at a minimum, level 4 conservation measures and the number
of existing units achieving level 2 conservation is
doubled. This forecast further assumes that hy the year
2000 all homes will bave achieved conservation levels 0 and
1 with the majority of existing homes at level 2. This
forecast represents demand estimates for a low growth
situation with maximum achievahle levels of conservation.

The second demand forecast - the bigh demand scenario -
assumes a residential growth rate of 7% and that
conservation investments continue at current levels without
further public intervention. The high demand scenario
assumes conservation will take place at a slower pace than
in the low demand scemario. Conservation levels achieved
in the low demand forecast in 1990 are not achieved in the
high demand forecast until the year 2000. In this forecast
nearly 7% of homes in the year 1990 bave not achieved level
1 conservation while in the low demand forecast all bomes
achieve this level.

To this point the focus of the analysis has been on
forecasts as they relate to space conditioning demands.
Current rates of conservation for water heating, lights and
appliances are used in both the high and low demand
scenarios. In calculating total demand for each scenario
we have allocated the same proportion of enerqgy necessary
to meet these uses.

Table 6 and Figure 18 represent the high and low demand
forecasts. In the total low demand scenmario the forecast
shows a decline in residential energy demand through 1990
followed by a slight increase in the vear 2000. This
forecast assumes that the areatest potential for
conservation is achieved hy the year 1990 and that demand
from the growth in new homes marqginally outweighs savings
from conservation efforts by the year 2000.

In the high demand forecast there is a rapid increase in
demand until 1983. The forecast then assumes that market
forces will provide an increased incentive to conserve and
that nmew buildings will be at level 4 or 5 of ererav
conservation efficiency. This results in a leveling off in
total demand for the years 1990 and 2000. In the vear 2000
the low demand forecast shows a decline in demand of 5.6%
from 1978 and the high demand forecast an increase of 7.2%.
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TABLE 6

Forecast of Total Residential Energy Use

Actual Energy Demand

1978
Space Heat
Lights, Appliances

1985
Space Heat
Lights, Appliances

1990
Space Heat
Lights, Appliances

2000
Space Heat
Lights, Appliances

70 Lo

1578-2000

47.
13.

60.9

45.6
13.3
58.9

FIGURE 18

Low Demand

s
v

All Data in
Trillions of BTU's

High Demanc

RESIDENTIAL ENERGY PROJECTIONS
SEpcE HEATING
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2. The Commercial Sector

Energy consumption in the commercial sector, as in the
residential sector, serves primarily to provide space beat
(59.3%) and to run lighting (24.3%) and appliances

(16.2%). 1In the commercial sector water heating accounts
for only .3% of total demand, as contrasted with 15% in the
residential sector.

Future eneragy demand in this sector will depend primarily
on the growtb of commercial activity in the State, on the
thermal efficiency of commercial buildings, and on the
electrical efficiency of the lights and appliances used in
commercial establishments., High and low eneray demand
forecasts, therefore, are built upon altermative forecasts
of commercial growth and estimates of the proportion of
commercial establishments which adopt various eneray saving
technologies hetween now and the year 2000. '

The total sauare footage of conditiomed commercial space
was estimated using employment figures. Future employment
figures, as projected in the Energy Systems Research Group
study! for high and low economic growth scenmarios for

each of 14 categories of commercial employment were then
used to project the total floor space occupied hy each of
those categories in 1985, 1990 and 2000, These figures
were then multiplied hy the average per sauare foot energy
consumption for 1978 (673,550 Btu/sa.ft.) to determine the
baseline energy consumption figure. As can be seen in
Table 7, total commercial floor area is projected to
increase by 32% in the year 2000 in the bigh demand
scenario and 19% in the low demand scenario.

lEnergy Systems Research Group, Inc., Long Range Forecast of
Central Maine Power Company and New England Electric Ermeray
Requirements and Peak Demands, October 1980. The high arowth
forecast was taken from the NEFPOOL Forecast of New England
Electric Emergy and Peak Demand, 1580-1995. The low arowth
forecast was taken from U.S. Department of Lahor Projiections of
Industrial Employment to 1985.
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Category
Office

F.I.R.E.
Feoeral Govt.
State & Local
Government
Professional
Services

Retail

Wholesale/
Retail Traae
Lodging
Repeir

Schools ana

Hospitals

Other

Truck &
Warehousing
Transport
Communication
Recreation
Railroad

TCTAL

1578

14,

25.

10.

23

.75

66

39

.03

Floor Area in Millions of Square Feet

TABLE 7

High
le.

32.

23.

11

84.

50

78

.78

Low

17.

27.

25.

10.

78.

53

76

82

59
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High Low
17.70 19.41
34.11 28.2z
24.99 23.93
12.23 10.75
89.03 82.32

2000
High
20.13

39.20

27.46

13.40

99.97

Low

25.

20.

11

S0.

12

07

.00

.08



The following table outlines the basic breakdown of energy
consumption in existing buildings in the commercisl
sector. The conservation potential for each end is
indicated for three levels. The percentages for each of
the levels indicate the potential for savings. These
percentages were obtained from case studies! of actual
energy savings in existing commercial buildings. These
figures are used to generate the projections and the
relative level of conservation achievahle for each use for
existing buildings.

% of Conservation Potential

End Use Total Demand Level 1  [evel 2 Level 3
Space Heating 59.3 7% 15% 25%
- Lighting 24.2 10% 18% 25%
Equipment 16.2 15% 25% 35%
Water Heating 0.3 5% 7% 10%

The levels delineated for each end use are explained below:

Space Heating:

Level 1 - Improvements in tbe operation and maintenance of
beating, ventilating and air conditioning systems including
adjustment of outside air vents, replacement or repair of
worn valves and steam traps and/or readiustment of system
controls.

Level 2 - Level 1 plus improvements to the buildinag
envelope including caulking and weatherstripping, door
vestibules and/or storm windows.

Level 3 - Level 2 plus additional improvements to envelope
including insulation.

Lighting:

Level 1 - Removal of unnecessary lamps, cleaning of
fixtures and other routine maintenance.

Inpow to Save Energy and Cut Costs in Commercial and

Industrial Buildings, An Eperay Conservation Manual', F. Dubin,
L. Mendell and S. Bloome, FEA Conservation Papers, Number 20 and
21, 1975,
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Level 2 - Level 1 plus replacement of flourescent 40 ana 80
watt bulbs with 35 and 70 watt bulbs and replacement of
incancescent bulbs with lower wattage bulbs.

Level 3 - Level 2 plus replacement of incandescent lighting
fixtures with metal halide or flourescent fixtures.

Equipment:

Level 1 - Reduction of unnecessary equipment usage,
replacement of inefficient equipment at the ena of the
useful equipment life.

Level 2 - Level 1 plus rewiring of controls to allow more
efficient operation, rescheauling of processes to recuce
equipment usage.

Level 3 - Level 2 plus replacement of inefficient eguipment

befare the ena aof its useful life where energy savings
potential shows a pasitive payback.

Hot Water Heating:

Level 1 - Reauction in hot water temperatures.

Level 2 - Level 1 plus reduction in hot water usage througn
installation of flaw reaucing cevices.

Level 3 - Level 2 plus renovation of hot water neating
system.

A stuay aone by the Arthur D. Little Company for the
Feceral Energy Aaministration comparea energy consumption
in existing commercial ouilacings with that of similar
builaings built to conform to ASHRAE Stanacaro 90-75 for
Energy Conservation in new builaings. Since Maine's Energy
gfficiency Builaing Performance Stancaras are similar to
ASHRAE 90-75 the potential savings icentifiea in the A.D.
Little study were used to determine trne energy efficiency
of new builaings in Maine. The table on the following page
summarizes the savings achievable if builaings are built to
that stanaara.
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New Commercial Buildings

Commercial End Use Potential Savings
Office Builaings 61.5%
Retail/Wholesale Trade 41.6%
Schools 45.6%
Other Commercial Buildgings 39.1%

Table 8 inaicates the percentage of commercial builoing
types forecast in the three conservation levels to the year
2000. Thus, the percentages shown inaicate the
"penetration rate" for the various levels of conservation
in each builaoing type. For example, we project that 25% of
office buildings will be brought to conservation level one
by 1985 in the high conservation scenario. In the low
conservation projection only 10% of the buildings will be
brought to level 1 by 1585. The minimum conservation
projection assumes that conservation is caused only by
market forces ana that the real or perceived aavantages to
conservation will be small. The maximum conservation
projection assumes government incentives as well as market
forces will affect conservation and raise the real or
perceivea conservation ethic.

Energy conservation opportunities were calculated for each
category anc appliea to the high ano low economic growth
projections to arrive at fimal energy aemana figures. The
level of use of agiesel fuel for construction was assumea to
be constant for the low demand scenario and to increase at
the rate of 1% per year in the high cemanc scenario. About
8% of the energy consumed in the commercial sector is
ciesel fuel usea to power heavy eguipment, mostly in the
construction inaustry.

The forecast of total enmergy demanc for the commercial
sector to the year 2000 is shown in Table 9 ana Figure 19.
As can be seen in the low demand forecast, total energy
demand 1s projected to decrease by nearly 5.0% by 2000.
This cecrease can be attributed to several factcrs
incluaing increasea energy conservation through buildaing
stancaras, lighting and low economic growth. In contrast,
the high growth forecast shows an increase in demang by
8%. This is a result of greater economic growth ana
maintenance of current levels of conservation.
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Building Type

TABLE 8

Commercial Eneragy Conservation

Pernetration Rate

High Conservation

Level 1

Level 2

Level 3

Low Conservation

Office
1985
1990

2000

1985
1990
2000
Schools &
Hospitals
1985
1990

2000

Other

1985
1990

2000

25%
34%

42%

28%
32%

47%

45%
30%

15%

10%
15%

25%

23%
25%

30%

16%
18%

21%

30%
35%

40%

Q5%
10%

20%

12%
18%

25%

06%
09%

12%

25%
35%

45%

00%
05%

10%

47

Level 1 Level 2 Level 3
10% 07% 03%
14% 11% 08%
24% 19% 15%
12% 06% 00%
21% 10% D4%
37% 20% 10%
75% 15% 10%
£5% 20% 15%
50% 30% 20%

Q5%
08%

15%

Q0%

02%

05%

00%

00%

00%



TRILLIONS o BTU'S

Office
Retail

Schools ana
Hospitals

Construction
Other

TOTAL

To 1

GO +-

Table 9

Forecast of Total Energy Demana
By Builaing Type and Construction Trades
(Trillions of BTUs)

1985 1990 2000
High Low High Low High Low
9.11 7.59 .05 8.47 9.35 9.56
17.93 15.39 18.23 15.50 19.31 15.75
13.47 11.57 12.76 12.01 14.15 13.20
4.40 4.10 4,62 4.10 5.11 4,10
6.92 6.52 7.06 6,15 7.43 6.16
51.83 45,17 51.72  46.24 55.35  48.77
FIGURE 19

COMMERL (A ENEraﬁy PROJECTIONS
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The Industrial Sector

Energy in the inaustrial sector is usea to power machinery
“to provide process and space heat. Future inaustrial
energy demand, therefore, aepenas on growth in industrial
activity and increases in the energy efficiency of
industrial processes. In addition, the industrial sector
has the capacity to generate much of its own energy through
utilization of hydropower, burning of waste materials, and
reclamation aof lost heat. High ana low forecasts of
inaustrial energy acemand result from aifferent assumptions
about these basic cdeterminants of aemana. The total energy
demana projections for the inaustrial sector are pased on
an energy use per employee basis.

Basea on cata in the ESRG Stuay as previously documented,
the following levels of economic growth were usea as a
basis for these projections:

High Growth 3.0% per year through 2000
Low Growth 1.5% per year through 2000

From acata gatherea by the OER for the Energy Conservation
"C" Awarcs program and data available from the U.S. '
Department of Enmergy on conservation pctentials ana the
level of conservation now underway in the inaustrial
sector, the following conservaticn potentials were
geterminea:

Year High Conservation Low Conservation
1985 5% 0%
1530 10% 5%
2000 20% 10%

The 5% conservation figure i1s consiacerea to be a minimum
level achievable through increased emphasis on operations
ano maintenance procecures such as the cleaning ana
pericaic replacing of steam traps. The 10% ano 20% levels
of conservation involve capital investment to improve the
efficiency of equipment, tc upgrace poilers to allow for
cogeneration of electricity ana improvea technologies for
making basic products.

It shoulo be noted that the conservation levels for
incustry are not broken down by ena use as in the
preceeaing sectors, because it is aifficult to trace a
given BTU of energy through an inaustrial process and
getermine how it is usea. Also, when the Feceral Energy
Administration (Now DOE) set voluntary inaustrial energy
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conservation targets in 1975, only total energy consumption
was considered. Since the results of that program were
used to form part of the data bhase for these projiections, a
projection of total conservation was made.

These projections represent various levels of conservation
in different types of industrial processes. A detailed
analysis of those processes and a determination of the
absolute conservation potential and payback for each is
unavailable, and therefore a more detailed estimate cannot
be made. As OER meets with industrial enmeray users
throughout the State, more of this type of definitive,
auantifiahle data will be collected and hetter estimates
will then be possible,

Unlike the commercial sector, the 1978 consumption fiqure,
not includinag electrical generation losses, is divided by
the total number of employees in that sector in that year
to determine a baseline eneray consumption figure of 601.5
million BTU/employee. This number, along with the figures
delineated previously, are used to generate the following
tahle which indicates the eneray use per employee for the
high and low conservation scenmarios.

Eneray Use Per Employee

Year Low Conservation High Conservation
1985 601.5 million BTU 581.5 million BTU
1990 571.5 million BTU 541.4 million BTU
2000 S41.4 million BTU 481.2 million BTU

These numbers are then multipled by the high and low growth
projections of employment to determime the total eneraoy
demand for the industrial sector. After determining
demand, the share of demand met by sel f-generated bvdro
electric and purchase electricity are estimated using the
industrial electric growth rates projected hy OER in its
testimony regarding the Sears Island Case and proiected
development of private hydro sites by industrial concerns.
The resultant forecast is outlined in Tahle 10 and Figure
20.

Because industrial growth is assumed in eitber case, the
forecasts show an increase in industrial eneragy demand in
both the high and low demand scenarins. In the low demand
scenario, the level of conservation assumes high capital
investment in energy saving and production technologies.
This forecast also includes an increase in self-generated
electricity hy hydro electric facilities. Self-generated
electricity in itself conserves energy in two ways. First,
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it gecreases industry's dependence on o0il or other fossil
fuels necessary to generate electricity in the plant.
Second, it reduces the dgemand for utility generated
electricity. Both of these result in savings because of
the increasea efficiencies inherent in hydro electric
generation. Overall, demand in the low demana forecast
increases by 10% in the year 2000.

In the high cemana forecast, the combination of high
economic growth ang low investment in conservation results
in a 42% increase in demand by 2000. In this scenario,
self-generatea electricity increases at a low rate with the
balance made up by a large increase in purchasea
electricity.
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TABLE 10

Forecast of Industrial Eneray Use, 1978-2000

1978 (Actual) Trillions of BTU's
Electricity
Sel f-Generated 10.8
Purchased 10.8
Cther 64,67
TOTAL 85.42
% Change % Change
LLow Demand  from 1978 High demand. from 1978
1985
Electricity
Sel f-Generated 10.9 10.4
Purchased 11.0 15.2
Other 68.2 79.5
TOTAL 90.1 + 5.48% 105.1 +23.04%
1990
Electricity
Sel f-Generated 11.4 10.9
Purchased 11.0 17.3
Other 68.2 87.5
TOTAL 91.9 + 7.49% 115.7 +35.45%
2000
Electricity
Sel f-Generated 12.0 11.4
Purchased 10.9 24.5
Other 71.3 111.4
TOTAL 94,2 +10.28% 147 .3 +42.32%
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FIGURE 20

INDUSTRIA ENERGY PROJECTIONS
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The Transportation Sector

All the energy usea in the transportation sector comes from
petroleum products. Gasoline ana ciesel fuel power
land-based transportation such as cars, trucks, buses ana
trains. Airplanes burn both kerosene jet fuel ana aviation
gasoline and some ships use residual oil.

Lang~-based transportation consumes 82% of the energy in the
transportation sector. As a result, this forecast focuses
on gasoline ana diesel usage. The major factors affecting
transportation demand include the number of vehicles in the
state and their fuel efficiency, the number of miles
ariven, transportation conservation programs, anc the price
which can have an impact on all of these.

A number of assumptions underlie the forecast. Linear
projections basea upon bistorical Maine oaata are considered
to be adequate in predicting fuel consumption, the number
of registered vehicles, and their average mileage per
gallon. Diesel fuel cemand is expected to increase at a
rate basea upon historical consumption patterns, but
aviation fuel aemand shoula be restrainec by bigh prices
ana lack of availability anc will level out at 40,000,000
gallons per year.

In making the forecasts for total tuel use it is assumea
that the gasoline demana will cecrease as vehicles become
more fuel efficient. Table 11 shows historical and
projectea mile per gallon figure for vehicles in Maine.

The forecast shows vehicle ana truck efficiency will more
than aouble from 1980 to 2000. In other woras, the same
miles can be criven for 1/2 the amount of gas. The average
mileage figures presented in the forecast are based upon
Maine vehicle registration oata, fuel economy levels as
measurea by the Environmental Protection Agency, ana
statistics from tbe Regionsl Transportation Data book.
Truck mileage per gallon is assumed to increase at the same
rate as automobile mileage.
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TABLE 11

Average Miles Per Gallon

Maine Vehicles

Automgbile Truck
1975 13,61 11.83
1976 13.84 11.83
1977 14,44 11.83
1978 15.06 11.83
1979 15.85 11.83

PROJECTIONS

1980 16.34 13,97
1985 19.85 16.97
1990 24,11 20.61
2000 35.58 30.41

Basea upon Maine vehicle registration aata, inaustry fuel
economy levels as measurea by EPA, and the Regional
Transportation Data Book.

Table 12 illustrates the growth in vehicle registration on
a historical ano projectecu basis. In this forecast, the
number of automobiles increases by 42% from 1980 to 2000;
trucks increase 100%. An assumption is mage that higher
mileage automobiles will increase from approximately 21% of
the total registered autos in 1980 to over 40% by the year
2000.
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1970
1971
1972
1973
1974

1975

1976.

1977
1978

1979

1980
1985
1990

2000

TABLE 12

Vehicle Registration in Maine by Type, 1970-1979

Jotal Automobiles

TJotal Trucks

Higher Mileage Automobiles

374,795
388,612
406,272
421,400
428,559
440,826
466,524
492,594
494,417

496,374

101,881
109,811
120,015
131,719
141,443
149,895
152,209
164,866
188,376

192,831

36,003
42,307
49,371
57,196
64,233
71,836
78,541
89,861
88,565

96,404

Projectea Vehicle Registration In Maime, 1579-2000

TJotal Automobiles

Jotal Trucks

Higher Mileage Automobiles

522,044
595, 464
668,699

741,934

203,082
254,801
306,389

409,178
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157,024
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In projecting fuel usage, the number of miles travelled per
vehicle are expected to remain constant at 10,728. There
have been reductions in miles travelled as a agirect
consequence of fuel price increases. The assumption that
the average number of miles ariven will remain constant is
basea on two considerations. First, greater fuel
efficiency will enable motorists to arive the same cistance
as they now travel and still realize a savings in fuel
consumption. Second, much of the ariving done in the state
is commuting to ano from work so many people will need to
drive as much in the future as they aia in the past. Based
on statistics compilea by the Office of Energy Resources,
out-of-state tourists will use 10% of the state's gasoline
consumption each year.

The high cemand of gasoline consumption forecast to the
year 2000 assumes conservation occurs as a result of market
forces and carpool ang vanpools remain at current levels.
The forecast shown in Table 12-A ana Figure 21 indicates
that increased mileage efficlency of automobiles and trucks
will reouce the demana for total fuel by more than 25% from
1978 to 2000.

The low demana forecast is based on assumptions in the
growth in the use of vanpools ana carpools as a result of
private employer actions and government involvement above
current levels. 1In this forecast vanpools increase at the
rate of 200/year and carpools at the rate of 1350/year.
This scenario shows a aecrease in fuel consumption of 31.7%
from 1978 figures.

The increase of adaitional conservation measures as
reflectea in the low demana scenario shows a savings of
8.8% over the high demand forecast in the year 2000.
Overall, however, with increased conservation resulting
from more fuel efficient venicles both "high" ana "low"
aemand forecasts show a significant cecline in fuel
consumption by 2000.
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TRILLONS oF BTUS

TABLE 12-A

Energy Demana Forecast for the Transportation Sector

1978 = 780,606,000 Gallons

Year

Gallons

LOW HIGH % Dif.
between

Btu's (in % Change Btu's (in % Change Low ana
trillions) from 1978 Gallons trillions) from 1978 High

1985
1990

2000

or

652,768,744
626,844,903

493,888,031

82.73  -17.1 665,749,744 84,37 -15.5 1.3
79.63  -20.2 652,816,902 82.89 -17.0 3.9

68.21 -31.7 545,810,031  74.79 -25.0 8.8

FIGURE 21

TRANGPORTATION ENERAY PROJECT lONS
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Total Energy Demand in All Sectors

By adaing the forecasts for each ena-use sector, a forecast
of Maine's total energy cemanc may be estimatec (this is
shown in Table 12-B ana Figure 22). The high demana
scenario - high growth and adoption of conservation levels
based on current practice - shows an increase in total
energy demand for each year of the projection and over a
15% increase by the year 2000. In contrast, the low demand
scenario - low growth ang s higher utilization of
conservation measures than presently exists - shows a
continual gecline in total energy cemanc to nearly a 10%
decrease in energy demana from 1978 to 2000. This 25%
range of expectea energy consumption values clearly
incicates the variation which may be expected, partly due
to the influence of economic activity, energy conservation
measures, and changes in ena use consumption patterns of
energy in Maire.

The high and low forecasts offer a wide range for actual
energy use. The actual demana will, in all likelihood,
fall somewhere within this range anac, hopefully, will oe &
figure representing high growth ana high conservation.
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TABLE 12-B

Total Energy Demang Forecast: 1578 - 2000

All Data in Trillions

1978 Actual¥*- | of BTU's
Residential 62.71
Commercial 51.21
Inaustrial 85.42
Transportation _99.80

TOTAL 299.14

% Change % Change
High Demand since 1978 Low Demand since 1978

1985
Residential 66.2 60.9
Commercial - 51.8 45.2
InGustrial 105.1 90.1
Transportation _84.4 82.7

TOTAL 307.5 + 2.8% 278.9 -6.8%
1990
Residential 66.0 58.59
Commercial 51.7 46.2
Inaustrial 115.7 91.9
Transportation 82.9 79.6

TOTAL 216.3 + 5.7% 276.9 -7 4%
2000
Resicential 67.5 59.2
Commercial 55.4 48.8
Inoustrial 147.3 S4.2
Transportation 74.8 68.2

TOTAL 345.0 +15.3% z70.4 -5.6%

#Does not include losses attributable to electrical generation.
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Other recent studies sugaest that the forecast presented in
this report is modest and represents only a portian of the
total conservation potential available, specifically in end
use of electricity consumptien. For example, in a study
submitted in Decemher of 1980 to the Mairme Public Utilities
Commission hy the Eneray Systems Research Group (ESRG), it
was found that the average annual rate of growth in
electricity consumption could declire at 3 rate of -0.7%
through 1989, in a conservation case scenatio. This is in
contrast to their earlier base case forecast of nearly 1.8%
growth in electricity consumption. The conservation case
scenario was based upon implementing additional
institutional initiatives to further incorporate
electricity conservation, thus goina beyond the existing
matket forces and public policy. The hase case includes
only those conservation measures expected to he implemented
given existing policies and trends.

Tahle 13 below summarizes the growth rates expected under
these scenarios for the CMP service territory,.
TABLE 13

Comparison of Growth Rates in Eneray ESRG Base Case and
Consumption Forecasts for the CMP Service Territory

i % Year % Year
Case 1979% 1979-89 1989« 1989599 1999*
Base BLLE 1.8 7680 1.1 8570
Conservation 6L46 -0.7 6020 -0.3 6000

*Anpual Eneragy (KWH)

Source: ESRG

There is little doubt that a sizahle potential for
increased conservation exists. The forecasts for
conservation presented in this report may he seen as
modest. These forecasts and others should be reviewed and
re-evaluated periodically to take into account new and more
accurate information, new events, and changing policies.
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Forecast of Maine Energy Supply: 1985, 1990, and 2000

By statute, the Office of Eneray Resources (QER) is reguired to
prepare a State Energy Resource Plan, which contains a forecast
and cost snalysis for the State's future eneray meeds. In the
preparation of this forecast the followina factors have heen
taken into account:

0 Those aspects of economic growth and development trends,
which may significantly affect eneraoy consumption in the
State (e.g. urban development, transportation, demographic
shifts in population):

) The introduction of mew energy technologies and
conservation measures which may change the State's energy
requirements:

0 The potential contribution of the state's mative resources,

such as bydro, wood, etc., may play in decreasing the
State's importation of fassil eneray supplies: and

o} The impact of State and federal eneray policies on Maine's
energy needs and availability of traditiomal eneray
resources.

The supply forecast presented in the following tables are based
upon enerqy demand projections for each end-use sector as
determired in the previous section on demand forecast. In this
manrer, the total amount of a variety of enerav resources needed
to supply Maine's energy requirements through the year 2000 can
be determined. The forecasts present individual fuel
requirements based upon the most likely erergy mix of
conventional resources.

This forecast method reflects the most important aspects of
current state and federal conservation programs and pnlicies.
In particular, two key elements which impinge on the energy
forecast are the price projections for world oil prices and the
level of economic activity projected for future growth.
Specific revisions to this forecast will he recuired to adiust
these figures if either of those two elements dramatically
change from anticipated levels.

The supply forecast was constructed by building a modeling
system based upon historical eneray supply trends and
incorporating expected shifts in fuel use. Thus, the method
integrates all major fuel forms and permits an aralysis of the
potential for substitution among more competitive fuel types for
various end use applications.

For example, o0il and petroleum products are expected to he the
most expensive primary energy source. Thus, o0il will be
perceived 3s the most vulnmerable fuel source subject to supply
interruptions. 1In the projections, oil is therefore expected to
be replaced by otber fuels where possible.
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The OER forecast builus upon these concepts and recognizes that
the State's economic activity will cirectly influence the demana
for petroleum products. This forecast system can provice a
framework for examining relationships and interactions among
energy use, levels of economic sctivity, future price
projections ana certain aspects of public policy.

The energy supply forecast is based upon an interactive process
and incorporates the specific end use requirements ana
substitutions as described below. For each energy source in the
four demand sectors the 1978 energy consumption figures were
used as the basis for the 1985, 1990, and 2000 forecasts.
Electricity consumption for each sector was accomplished in an
earlier process of evaluation. The OER staff analysis, as
submitted to the Public Utilities Commission in regara to CMP's
Sears Island pending application, was extencea to include the
total State and usea to project tqgtal electric energy
requirements. It was recognized, however, that although
electricity will be the most expensive energy source for the end
user, it will continue to be more heavily utilized across all
sectors.

WooG use in the resicential ana incustrial sectors were
determined by OER staff projections, basea upon current trends
ang substitution effects. While wood use is higher in the low
projection than in the high, it was assumed that because there
is a perceived price ana availability aavantage, wood use woula
be more widespreaa in this scenario.

The use of coal in the resicential sector was projectea to be
75,000 tons in 2000 in the high demana scenario ana 10,000 tons
in that year in the low cemana scenario. This projection
yieldea a calculatea annual growth rate of 20% for the high
gemana scenario and approximately 10% for the low aemana
scenario. These growth rates were applied to the Commercial
Sector to calculate coal cemana, in acoition to projected coal
conversions in the inaustrial sector.

As can be seen in the tables, kerosene use is projectec to
gecrease to zero by 1990. Through 1985, the level of kerosene
use is expectea to be uniformly decreasing. The home heating
gemand now met by kerosene was projected to be met partially by
distillate o0il and partially by LPG. The LPG projections were
basea on half of the kerosene demand being supplied by this
fuel. Since kerosene demand was historically fairly constant
because of the small number of users, there is no difference
between the high cemana ana low cemand figures for LPG use.

The use of all other petroleum products, principally in the
ingustrial sectors was cetermined as a function of the level of
production., Therefore, these figures were projectec according
to the level of growth in that Sector.
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In the residential sector the use of distillate o0il was
determined by subtracting the sum of projected uses of all other
sources from the total demand projections. A similar techniaue
was used in the Commercial and Industrial sectors with
distillate and residual oils with the 1978 ratio of usage of the
two products held constant,

The total requirement for gasoline, distillate and aviatior fuel
for the transportation sector was determined earlier in the
demand scenario for the transportation sector. Residual oil use
was assumed to remain constant in that sector and all other
petroleum, used principally for lubrication, was projected as a
constant percentage of total demand. THe eneray supply forecast
thus reflects these aspects of petroleum reguirements,

Having projected the total requirement for each fuel in each
sector, a total forecast was made for each fuel type. As
previously noted, in determining sectoral demand, electricity
was assigred its end use enmerqy value of 3413 BTU/kwh, Thus,
the total electrical requirement, for all sectors, was
determined without regard to the source of electrlca]
generation. From the historical data presented in Section IT,
the maximum electrical ermeray production for all generating
plants now in operation in Maine was calculated., Since out of
state utilities own capacity in certain gererating plants in
Maine, the out of state share of the total electric generation
was subtracted from the total available electricity. The amount
of electricity which would bave to be imported to the state to
satisfy projected electrical enmergy demand could then be
determined.

To develop total BTU erergy requirements, electrical eneray
forecasts were distributed to the various tvpes of existing and
proposed genmerating plants. The use of nuclear and residual oil
for electrical germeration are assumed to remsin constant at
their maximum historical demand levels. Hydro electric
generation is projected to increase slightly and utility cosl
use, from the conversion of the Mason Station Plant, is also
expected to increase.

As can be seen in Table 14, Maine's future energy reguirements
appears to lie within a relatively wide band of possibilities.
Low economic growth coupled with increased emphasis on
conservation can lead to decreased eneray use at the rate of
about 0.27% per year., With high economic growth and low
emphasis on conservation, energy consumption may increase at a
rate of 0.51% per year. These figures point out that the ereray
consumption levels in Maime may vary only slightly from their
present levels. Even the highest projected growth rate appears
much lower than the historical average.
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TABLE 14

A. Forecast of Residential Energy Use Reauirements
by Fuel Type in Trillion BTU's

1978 1985 1990 2000
High Low High Low High Low
Coal 0.032  0.42 0.11 1.1 17 1.65 2?2
Natural Gas 0.777 2.05 1.09 4.10 1.40 6.65 2.27
Distillate 32.56  31.5 23.8 26.08  19.58  17.15 11.12
Kerosene 4.173  1.74 1.74 0.0 0.0 0.0 0.0
L PG ' 5.691  6.91 6.91 7.78 7.78 7.78 7.78
Electricity  10.224 12.40  11.74 14,24  12.97  18.77 15.81
Wood 9.25  11.2 15.5 12.7 17.0 15.5 22.0
TOTAL 62.707  66.2 60.9 66.0 58.9 7.5 59.2

B. Forecast of Commercial Energy Use Reauirements
by Fuel Type in Trillion BTU's

1978 1985 1990 2000

High Low High Low High Low

Coal .022 .29 .08 0.76 12 1.13 0.15

Natural Gas .593 1.56 .83 2.54 1.07 5.08 1.73

Distillate 20.593  19.42 16.95 17.89 16.79 16.25 16.33

L PG 0.632 0.64 0.56 0.64 0.57 0.68 0.60

Residual 18.76 17.69 15.45 16.30 15.29 14.81 14,88
All Other

Petroleum 4.43 4,48 3.91 4.47 4,00 4,79 4,22

Electricity 6.175 7.75 7.39 9.12 8.40 12.61 10.86

TOTAL 51.21 51.83 45,17 51.72 46,24 55.35 48.77
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Coal
Natural Gas
Distillate
Kerosene
Resiaual
LPG

All Other
Petroleum

Self Generatea
Hyaro

Electricity
Wooa

TOTAL

Gasoline
Distillate
Aviation Fuel
Residual

All Other
Petroleum

TOTAL

C. Forecast of Industrial Energy Use Requirements .

by Fuel Type in Trillion BTU's

1578 1985 1990

High Low High Low High Low

0.444 1.25 1.25 2.61 2.61 11.42 11.42
0.788 921 .921 1.028 1.028 1.29 1.29
3.897 5.16 3.08 5.20 2.56 6.60 0.86

0.20 0.0 0.0 0.0 0.0 0.0 0.0
29.702  39.36 23.50 39.63 19.50 50.33 6.54
1.771 1.85 1.85 1.91 1.91 2.03 2.03
17.335 21.33 18.28 23.48 18.65 29.89 19.12

9.953 10.9 10.9 10.9 11.4 11.4 12.0
10.802 12.32 12.32 13.54 13.54 16.34 16.34

10.00 12.5 18.00 14.4 20.7 18.00 24.8

105.1 90.1 115.7 91.9 147.3 94.2

Forecast of Transportation Energy Use Requirements
by Fuel Type in Trillion BTU's
1978 1985 1550

71.24 66.39 64.78 62.83 59.60 50.60 44,118
11.22 10.08 10.08 12.18 12.18 16.38 16.337
14.25 5.00 5.00 5.00 5.00 5.00 5.00
2.16 2.16 2.16 2.16 2.16 2.16 2.16
0.86 0.73 0.71 0.71 0.69 0.64 .09
99.8 84.36 82.73 82.91 79.63 74.78 68.21
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Gasoline
Residual
Distillate
Aviation Fuel
LPG
Kerosene

Misc.
Petroleum

" Coal
Natural Gas
Wood

Hydro
Nuclear

Imported
Electricity

TOTAL

*Includes electrical generation losses
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E. Total Erergy Use Requirements in Maine
by Fuel Type in Trillion BTU's
1978 1985 1990
High Low High Low High Low
71.79 66 .39 64.78 62.83 59 .60 50.60 44,12
61.77 71.90 53.80 70.78 49 .64 79.99 40.23
68.65 66.16 53.91 61.35 51.11 56 .38 44,69
14.25 5.00 5.00 5.00 5.00 5.00 5.00
8.11 9.4 9.3? 10.33 10.26 10.49 10.41
4.74 1.74 1.70 0.0 0.0 0.0 0.0
22.04 26 .54 22 .90 28.66 23 .34 35,32 23.93
0.50 1.96 1.44 4.47 2.90 14.20 11.79
2.15 4.53 2.84 7.67 3.50 13.02 5.29
19.25 23.70 33.5 27.1 37.7 33.5 46 .80
29.44 30.09 30.59 30.59 31.09 31.09 31.69
57 .66 57.66 57 .66 57 .66 57 .66 57 .66 57 .66
9.23 14.02 13.00 18,45 16.46 29.27 24 .56
369.58 379.09 350.44  284.89 348,76 416.52 346,17*



As statea in the introduction to the forecast, an attempt has
been made to delineate a range of possibilities for future
energy supply and cemand. This will allow energy planners to
cefine all possible energy resource alternatives, to examine the
benefits ana drawbacks of those alternatives, and to present
informed and objective recommendations to the policy makers in
the public ang private sectors of the State.

Table 14 cepicts the energy reguirements of each individual
sector by fuel source and summarizes them to show projectea
total ermergy requirements in Maine.

Forecast of Maine Energy Prices: 1985, 1990, 2000

The OER bhas prepared a forecast of energy price relationships
for a wide range of fuel types in various sectors. This was
produced in conjunction with the state energy requirement
forecast, ana thus reflects certain assumptions governing the
supply and availability of fuels.

In all cases, the 1978 prices shoulc reflect average prices paid
for these sources auring the year. The price torecasts in 1985,
1990 anc 2000 of the energy sources rest on the following
assumptions:

0 The real worla price for petroleum proaucts, incluaing
crude oil, gasoline, residual, cistillate, aviation, ana
kerosene will increase in real terms at an average annual
rate of 3% ‘per year through the year 2000.

0 Natural gas will increase at an average rate of 5% per year
in real terms through the year 2000.

0 All other energy resources will escalate at an average rate
of 3% per year in real terms over the next two decades.

0 Inflation is assumed, for the basis of current cost
forecasts, to average 7% per year to the year 2000.

0 A1l price forecasts were mace from actual 1980 prices,
adjustea for inflation.
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The OER staff reviewed price assumptions in a variety of reports
including, the Energy Information Administration; U.S.
Department of Energy Report, Energy Supply and Demand in the
Midterm, 1985, 1990 and 1995, the American Gas Association; Data
Resources, Inc., CONAES; the U.S. DOE Annual Report to Congress,
and several State Energy Office price projections. The results
presentea in Table 15 reflect ana support the conclusions drawn
by this review. While it is recognized that prices will
fluctuate, ana inflation may not be constant, for the purposes
of this stuay, all changes were held to be linear. Recent
events, incluaing the current Iranian stalemate, existing OPEC
pricing policies, and the major changes in utility rate
structure, emphasize the uncertainties assoclated with energy
forecasting. Thus, it should be recognized that these forecasts
represent a series of estimates for future prices, basea upon
the assumptions used to build the forecast model.

The previous historical prices suggest that the price increases
follow a pattern of a series of incremental escalations, rather
than a continuous smooth rise in price. OER's official
forecast, however, integrates those aspects such as the rate of
aiscoveries of cruce o0il, natural gas ceregulation and pricing
policy, and recent pricing patterns for wood use ang other
fuels. The resulting pattern of prices were then extenced to
the year 2000, ana aajustea for inflation. Tables 15 and 16
present the price forecast for indivicual fuel types, both by a
unit ang BTU value.
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TABLE 15

Price Forecasts by Fuel Type

Dollars per Unit

1978 1985 1590 2000
Fuel Type/ Constant Current Constant Current Constant Current
Unit $/Unit 1978 $'s $'s 1578%'s $'s 1978 $'s $'s
Crude 0il : V
/bil 12.46 34,77 55.83 40.30 90.76 54.17 239.94
Gasoline
/Gal .692 1.32 2.12 1.53 3.45 2.05 9.08
Residual 0il
/bbl 12.75 37.10 59.57 43,00 96.84 57.80 256.08
Distillate
/Gal .51 1.20 1.93 1.37 3.08 1.84 8.15
Av. Fuel
/Gal .69 1.32 2.12 1.53 3.45 2.05 9.08
Kerosene
/Gal .50 .85 1.37 .98 2.20 1.31 5.80
Coal(Inaus)
/ton 50.00 75.35 121.00 87.35 196.75 117.40 520.15
Natural Gas
/MCF 2.53 3.50 5.62 4,47 10.06 7.30 32.34
Wood
/cora 40.00 60.28 96.80 £9.89 157.40 93.52 416.10
Electricity
/kwh .043 .0655 .1052 .0759 171 .1020 452
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Fuel Type

Cruce 0il
Gasoline
Residual
Distillate
Av. Fuel
Kerosene
Coal(Indus)
Natural Gas
Wood

Electricity

TABLE 16

Price Forecasts by Fuel Type

$/MMBTU

1978 1985 1990 2000
Constant Current Constant Current Constant Current

$'s 1978 $'s $'s 1978%'s $'s 1578 $'s $'s
2.22 6.19 9.94 7.18 16.17 9.65 42.75
5.34 10.18 16.36 11.80 26.62 15.82 70.07
2.03 5.90 9.48 6.84 15.48 $.20 40.73
3.68 8.65 13.92 9.88 22.20 13.27 58.77
5.34 10.18 16.36 11.80 26.62 15.82 70.07
3.70 6.29 10.14 7.25 16.28 9.70 42,92
2.08 3.14 5.04 3.64 8.20 4,90 21.67

2.44 3.41 5.48 4.36 9.82 7.13 31.5
2.00 3.01 4.84 3.49 7.87 4.70 20.80
12.5% i9.19 30.82 22.23 50.10 29.88 132.43
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III. CONSERVATION
Introductian

One of the most important factors in Maine's energy future will be
conservation. Wise conservation of energy sources does not imply recucead
economic activity or lower standaras of living. On the contrary, more
efficient use of energy can help to stimulate Maine's economy as a result
of financial savings from reduced fuel consumption and a reduced outflow
of state dollars spent on importec fuels. Conservation can help stretch
our supplies of non-renewable fuels as we begin to acevelop native
renewable resources and postpone or eliminate the need for large new
electric generating facilities that may have significant environmental ana
economic costs.

Conservation is definea as "an improvement in energy efficiency". This
can be accomplished in many ways ana great potential for conservation
exists in every sector. The following section prgvides an overview of
conservation opportunities ana current programs in four broaa categories:
residential, commercial/institutional, industrial and transportation.
These are followed by ciscussions of cogeneration ancd cistrict heating,
two technologies which can increase the efficiency of conventional fuel
use.

Conservation has long been one of the top priorities in State energy
programs. Maine's citizens, commercial firms, public institutions ana
inaustries have all made great striges towara conservation in recent
years. The Feaeral Government has also begun to focus more attention on
tnis area. Obviously, it is now being wicely recognizea that conservation
offers many benefits ana that it is cheaper to save energy through
efficient use than it is to produce new energy.

1. Resicential

There is tremendous potential for enmergy savings through conservation
measures in Maine's residential buildings. For example, Section II,
Part 3, projects almost a 6% decline in energy cemang in the
residential sector from 1978 to the year 2000 in the low demand
scenario. Assumptions were mace in this scenario that low-interest
weatherization loans, largely finmanced with public money, woula be
available ana that major efforts will be mace to educate the public.

Improving the efficiency of home appliances could also result in
substantial savings. This potential is suggested by a recent report
to the Maine Public Utilities Commission by the Energy Systems
Research Group (ESRG) of Boston. For example, the report incluaces
data showing that certain improvements in the efficiency of
refrigerators coula reduce their energy use by up to 21% while adaing
only about $15 to the initial cost of the appliance. The report
concludes that similar energy savings coulc result from improvements
in other appliances. The setting of minimum efficiency standards for
appliances coula be a way of realizing this conservation potential.

Other measures that have been proposea ana which coulc result in
significant energy savings in the resicential sector incluce the
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restructuring of electrical rates to aiscourage unnecessary or
inefficient use af electricity, the adoption of time-of-day pricing
strategies to help spread cemana more evenly throughout the cay and a
reduction or ban of the use of electric resistance heating.

Some important conservation measures cost nothing to employ. As the
ESRG report states, simply turning cown the thermostat of a hot water
heater 10 cegrees (e.g. from 140 degrees to 130 cegrees) can recuce
the unit's energy use by 3% to 5%. Other conservation measures are
low cost. Some, such as weatherization, can require relatively large
initial investments. However, most conservation measures offer a
very attractive pay-back perioa and virtually all result in
substantial financial savings within a reasonable perioca of time
through recuction of fuel costs.

To achieve the maximum patential af conservation in Maine's
resicgential builcings eaucation, training, technical ana financial
assistance ana financial incentives will be funcamental.

There are many feceral, state anu local programs promoting
residential energy conservation. A number have been in place for
years; others for a shorter perioa ot time. Still others are just
oeing implemented. Of course, these programs are only a part of what
15 happening in this area. More anc more people are taking
conservation measures on their own, without assistance from
government.

The Feceral government 1s involveo in most state energy conservation
programs, usually through provision of financial assistance or
through feceral mancates that certain services be proviced. Such
programs inclucde the low-income weatherization program, the
Resicential Conservation Service, the Energy Extension Service ano
the Residential Energy Analysis Program. In acaition, tne federsl
government coffers homeowners an income tax creait of 15% on the first
$2,000 spent for conservation measures.

Several state agencies are involvea 1in resicential energy
conservation programs. A low income weatherization program conductea
by the Maine Division of Community Services ano financea oy feaeral
ana state money has been ongoing since 1974. Through twelve
community action agencies, the homes of over 18,000 low income ana
elaerly families have been weatherizea in this state. Community
Services' goal is to complete weatherization of all eligible homes 1n
Maine by 1985. This will require weatherization of approximately
1,000 homes per month over the next five years at a cost of
approximately $50 to $60 million.

The National Energy Conservaton Policy Act, as amenceG by the Energy
Security Act of 1980, requires major utilities to provioe low cost,
on site energy auolts to thear resicential customers. OER was
agesignateo as the leau agency to prepare plans for implementation of
a Resicential Conservation Service by Maine utilities. The program
is expectea to begin in the spring of 1981 anc OER will oversee the
performance of energy audits ano other services offereo by the
utilities.
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The OER Energy Extension Service was initiateo in the summer of 1980
to help small-scale energy users conserve energy. The Service
currently has five energy associates heacguarterea in different areas
of the state. They provide information anc technical assistance to
homeowners, small business owners, and commuters. Specific programs
include wood burning safety education in cooroination with the Maine
Cooperative Extension Service, lighting workshops for small
businesses coordinatea with the Maine Merchants Association, "how-to"
low/cost no/cost weatherization workshops, and promotion of the
Residential Energy Analysis Program (REAP) coordinatea with the
Community Alternergy Corporation ana promoticn of ricesharing for
commuters.

Since July, 1979, OER has offerec a free, co-it-yourself energy auait
to Maine homeowners. = The Residential Energy Analysis Program (REAP)
was publicizea by virtually all Maine utilities anu many members of
the Maine 0il Dealer's Association. Thus far over 5,000 Maine
nomeowners have participatec in the REAP project. Alpng with an
analysis of energy use in the home and recommencations for
weatherization measures, the REAP packages receivea by participating
homeowners incluce a series of fact sheets on energy conservation
techniques, insulation ana tax creaits anu financial incentives,
REAP is now being actively promotec by the OER Energy Extension
Service Program ana it is expecteo that another 5,000 REAP audits
will be completea during the present heating season.

Relatea resicential energy conservation programs i1nitiateu by state
agencies or private ana non-profit crganizations incluce
establishment of energy efficiency ouilaing stanaaros, an energy
conservation loan program, an oil burner efficiency program ana the
Neighbor-to-Neighbor Self-Help program.

The Maine Energy Efficiency Buillding Stanacaroc Act was passeo in 1579
ana the voluntary stancaras manocatea by the law were cevelopeo and
adoptea by OER on July 1, 1980. The voluntary standgara program
establishes maximum heat loss levels for the builaing ana performance
standaras for heating, ventilating and air conditioning equipment.
OER has negotiatea tentative agreements with the Maine State Housing
Authority ano the Farmers' Home Aoministration to adopt the OER
stanoaros for their construction projects. FMHA has also agreea to
finance several passive solar single-family adwellings as
oemonstrations ana to use wooa or coal heating systems in two
multi-family projects. OER is currently preparing a "manual of
acceptec practices" and conoucting workshops ano seminars in
conjunction with the Homebuilders of Mailne Association ana lumper
dealers throughout tne state. A training program for local coae
enforcement officials will be developeo by the University of Maine
ana presentec in cooperaticn with the Maine Municipal Association.

The Maine State Housing Authority has usec its authority to support
nome improvement loans for energy conservation anc renewable resource
energy systems. During the summer ana fall of 1980, $4 million of
existing funds have been mace avallable to consumers at an attractive
interest rate of 7%. Initial response to these "energy loans" nhas
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been very favorabie anad it is anticipatea that accitional funas may
soon pe neeaded to continue the program.

The OER ana the Maine 0il Dealer's Association are currently
conaucting a joint project to promote conservation by improving the
efficiency of o0il heating eguipment. The program trains service
technicians in oil conservation techniques, servicing and
installation of efficient burners, boilers ana clock thermostats.
0il company marketing personnel have also been trainea in effective
marketing of these technigues ang equipment. The program is
scheaulea to continue for two more years with the o0il dealers
graaually assuming complete planning and financial responsibility.

Uncer the sponsorship of Governor Brennan, various human services
agencies, local public service groups anc private organizations have
formeu a coalition to help low income ana elaerly citizens cope with
energy-relatec problems during the winter. This Neighbor-to-Neighoor
program has proven effective over the last two years in helping to
coorainate public anac private programs and provige maximum benefits
to the poor ana elderly.
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Commercial/Institutional

Conservation measures in the commercial and institutional sector
offer great potential for saving energy. About 60% of the energy
useo in this sector during 1978 was for space heating purposes. As
with the residential sector, substantial savings could be gained by
improving the energy efficiency of existing commercial or
institutional buildings and ensuring that all new buildings meet
minimum conservation stangaras. Other measures that can be taken
include improving lighting in all commercial builaoings to conform
with state standaraos, and instituting energy management programs in
Maine's commercial buildings.

Achieving a reduction in cgemand for energy in the commercial and
institutional sector through conservation will require many of the
same encouragements as in the residential area. Here too, ecucation,
training, technical assistance and financial incentives are
funaamental.,

The programs describea here, which promote energy conservation in the
commercial and institutional sectors, are presently underway. The
first two incluce direct involvement from the feceral government.
Other programs, including establishment of builaing energy
performance stancards ana the initiation of a State government
management task force, are largely State efforts.

Unger Title III af the National Energy Conservation Policy Act, the
U.S. Department of Energy has providea Maine with approximately
$500,000 to conauct energy auaits ana $2.2 million to complete energy
conservation projects on schools, hospitals, local government
builaings ana public care institutions in Maine. A total of $1.6
million is expectea to be forthcoming for acditional conservation
projects. In the fall of 1978, Maine voters approvea a $2.5 million
bond issue for energy conservation improvements on local government
builaings. The money will be allocated on a 50%-50% matching basis
using the results of energy audits completed by the staff of the
Maine Municipal Association. Aliso, in November, 1980, Maine voters
approved a $7 million dollar bonc issue for energy conservation
improvements to public schools ana University of Maine builaings.
These funds will augment $5 million alreaay spent on conservation
projects in schools from a bond issue authorizea in 1977.

Since June 16, 1979, the Department of Energy has requirea virtually
all non-resicential builaoings to be heated no warmer than 65 aegrees
in winter ana mechanically coolea to no less than 78 aegrees in
summer. OER was adesignated by the DOE as the leaa agency in Maine to
insure implementation of these requirements. In the winter of
1979/1980, 500 non-residential buildings were inspectec Dy a private
contractor hired by OER. Over 95% of the buildings met the DOE
reqguirements by the end of the initial inspection program. The
inspectors also found that building cwners are using many innovative
approaches to energy conservation anc alternate energy resource
utilization.
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Besices resicential opuilaings, the State of Maine Voluntary Energy
Efficiency Building Performance Standaras also apply to commercial
ana inaustrial puilaings. The stanagards contain lighting power
standaras for public pulldings as well as maximum heat loss levels
for the builaing andg performance standaras for heating, ventilating
and air conditioning equipment.

Through the spring ana summer of 1980, a State Government Management
Task Force, appointed by Governor Brennan and headeg by Commissioner
Roaney Scrioner of Finance & Aaministration, aiscussed various
options for improving the efficiency of energy use by State
Government. The Task Force report recommencea continuing several
ongoing State programs including the retrofit of State puilaings,
energy efficient procurement proceaures, ana the State vanpool
program. The report also recommencea the initiation of several
agaitional efforts incluaing the establishment of a uniform vehicle
management system for State ownea vehicles, the initiation of an
energy consumption monitoring system and the creation of a permanent
energy conservation assistance group within the Bureau of Public
Improvements.

78



Industrial

Maine's inaustries used approximately 30% of all the energy consumea
in the State in 1978. Leather, paper ang wood products, textiles,
chemical, electronics and other important Maine industries all
require substantial amounts of power in their proouction processes,
plus energy for space heating neeas. Canservation measures, such as
ensuring that all new industrial buildings are built to minimum
energy conservation standaras, and the use of strategies that allow
more efficient use of the ermergy industries use, such as cogeneration
(aiscussed in a following section), can lead to great energy savings
in the industrial sector. OER projections estimate a range of
increased gemanc in the industrial sector in the year 2000 from
10-42% over 1978 consumption.

The speea with which conservation measures are taken in the
ingustrial sector will depena on many of the same factors as in other
sectors, such as education, technical assistance and financial
incentives. While Maine industries have large potential for energy
conservation, the aiversity of processes and neeas will often reqguire
case-by-case study in order to obtain substantial savings in a cost
effective manner.

Several current programs are directed towaras energy conservation
measures in the industrial sector. Over the past three years, OER
has sponsorea a number of workshops for inaustrial energy users,
focusing on operations ana maintenance procedures that can lead to
energy conservation improvements. Over 250 representatives of firms
throughout the State have attended these workshops.

Other programs directea at industry incluce Maine's Energy Efficiency
Builaing Performance Standards, the Emergency Building Temperature
regulations ana efforts to promote cogeneration. Trne first two
programs have been outlined under the commercial/institutional energy
conservation section. Cogeneration is fully aiscussead in cetail in
the next section.

New state initiatives that could be undertaken might promote
effective energy management programs in Maine's inaustries, the
creation of new electrical generation capacity through industrial
cogeneration anc efforts to have all new inaustrial builaings built
to at least minimum energy conservation standaras. Another
possibility that coula reauce industrial energy consumption ano
encourage cogeneration would be restructuring utility rates for
electricity to reduce the current price advantage of large consumers.
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Transpartation

- Transportation "accountea for 26% of all the energy consumea in the
state in 1978. Maine is largely a rural and suburban state.
Substantial distances often separate people, gooas anc cestinations.
As a result, we have become more dependent on the private automobile
ana the trucking inaustry than most other states.

Rising fuel costs have already leaa to significant conservation
efforts in the transportation sector. For example, more ana more
people are buying high-mileage cars, ariving fewer unnecessary miles,
anag car or van pooling. Such measures have reducea gasoline
consumption in Maine by 14% since 1978. Further reducea gasoline
consumption is possibie in the future. Projections mace in Section
I1I, Part 3, precict at least a 25% recuction in energy consumpticn in
the transportation sector from 1978 to 200O.

Early State efforts to promote energy conservation in the
transportation sector inclucec lowering speed limits on all limitea
access highways ana allowing "right-turn-on-red" at intersections.
Other effective methoas are now being pursuea in the form of public
transportation, riceshare programs, ana renewead rail service.

Since 1977, OER has supportec four area-wice metropolitan transit
gistricts by providing funds for marketing the use of public
transportation systems. OER has alsc encouragec these cistricts to
agaress energy conservation in their ongoing planning ana
implementation programs. All of the public transit aistricts
participating in this program have notea supstantial increases in
rigership auring the past three years.

Since the summer of 1579, the OER has workec with major employers
throughout the State to promote carpools ana vanpools. Numerous
puplications promoting ricesharing have been agistriouteo ana a
service to help employers iaentify potential carpoolers amang their
employees has been made availaole at no charge. Through statewice
workshops anc on-site visits, nearly 100 employers have learnea of
this service ang agreecu to participate. Thousands of potential
carpools were icentifiea anc over 120 vanpools now operate throughout
the State. Through contracts with the Portlana ana Bangor Chambers
of Commerce, OER has initiatea two areawice carpool matching
services, The PortlanGg service has peen operating since September
anc the Bangor service is scheaulea to start in December. Promotion
has been cooruinatec by the local Chamber members with OER supplying
technical ana computer assistance. Area-wice task forces comprisec
of local business leaders have been established in orcer to promote
these efforts. Over 1000 commuters have participatea in the Portlana
program to date ano the "match rate" for participants has peen over
90%.

Since August 1979, the OER ana the Department of Transportation (DOT)
bave Jointly sponsorec six state-owneG vanpools for State workers.
The program is currently operating between Augusta and the cities of
Lewiston, waterville, Winthrop, Reaafield, Garainer, Brunswick anc
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Jefferson. During the day, two of the vans are usea to provice s
shuttle service between state agencies in the Augusta area.

The New Englang Regional Commission, in cooperation with the Maine
Department of Transportation, has recently completea two studies of
the potential for increaseo use of trains in Maine. The first macde
an assessment of the future of freight transportation by rail in New
England. It inaicatea that Maine may have the most promising future
in the region for increasing the use of trains for hauling freignt.
The seconc stuay addressed the feasibility of reestablishing
passenger rail service between Boston anu Portland ana conclucea that
such a service is nat economically feasible at this time. Both
stuaies point to a neec to upgrace Maine's rail facilities, tracks,
grade crossings, rolling stock ana stations.

Future transportation initiatives may include placing more of Maine's
commuters in some sort of rideshare arrangement (carpools or
vanpools), increased use of existing public transportation systems or
cevelopment of newer systems where appropriate, ana assistance to
Maine's trucking, rail and barge industries. "Piggy-backing" trailer
trucks on rallroaa flatcars may also reduce fuel consumption ana
transportation costs. Efforts in regard to trucking, rail ana barge
will have to be undertaken in concert with the Maine transportation
community.

Other methous of increasing energy conservation in transportation
coula involve aceveloping package tours and group travel packages to
cestination rescrts in Maine in cooperation with the Maine Publicity
Bureau ana the tourist inaustry. Such tourist services woulo allow
travel in an energy saving manner ana foster more complete use of tne
State's recreational facilities. Initiatives might involve further
examinaticn of rail service, intercoastal ferry systems, vanpooling,
seasonal pus ana trolley services ana others. Working energy
consicerations into state ana local lana use planning efforts may
also result in energy conservation by allowing better assessment of
how zoning ana other planning oecisions can affect transportation.

Due to a lack of public transportation in most areas of the state,
heavy aependence on automopiles will continue in the foreseeable
future. Similarly, the trucking industry of Mailne will continue to
transport the majority of gooas to ano from markets. Thus, the neea
to carefully examine the feasibility of alternative ana more
efficient means of transporting people and gooas is reaaily
apparent. There are significant social, financizl anc institutional
barriers to alternative transporation in rural states. As a result,
transportation is probably the most aifficult sector to deal with
from an energy and program perspective ana, as such, will require a
very determinea ana innovative approach.
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5.

Cogeneration

a.

Introauction

Cogeneration is an attractive methocu of improving fuel
efficiency. In the broadest sense, cogeneration means putting
waste heat to work. For example, mast large energy proaucing
facilities use relatively great amounts of fuel to provice
adequate process steam for manufacturing, hot water for space
heating, or electricity for distribution. A large percentage of
the primary energy consumed is often lost in these processes,
simply pecause methods of using the "excess" power potential are
not employea. As a result, much useaole energy cisappears as
waste heat. Cogeneration proviaes a way of using this excess
energy toc generate electricity or other useful forms of energy
in process heat.

The term cogeneration applies to a number of oifferent systems,
all of which yiela useable energy in more than one form. A
cogeneration system can pe fuelea by oil, 'wooa, coal,
hydropower, waste, biomass, solar, geothermal, or wind. The
generatea energy can be in various forms: electricity, steam,
heat, or mechanical energy. The uses of a cogeneration system
depena upon the primary energy requirements of the user. For
example, electricity is the primary reguirement for a utility
company. The heat or steam a power plant pracuces is thus
cogenerateo ana caula be useo as a secondary product. The
primary neec for a paper mill may oe process steam, witn
electricity cogenerateac seconcarily. When cogeneration systems
proauce heat or electricity in excess of the neeas of a
particular facility, that excess is potentially available to be
sola to other users.

Cogeneration systems have been around since the 1880's. They
were used extensively auring the early part of this century wnen
most inaustrial plants generatec their own electricity with coal
boilers and steam turbines, using tne exhaust steam for
inoustrial processes. Many factors, particularly increasea
electrical cemand, the decreasing cemana for process steam in
inaustry, anc the increasing availapility of commerciai
electricity contributed to a cecline of cogeneration. Utilities
graaually became reluctant to purcnase cogeneratea power because
i1t was proouced erratically throughout the gay ana required a
certain amount of utility backup equipment. Anc, up until the
late 1960's, electricity prices from central utility plants
became cheaper each yesr.

This decline in cogeneration of electricity by inoustrial
facilities has been aramatic - from 22% of all electricity
proauced in this country in 1920, to less than 5% at present.
Maine iInaustries, particularly the pulp anc paper inaustries,
have continuea to use cogeneration more than those in many other
states. However, the potential is far greater than the current
use. During the past few years, cogeneration has grown
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increasingly attractive as an alternative to conventional energy
systems. As the energy costs ana operating expenses steadily
increase, the energy savings offerea by cogeneration systems are
being reevaluatea - especially those systems capable of using
native alternative fuels such as wooo ang biomass. In-plant
electrical generation is also attractive to many industries
because it is a secure source of electrical power not subject to
price increases.

Increasea use of cogeneration of electricity in Maine would
benefit not only incdividual industries but alsc the state as a
whole. Inoustries currently use apbout 40% of the
utility-generatec electricity in Maine. Utilities woulu have
more electricity available for new incustries and consumers it
existing inoustries expanded their cogeneration efforts anc
reaucec their cemana for purchasec electric power. This coula
lead to economically beneficial inaustrial expansion or help
reauce the neea for new utility generating plants. In adoition,
inaustries using cogeneration coula sell power to the utilities
when they hag an excess, further increasing electricity
available to other consumers.

Current Use

The forest procucts inoustry is the largest industrial energy
consumer in Maine. Energy neeas are met in a variety of ways
incluoing hycro power, burning of wood ana wocoa wastes, ana
purchases of fuel o0ll and electricity. Many i1naivioual forest
products companies have used cogeneration systems for some

time. The pulp anc paper industry group currently leaas the
state in cogeneration ano has the greatest potential for
increased efforts. A few large ana small forest proaucts
enterprises now generate electricity in excess of treir neecs
and sell this additional power to utility companies. A number
of Maine's larger sawmills have cogeneration systems. Boilers
which once providea only process steam to heat buildings ana
operate ary kilns are now powering steam turbines wnhich generate
electricity as well. These boilers are fireo from wooc residues
which are either procuceo on the site or purchaseo from
elsewhere., Cogeneration by other inaustry groups ano utilities
is not currently substantial.

Resource Availapbility

The Maine Office of Energy Resources estimates that there is a
potential for a significant increase in cogeneration in Maine.
Much of this potential is within the forest prooucts incustry.

A preliminary study acne for the OER inaicatea that "an
aacitional 265 megawatts of steam turbine generating systems
coula be installec at Maine paper mill sites ang procuce
electricity at costs competitive with current utility proauction
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costs while meeting the mills process steam requirements."d
This stuay focusec on the potential for increasing electricity
cogeneration in the Maime paper industry.

Central Maine Power Company (CMP) recently began studying the
potential for acditional cogeneration facilities in the CMP
service area as part of their current analysis of new plant
commitments. This study, completea by Charles M. Main, Inc.,
assumea that potential cogeneration facilities would only be
oil-firea, and rated above a nominal capacity of 5000 kw. The
conclusions of their analysis incicated a much more limitea
potential for increasec cogeneration than the QER stuay.

A special study aone by the New Englanc Power Pool submittea to
the Maine Public Utilities Commission by CMP also evaluatea the
potential for self-generated power in the Pulp ana Paper
Inoustry.Z This stuay concludec that with existing

technology, the Pulp ana Paper Inaustry (SIC 36) could provide
585 kwh of electricity for every ton of paper proauceu, making
it a net contributor to the amount of electricity available to
other consumers.

Most major forest-relatec incustries in Maine are now
consigering switching to coal or wooo as a primary fuel source.
Wooa fuel can be i1n the form of chips, bark, or cother resicues.
Cogeneration systems can oe installead with both coal and
woou-fuelea systems (as well as with other fuel systems). The
conversions which are now being contemplatea proviae gooa
opportunities to install cogeneration systems. Major plant
expansions ana construction of new facilities also proviae prime
opportunities for installation of cogeneration systems.

The Puolic Utilities Regulatory Policy Act of 1978 (PURPA) has
mace the installation of cogeneraticon systems more attractive.
PURPA manaoates that every electric utility is requirea to
purchase electricity mace availapble to it by a gualifying
facility. The effect of PURPA will be that excess electricity
which might be proaucea by a cogeneration system can be solad to
a guaranteed market. The Maine Public Utilities Commission will
make the cetermination for sales rates auring 198l.

In adaition to PURPA, there are other incentives available to
encourage the installation of cogeneration systems. An
acaitional 10% tax credit from the Windfall Profits Tax is
available for cogeneration eguipment. Anag, as the cost of
utility generatea electricity increases, the return on
investment in cogeneration systems becomes more attractive.

lpossibilities for Electricity-Steam Cogeneration Systems in
Maine, Kenneth E. Jobnson, Energy anc Environmental Policy
Center, Harvara University, 1977.

2staff Report, (sic 26), Maine Public Utilities Commission
Document: Staff Ex. 53.
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A number of large forest products companies are currently
evaluating cogeneration systems. For example, S.D. Warren's
Westbrook mill is now buying some 6 MW of electricity from
Central Maine Power Company. When S.D, Warren's new
coal/biomass facility is completed, this picture will be
reversed: CMP will buy nearly 13 MW of S.D. Warren's excess
electricity. The difference between what is now purchased from
CMP and what is plamned to be sold to CMP will be rouably 20 MW,
a considerable source of base load power for that utility
company .

Several other paper mills are conducting evaluations of similar
changes. Boise Cascade has recently applied to the Board of
Environmental Protection for an air quality license to construct
a new coal-burning facility. Boise Cascade is considering a
range of electrical cogereration possibilities, from being
self-sufficient in electrical power to being a net contributor
to the power grid. Madison Paper Company, St. Regis, Keyes
Fiber, Pejepscot, and others are all considering the fueling of
their boilers with coal or wood. These considerations afford
the opportunity to install cogeneration systems. Even if
cogeneration systems do not provide enmough electricity to sell
to others, the additional gereration of electricity by industry
displaces utility generated electricity which would have been
purchased.

Cogereration is by no means limited to the larae paper and pulp
mills. Woodtek, in North Amson, is considering a 5-7 1/2 MW
power facility fueled with wood residued. Marine Colloids, a
food processing facility in Rockland, and Hebron Academy are
involved in plant facility changes which could produce
electricity in amounts which exceed their needs and would be
resold to others.

The Office of Energy Resources estimates that, in the next ten
years, as much as 200 MW of new capacity could be realized by
the combired development of new eneragy facilities in forest
products industries, agricultursl and fish processing
industries, and other commercial, institutional, and municipal
facilities.

Considerations

The use of coageneration systems can reduce long term eneray
costs, and provide a more stable supply of both electricity and
process steam. Thus, while at the same time as reducing the
environmental impact of thermal pollution, these facilities can
decrease total emergy costs on a Btu basis., By using waste
products such as bark, wood residues and chips, and domestic
coal, cogeneration facilities can lessen Maine's dependence on
traditional fossil fuels. Cogeneration systems reguire new
equipment, increased manpower, and interconnected electrical
distribution and relay systems and thus reauire substantia]
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capital costs. However, the long-term economics of fuel savings
tena to favor cogeneration in many cases, especially when
attractive purchase rates are available for excess power.
Assurances that excess electricity or heat from a cogeneration
system can be sola at competitive prices to utilities or other
users on a long term basis are thus an important factor in
encouraging cogeneration.

There may be special siting prablems involved in some
cogeneration systems, particularly those where heat (rather than
electricity) is to be sold ta other users. In such cases, the
facility must be locatea in very close proximity to the other
users to avoia the loss of heat which results from a lengthy
aistribution system. In aagagition, both economic anu
environmental feasibility must be aacaressed before siting any
cogeneration facility.

Current Programs ana Policies

Recent changes in federal laws ana regulations have been
gesignea to encourage cogeneration. The Public Utility
Regulatory Policies Act of 1978 (PURPA) removea three major
obstacles which hag aiscouraged both cogeneration ana
small-scale power procucers (less than 80 MW). The first
obstacle was that utility companies were not requirec to buy the
electricity proaucea by cogeneration facilities or small power
producers at reasonable rates. The second obstacle was that
some utiiities charged unfairly high rates for back-up
electrical service to cogenerators and small power proaucers.
The thira obstacle was that a cogenerator or small power
proaucer ran the risk of being consicerea an electric utility
ang thus being subject to State anu Feceral regulation as an
electric utility.

PURPA requires that electric utilities purchase available
electric energy from cogeneratian ana small power proauction
facilities whicn qualify unaer the law. The utility is requirec
to pay rates which are just anag reasonable, are in the public
interest, ana ao not aiscriminate against cogenerators or small
power proaucers, Similarly, the law requires electric utilities
to provice backup electric service to these facilities at
reasonable rates. Finally, PURPA provides that qualifying
cogeneration facilities anu small power proaucers can be exempt
from State regulation of utility rates anc financing ana from
feceral regulation as an electric utility.

In terms of OER programs, efforts to encourage cogeneration nave
been largely eaucational and informational. Some technical
assistance has also been providea. These efforts include
technology transfer, technical assistance regaruing ccgeneration
for companies consicering conversion to wood fuel, cogeneration
workshops ana seminars for pusiness ana incustry, ana assessment
of the potential for industrial cogeneration in Maine.
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6.

District Heating

a.

Introduction

District heating and cooling is achieved by cistributing heat,
either in the form of steam or hot water, produced from a
central power source through a network of pipes to nearby
buildings for space heating, cooling and hot water heating.

The use of steam aistrict beating began in the U.S. in the late
1800's, but dia not remain as common during this century as it
has been elsewhere. By 1960, there were aistrict heating
systems of one size or another in about 50 major U.S. cities,
several of them in New England. Originally, these systems were
designed to run on coal, though many later convertec to oil
because of its relatively low cost ouring the late 1960's ana
early 1970's, and due to environmental consicerations of
coal-fired plants.

In European countries aistrict heating came into its own auring
the 1920's, and never was reduced. Unlike American's,
European's haa always had limitea supplies of o0il ana gas and
felt that aistrict heating was the most economical approach to
meeting expancaing comestic heating neecs.

Current Use

Although no Maine communities have operating municipal aistrict
heating systems, a number of large building complexes in the
State have steam heating systems that are essentially small
scale applications of the concept. The Brunswick Naval Air
Station, Loring Air Force Base, the Augusta Mental Health
Institute, ana the University of Maine at Orono all have
"mini-cdistrict" heating systems. The City of Concora, New
Hampshire, for example, bas an existing wood fired central
aistrict heating facility that virtually heats the entire
downtown core area.

The heat source for adistrict heating can be either a beating
plant built specifically to supply the system or an industrial
or electrical power plant that gives off "waste" heat that can
be cogenerated, or captured, for the system. The fuel to feea
these plants varies. Existing systems in the U.S. anc abroad
are fuelea by o0il, coal, wooa or peat, though other fuels coulo
be usea.

Resource Availability

Further study is neecec to cdetermine the extent to which
district heating ana cooling can be used in economically viable
ways in Maine. The northern European experience does show that
such systems are feasible in communities with compact
populations, cown to a size as small as 1200 persons. Thus a
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cansicerable portion of Maine's population might possibly oe
servea by district heating systems.

The application of aistrict heating through cogeneration may be
possible where excess poweTr plant heat or industrial process
steam is available. Several Maine communities are now beginning
to explore the resaurce potential of aistrict heating with local
utilities and industries.

Considerations

Waste heat from existing power stations or large incustrial
boilers coula be used in many cases for heating the plant or
nearby builaings, leading to potentially substantial savings of
the current space heating fuel used. In accition, district
heating caoula leao to canversions of conventional residential
space heating to more efficient, inexpensive, and less polluting
fuel sources. '

Winter heating crisis prablems of the poor ana elcerly might ope
alleviateo in areas served by district heating more easily than
is currently the case with inaividual heating systems.

While aistrict heating systems are nat common in the U.S., the
necessary technology is fully cevelopea in areas of Europe with
a similar climate, geclogy ana settlement patterns. Thus
complete information on system cesign, costs, installation, ana
other important characteristics are readily available.

Another attractive aspect of district systems is that air
quality improvements may be possible., Central, efficient and
minimally polluting heating facilities coula replace smaller,
less efficient individual heating units. However, larger
facilities come under more regulation ana, aepenaing on tne fuel
ana technology used, could create air quality problems that
aian't exist before.

To pursue Maine's district heating potential, new institutional
arrangements woula be necessary to establish ana operate
systems. Close cooperation woula be requirec petween the public
agencies or utilities that estaolish and operate a district
heating system ana the power plants or incustries that may be
supplying heat energy to the system.

Installation of such systems within communities woula often
require extensive excavation that can be quite disruptive.
Further, the pipes must be safely workea into the existing
sub-surface systems (sewer, water, power, telephone, gas).

Current Programs

Past ang current actions of the QOER have focusea on
investigating the economic ana technical feasioility of agistrict
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heating systems in the most promising sites in Maine. Other
aspects of QER district heating programs consist of providing
information ana technical assistance to communities interestea
in stuaying local district heating potential.

The Department of Energy, the Department of Housing ana Urban
Development, ana other Federal agencies plan joint efforts to
promote the use of district heating anc cooling in hundreds of
communities throughout the Nation. As currently envisionea HUD,
will initially provice communities with funas and technical
assistance for initial planning work. DOE is expectea to assist
communities which have alreaay taken an initial look at aistrict
heating ana want to take the next step towards ceveloping these
systems.

These joint efforts are part of a comprehensive Feceral Action
Plan for the implementation of a National District Heating
Program. The long range National District Heating Program plans
to stugy 300-450 communities for aistrict bheating possibilities
and help establish working systems in 150-200 within five years.
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summary

There is -an enormous untapped potential for energy conservation in
Maine. Ecanomical and technical opportunities exist that could
reduce overall energy consumption in Maine in the next ten years
while maintaining our current standards of living. OER forecasts
conservatively estimates a potential for nearly a 1l0% decrease in
overall energy demand by 2000. Most of our energy conservation
opportunities are well known. They include:

0 Energy efficient weatherization of existing buildings;

0 Energy efficient construction of new buildings;

o) Energy efficient operation of commercial and inaustrial
buildings anG processes;

0 Installation of energy-efficient appliances and industrial
equipment; ana

0 Increasea implementation of energy-efficient transportation

methods including ridesharing and public transportation where
appropriate and the use of higher mileage vehicles.

Conservation cannot elimate our fuel neeos. Hawever, one of the most
important aspects of conservation is that it can stretch cepletable,
conventional energy resources now in use over a longer perioad,
perhaps long encugh to bring renewable technologies anc clean coal
technologies on line to meet our neeas with no transition perioa of
fuel shortages. Conserving energy by using it more efficiently may
also help improve the guality of the environment, by reducing
fuel-related pollution ana the neea for new large power facilities.

Finally, conservation can stimulate economic growth by savings gainea
from lower fuel use and by keeping oollars from flowing out of

state. The money we save anG keep in-state will be available for
local investment.

True conservation allows us to perform as much or more work while
using less energy. Too often, conservation is equateo with cold
homes, closed factories ana restrictea travel ouring vacation; in
general, doing without something we want or need. However, by taking
the proper conservation steps, it will be possible to have warm
homes, economic growth, ana freecom of movement as well as lower
energy use.
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IV. RENEWABLE RESOURCES

Maine's native renewable energy resources include hydro power, wood fuel,
solar eneragy, wind, the tides, biomass, peat and spolid waste. These
resources offer many important opportunities to diversify the state's
energy mix. Along with strong conservation efforts, cogeneration and
district beating, their increased development cap substantially reduce the
state's dependence on imported fuels and the drain they impnse on the
state's economy.

Most of Maine's renewahle erergy resources are located in many or all
parts of the state. This widespread availahility presents attractive
economic as well as energy opportunities that could play a key rnle in
reviving Maine's rural econnmy. At present, our native emeray resources
are in widely varying stages of development and use. For example, much of
the state's bydroelectric power potential bas already been barnessed,
while modern’ tidal power still remaims in the planning stages. Wood fuel
is used extensively by bomeowners and forest products industries, but the
state's peat reserves have yet to be tapped as a fuel source. However,
whether currently used or not, the potential exists for increased use of
all of our mative emergy sources to some degree. Progress in developing
these resources and the extent of their contribution to our ereray needs
in the future will depend on many factors. These factors include market
conditions, available technoloay and private and public pnlicy chnoices
that must try to balance economic and environmental concerns.

The following sections discuss the potentials and limits for the

development of each of Maine's major remewahle enmeray resources and some
of the current govermnment programs relating to them.

1, Hydroelectric

a. Introduction

Hydro power uses falling water to produce erergy. 1t can be
used directly as mechanical eneragy or, as has been more common
in recent decades, it can be used to gererate electricity for
use at the site or elsewhere. Hvdro power usuallv involves the
building of a dam to raise the height of the water at a
particular site and thus increase the eneray potential. Otber
less common methods to increase the water height, or "bead",
include tumneling through the ground or building a large
diameter pipe or "penstock' downhill from the water source.
Water can also be pumped uphill to storage basins for later
release. This is called "pumped storage" and can be used when
enough excess low cost energy is availahle to allow a net eperay
gain.

Hydro power exerted a strong influence on the early development
of the State. Before the early 1900's, methods of converting
mechanical ermergy to electricity had not been discovered.

Hence, most early mills and industrial plants were located at
good hydro power sites and many of Maipe's major cities and
towns grew up around them. In the 19720's and 1930's after
electricity came into broader use and the ahility to build large
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dams developea, Maine's hyaro power sites came under increased
pressure for development.

During the perioad of cheap o0il, from the late 1940's to the
early 1970's, hydro power lost its economic advantages. As a
result, interest in adaitional adevelopment of Maine's hyaro
power potential declinmed. More recently, the rising costs of
0il ana other non-renewable fuels has made hyaro power
economically attractive again and generated renewed interest in
expanaing use of this energy resource. At the same time, the
use of Maine rivers for recreation has increased dramatically,
as has concern for protecting the enviromment. This has, and
will likely continue, to create conflicts of interest in some
cases.

Nonetheless, on the whole, increased production of hydro power
in Maine can make desirable and potentially large contributions
to efforts to achieve more energy self-sufficiency.

Current Use

Currently, there are 85 hydro power facilities operating within
the state. Since 1950, the total contribution of hydro power to
Maine's energy needs has been relatively constant at 33 trillion
Btu's (or 2.5-3 billion kw hours annually).* Current

cevelopea capacity is more than 600 megawatts, equal to
approximately 7.9% of Maine's current total energy consumption
(cown from about 17% in 1950 when energy oemands were smaller).
At present, hyaro power provices roughly a thira of the
electricity used in Maine. New efforts to use Maine's untappec
hyaro potential were being actively pursueo at over 50 existing
gam sites in the state during the past year.

Resource Availability

Two major stuaies of hyaro power development potential in New
Englana are currently being conducted by the U.S. Army Corps of
Engineers< and the New England River Basins Commission?.

These are taking into consiceration the revitalization of
existing ocams ana the builaing of new ones. While these stucies
have not fully aodressed environmental ano economic limits to
this hyaro aevelopment, the preliminary findings provide an
approximation of the hydro power cevelopment potential remaining
in Maine. (See Figure H-1)

IMaine Comprehensive Energy Plan, 1976 Edition, Maine Gffice
of Energy Resources.

2"National Hyaroelectric Power Studgy, Northeast Power
Coorainating Council Regional Report, Volume XV", U.S. Army

Corps of Engineers, New England Division, Waltham, Massachusetts

30ngoing Hyaropower Expansion Stuay, New.Englano River Basins
Commission, 141 Milk Street, Boston, Massachusetts.
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Table H-1
Development Potential in Maine

New power from

Capacity " Energy
(KW) (MWH)
Existing Damsi 370,055 2,260,825
New Dams? 1,643,000 3,688,290
TOTAL 2,013,055 5,949,114

Source: <INew England River Basins Commission Hydropower

Stuagy. This estimate assumes a 70% plant factor.

ZNational Hydzopower Study: Corps of Engineers,
1980. This estimate includes base, intermediate and
peaking power.

The figures above are calculatea assuming cevelopment of both
the Dickey-Lincoln School Project and a large-scale Cobscook Bay
Tical Project - neither of which may be built due to economic
and environmental concerns. (Tigal power is discussed in this
Plan under Renewable Resources.) Even so, the estimates may be
low since no studies to cate have included estimates of the
aevelopment potential for a number of possible hyaro power
activities, incluading:

o} agevelopment of adoitional upper-basin or pumped water
storage facilities,

0 construction of new small, or "low heaa", hyaro projects,
and
0 improvements in existing storage and power capabilities at

sites in basins already developed.

The potential may exist to approximately triple the amount of
energy produced by hydro power in Maine. However, conflicts
with other beneficial water uses, environmental impacts and
economic constraints are such that only part of this potential
can reasonably be expectea to be dcevelopea. Development of new
gams is particularly sensitive to the interest rates on
construction loans (aue to the high initial costs of
construction) and also to prices set for electricity they
generate. As o0il prices ana other fuel costs continue to rise,
hydro power develcpment will become increasingly attractive in
terms of these economic consicerations. The number of feasible
gams and the potential contribution of hyaro power to the
state's total energy mix will also increase if effective
interest rates become lower anc as regulations affecting small
power proaucers are established.

93



If environmental and economic constraints allow only half of the
currently estimated hydro power potential in Maire to be
developed over the long term, about 1030 megawatts of capacity
would be gained and the contribution of hydro power to state
energy needs would aouble. Hydro power would then contribute
the eguivalent of about 20% of Maine's total current annual
energy consumption, or about 40% to 50% of the state's total
current annual electrical emergy use.

0

Dickey-Lincoln School Lakes Project

The only large-scale conventional hydro project currently
proposed for Maine is the Dickey-Lincoln School Lakes
Project. It woulc pe built on the upper St. John River at
a site that probably offers the only opportunity for a very
large hydro facility in the state. In October 1965,

" Congress appropriated funas for preliminary planning ana

design work on the project, which is an offshoot of the
earlier Passamaguocay Bay - Rankin Rapias combined tidal
and hydro power proposal. The project would consist of two
dams - a 335 foot high dam at Dickey, impounding an area of
86,000 acres with a generating capacity of 760 megawatts,
and a smaller cam at Lincoln School to smooth out stream
flow fluctuation caused by the releases from the Dickey
dam. The Lincoln School dam would be S0 feet high and have
an installed capacity of 70,000 kilowatts. The Dickey
powerhouse would be used primarily to meet peak power
demands, generating 1.2 billion kilowatt hours annually.
Regulation of stream flows in the St. John would also
result in increasea energy output at downstream Canadian
hyaroelectric plants by about 350 million kilowatt-hours
annually, some of which might be returned to the United
States, pending execution of a formal agreement with
Canadian Officials.

Congress has allocated annual funds for planning and design
of Dickey-Lincoln to the Corps of Engineers since the
original 1965 authorization. The first draft Environmental
Impact Statement was mace public in August 1977. The araft
EIS for the transmission lines was released by the
Department of Energy in March 1978. A revisea draft EIS
for the cams ana powerhouses was published in December
1978, and the final EIS for the project is due to be
published in late 1980. At this point, Congress has not
made a decision on whether to provice full construction
funcing for Dickey-Lincoln. If approvea, construction of
the project would take about 8 years, though some power -
proauction could begin about six years after construction
begins.

Governor 8rennan has been a strong and active proporent of
the Dickey-Lincoln project throughout his administration.
However, opposition by variocus public groups ana recent
political cevelopments raise doubts as to whether
construction of Dickey-Lincoln could occur in this cecace,
or at all.
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A stuay of the feasibility of constructing the Lincoln
School cam only for base and intermediate power gemeration
is now being made by the Northern Maire Regional Planning
Commission. No plans have yet been formed to pursue this
alternmative.

Considerations

In gereral, hydro power is a very aesirable source of energy for
Maine. It is a relatively large, native remewable resource that
offers power with no cost for fuel. Once hydro facilities are
built, operation and maintenance costs are low and dam
construction keeps capital in Maine. Some hydro projects can
reduce flood damages downstream and provide other cownstream
 benefits, such as control of the flow for recreation, water
supply or municipal wastewater assimilation. In addition, hydro
generators can be turned on anag off guickly to respond to the
need for peaking power, arid hydro power produces no
environmentally harmful pollutants.

However, the feasibility of hydro power at a given site is
heavily influenced by economic anc environmental

consicerations. Some potential hydro sites would flood large
areas of lana valuable as timber land, as a wilalife ana plant
habitat or for some other purposes. Damming can interfere with
the migration of amaaramous fish if agequate fishways are not
installea. Impoundment and changes in downstream water flow can
aoversely affect other fish species as well as create conflicts
with sport fisheries. The development of some sites wauld
eliminate popular stretches of whitewater usea for canoeing,
rafting ana kayaking and "arown" significant natural features of
the lanascape. Impaundment can force longtime resicents off
their land and conflicts can arise between the needs of dam
owners to regulate water flow and the desire of shoreland owners
for stable water levels.

These and other potential impacts make it necessary to carefully
consider each hydro development project on a case-by-case basis
during regulatory permit proceocures.

Current Programs

Maine's current laws tend to encourage cevelopment of hyaro
power while at the same time controlling it, to ensure that
unreasonable aaverse impacts on the enviromment and other water
uses do not occur.

The Mill Dam Act allows a shoreland owner to flooa the lang of
others as a result of builoing an approvea dam. Flowage rights
must be paio. The revitalization of existing ocams is encourageo
in the Abanaoned Dams statute by allowing anyone to claim an
abanooneoc oam if its owner can not e ceterminea. The Small
Power Procuction
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Facilities Act cefines the relationship between small power
progucers and the utilities in a way that encourages small scale
power procuction. (For example, making it possible for small
dam owners to sell excess power to utilities at a reasonable
rate.)

Legislation was passed in 1979 that simplifies the regulatory
procedures for installing power facilities at existing dams.
This act allows the Board of Environmental Protection to act as
a "clearinghouse" agency in the review of permit applications by
several state agencies incluaing Inland Fisheries ana Wildlife,
Marine Resources, Lana Use Regulation Commission, Historic
Preservation Commission, Transportaticn ana Energy Resources.

At the same time that Maine law encourages hydro development, it
also controls it. To protect the environment, Maine laws
require permits and State review for activities associated with
hyaro development that may impact lana, water and other
resources. Public utilities are required to get a certificate
of public necessity and convenience for large hydro facilities
intendec to produce electricity. Such regulation is meant to
curb unwise or unnecessary hydro aevelopment.

In adaition to its laws, Malne has several programs that adcress
nyaro power cevelopment. The Office of Energy Resources offers
information, technical assistance, ana encouragement to
responsible hydro power aevelopers, as well as working for the
public's interest in hydro-relatea cevelopments in legislation
anc aaministrative proceeaings. The Office of Energy Resources
has also helpea to work out aisputes over water levels between
power producers ana shoreland owners.

In January 1978, the OER began participation in the new Englana
River Basins Commission's (NERBC) Hydropower Expansion Stuay.
The first step in this study was to inventory existing dams in
the region and to assess the technical ana economic feasibility
of hydropower cevelopment at these existing aams. Adandonea
aams that do not currently proauce hyaropower were assessed in
the first phase. The development potential at new sites are
being evaluatea in the seconc phase of the study, as are the
socio-economic and environmental impact consicerations.

The Maine Critical Areas Program is working to icentify the
scientific and natural values of Maine's water resources (for
example, the most significant waterfalls and areas of
whitewater. This information will help to avoia aesthetic and
environmental conflicts ana allow more informea decisions
concerning which hydro sites to develop.

Financial assistance has been made avallable to small hydropower
dgevelopers through the Maine Guarantee Authority ang the Maine
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Municipal Securities Approval Act. In addition, the federal
government provides low interest loans through the Farmer's Home
Administration and through the Department of Energy for
feasibility studies. DOE Region 1 also provides free technical
assistance to prospective hydropawer developers through a
contract with a consulting engineering firm.

Fegeral law also encourages and controls hydro pawer
development. Federal tax laws provide an eleven percent tax
credit for investments in hydro power facilities, in adaition to
the regular 10% investment tax creait normally allowed for
business investments.

One of the five sections of the National Energy Act, the Public
Utilities Regulatory Policies Act, reqguires that utilities must
buy power produced by small hydro power facilities when it is
offered for sale. 1In Maine, the price the utility must pay is
the cost of producing the same power from oil fired plants.
Since many hydro facilities can produce power for less than oil
firea plants, this makes investment in byarc more attractive.

Development of hydro power facilities is also encouragea by the
laws authorizing the Army Corps of Engineers ta construct
multiple purpose water development projects. For example, the
Corps is authorized by Congress to work on the Dickey-Lincoln
School lLakes project on the St. Jobn River in Maine.

Like Maine laws, Federal laws also control hydro aevelopment.
For proposea dams with greater than five megawatts of capacity,
a license must be obtainmed from the Feaceral Energy Regulatocry
Commission (FERC). Projects at existing dams with less than
five megawatts of capacity may be exempted from Feceral
licensing upon application from the owner.

The National Environmental Policy Act requires that an
Environmental Impact Statement be prepared on all major federal
prajects affecting the enviromment (such as the Dickey-Lincoln
dam project). The EIS must address environmental impacts of the
proposal ana alternatives to the proposea action.

Additional Federal laws such as the Endangered Species Act, the
Acts establishing the National Natural Landmarks Program, the
National Wila ana Scenic Rivers Program and the Historical
Preservation Act make it acifficult for feceral agencies to funao
or participate in projects that woulo conflict with the goals of
these Acts or their related programs.
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2.

Wood

Introduction

A major result of the past decace's rising oil prices has been a
dramatic increase in the use of wood for space heating. In
1970, Maine homeowners burned about 324,000 cords of fuelwood.
During the 1978-79 heating season, the figure had risen to
575,000 cords. Maine's pulp and paper companies and some other
forest products industries have also increased their use of wood
residues, such as sawdust, shavings and bark, for space and
process heating neeas.

Current Use

The New England Fuelwood Survey founa that auring the 1978-79
heating season 46% of all Maine households burnea wood as a
primary or supplementary heating fuel. An OER Resurvey found
that approximately 55% of Maine households burnea wooa during
the 1979-80 heating season.

Even before the 1973 Arab 0Oil Embargo, many pulp and paper mills
used wood resioues as a fuel to some extent. .As oil prices
rose, the paper industry's use of residues increased.

Currently, most Maine pulp and paper mills have converted,
either totally or partially, to burning their wooa residues.

The exact amount of o0il saveo by this trend is unknown; but it
is believea to be a substantial amount. For example, the new
park-fireo boiler used in one of Great Northern Paper Company
mills allows a savings of over 400,000 barrels of oil a year.

Some other types of forest products inoustries, ranging from
toothpick factories to furniture manufacturers, also use their
wooa wastes as fuel. Currently, about 50 forest products firms,
not incluoing the pulp and paper companies, are burning wooo for
their space or process heating needs. About 30 other firms are
considering the passibility of converting to wood.

Resource Availability

About 90% of Maine 1s forested. Considering the size of our
forest resources ana the fact that trees are renewable, wood
could be used as a major fuel in the state in the future. The
limits to the contribution wooad can make as an energy resource
depend on a number of factors, inclucing: how well our forests
are managea, how efficiently wood fuel is used, anc the extent
of the gemands for wood as a resource for manufactured products
and other uses.

The 1970 U.S. Timber Resources Survey found that high-quality

trees of several harawood species were alreacdy being overcut in
many parts of the state. As the recent firewooo boom has
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developed, it is likely tbat instances of local overcutting have
increased, especially in easily accessible areas. This may
account for the fact that firewood supply prohlems have already
developed in some parts of the state. On the otber band, there
are hundreds of thousands of forested acres where hardwoods are
unused or underutilized either because they aren't easily
accessible, or because local demand is low, or, in some cases,
because the owners require softwood species in their production
process.

The 1970 Timber Survey also found that most of Maine's 100,000
small private woodlots are not managed efficiently for
long-term, sustaired yield. Some are overcut. Most of these
woodlots are nmot under a forest mamagement program and produce
far less wood for manufactured products or fuel than they could
if properly managed.

Another factor that will influence the future availability of
wood for fuel is the competition for bardwoods for manufactured
forest products. The demand for forest products is expected to
double by the year 2000 and some concern exists that competition
will develop between forest products industries and firewood
users for forest resources. Forestry professionals believe that
wood used for firewood should be limited mostly to low-grade and
cull trees. A cord of high-auality bhardwood that is cut and
split, valued at about $100 as firewood, is worth several

hundred dollars to the state's economy as a2 manufactured product.

The energy potential of wood could be expanded hy advances in
technology that allow more efficient burning or the increased
use of low-grade wood and wood residues by bomeowners. For
example, OER and the Maine Forest Service predict that more and
more people will turn to recently developed automatically-fed
central heating systems. These systems may use wood chips or
compressed wood pellets.

OER estimates that approximately 75% of all Maine bousebolds
will be heating totally or partially with solid fuel by 1990.

By the year 2000, this percentage will probably remain at or
near 75%. Firewood, wood chips and wood pellets will make up a
substantial portion of this total. However, wood is expected to
be replaced gradually with coal in many bouseholds as coal
becomes more available in Maine,

About 35% of Mairme's bouseholds are apartments or mobile homes.
The New England Fuelwood Survey and preliminary results from the
Resurvey indicate that a large number of mohile home and
apartment households have converted, or are considering
converting, partially or fully to wood heat. It also appears
from these surveys that the turn to wondburning bas not yet
peaked, but is still continuing to increase.

While the use of wood fuel by homeowners and non-forest products
industries may eventually decline, the forest products
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industries will probably rely heavily on wood emergy for a
longer period of time. For these industries, wood residues are
readily available at low or no cost and if their wood wastes are
not used, they will create disposal prohlems. The potential of
wood energy in forest products industries is more fully
discussed in this report's section on cogeneration.

Considerations

Wood is a very attractive fuel for Mairme., It is a readily
available, renewable native resource reguiring minimal
transportation costs. Wood barvesting and processing provide
local jobs. It is cheaper for bome heating than heating oil,
kerosene or electricity. Wood burning technology is relatively
well developed and simple, and residential wood burning
equipment is gererally affordable. Wood residues can be burned
to decrease waste disposal problems, and the use of all types of
wood fuel decreases our dependence on foreign oil. Wood can
also be used in the pulp and paper industry and the other forest
products industries for cogeneration,

Of course, there are a numher of potential problems that must be
considered with regard to wood heat. It is estimated that
several thousand wood-burning related house fires occur every
year in Mairme, gererally as a result of unsafe installation of
stoves or chimney fires caused by creosote huildup. Wood smoke
contains rather high guantities of particulate pollutants.

Thus, increasing pollution from residential wpnod-burning might
conflict with the reed for industrial expansion due to legal
limits on the amount of pollutants that can be emitted in a
given area. Particulates and other pollutants produced by
wood-burning may also pose risks to human bhealth if they exceed
certain levels. On the other hand, in contrast to oil and coal,
wood smoke is very low in sulfur dioxide and nitrogen oxide
emissions, currently two of our most common and serious
pollutants.

A drawback of traditiomal churk firewood is its time-consuming,
bulky mature. An alterrmative that makes wood more convenient is
the use of central furnaces that use wood pellets or chips. At
this time a supply system for consumer supplies of pellets and
chips is not adequately developed for widespread use. However,
it should steadily expand in the next few decades.

Current Programs

The increasing switch from oil to wood as an energy source bas
occurred without major government assistance., In fact, most
federal programs bave placed a higher priority on conservation
and on other energy resources than on wood. The U.S. Department
of Energy bas funded feasibility studies on several wood-fired
electrical generation projects. However, little attention bas
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been given to bome space heatina. It was not until this year
that the Internal Revenue Service decided to allow tax credits
for the purchase of wood burning devices.

State government is encouraging wood hurning in Maine. For
example, Maine allows a tax credit on part of the cost of
wood-fired central heating systems, and both the Maine Forest
Service and the Office of Energy Resources have programs to
promote wood as a residential and industrial emergy source. OER
has two distinct wood emergy programs. One is aimed at the
industrial/commercial sector, while the other is aimed at
homeowners.

The New England Regional Commission and the New England state
energy offices have a cooperative industrial wood energy
assistance program that provides information and technical
assistance to large firms and organizations that are thinking
about converting to wood. The program is tailored to each
client and can include: a preliminary cost assessment: a
preliminary site visit to survey the potential space for
conversion to a wood-fired system: help in deciding if the
switch to wood is worthwhile: technical assistance in how to
switch: and an assessment of cogeneration possibilities. This
program has so far belped about 15 firms in the State look at
the possibility of converting to wood. Some of the larger firms
and organizations currently considering wood as an energy source
are Madison Paper Company, Marine Colloids, Brunswick Naval Air
Station and the University of Maine system.

The Maine Guarantee Authority, the Small Business
Administration, the Economic Development Administration and the
Housing and Urban Development Action Grants have the ability to
provide financial assistance for industrial wood conversion
projects through bonds, conventional loans and direct grants.

In the residential sector there are several State programs
promoting the use of wood as an enerqgy source for homeowners and
providing information on safety. OER provides publications and
other information on wood burming to interested persons,
fuelwood dealers, organizations and otbher agencies and holds
public workshops on a variety of woodburning issues.

OER also monitors fuelwood prices across the state and has
several ongoing programs aimed at increasing fuelwood
availability, For example, it provides the public with a yearly
list of the fuelwood cutting permit programs offered hy pulp and.
paper companies and has set up framework for an emerqency
fuelwood program in conjunction with several large companies. A
list of kmown fuelwood dealers is made available plus

information on the Fuelwood Program which is administered hy the
Agricultural Stabilization and Conservation Sevice and the Maipe
Forest Service.
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OER, with the State Fire Marshall's Office, has developed a
publication called Recommended Standards for the Installation of
Woodstoves, which is used statewide by fire departments and
stove installers as a voluntary woodstove installation

standard. OER participates in community woodburning safety
programs and workshops, and has recently contracted with the
Cooperative Extension Service to conduct safe woodburning
programs throughout the State.

The U.S. Forest Service, in cooperation with the Maine Forest
Service, is now conducting the decennial survey of Maine timber
resources which will provide valuahle data about the current
availability of wood for emergy, manufacturing and other uses.
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3.

a.

Solar

Introduction

Solar power is the direct use of sunlight for space heating,
water heating ana other energy needs. Though the current use of
solar power in Maine is limited, the near term and future
potential is great. Most emergy planners believe that solar
power will be one of our major energy sources in the Unitea
States within 25 to 35 years. Just how guickly the full
potential of solar energy can be realized cepends on economic
factors, advancements in solar technology, increasea public
awareness ana government policy.

Maine's Comprehensive Energy Plan of 1976 proposed the increased
use of solar power and other native energy sources as a
cornerstone goal. The transition to solar energy has
accelerated since then cue to the rising costs of traacitional
fuels, educational programs, State and Federal tax incentives,
special loan programs and increasing public interest.

Current Use

At present, solar energy technology is being used in about 1400
Maine homes ana commercial buildings, primarily for space
heating or domestic hot water heating. The most common ana
inexpensive methoa of using solar power is through passive solar
building designs that use the building orientation,
configuration and materials to collect and store solar energy.
This can be as simple as increasing the area of southfacing
glass in a builaing and using sufficient insulation to keep the
warmth gainea insice. Basic passive solar features can often be
incorporatea into new pbulldings at little or no additional cost.

Retrofitting builcings with simple low cost solar air heating
devices which simply transfer heat into the agjacent interior
space is also gaining in popularity. Though they have no means
of storing heat or distributing it throughout the builoing,
these cevices are less expensive initially than systems with
storage and distribution capabilities. These simple solar
devices and passive solar oesigns will probably be more anc more
widely usea auring the 1980's while more sophisticateo solar
technologies aevelop.

Solar hot water heaters are another widely available,
increasingly popular solar alternative. Thus far, about 400
solar water heaters have been installed in Maine. They are
relatively simple to install on the roof or southern sice of a
new or existing building and can supply up to 60% of the heat
requirea for a oomestic hot water supply. The initial costs for

- a solar hot water heater can be nigh. However, their long term

cost aavantage is very attractive comparea to electricity ana
other traditional energy sources because there are no costs for
the solar unit's fuel once it is installed.
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Thne use of simple passive solar technology such as describea
above is expected to grow steacily during the 1980's. More
complicatea "active" solar systems are -- ana, in the near
future, will likely remain -- less wicely used. These systems
use collectors anc a mechanizea storage ana aistribution

system. Initial capital costs range from $5,000 to $20,000. In
most cases, the energy savings eventually more than offset the
high initial investment. However, few building owners have the
finances required to purchase such systems. Solar photovoltaic
cells that turn sunlight into electricity are also commercially
available. At this time they are more costly than the
conventional alternatives, but mass proauction, tethnological
refinements ana rising fuel costs shoula make photovoltaic solar
systems increasingly cost competitive in the future.

Resource Availability

Despite its northern location, Maine receives enough sunlight to
use current solar technology to proauce low and meoium
temperature heat for space and water heating on a year-round
basis. The state gets a comparatively high amount of sunlight
in winter, when heating cemanas are greatest. In fact, sunlight
availapility in January ancd February for most areas of Maine is
as high as for any East coast state.

Approximately 32% of Maine's present energy demana is for
builaing space and water heating. Potentially, a substantial
portion of the energy needea for these purposes coulo be
supplied by solar power. (Most existing solar space heating
installations in Maine proviace an average of 20% to 30% of a
builaing's yearly space heating needs; current solar water
heaters supply about 40% to 60% of the domestic hot water needs
in builaings where they are used.) The rest of the energy
needed for space and water heating in solar builgings can be
supplieda by other forms of energy such as wooa, electricity, gas
or oil,

It is estimateo that 60% of all existing builaings in the state
have acequate "solar access." For the purposes of this report,
solar access is cefinea as the orientation of at least one major
building facade within 30 degrees of true scuth, with minimal
(less than 5%) shading on that surface between 9 AM. ana 3 PM.
Simply put, saying that a building has adequate solar access
means that it receives enough sunlight to make the use of solar
power worthwhile.

With proper planning, about 90% of all new builcings coulo use
solar power for some degree of space or water heating at little
or no acaitional cost. However, solar energy use tenas to make
sense only in well-insulatea buildings. It can be used most
effectively and make the greatest contributions in new or olgc
builaings that have been weatherized to acequate levels. (New
builcings shoula at least meet the State Energy Conservation
Building Standaras.)
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Simple solar technologies - such as passive solar builaging
design and solar water heaters - can make significant long term
contributions to inaivicual ana statewide energy needs in

Maine. Maine citizens can take advantage of these opportunities
rignt now. Future technological cevelopments in solar power can
be integrated into existing solar builaings to further reduce
consumption of non-renewable fuels and make the solar
contribution even greater.

Consicerations

Solar power is one of Maine's most attractive ana most available
energy alternatives. It is a native renewable energy source for
which there are no "fuel" costs. Thus, solar installation costs
are eventually paid back through the savings gained. The long
term costs of using solar power for space and water heating are
lower than for traditional fuels. Solar power is virtually
pollution-free and poses no conflicts with other uses of
sunlight. Most of the money spent on solar installations is
kept within Maine and the expanced use of solar power will
create jobs ana utilize native building materials in products
manufactured or assembled in Maine.

However, for the full potential of solar power to be realized, a
number of consicerations must be aacressea. For example, the
initial costs of tapping solar energy can be high. Afforaaole
long term financing is aifficult for many builaing owners to
fina. There is a lack of clear legal status of solar access
rights (i.e. what happens when one building blocks another's
sunlight). In terms of practicality ano looks there are
sometimes gifficulties in retrofitting existing structures to
use solar energy since they were not originally dgesigned or
oriented to use it. Much of the general public and most
contractors are still unaware of the potential of solar
tfechnologies and some people are put off by the untamiliar
design of certain new passive solar homes. Finally, the
majority of existing homes are not insulatea ana weatherized
heavily enough to use solar energy for space heating
effectively. Thus, energy efficiency measures woula be requirec
in these homes for use of solar power to be effective.

Current Programs

A wice variety of current OER activities are aimea at increasing
the use of solar power in Maine. Funds for these activities
come from the Department of Energy through the Northeast Solar
Energy Center. The following is a brief overview of the major
solar programs tnat have been unaerway curing the past three
years.
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Technology Transfer/Vocational Workshop Program

This program is designec to assure the existence of
knowledageable providers of solar technology in private
industry. Toward this end, over thirty solar warkshops have
been spansorea since 1978 for building contractors, solar
installers and other inaustry groups that provide, or could
provide, solar technologies to consumers.

Solar Publications

Tne OER bas aeveloped a variety of publications about the use of
solar power in Maine to expand public awareness, answer typical
questions asked by consumers and provice useful technical
information. These include fourteen publications on solar
topics ranging from relevant fimancial ana legal conslderations
to inventories of solar use in Maine. Acditional materials are
developea as new generic technologies emerge.

General Education Program

Because personal contact is one of the most effective ways of
tranferring solar information to consumers, this program offers
seminar and conference speakers on solar power to the general
public. Program topics are gearea for both uninformeo persons
who cesire an introauction to solar technology anc more informec
indiviguals trying to make cecisions about solar use. The goal
is to develop and transfer a consistent information base to the
public through all appropriate channels incluaing government,
eaucetional institutions, community energy organizations and
orivate inaustry.

Capital Transter Program

The objective of this program is to make afforaable financing
for solar technology more available to all Maine building
owners. This has inclucea efforts to eaucate private, State ana
Feceral financing institutions about solar possiblities as well
as the publicizing of available borrowing opportunities (these
opportunities will expana as funas from the Feceral Solar ana
Conservation Bank become available in 198l.) Also involvea are
the development and administration of tax breaks ana other
legislative solar incentives.

Technology Development ana Demonstration

This program makes available information on the nature ana
performance of working solar projects ana, in the case of some
new sclar technologies, assists in their cevelopment. A wice
variety of activities are used to cemonstrate Maine's solar
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potential, including exhibits and audio-visual materials,
buiding and design competitions and grants for certain solar anc
appropriate technology projects.

Solar Consumer Assurance Program

As part of a national effort to increase consumer trust and
acceptance of solar technology, the Maine OER is cone of
thirty-five state agencies participating in a National Consumer
Assurance Program. In Maine, the plannea focus will be on the
expansion or creation of voluntary quality control installer
certification and consumer protection programs.

Removal of Barriers to Solar Utilization

The purpose of this program is to help remove obstacles to solar
oevelopment in Maine. Thus far, it has incluoed work on minimum
warranties for solar products, incentive-oriented solar
legislation ana licensing procedures for solar technology
installers, solar access education, and encouraging the
consigeration of solar in community energy planning.

109



4.

a.

Solid Waste

Introduction

Municipal waste-to-energy systems could supplement Maine's
energy supply and at the same time help to solve solid waste
disposal problems. Resource recovery offers larger communities
alternatives to landfill sites, which are often hard to find
locations for and increasingly expensive to maintain. It may
also provide a local source of energy in times of reduced energy
supply. Communities with solid waste energy recovery facilities
can hold down or reduce their waste disposal expenses while
provicing a reliable and finmancially attractive source of energy
to a local inaustry or to cther consumers. Incineration of
waste to produce steam is the most common resource recovery
system being considered; however, conversion of waste to methane
is also a possibility.

Current Use

The city of Auburn has become the first community in Maine to
build a solid waste resource recovery project. When this
facility begins operation early in 1981, it will generate steam
for use by Pioneer Plastics, one of Auburn's largest
industries. Auburn's experiences ana methoas of implementing
the concept of solid waste resource recovery will be of great
value to other communities in Maine.

Resource Availability

Currently, there are about 300 solid waste acisposal sites
(mostly sanitary landfills) in Maine. Eight regional areas:
Sanfora, Biddeford-Saco, Greater Portland, Lewiston-Auburn,
Norway-South Paris, Augusta, Waterville-Winslow, and
Bangor/Brewer, produce about 60% of the 750,000 tons of solid
waste generatec in the State each year. For many communities,
present methoas of aisposing of municipal refuse are outdateaq,
inefficient or prohibited by state anc federal regulations.

There are 12 specific areas in Maine where waste-to-energy
projects are considered feasible. Towns in eight of the areas
are actively investigating refuse to energy options. If built,
these projects, plus Auburn's, would save the equivalent of
400,000 - 600,000 barrels of oil each year. Descriptions of the
projects being considerea are provided in Figures 4.1 anc 4.2.

Considerations
Determining the feasibility of a regional resource recovery

system is a gifficult ano complicated task. A broag range of
understanding in many areas is required, incluging the quantity
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and characteristics of the waste stream, transportation
constraints, the costs, available markets for recovered eneray,
and various technological and financial options. Towns will
need belp in assessing these and otber aspects of
waste-to-energy systems. Many independent businesses and
commercial facilities may generate enough snlid waste to allow
building their own waste-to-energy facilities. To belp them
decide if tbis is a sound idea, technical assistance will also
be required.

Especially for the 12 urban areas where waste-to-eneray proiects
seem feasible, solid waste could become a minor, but significant
enerqgy source in the future, as well as a solution to current
solid waste disposal prohlems. However, where incineration is
used, potential effects on air auality will have to be carefully
evaluated.

Current Programs and Policies

The OER is currently studyina possihle construction of as many
of the 12 identified urban waste-to-ermergy systems as are
economically feasible. Because of mutual concerns, the 0Office
of Energy Resources and the Maine Department of Envirommental
Protection are cooperating in providing assistance to
communities and firms interested in resource recovery systems.
The two agencies are able to provide assistance concerning
regulatory, enaineering, technical and fimancial aspects of
solid waste enerqy facilities for Maine communities.

The U.S. Environmental Protection Agency is also able to provide
support in the form of technical assistance although on 3
limited scale. Botbh DEP and OER are working with interested
communities to obtain any availahle Federal assistance in this
area.

Under Title II of the Eneragy Security Act of 1980, Conaress
authorized a two-year program of finmancial assistance with
expenditures from the Eneray Security Reserve of $850 million
and Department of Agriculture expenditures of $600 million for
hiomass alcobol fuels and urhan waste. $500 million of the DOE
allotment will he used for urban waste proiects. Financial
assistance may take the form of loans of up to 80%, or loan
guarantees of up to 90% of construction costs, and of price
supports or price-support loans for new and existing facilities,

An Office of Energy from Municipal Waste bas been establishbed in
the Department of Enerqgy. This office will administer a variety
of programs to assist municipalities in evaluating resource
recovery from solid waste.
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Area

Waterville/
Winslow

Brunswick

Bangor/
Brewer

ARugusta

Biddeford/Saco

Portland

Sanford

Norway/South
Paris

Source:

Figufe 4,1

Size

100 tons/day

Up to 300 tons/
day

150 to 300 tons/
day

100 tons/day

100 tons/day

250 to 400 tons/
day

75 to 125 tons/
day

50 tons/day
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Estimated
Cost

$5 million

$5-8 million

$5-15 million

$5-6 million

$3-5 million

$8-30 million

$3-5 million

$2.5 million

Type

Incineration to
Steam

Incineration to
Steam

Modular Incimeration/
Steam Refuse Derived
Fuel (RDF)

Incineration to
Steam

Modular Incineration/
Steam

Incineration/Steam
Recovery or RDF

Modular Incineration/
Steam

Modular Incineration/
Steam

Maine Department of Environmental Protection, November, 1980.
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5.

Wina

Introduction

Wind power can make substantial contributions to the electrical
needs of individual homeowners. However, more efficient, less
expensive technology must be ceveloped and available before the
use of wind power will be widespread and its potential
contribution to Maine's overall energy needs can actually be
realized.

Current Use

Historically in Maine, windmills have long been used to pump
water or perform other mechanical tasks, but the most promising
use for wind power in the future is for electrical generation.
About two dozen small scale wina generators are currently
operating in the state, anc several more will be operating
socon. Each of these operating units can generate about 1 to 3
kilowatts of power, or up to 3000 kilowatt hours of power per
year. Depending on individual needs, this is enough power to
supply at least some and possibly all of the electricity
required by a homecwner.

Though wind is an abundant resource, major problems have kept
wina power from contributing greatly to Maine's total electrical
supply. First, because of cost anc the state of wind
technology, it is not presently economically feasible to
concentrate power into a few large generators. Small,
relatively expensive generators are avallable to convert wina
motion into useable power, but most can supply the needs of only
one family. Finally, the wind coes not blow constantly and
expensive windmills may often stand iole or operate well below
capacity if not properly sitea.

Many of the wina systems in use today are the only source of
electricity for a remote home or commercial operation. In such
cases, expensive battery storage systems are usually required to
provide power when the winag isn't blowing. Storage would not be
a problem, however, if systems are part of the utility network,
because other sources of power would always be available. Oue
to the high cost of the equipment neecea, wind-generatec
electricity tenas to be more expensive than power prooucec by
hyaro, nuclear fuel, coal or even oil at present. For example,
the average cost of wind-generateo power currently is 10¢ to 25¢
per kilowatt hour. By comparison, the hydroelectric generating
facility being constructeo on the Androscoggin River at
Brunswick is expected to proauce power at 4.5¢ per kilowatt
hour. 0il fired generation costs between 3¢ and &¢ per kilowatt
bour for the fuel, plus additional fixed and variable costs of
operation; however, these costs are continually rising.
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Respurce Avallability

The potential of our wind resnurce is very large, though wind is
currently used to produce only a tiny fraction of Maine's total
energy supply. The relative inefficiency of current wind
technology and the high costs of existing equipment currently
prevent widespread use of this resource. Wind energy could
become an attractive source for electricity if current
engineering research produces wind-generation devices that
convert a higher proportion of availahle wind to electricity, or
if less expensive systems are developed or if the relative
economic advantages of wind eneray improves by some other means
(such as the rising costs of other fuels).

Recent technical advances bhave made it easier to link individual
home or business generators to electric utility systems, thus
allowing owners to sell their excess power to utilities during
periods of high wind. Legal obstacles once prevented this, but
they have been largely recolved. Both Central Maine Power
Company and Bangor Hydro-Electric Company will now purchase
wind-generated power at 3 to 4¢ per kilowatt bhour. Rates may be
bigher after the PURPA mandated rates are set.

Considerations

Wind power has many attractive features. Like solar power,
there are no fuel costs and virtually no environmentally harmful
side effects. Electricity generated hy a small windmill can
make a homeowner more "enerqgy independent" or provide power
where utility lines are not available. And, of course, any
increasing use of wind can help to reduce the use of imported
non-renewable fuels.

The greatest obstacle to increasina use of wind power is the
current high cost for equipment that is relatively inefficient.
However, there are other factors that can affect wind use,
including wide variations in wind strength, potential aesthetic
problems in scenic areas, and possible conflicts with zoning or
land use requlations.

Current Proqgrams

1. Field Evaluation Program (FEP)

Since November 1979, OER bhas been actively involved in this
program, managed by Rockwell Internmationalt's Wind Systems
Program for the U.S. Department of Eneray and designed to
promote the use of small-scale wind generators (less than
100 kw).

Toward this gosl, DOE is installing two windmills in each
of the 50 states and some U.S. territories. The machines
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assigned to Maine have been sited through the coaperative
efforts of the Office of Energy Resgurces, the electric
utility industry in Maine, and the Northern Mainme Regional
Plamning Commission, with technical assistance and review
by engineers from Rockwell International.

The wind generators installed under this program in Maine
are:

a) An Erertech 1800, a 1.8 kilowatt machine installed in
October 1980 at the residence of James Buck in Trenton:

b) A Storm Master 18, an 18 kilowatt machine to be
installed at radio station WDHP (FM)/WFST (AM) in
Presque Icle.

New England Wind Project (NEWP)

In May 1980, the OER began participation in the New England
Wind Project. The goals of this program are similar to
those for the FEP, hut the machines to be used will be
experimental and are not yet commercially available. The
systems planned under this program are:

a) 1-2 kilowatt DC output machines designed for
independent applications where no electricity is
available from utility systems.

b)  8-11 kilowatt AC output machines that can be linked
with utility systems. Two sites have been chosen for
these machines, one a residence on North Haven and the
other a residence and <ki lodge at Rangeley.

c) 100 kilowatt AC output Darrius (vertical axis)

machines designed for commercial or small industrial
applications.

Information Dissemination

More than 600 wind power information packages have been
distributed to Maine's citizens by the OER to help them
decide if wind energy is a good alternative for them. The
package includes materials on site selection: unit <izing
and load match: technical considerations: lists of
availahle systems, manufacturers, dealers, and accescories:
and descriptions of available tax credits and other
incentives.

Technical Assistance

Dozens of Maine citizens have been ascisted by OER with
more specific, detailed consideration of wind energy
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systems for their use. Several communities, such as
Rangeley, Monhegan, Matinicus, and North Haven/Vinalhaven
have received help in assessing local wind eneray
development potential on a community scale. Further, OER
has worked in cooperation with Public Utilities Commission
staff to apply wind eneray systems to specialized
communication and electrical generation needs -
particularly on the Maine coastal islands where remote
locations, strong and steady wind, and high costs of hookup
to utilities create ideal environments for wind power
applications.

Monitor Technological Developments

Considerable research on wind power is occuring around the
nation on wind eneray systems of many sizes, from less than
1 kilowatt to about 3,000 kilowatts. Several test
installations have been or are being erected around the
country for large machines of up to 3,000 kilowatts
capacity, DOE and NASA are the cooperating agencies for
administering this large-scale Wind Eneray Conversion
Systems (WECS) program.

The Electric Power Research Institute (EPRI), on behalf of
the country's investor-owned utilities, has installed a
3,000 kilowatt unit manufactured hy the Bendix Corporation
for Southern California Edison. Recently, the government
of Price Edward Island has established a wind test facility
as part of an initiative co-ordinated with the six New
England Governors-Eastern Canadian Premiers' joint eneray
program under the direction of the Northeast International
Committee on Energy (NICE). This facility will be
dedicated to testing small scale wind machines in harsh
coastal and marine environments and should yield technical
data of <pecial interest and use to Maine's coastal
population,
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6.

Tical

Introduction

Tical power is a form of hyaro power that uses the natural
forces of daily tides to produce electricity. Most modern tidal
schemes involve placing a dam and turbine at the entrance to a
bay or inlet. As the tides fill and empty the bay water passes
through the turbine and electrical energy is proauced.

Of particular importance in selecting a tiocal power site is the
range between low and high tides. This tical range, or "heao",
determines the energy potential of the site. A very large
exchange in the volume of water is also crucial to tiagal power

~development. The ideal site has a large tidal range and a

narrow, shallow strait opening into a larger tidal basin area.

Current Use

In the past small tical mills were fairly common along the Maine
coast, including grist mills, saw mills ana stone cutting
operations. By the turn of the century most were gone, ana
currently there are no operating tical power facilities in
Maine.

Resource Availability

The most favorable sites for tical power acevelopment in Maine
are generally considered to be in Cobscook ana Passamaguoaay
Bays. These areas have both the right coastline configuration
ana the 15 to 20 foot tical ranges common east of Machias,
proviging the best opportunity for tical cevelopment. Tiocal
power is possible further cown the coast, but with current
technology the economics of using bays with tical ranges of less
than 15 feet become increasingly unfavorable.

Since 1976, the Passamaguoady Inaians at the Pleasant Point
Reservation at Perry have been studying the feasibility of
builoing a small-scale tical powereo electric generating
facility at Half Moon Cove in Cobscook Bay. It woulw cost
between $21 million and $35 million to construct ana have a
capacity of 10 to 12 megawatts, enough to serve the electric
neeas of an estimatea 5,000 to 10,000 people. The power
producea would replace the eguivalent of 55,000 to 65,000
barrels of oil a year. Estimates as to the cost of the
electricity producea by the proposed plant vary wicely, but it
woula probably be somewhere between 5¢ to 7 1/2¢ per
kilowatt-hour based on 1980 dollars. This woula be less than
the cost for power proauced by most oil-firea plants and
comparable to, or less expensive than, some other conventional
fuels.

The Passamaguoaaies receivea a preliminary permit from the
Federal Energy Regulatory Commission in 1980 which gives them an
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option to use the site. They are expected to apply for a
license to buila ana operate the facility during 1981.
Construction coula be finishea ana the plant could go on line as
early as 1985.

A numper of other sites in Cobscook Bay offer particularly
favorable conditions for small-scale tigal power aevelopment and
their potential has attractea increasing public interest. To
study the opportunities, citizens from Eastport, Perry,
Pembroke, Dennysville, Whiting, Lubec ana the Pleasant Point
Reservation recently organized the Cobscook Bay Tigal Power
Committee. It is expected that this 'will soon leaa to
preliminary planning for Cobscook tiagal projects other than Half
Moon Cove.

Preliminary OER stuaies indicate there are approximately 100
sites along the Maine coast where small-scale tical facilities
may be practical. Fifteen to twenty of these sites with
potential ranging from 40 to 1000 kilowatts of capacity are now
being actively stuaied. The total energy potential for
small-scale tidal power in Maine is not possible to estimate
reliably at this time. It could make substantial contributions
to the energy needs of some down east communities and could
possibly supply a large portion of the electricity needed by
Washington County if enough of the most promising sites in that
region are oeveloped.

The future contribution of tidal power coula be significantly
expandea, of course, by construction of a large-scale tidal
facility. Malne's Passamaguoaay ana Cobscook Bays are among the
few sites in the Unitea States where large tical projects might
be feasible. Since the 1930's, the U.S. Army Corps of Engineers
has stuaiea the possibility of constructing a large tical power
plant in the Passamaquoaay region. Early schemes envisionea a
joint U.S. - Canacdian Project, using both Passamaquoady and
Cobscook Bay, that woula have an ultimate generating capacity of
up to 1000 megawatts. The recent aecision by Canada not to
pursue this concept has apparently mace it certain that the
project won't be built. (The Canaaian government has not
abanuoneo the icea of tical power. On the contrary, it is far
into the planning stages for ceveloping tidal sites that are
wholly within Canadian waters ano potentially much larger than
the joint project woulo have been.)

The Army Corps of Engineers nas also been stuaoying the
possibility of building small to large-scale tigal facilities
that woula use only Cobscook Bay. In their numerous reports,
the Corps has identifiea about ninmety tidal power alternatives
for the area, incluaing projects ranging from 5 to 500
megawatts, with possible annual power outputs of 16 to 790
million kilowatt hours a year. The conclusion of the Corps at
this time is that none of these projects are economically
feasible when the costs and benefits are weigheo. Many Maine
citizens do not agree with this conclusion. However, since
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construction of the large-scale projects probably depends on the
Corps' interest ana support, large-scale tidal facilities are
unlikely in Maine for the foreseeable future.

Consiacerations

An oft-cited disadvantage of tidal power is that although it is
predictable and steady over the long term, it is also
intermittent. The power output rises ana falls daily with the
tides and the supply of peak tidal enmergy may not come at the
same time as the peak demana. However, with interconnections to
the overall electric power pool, this should not pose any great
problem, since other sources could always fill the local needs.

On the whole, the potential availability of tigal power in Maine
will be limited by the number of sites that are suitable for
gevelopment. Such sites do not exist along the entire coast.
And, like the damming of rivers for conventional hydro power,
damming a bay for tidal power is not necessarily practical,
economically or environmentally, even if the bay is physically
suitable.

Most state laws cited in the section on riverine hydro power are
applicable to tidal hydro power sites. In adaition, tidal sites
would require:

0 A lease from the Buresu of Puolic Lands for use of the
submerged lanas at the dam site ana beneath the power pool;
and :

0 Fegeral permits from the Army Corps (Section 10) and the
Coast Guard for dredging anag filling ano creating
obstructions to navigation.

Current Programs and Policies

Maine currently has no State funaing programs specifically
available for tidal power development. There are, however,
several federal funaing programs for which the State has the
authority to act as a clearinghouse. The State can also help to
coorainate a aeveloper's plans with the federal program.

The most significant federal tidal power program, both in terms
of oollars ana man-hours invested, is the work ocone by the Army
Corps of Engineers on Cobscook ana Passamaguoaay Bay tidal power
stucies. For the past 40 to 45 years the Army Corps has spent
millions of dollars evaluating the tical energy potential of
these two bays. In the 1930's the Army Corps actually began
initial construction but later suspenced operations due to
changing economic conditions.
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One feceral program that has assistea in the preparation of
current tical power plans in Maine is the Coastal Energy Impact
Program, fundea through the National Oceanic & Atmospheric
Administration (NOAA). At the state level, the OER provides
technical assistance to owners or proposea cevelopers of small
tidal power sites.
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7.

a.

Biomass

Introduction

Biomass is any plant or oraganic matter, including agricultural
crops, crop residues, other plants, animal wastes, wood and wood
residues, garbage and solid waste material containing '
cellulose. Biomass can be burned directly, pelletized, gasified
and made into alcobol.

Current Use

Although there are many potential sources of biomass energy,
wood and wood residues are the only sources being used
extensively in Maine at this time. Their use is discussed in
more detail in the reports on wood and cogeneration.

A limited number of Maine service stations currently sell
"gasohol", a mixture of 90% gasoline and 10% alcohol, Some of
the alcohol used for these supplies is processed from corn and
other agricultural crops, although none of the biomass used
comes from Maine,

Ethanol and methanol are the two most common alcohol fuels
presently being used in internal combustion engines. Both
alcohols can be used straight or in a 90% gasoline and 10%
alcohol gaschol blend. Most methanol is presently made from
natural aas, although it can be made from coal or bhiomass
containing cellulose. Methanol has been used for years to power
race cars. FEthanol, which is made from any biomass material
containing sugars or carbohydrates, is enjoying an upsurge in
popularity. While alcohol stills have produced "moonshine" by
fermentation illegally for years, farmers and entrepreneurs have
recently begun to produce it legally.

Farm eguipment or other vehicles that use an internal comhustion
engine can run on straight 160 proof or stronger alcobol by
making minor adjustments to the engine carburetor. Engines can
also run on hlends of up to 20% alcohol and 80% unleaded
gasoline with no modifications. However, because alcohol has a
tendency to separate from gasolire and to collect water it is
generally felt that a 90% gasoline, 10% alcohol (200 proof)
blend is best.

Animal wastes and crop residues can be used to produce methane
gas, which bas fuel uses similar to natural or propane gas. A
small number of Maine farmers currently use such biomass
supplies to produce methare for their own use.

Resource Availability

Over 95 million cubic feet of wood residues (sawdust, shavings
and bark) were produced by Maine forest products firms in 1979,
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Much of this was used for energy. However, considerable amounts
of useable logoing slash are left in the forest. Or. Harold
Young, of the Complete Tree Institute at the University of Maine
at Orono, estimates that for every 100 dry tons removed from the
forest, 45 dry tons remain in the form of limbs, roots and other
logging residues. Tree-chipping machines are used to change
this biomass into chips useable for eneray purposes. The chips
are generally trucked to pulp and paper plants where they are
used in boilers in the same way as other wood residues. 1In
Vermont, such chips are used to fire a 30-megawatt electric
generator. The large amounts of logging slash left in Mairne's
wood each year, as well as nonmerchantahle trees, comprise a
potentially great source of hiomass that could be used as fuel.

Maine produces a number of agricultural crops that could be used
for ethanol production. For example, if all of Maine's cull
potatoes were used for alcobol production, it would produce
about 4 million gallons of alcobol or about 1.5% of Maine's
unleaded gasoline consumption for 1979. The fnllowing tahle
gives tBe relative yield of alcobol per ton of various
agricultural crops.

Relative Yield of 99.5% Alcohol Per Ton of Selected Crops

Material Gallons
Wheat 85.0
Corn 84.0
Buckwheat 83.4
Grain Sorghum 79.5
Barley 79.2
Rye 78.8
Oats 63.6
Sweet Potatoes 22.9
Potatoes 22.1
Sugar Beets 22.1
Sugar Cane 15.2

Source: U.S. Department of Agriculture, Miscellaneraus
Publication 327, December 1938

Approximately 70% of salid waste material deposited in town
1landfills contains cellulose. This material could he used to
make methannl, although the economics of methanel production
favor large scale plants which would reauire large quantities of
solid waste. Because of Maine's dispersed population aresas,
large enough aquantities of solid waste would be hard to gather
at orme location. However, as discussed in tbe report on solid
wastes, municipal trash could be burred in some towns as a way
of providing an ecoromically attractive waste-to-emeray use for
this source of biomass.
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Considerations

Many native sources of biomass that could produce enerqgy for
Maine are available for this purpose. Cull potatoes and solid
waste, for example, are unused or underutilized currently and
their use as a fuel would have double advantages either
economically or environmentally. As a whole, hiomass is a
flexible resource that could be used as a solid fuel or
transformed into a liquid or gaseous fuel. In the case of
alcohol fuels, biomass can be used to extend our supplies of an
important conventional fuel. Gasohol blends not only help
conserve gasoline, but also produce less pollution than straight
gas and increase gas mileage by increasing the octane rating.

However, the initial costs involved in building biomass
installations to produce a product like alcohol are high,

- Often, there may also be added costs for transporting biomass
resources to such a facility.

The environmental effects of increased biomass use must also be
addressed for each source. For example, the conseguences of
whole-tree harvesting on forest ecology are not clear, and the
burning of wood residues can produce relatively large amounts of
particulate pollution. Alcohol fuels can mix with and pollute
water sources. Such considerations must he carefully explored
if biomass is to become a substantial source of eneray for the
state.

Alcohols also have several undesirable characteristics as a
fuel. They do not have as much energy output as gasoline, they
burn with no visible flame, they are corrosive to engine parts,
they often make starting in cold weather difficult, and they
nave a tendency to separate from gasoline in agasohol blends.

Programs

Federal Initiatives

Many Federal agencies including the Department of Enerav, the
Department of Agriculture, the Small Business Administration,
and the Department of Housing and Urban Development have been
given funds to boost biomass fuel production. Other agencies
have been ordered to redirect part of their furding toward
alternmative fuels production.

Maine Alcohol Fuels Task Force

Maine has an Alcohol Fuels Task Force made up of 17 members
representing both the public and private sectors of the

economy. Their goal is to answer the broad aquestion: "Should
the State of Maine support an alcohol fuels industry?" Recently
they have considered resource availahility, various
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technologies, the economics of alcobol production, state and
federal legislation and other aspects of alcohol fuels
production. At the present time, the Task Force is studying the
information collected in preparation for making their
recommendations. A fimal report will be issued in March,

Maine Alcohol Fuel Projects

There are presently 3 moderate to large scale ethanol projects
that are in various stages of plamning or construction in

Maine. Two of the plants would use potatoces. One of the plants
would use imported grains from the Midwest. 1In addition, two
small alcohol fuel projects were recently awarded DOE
Appropriate Technology Feasibility Grants, and tax credits and .
other Federal incentives have helped to make alcohol fuels
production more attractive.

Information/Techhical Assistance

The Office of Eneray Resources provides information and some
technical assistance to persons interested in alcohol fuels
production. OER is the state contact for the Nationmal Alcohol
Fuels Commission, the Department of Energy's Alcohol Fuels
Office and the Solar Research Institute's Alcobol Fuel
Information Centers.
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8.

Peat

Introduction

Peat is made up of plant materials comprised of sphagnum moss,
sedge and lesser amounts of other wetland plants that grow in
peat bogs. Peat is the beginning stage in the geological
process by which organic materials are turned into coal. Maine
has relatively large peat reserves, though in the past they have
been mined almost exclusively for use as an agricultural snil
conditioner and for other agricultural uses.

In other parts of the world, peat has been used as a fuel for
hundreds of years. A third of the electricity generated in
Ireland is produced hy burning peat fuel in power plants. The
U.S.S.R., which accounts for ahout 95% of the world's current
peat production, nperates 76 peat-fired generating stations
which produce about 3% of the country's total electrical

output. Recent o0il price increases have renewed the interest of
government and industry in developing peat as an indigenous
energy source.

Current Use

At present, peat is not used in Maine to supply any portion of
the state's eneraqy demands. Nearly 8,000 tons of peat are
harvested each year in Maine, hut used solely for agricultural
and horticultural purposes. Most of the small number of
existing peat mining sites in Maine are located in the eastern
portions of the state, particularly Washington County.

Resource Availahility

Recent estimates hased on earlier soil and geologic survevs
indicate that Maine may have approximately 770,000 acres of peat
deposits, the largest reserves of any New England State. As of
Septemher, 1980, 285 field surveys on more than 78,000 acres
have indicated an estimated commercial reserve of 117.5 million
tons of peat.

As a fuel, peat has a somewhat greater heating value than an
equal weight of wood, and about two-thirds as much as coal.
Current peat minina practices usually involve draining a bog,
then stripping off layer after layer of the depasits with larce
harvesting machines, Peat is used for fuel after it has dried
thoroughly in its natural form or compressed into pellets or
briguets. Tt can also he used to make synthetic natural qas.
At this time, the use of compressed peat appears to have the
best potential for providing emergy for residential and
industrial uses in Maine,
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Accorauing to estimates oy the Institute of Gas Technology, the
energy equivalent of the U.S. peat reserves is 1443 quacs
(quaarillion Btu's), an amount egual to the energy of about 240
pbillion barrels of oil. IGT estimates that about 21 quaas of
this total is in Maine. This would amount to about 60 times the
total number of Btu's used in Maine each year if it were all
actually available as energy.

Realistically, economic and environmental concerns may limit the
actual amount of energy that Maine coula get from peat to only a
portion of this potential. Even so, the energy potential of
peat may still be substantial. A New England Energy Congress
stuay estimatea that a 10,000 acre peat bog averaging 15 feet
thick might yiela about 20 million tons of air-oriea peat. This
woula equal the energy of about 15 million tons of coal, or 60
million barrels of oil.

Consiaerations

Peat is a potentially large native energy resource for Maine.
Its development could make notable contributions to both local
energy neeas ana the economy.

Theoretically, peat is renewable within a very long geologic
time scale of tnhousanas of years. Practically, on the scale of
human lifetimes, it shoula be consiacereo non-renewable. A peat
pog that is mineo will not renew itself for hunoreas or
thousanaos of years. However, it might oe possible to reclaim
some mining sites in an environmentally ana aesthetically
acceptable manner by turning them into lakes.

One of the major areas of concern with respect to peat mining is
the potential for aaverse environmental effects. Peat bogs are
integral parts of many watersheas, particularly as ground water
recharge and storage areas. Spongy peat ceposits soak up ana
holc great quantities of water. Harvesting may significantly
alter grouna ana surface water sources connectea to a bog:
directly or inacirectly through watershed links. In aagition,
peat bogs are unique lanaforms that provide important haoitat
for a variety of wildlife ana plant species. Thus, in many
cases, conflicts are likely to develop between peat mining
agvocates anad those who want to preserve a bog in its natural
state.

It is also necessary to consider that alteration of wetlanas
such as bogs are regulatec by a numoper af government agencies.
The restrictions and permits requirea for aifferent areas of the
state vary, but often permit procecures can pbe lengthy.

Development of many of Maine's more promising peat ceposits may
also be limited because of their remote locations ana associatea
transportation proolems. Processing of peat into a more
compactea form at the site may reauce transportation costs anc
allow more economical use of some peat oeposits,
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At present, almost all peat harvested in Maine is usea for
valuable agricultural and norticultural purposes. Conflicts may
arise about the best use for peat minea in the state,
particularly given the potential benefits of using peat to
improve Maine's farm land.

Finally, although peat has a relatively low sulfur content when
burned, its high nitrogen content may cause air pollution
problems if nitrogen oxice emissions exceed U.S. Environmental
Protection Agency standaras.

Current Programs ana Policies

The Maine Geological Survey ana the Maine Office of Energy
Resources are currently conoucting a cooperative program to
assess tne fuel potential of Maine's peat resources. The
project is fundea by the U.S. Department of Energy, ana was
gesigned to aaca to information from previous stuaies by the
Maine and U.S. Geological Surveys. Under this program, peat
deposits are mapped, their cepth and size are determined, ana
the reserves for each deposit are calculated. Samples collected
from the surveyed peat ceposits are analyzec in U.S. Department
of Energy lavoratories for heating value, pH, ash content, and
water content. Aagcitional geochemical analysis is conauctea at
the U.S. Geological Survey laboratcries.

Because of the importance of peat ceposits to many watersheas,
the Water Resources Divisian of the U.S. Geological Survey, in
cooperation with the Maine Geclogical Survey and the OER, are
investigating the hyarologic characteristics of selectea peat
geposits in the state. Surface water ana grouna water gata ana
water quality information gatherec in the fiela will be usea to
construct hyarologic mocels of the deposits' response to various
stresses ana changes. This information will be usea, in part,
to analyze the potential cevelopment impacts on peat ceposits.

The Institute of Quaternary Stuaies at the University of Maine
at Orono is analyzing peat samples taken from typical aceposits
for pollen ana foraminifera content ana rauiometric acates. The
Institute is also stuaying growth ana regeneration rates for
typical peatlano vegetation.

with financial assistance from the U.S. Department of Energy,
several national and Maine firms are currently stuaying the
commercial feasibility of various types of peat energy
facilities. A methoo of processing peat into pellets is peing
stuagiea by a group of paper companies, utilities ana private
engineering firms. Another firm has proposead a process which
coula chemically ana pnysically convert raw peat into an easily
transportaole anc censified fuel source. One existing Maine
horticultural peat operation is presently in the process of
expanaing its operation into energy procuction.
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The Commissioner of the Maine Department of Agriculture has
appointea a Task Force on Agriculture Uses of Peat in Maine,
The Task Force has been askea to cetermine the potential value,
guantity, ana quality of peat utilizea in agriculture, icentify
ano support research or demonstration projects, and recommend
policies regarding agricultural use of peat as a nonrenewable
resource.
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Summary

Maine has a relatively large renewable eneray resource potential, and
substantial quantities of peat resources, which are theoretically,
but mot practically, rermewable. Of these, three major renewable
resources bold the greatest promise for increased emeroy potential:
hydro power, wood and solar. Other renewable resources, such as
solid waste, wind, tidal and biomass can also make significant
contributions to local and regional eneravy demands. In some cases,
rising costs of non-renewable fuels and the availability of better
techrologies will speed up development of Maire's native enmergy
TEeSouTCes.

Many of our alterrmative enerqgy sources offer production costs which
are comparable to corventional fuel costs. Hvdro, wood ard some
others are either less costly than conventioral sources or will he
eventually as conventional fuel prices continue to rise. 1In addition
to emergy berefits, the development of these alternmative resources
have many potential indirect economic benefits for the state through
busiress and job development. Energy resources that are developed
and sold locally can stimulate the state's economy more than the use
of conventional fuels that are imported.

The State's efforts to encourage the use of native enerov resources
have included resource assessment, providing a favorable fipancial
climate, and demonstration and technical assistance for emerainag
technologies. In the past, many altermative resources were not
adequately known to allow increased or initial development. Many new
efforts now underway should change this. For example, new and
existing hydro sites are being mapped, peat deposits analyzed and
delireated, and tidal sites assessed.

Lack of access to capital bas limited the development of many
alternmative resources. The availability of loans and financial
incentives are needed to overcome some of the initial economic
barriers to renewahle resource development. This may require
providing technical and ecomomic information to banks, new
legislation, and the removal of certain existing regulatory barriers.

Demonstration projects using alternate enmeroy resources, such as wind
systems and solar systems, can help to show their feasibility in
Maire., In addition, performance data and cost information can be
gathered. Transfer of information and technical assistance to the
public and private businesses can further accelerate the development
of Mairme's alternmative resources.

Increasing our use of the native ermergy resources described in this
section, and decreasing our dependence on petroleum fuels, will
strengthen Maine's economy, provide new Johs, belp solve
enerqgy-related polliution problems, and reduce the potential harmful
effects of nil supply shortages. In view of the rising costs and
limited supplies of conventional mon-repewable fuels, diversification
of Mainme's energy sources is crucial.
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NON RENEWABLE RESOURCES
Introduction

As this plan is an attempt to agescribe Maine's various emergy sources, a
discussion of the current and potential future roles of non-renewable
fuels- is essential. These resources incluce petroleum, coal, nuclear
energy and natural gas. Petroleum ana nuclear energy have large roles in
Maine's current energy situation ana probably will in the next few
decades. Coal and natural gas use is limited now but will likely become
increasingly important. The purpcse of this section is to describe some
of the most significant factors and issues regarding use of non-renewable
energy resources in Maine.

In the report's description of the role of each of these energy resources,
a brief introauction cefines the resource and provides basic background
information. This is followea by a cescription of the current use of the
resource in Maine. The availability of the resource ana some of the most
significant issues involved in terms of its future role are also
discussed. This information 1s provided to establish a reference point by
which policymakers can weigh the contribution and availability of each
resource against the various merits ana disadvantages of its use and, in
turn, cecice on an appropriate course of action. Even as these cecisions
are reached, however, it must be rememberea that forces outside of Maine
will have major effects on our supplies of petroleum, coal, nuclear energy
ana natural gas. Glabal ana national economics ana politics cannot be
controlleo by State Policy.

1. ol
a. Introauction

Fuels mace from oil, or petroleum, incluuing gascline, heating
0il, keraosene, diesel, aviation fuel, anc resiaual o0il, bhave
been the cominant source of energy in Maine for the past thirty
years. Since 1978, oil consumption in Maine has been declining
due to its high cost ana concern over possible shortages. By
the year 2000 oil supplies will become tighter as known reserves
are aepleteo. There can be little coubt that the rcle of
petroleum in the energy resource mix of Maine will be a dominant
energy issue for the rest of the century.

b. Current Use

Petroleum had many aovantages over other fuels curing the perioo
from the enc of Worla War II to the Arab oil embargo in
1973-1974. 01l is easily transportea by water, rail, anc truck,
making it an ideal fuel for a rural state like Maine. It is
generally clean burning, easy to use, ana for most of the perioc
prior to 1973 it was a relatively cheap fuel source. For
decages its price in real terms was eitner ceclining or holcing
steaay. Moreover, oil products can be usea to heat homes ana
offices, to run cars, trucks, ana trains, anc to generate
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electricity. It is little wonder that petroleum came to totally
domimate the ernerqy resource picture in Maine. As illustrated
in Section II, o0il accounted for 88% of all ermergy used in Maine
in 1973, but dropped to 60% in 1978. Section II also shows what
happerned to oil consumption over the years since 1973. In
recent vyears the trend for oil consumption in Maine has reversed
entirely, and is now declining in all sectors from previous
record high levels, The reasons for these declines are well
known, The price of crude oil bas gore up 800% on world markets
since 1973, and the price of o0il products that Maine people use
have more than quadrupled (the differences in the rise in crude
and product prices reflect in part the lower costs for domestic
crude oil, which have been federally controlled.) In addition,
the link hetweer pnlitical stahilify in the Middle East and the
supply and price of oil bhas led to two siagnificant oil shortages
on world markets during the past seven years. One in 1973
during the Arab 0il Embargo and one in 1979 as a result of the
revolution in TIran., Each bad serious conseauences for Maine
because of its dependence on petroleum products.

Resource Availability

Worldwide, the supply of oil is expected to be adeauate to meet
demand, at least through the mid-1990's., However, as the demand
for oil increases with the econmomic and population growth of
developing countries, and increased demand in some
industrialized countries, the probahility that oil supplies will
become seriously tighter during the 1995-2000 period increases.
Although the 0il will pot run out hy the turn of the century, it
will become increasingly scarce and increasingly expensive,

Of course, the higher price for o0il provides economic incentive
to explore for and produce more oil domestically. However, a
large portion of the 0il reserves that remain in this country
are located in places where production costs are very high, such
as the Arctic, under the contimental shelf off Alaska, and in
the deep water under the Atlantic cnntirental shelf. Because
production from existing domestic wells is expected to decline
throughout the next 20 years and demand may increase because of
population and economic growth, new supplies of o0il will bhave to
be found just to keep us more or less even, The following tahle
compares estimated domestic production and imports in current
and future years.

U.S. 0il Supply (MM bbl./day)

1980 1985 1990 2000

Domestic  8.23 (53%) 8.23 (53%) 9.72 (60%) 10.54 (59.7%)
Imported  7.29 (47%) 6.48 (47%) 6.48 (40%)  7.10 (£0.3%)

Source: Data Resources, Inc.
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In addition to the status of overall national supplies, Maine's
access to petroleum products may bhe affected greatly by tbe
pending decontrol of crude oil and gasoline., 1In the past, major
0il companies expanded their markets to include much of the

U.S. Now, as transportation and product costs have increased
dramatically, a number of companies are deciding to consolidate
their markets and sell product only in areas near refinmeries and
major distribution points. Maire rnot only lacks refinery
facilities, hut is located at the end of the petroleum
distribution system in the Northeast. To date, one major oil
company, Shell, has announced its intention of withdrawinra from
the Maine market after decontrol. Otber refiners may well
decide to pull out too.

Considerationrs

Reducing Maine's vulnerabhility to oil price hikes and supply
disruptions presents the State with ore of its greatest
challenges. OPEC will continue to be ahle to exercise
monopoly-1like powers over both the supply and price of nil on
world markets: there will continue to be a constant threat of
political disruptions in the Middle East which might shut down
shipments from that region entirely for unkmown lengths of time:
and there is no question whatscever that the price of nil will
be going up, making heating homes and driving cars an
increasingly expensive proposition for Mairers. It is also
certain that over the long run the world supply of petroleum
will gradually declire. There is a finite supply of oil in the
world, and though we have not yet reached the end of that
supply, it lies somewhere in the future. Fimally, uncertainty
surrounds the availability of petroleum products in Maine after
decontrol of the o0il industry.

A more detailed examination of petroleum's future supply and
price gives even greater weight to the necessity of reducing our
overall levels of petroleum use through conservation and the
development of altermative fuels. For example, while it is not
possible to predict with any certainty what the future price of
oil will be, OER forecasts for crude oil price (see Section II)
estimates that s barrel of oil that costs $12.46 in 1978 will
cost $34.77 in 1985 and $54.17 in 2000, in constant 1978
dollars. Prices in current dollars for 1985 will he $55.83 and
for 2000, $239.94.

The rapidly escalating price of oil and other fuels has and will
continue to create an economic crisis for consumers. Maine has
approximately 70,000 low income bouseholds., These families, who
are already suffering from the effects of inflation, find they
must dedicate a larger and larger share of their dwindling
income to home enmeray. Their inshility to meet ereray costs
create serious economic hardship and threatens their health and
well-being. The State of Maine administers two federally-funded
programs designed to provide energy-related assistance to low
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income households: the Home Energy Assistance Program (HEAP)
program, which provides fimancial assistance for home energy
costs, and the Weatherization Program, which furnishes materials
and labor to insulate bhomes. Priority for these programs is
given to the elderly, the handicapped and those with the lowest
incomes.

It is obvious that conservation of petroleum products must he a
focal point of any enerqgy strateqgy for Maine. If we still rely
on 0il for 71% of our energy in 1990 (as we did in 1978), and if
that oil costs twice as much in real terms, and if we still get
40% of our oil from OPEC, we will still be in grave risk of
economic catastrophe and Maine will be a significantly poorer
state.

It should be possible to substantially reduce oil consumption in
Maine between now and 1990. For example, at least a 25%
reduction in energy consumption, nearly all of which is
petroleum, is possible in the transportation sector between 1978
and 2000. Increased use of vanpools and carpools could increase
savings up to 31%. Savings can also be made in the otber end
use sectors,

However, even with strona conservation efforts and conversions
to alternate emergy sources, Maine will probably still rely on
petroleum for as much as half of its total enmergy needs hy the
year 2000. Because alternatives are currently limited, it is
likely that nearly all of our fuel needs for the crucial
transportation sector will continue to be met by petroleum
products. Thus, in addition to conservatinn and increased use
of native eneragy sources, it will also be necessary to continue
and expand emergency oil-shortage contingency planning.

The Maine Qffice of Emergy Resources has, as one of its
responsibilities, the development of emergency plans for fuel
shortages. Both the 0il embargo of 1973-1974 and the gasoline
shortage of 1979 underscore the need for such planning. By
monitoring the supply of petroleum products in the State, the
OER can now predict a potential shortage. Should a shortage
appear imminent, the OER would immediately notify the Governor
of the situation. He may then exercise his powers under the
Civil Emergency Preparedness Act of 1974 and declare an energy
emergency. If a call for voluntary compliance with publicized
conservation measures proves ineffective, the Governor may
choose to emact mandatory measures to conserve or allocate fuel.

At the present time, the Office of Eneray Resources is
developing a State Emergency Energy Plan which will meet the
requirements of the Emergency Eneray Conservation Act (P.L.
96-102, as amended). This plan will include measures to reduce
the impact of hoth 3 gasolire and a fuel oil shortage. The OER
recognizes the need to be prepared for future enmergy crises and
will continue to develop and update its emergency plans.
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A.

Resicual Fuel

a.

Introduction

Residual fuel includes No. 4, No. 5 and No. 6 oils, Navy
Special ana Bunker C. Like other petroleum products,
residual fuel has greatly increased in price ana many major
users are considering switching to solid fuels.

Current Use

Residual fuel oils are used mostly in inaustrial boilers
and for electrical power generation. Past use shows no
clear upward or downward trend in recent years. This is
probably because users of residual fuel tena to have fairly
large storage facilities anc because the use of oil to
generate electricity often varies greatly. Although
residual oil will continue to be a major fuel in the next
20 years, use in Maine should decline steadily as a result
of conservation and the trena to use less expensive, solid
fuels.

Resource Availability

Although it would be affected by a shortage or cut-off of
foreign cruce oil, residual fuel has one aavantage over
other petroleum products. It can be refinec from very
heavy oils, such as those being produced more ana more in
this country. Thus, it is not as vulnerable as some other
petroleum prodgucts that are maace primarily from foreign
oil. ODuring the 1979 o0il shortage, resicdual fuel supplies
remained abundant ana the same situation coula reoccur
during a future crisis. However, residual fuel is not
immune to supply aisruptions. Much of the o0il proaucea by
Iran ana Irag is heavy oil utilized to refine resicual
fuel. The cutoff in supplies from these countries has
tighteneu supplies and pushed up prices. The northeastern
U.S. as a region lacks substantial storage space for
resiagual fuel and must depend on regular imports from
out-of-state sources. 1If the region's current supply
sources dried up, storage might not be adeguate to keep
inaustrial and utility users going until other resicual
fuel supplies were located.

Considerations

As a result of concern about residual fuel storage, the
State of Maine, along with other northeastern states, has
supported a proposal which would establish a Regional
Petroleum Reserve of 20 million barrels of residual fuel
0il. Such a reserve would help maintain normal inoustrial
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production and electrical generation during a temporary
shortage and reduce financial hardship. However, in the
spring of 1979, Congress refused to appropriate the
necessary funds for the project. Recently, the State of
Maine agreea to join with the other New England states in
an attempt to persuade the federal govermment to include
funaing for the regional reserve in the 1981 budget.

Another potential problem associated with certain residual
fuel oils is their relatively high sulfur content. The
amount of sulfur dioxice pollution producea by burning some
kinds of residual fuel is significantly greater than when
light, low sulfur oils or some other type of low sulfur
fuel is used. Sulphur dioxide pollution from oil-firea
power plants and factories is a major cause of this
country's mounting acia rain problems. It can also cause
or aggravate a variety of human lung diseases. This has
lead to increasing public concern over the use of high
sulfur fuels.

State laws now require that low sulphur fuel be usea in
Maine to keep locally-produced sulphur cioxide emissions at
acceptable levels. However, low sulphur oil is more
expensive and a large portion of U.S. oil reserves are of
the heavy, high sulphur variety. Rising costs of foreign
0il have lead to pressure to increase proouction and use of
high sulphur fuel reserves and related pressure to relax
state or federal laws that might prevent their expanded
use. The installation of effective pollution control
equipment coula provice an alternative solution. As
opposed to relaxing air quality standarcs, better pollution
control could keep emissions at acceptable levels and yet
allow the use of less expensive, higher sulphur fuels.
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8.

Aviation Fuel

a.

Introauction

Aviation fuel includes both aviation gasoline, used in
small planes, and kerosene or naptha jet fuel, used in
turbine engines. Recent developments in the marketing and
distribution of these products have restricted the
availability of aviation fuel in Maine. ODue to the
important role air service plays in economic development,
assuring a continued supply of aviation fuel is of vital
concern to the state.

Current Use

At the present time, at least 50% of the flying in the
state is business-oriented. Many firms and corporations
operate planes as a part of their business. The airport in
Bangor serves a number of international flights and
competes with airports in Boston and New York for

business.

During the 1970's there was a steady increase in aviation
fuel consumption in Maine, but use droppea nearly 40% in
1980 que to high prices ana limitea supplies. Demand for
aviation fuel would be expected to continue growing as
airports expand their services and the number of small
private planes increase. However, high prices and tight
supplies may continue to keep demand down.

Resoﬁrce Availability

A number of factors combine to limit aviation fuel supplies
in Maine. First, the distribution of aviation fuel to
users depends largely on truck celiveries. To avoid
transportation costs, the oil companies find it more
profitable to sell full transport loads to large users
located close to refineries, major distribution centers, or
pipelines. Secondly, there are gquality control
consicerations. If water cevelops in the fuel through
improper handling, liability for any acciacents occuring as
a result of the contaminatea product can be tracea back to
the refiner, who may be helo liable. The major suppliers
therefore want to limit the number of resellers handling
their fuel and the distance it travels without their
supervision. Maine's many small airports ana distributors,
who are spread out in & large geographical area, do not
comprise the kind of market oil companies prefer.

Another problem is the trena for major refimers to sell

more and more aviation fuel on the "spot market" and less
through the regular contracts. Lack of fuel for increased
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contract volumes means that Maine users must turn to the
more expensive, less reliable spot market to meet new
demand.

This can be both a problem in planning and prohibitively
expensive. An airport wishing to increase service cannot
be sure of spot market costs or supplies. The high cost
associated with purchasing, transporting, storing and
insuring spot fuel makes it virtually impossible for Maine
airports to compete in the regionmal market. Spot fuel
provides no solution to the supply problem in the State.
Its high price alone restrains demana and aviation-related
development.

Finally, aviation gasaline and kerosene jet fuel are not
subject to federal price ana allocation controls. No
regulatory mechanisms exist which insure that Maine users
will be able to get a supply of either product. Instead,
they are aependent upon the willingness of the major
refiners to increase dgeliveries to the State. So far, none
of the suppliers have shown interest in expanaing their
Maine market. In the process of decontrolling the airline
ingustry, Congress mancated certain levels of service which
must be maintaineo in each state, however, they made no
provision to guarantee a supply of fuel for those requirea
services. The lack of legislation reguiring suppliers to
continue supplying specific areas encourages major oil
companies to pull out of relatively small, unprofitable
markets and leads to an uncertain supply outlook for users
of aviation fuel in Maine.

Considerations

The lack of flexibility in the aviation fuel supply system
creates many problems, none of which have easy answers.
Some mechanism for obtaining or increasing an allocation
must be found. This may be very hard to achieve since the
inaustry is now moving towards total cecontrol. Several
steps might reduce same of the problems. One solutian that
wauld create some flexibility and belp resolve short-term
emergency situations woula be the establishment of a State
set-asice for aviation gasocline ana kerosene jet fuel.

This could work the same way as the set-aside program for
gasoline and middle distillates. The EIA 25 reporting
forms currently received by the State already list the
amounts of aviation gasoline anac kerosene jet fuel coming
into the State each month. Under a set-aside system, 4% of
that could be reservedc by the State to allocate in response
to emergency hardship requests. Set-asice releases would
be directed through the regular supplier.

Another possible solution is for Congress to amena its act
which provides basic levels of air service under cecontrol
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of the airline jodustry. Such an amendment might guarantee
a supply of fuel for required flights and provide a way for
base operators or airlines to obtain reasomably-priced fuel.

Finally, the State could explore the possibility of
assisting in the development of a co-operative distribution
and storage system for the marketers and users of aviation
fuel in Maine., Under such a co-op plan, a number of
dealers acting together could purchase spot fuel supplies
making the product more affordable and more available then
if they acted individually.
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C.

Diesel Fuel

a.

Introduction

Diesel fuel, a middle aistillate similar to heating oil, is
used in many types of motor vehicles. Diesel use is
expected to increase during the next two decades.

Current Use

Diesel is primarily usea to fuel trucks anc automobiles,
farming and logging machinery, fishing boats, construction
equipment and buses. Highway diesel consumption has
increased significantly since 1974 and is expected to
continue climbing. Diesel vehicles are becoming more
available, their efficiency is greater than
gasoline-powered vehicles, and agiesel fuel costs less than
gasoline. These advantages are attracting more and more
people in Maine to buy diesel vehicles. One manufacturer
estimates that 25% of the new automobiles and light trucks
produced in 1990 will have diesel engines.

Resource Availability

Like all petroleum products, the supply of aciesel fuel is
tiea to the flow of cruce oil. But even without cruce oil
shortages, the demand from the agricultural sector curing
the planting ana harvesting seasons may sometimes create
temporary regional shortages. In general, though, aiesel
shoula continue to be acequately available to Maine
consumers. In fact, the growth in aciesel sales may
partially cancel out the declinme in heating oil consumption.

Considerations

Some concern has developed about the increased use of
alesel because of the impact ciesel emissions may have upon
the environment. Studies are being conducted into the
hazards of these emissions to determine what, if any,
emission control standards should apply to diesel-powered
vehicles. Although aiesel emissions have received little
public attention so far, they may become more controversial
in the next decace.
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D.

Domestic Heating 0il

d.

Intraduction

Domestic heating oil, commonly called fuel o0il or #2
heating 0il, is the most widely usea middle distillate in
the state. Although the majority of homes in Maine still
rely upon fuel o0il for heat, consumption is declining .

Current Use

Most fuel oil is used for space and water heating.
(However, heating o0il may also be substituted for diesel
fuel and used for both transportation and agriculture.)

The consumption of heating oil has declinea 17% since 1974
as prices have more than doubled. This aownwara trend
should continue as prices rise even further and more people
switch to other fuels or weatherize their homes to conserve
oil.

Resource Availability

Unless a large number of major oil suppliers cecide to
witharaw from the Maine market once o0il is cecontrolled,
sufficient heating oil should continue to be available to
Mairme consumers in the near future. However, availability
also depends on the availabilty of crude oil. Any
aisruption in our supply of foreign oil will tighten
heating oil supplies.

Considerations

The state of Maine faces two different kinds of heating oil
problems: supply and price. As part of its efforts to deal
with these problems, the State participates in the federal
fuel assistance program to help low income households cope
with energy costs. It is also oceveloping an emergency plan
to reduce the effects of a potential fuel shortage.

Reaucing depenaence upon fuel o0il as a source of home heat
can also help avert winter emergencies. The Office of
Energy Resources and the Division of Community Services
sponsor a number of programs to weatherize buildings ana
increase the efficiency of existing heating oil equipment.
These programs are outlined in the section on
Conservation. OER alsp provides assistance on other
conservation technigues ano promotes the development of
renewable resources.
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E.

Motor Gasocline

a.

Introduction

Motor gasoline, a petroleum proauct processea from crude
0il, is used primarily for -transportation. As a largely
rural or suburban state with few mass transit systems,
Maine is highly depencent upon gasoline-powered vehicles.
However, in response to price increases, gasoline
consumption in the state is declining.

Current Use

As cetailed in Section II, gasoline consumption in Maine
has dropped nearly la% since 1578, -after rising steaacily
for years. Rising gasoline prices have motivated consumers
to buy more fuel efficient cars anc to reduce the number of
miles they drive. The downturn in gasoline use should
continue as automobile gas mileage efficiency increases anc
more commuters join car or van pools.

Resource Availabilty

Though the price is constantly increasing, there are
currently adeguate gascline supplies to meet demana in
Maine. Two factors could recuce future availability:
decontrol of the oil industry and any decline in or
aisruption of the crude oil supply. Shell 0il has alreaay
announced that it will pull cut of the Maine gasocline
market once feceral regulations governing the allocation of
the product are liftea. Whether or not other major
refiners will cecide to stop supplying Maine distributors
or dealers is unknown at this time. However, the potential
for reduced gasoline supplies as a result of aecontrol aoes
exist.

Maine, like the rest of the nation, had temporary gasoline
shortages in 1973 aue to the Arab 0il Embargo, and 1979 as
a result of the Iranian revolution. Similar events, an
expansion of the Iran-Irag war, or any other acevelopments
that recguceo the nation's crude oil supplies, would reauce
gasoline inventories ana create another shortage.

Considerations

Ample gasoline supplies are crucial to Maine. Ours is
largely a rural ana suburban state lacking in public
transit systems, ano most people rely almost exclusively
upon cars or some other private gasoline-powereo vehicle
for transportation. Developing extensive mass
transportation systems is not a practical alternative for
most areas of the state. The tourist inaustry, which
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contributes greatly to Maine's economy, alsc depends upon
gasoline to bring visitors to the state. Ohviously, any
shortage of gas creates a serious hardship for Maine
citizens.,

For this reason, the QOffice of Eneragy Resources bhas
developed a Gssoline Contingency Plan which can be
implemented during a gas shortage. This plan provides
measures to manage gasoline lirmes and to reduce gasoline
consumption and identifies priority users. The emphasis is
on voluntary compliance, although mandatory measures could
be used if necessary. OER also sponsors a program to
encourage car and van pooling that could be greatly
expanded during a shortage.
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F.

Kerosene

Introduction

Kerosene is a clear, light midale aistillate used for a
variety of purposes. Kerosene has become less and less
available to Maine consumers and may soon be unavailable as
a home heating fuel in the state. It has been replaced to
a large extent by No. 1 heating oil, which has the same
uses but does not burn as cleanly.

Current Use

Kerosene provides about 1.2% of Maine's current energy
needs. It serves as the basis for jet fuel, it is burned
as a home heating fuel, and it is blengea with other oil
distillates as a thinner to reduce their "pour point".
Unlike diesel and acmestic heating oil, kercsene does not
thicken in cold weather and will continue flowing through
fuel lines even in very low temperatures. Thus kerosene is
often blendea with diesel or heating oil to keep trucks
running in the winter ana to preserve fuel storea in
outside tanks.

In the past, kerosene has been a fairly important home
heating fuel in Maine. However, as shown in Section II,
kerosene use has aropped greatly since 1974. Due to
justifiable concerns about kerosene supply, the declining
quality of the proguct and the fact that many kerosene
appliances are ola and inefficient, consumers have been
using less and less kerosene.

Resource Availability

Supplies of true kerosene have become increasingly less
available to Maine consumers in the past five years. No. 1
fuel o0il has largely replacec kerosene for use in kitchen
ranges or for blending with diesel or heating oil.

Although No. 1 alsc reauces the pour point, it has a higher
sulphur content than kerosene and does not burn as

cleanly. Thus, using No. 1 in appliances with wick-type
burners requires constant cleaning and adequate
ventilation. No, 1 aces not vaporize as quickly as
kerosene ang when a stove is turnec off, a resiaue of the
fuel remains on the wick., Re-lighting the stove can cause
smoke and fumes.

Kerosene has virtually cisappeared from the home heating
oil market because increasing amounts have been aiverteo to
the more profitable aviation market for jet fuel. Even No.
1 fuel may soon become scarce for this reason. One major
0il company, Texaco, has alreaacy announced that after the
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1980-1981 heating season it will no longer refine and
market kerosene or No. 1 fuel oil for home heating use.
Other refiners may make the same cecision. Only about 20%
of the kerosene refined in this country ends up as home
heating fuel, and the market is limited to a few regional
areas such as the Northeast. It is possible that during
the next decade, kerosene will become unavailable as a home
heating fuel in Maine.

As long as kerosene is available to Maine consumers, it
will be subject to supply disruptions created by any crude
0il shortages. Because the major oil companies appear to
be phasing out production af kerosene as a home heating
fuel, it may be even less available auring an energy crisis
than other petroleum products.

Considerations

Since 1979, the Office of Energy Resources has promoted the
replacement of kerosene by other fuels in Maine, both
because the future supply of the proouct is uncertain and
because its quality has declined seriously. Recently, many
homeowners who use kerosene have complainea that the
kerosene they purchased dia not burn well, that it smoked
and smelled of sulphur. Also, many kerosene ranges
continuously radiate heat ana are an inefficient ano
expensive ways of heating a home. (Kerosene can cost up to
ten cents a gallon more than heating oil.) For these
reasons, OER believes that it is in the best interest of
Maine consumers who currently use kerosene to switch to
another fuel.

One roaoblock to switching is the fact that many kerosene
users have low or fixed incomes and cannot afford to
purchase new heating equipment. At the present time there
is no financial assistance available for kerosene
conversions. Dealers or consumers who use kerosene or No.
1 fuel to reduce the pour point of aistillate oils can
switch to new chemical agaitives known as pour point
depressants. The OER has compiled information listing the
varicus properties of a number of these adoitives.
Although pour point depressants cannot alter fuel which has
already thickened, they can prevent it from thickening in
the first place. A number of companies in the state have
tested these additives ano have founo them to be an
adequate and much cheaper alternative to kerosene.
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2. Natural Gas
a. Introduction

Natural gas has been available in Maine for 13 years. During
that time it bas made a relatively small contribution to Maire's
total erergy needs. However, the potential exists for natural
gas to have a larger role in the future, especially in the
Portland and Lewiston/Auburn areas.

b. Current Use

The use of natural gas in Maine bas been limited largely hy the
lack of major supply pipelines and local piping systems.
Presently, natural gas is only available in the Portland and
Lewiston-Auburn areas, and even in these areas it is not widely
used. Both areas are serviced by Northern Utilities Company, a
division of Bay State Gas. During 1980 Northern Utilities
served about 15,000 residential, commercial and industrial
customers. These customers consumed over 2 billion cubic feet
of natural gas in gas stoves and water heaters and for space and
process heating. The number of residential natural gas
customers served from 1975 to 1980 decreased hy about 18% (2749
customers), while commercial customers increased 116% (2114
customers) and industrial customers remained the same (29
customers). The average number of customers from 1975 to 1980
decreased 10% (1615 customers), while the amount of gas consumed
in thousands of cubic feet (MCF) bas increased ahout 13%
(244,591 MCF) from 1975 to 1980. (0One thousand cubic feet
equals 1,000,000 Btu's.)

o

c. Resource Availability

Natural gas provides 25% of the nation's emeray, 9% of the
region's energy but less than 1% of Maine's ereray. The supply
of gas coming into Maine usually meets existing needs, although
shortages are possible durirg periods of heavy demand due to
limits on pipeline capacity. Nationwide supplies of natural gas
are expected to increase in the next few decades as the higher
gas prices allowed under decontrol of the industry lead to new
exploration and expanded use of known reserves.

Northern Utilities and its parent company Bay State Gas are
exploring the possibilities of expanding their supply of natural
gas through domestic sources and purchases from several proposed
pipelines that would cross the Northeastern states from Canada.
(The prospect of importing natural gas from Canada is discussed
in greater detail in the section on Canadian Energy Exchange
Potential.)

Northern Utilities estimates that matural gas use will increase
in Mairme hy 300,000 to 450,000 thousand cuhic feet (MCF)
annually through 1985, and by considerable volumes after that.
This eauals a displacement of about 2.3 to 3.5 million gallons
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of #2 heating o0il annually curing the next five years. By 1985,
Northern Utilities estimates that its yearly gas sales will bhave
increasea by between 69% and 10l1%, when compared with its 1980
sales. The 1985 total gas use in Maine may range from between
3.6 to 4.3 million MCF.

Thus it appears that natural gas will contribute an increasing
share to Maine's energy supply mix throughout the 1980's, at
least in the Portland ana Lewiston-Auburn areas. Though only
about 1% of Maine's population currently uses natural gas,
Northern Utilities estimates that about 12%, or 130,000 people,
live within 100 feet of an active gas main. This includes
roughly two-thiras of the population of Portlama, South
Portland, Westbrook ana Cape Elizabeth and nearly the entire
population of Lewiston/Auburn.

The potential in the commercial and industrial sectors is also
believea to be large ana the availability of natural gas®could
be a factor in arawing rmew industries to the State. (Some
industries presently served by natural gas are Maremont,
Portland Whitney, Rockwooa Industries, Data General and Bates
Fabrics.)

The major barrier keeping natural gas from expanaing to meet
this potential is the lack of existing piping from gas mains to
builaings. Providing service to new customers involves
considerable expense and time. Due to one or both of these
factors, Northern Utilities currently has a cemanc in excess of
the company's ability to provide service. As of December 1980,
a backlog of about 1000 Maine resigential customers and
apartment buildings owners were awaiting hookup, and the company
has been forcea to turn down requests for service from about 150
customers in the commercial and industrial sectors auring 1980.
Obviously the aemand for natural gas in Northern Utilities'
current service areas is strong.

A number of other towns near Partlana ana Lewiston/Auburn bave
old gas mains that are not in use. It might be possible to
revitalize some of these, although that determination woula have
to be mace on a case by case basis. If a proposea gas pipeline
passes through Maine from Canaca, the Bangor area may also have
access to natural gas in the future.

Considerations

Gas is a very attractive non-renewable fuel. It currently has a
price advantage over oil and electricity for most uses. And
though the cost will almost surely rise as decontrol is phasea
in, gas is expected to remain economically favorable, compared
to oil or electricity, at least in the short term.

Beyond this, there are relatively large reserves of natural gas

in the United States as well as large volumes in Canada that may
be imported. Thus, natural gas supplies are not particularly
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threatenea by foreign politics and crises or by shortages of
crude oil. Gas is a very efficient fuel that produces little
pollution and it requires minimal eguipment maintenance. It can
generally be delivered to users with an efficiency comparable to
0il and somewhat greater (in terms of lost, unused energy) than
electricity.

Increasea use of gas in Maine would help diversify the state's
energy mix and reduce dependence on 0il and electricity.
Northern Utilities suggests that some 130,000 people and many
commercial and industrial firms could be hooked up to existing
gas mains. This would lead to a tremendous increase in the
demana for natural gas in Maine. The company seems confident
that supplies could meet increasing demands.

However, Northern Utilities apparently lacks the capital to fund
major expansion of its gas servicing potential. Thus, growth in
natural gas use will be slower than its potential unless the
company finds afforadable finmancing for an accelerated expansion
program. Northern Utilities says it has not yet founa a
feasible source of finmancing and has suggestea that the State
may want to consider helping the company fina affordable funds
if increased use of natural gas is consistent with State policy.
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3.

Coal

Introduction

Two things are remarkable about the use of coal as an eneray
resource in Maime. One is the decrease in coal use over the
past 30 years. The other is the promise it holds for supplying
energy to Maime in the future. From more than 21% of total
energy supplied in 1950, coal use dropped to virtually nothing
in 1978. 0il was botb cheaper and more available than coal
during the 1950s, 1960s and early 1970s. So, during this
period, most homeowners and commercial and industrial users
switched to oil or electricity for space and process beat. And
tbe last of tbe coal-fired steam locomotives were removed from
service, to be replaced with diesels.

Current Use

The use of coal bas mot yet rebounded from its recent low point
to major levels. However, the prospect for increasing coal use
in Maine over the next two decades is evident. Several recent
developments indicate likely future trends. For example, the
Martin Marietta cement plant at Thomaston has converted to coal
for its space and process beat uses. Central Maine Power is
considering constructing a major coal fired-electric gemerating
plant for Sears Island, possibly using new innovative coal
burning technology. CMP will soon convert 7% of its present
generating capacity at the currently oil-fired Mason Station in
Wiscasset to coal burning. And, while exact figures are not yet
available, there bas been a strong expansion of the home heating
market for coal over the past two years. These events are
undoubtedly signs of the upward direction of coal utilization in
Maire, Coal-fired electric generation, as well as industrisl
and domestic use are expected to expand over the next decade.

Resource Availability

Coal is by far America's most abundant fossil fuel resource.
There are enough proven reserves to last for several bundred
years at current consumption rates. However, several factors
must be considered which will determine whetber cnal again
becomes a major energy resource in Mainme over the next ten to
twenty years.

While it is not possible at the moment to predict the precise
extent of future coal use in Maine, the trend is obviously up.
Based just on existing and planned projects, it is probable that
coal will account for between .8% and 1.2% of Maine's total
projected erergy needs by 1990. As more industrial, commercial,
and residential users switch to coal and new coal-fired
gererating capacity is developed, this percentage will
undoubtedly increase. In addition, between 1990 and 2000 it is
likely that synthetic liquid fuels made from coal will begin to
become available as substitutes for liauid petrnleum fuels.
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Considerations

The size of America's coal reserves alone make them an
attractive energy resource and a potentially major altermative
to expensive, unreliahle supplies of foreign 0il. In general,
coal can be used to produce electricity at a lower cnst than
oil. It is also less expensive for home heating.

However, certain potential prohlems must be addressed if large
increases in coal burning occur in the state, particularly
potential environmentsl prohlems. Conventional coal burning,
especially if high-sul fur eastern coal is used, can create large
guantities of sulfur dioxide, a human health hazard and a
suspected contributor to the acid rain problem. In addition,
relatively great amounts of particulates and nitrous oxide
pollutants are produced. This may severely limit the use of
large scale coal burning facilities in Maipe, particularly in or
near "Class I" clean air reagions (such as Acadia Park) where air
guality laws impose stricter-than-average limits on emissions.

New combustion technologies are now available which hold promise
for reducing pollution. CMP bas already begun to investigate
the feasibility of constructing a coal-fired Integrated-
Gasification Combined Cycle generating plant. This technoloay
can convert high sulfur coal to a medium BTU gas, which is
burned in a gas~turbine and then further ermeray is extracted
from the exhaust gas to produce steam to drive a steam turbire.
This process removes a great deal of the sulfur and suspended
particulates from coal emissions. Another promising technology
is fluidized bed combustion which injects coal into a
superheated bed of inert material. The superheating allows for
more complete combustion of the coal and reduced consumption.
Fluidized bhed combustion is widely used abroad, and several
major installations exist in this country,.

The enerqgy produced by such plants, or from conventional coal
burning plants, can be further increased by using cogeneration
facilities where the heat produced in the electric gererating
process is used in addition to the electricity. The alternate
combustion technologies, particularly fluidized bed, are well
suited to relatively small applications such as cogeneration
stations. Although proven in other areas, tbe use of these
technologies in Maine will reauire examination of potential
environmental proklems which may occur. This will be
accomplished tbrough the regulatory siting process.

Specific attention must be given not only to air quality, but
also to tbe disposal of waste products, particularly coal ash
and sludge, which result from coal combustion. Planning for
suitable disposal sites, probahly on a regional level, must
occur along with additional research into the possible re-use of
coal ash as a road bed material.
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Availability of coal could also be a problem as aemand grows.
Presently, Maine's rail and cargo port facilities are limited in
their ability ta bring large quantities of coal into the state.
To accommodate increased coal shipments, consiceration must be
given to the improvement of rail and port facilities.

Finally, there is the question of price. On a per BTU basis,
coal most likely will continue to cost less than ©il does. But
as demana increases, it is likely that the price of coal will
rise over the next twenty years at rates roughly comparable to
the projectea rise in ail prices. A projection of a 3% rise in
the real price of coal above a 7% rate of inflation (or 10%
annual price rise) would lead to coal prices as shown in the
price forecasts in Section II.

Current Programs and Policies

In cooperation with the Department of Energy, the Office of
Energy Resources 1s working to determine which industries and
institutions in the state have the greatest potential for
conversion to coal or coal-pil mixtures ang what regulatory
constraints woula apply at thase sites.

The Office will also assist the efforts of the State Development
Office, the Maine Development Foundation, the State Planning
Office, ana private industry to promote rail ana port
development that can accommocate coal shipment. Various
financing mechanisms, including bond issues, are being explored
for the construction of such facilities.

Governor Brennan's Conference on Coal Utilization (hela auring
mMay of 1980) was one of a series of workshops jointly sponsorea
by Maine's Office of Energy Resources ana the Department of
Energy as a service to inaustrial ana commercial energy users.
The purpose was to assist inoustrial ana commercial firms in
their cecisions in consicering coal as an alternative energy
source.

The Office, regional planning agencies, the DEP, and SPO are
working together in plamning suitable sites for industrial coal
ash disposal. Research, in conjunction with SPO ana DOT, is
also being conductea to acetermine the possibility of using coal
ash as a roac bed material.
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4.

Nuclear Energy

d.

Introauction

Maine's single existing nuclear power plant, Maine Yankee in
Wiscasset, began operating in 1972. The plant uses enrichea
uranium fuel pellets in a controlled fission reactor system.

The heat producea is used to make steam. The steam turns
turbines, thereby generating electricity. The Unitedg States
Nuclear Regulatory Commission (NRC) regulates operation of the
plant and the shipment of fuel pellets through the state. The
Maine Public Utilities Commission regulates the price state
utilities may charge their customers for electricity proauced by
Maine Yankee.

Because the cost of generating electricity with nuclear power is
currently lower than by using oil, the worlowice oil crisis that
developed in the' 1970's has heightenea interest in expanaing the
use of nuclear power in this country. At the same time, growing
concern over health and safety issues has createg increasing
public opposition to nuclear power ang drastically slawea the
expectea rate of new nuclear plant construction. Locally, for
example, there was a recent, highly publicizea effort to close
down the Maine Yankee plant by referenaum. The effort was not
successful but it was a sign of mounting public concern. During
the cebate over the referendum, spokesmen for Central Maine
Power Company (largest shareholder in Maine Yankee and Maine's
largest utility) said the company has no plans to builc any new
nuclear plants in Maine.

Current Use
Tne Maine Yankee nuclear power plant has a ratea generating

capacity of 829 MW. It proauces an average of 4.6 billion
killowatt-hours of electricity annually. During its last five

" years of operation it progucec an average of 6 billion KWwH.

Maine utilities own and aistribute half of Maine Yankee's
output. The rest of the electricity it produces is exported
out-of-state through the New Englanag power gria. Thus, Maine
Yankee suppliea 27% of the electricity usea in Maine auring
1979, although it producec 60% of the total electricity
generated in the state.

Maine utilities also own a combinea total of 70 MW of capacity
in nuclear plants locatec elsewhere in New England. In 1979,
these out-of-state plants contributed approximately 6.2% of the
electricity sold to Maine consumers.

Resource Availability
The future of nuclear power 1s uncertain, both in Maine ana the

rest of the nation. For one thing, uranium ore (which is minec
and then processed into uranium fuel) is a limiteaq,
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non-renewable resource. Estimates as to the size of the
recoverable supply ana how long it will last vary widely.
A National Academy of Science Study concluced there may be
serious uranium supply problems by the mid-1980's. Using
the same basic facts, a Fora Foundation report cetermined
that U.S. uranium supplies will probably be adequate well
into the next century. The Department of Energy is
currently conducting studies to develop a dependable
evaluation of uranium reserves.

The contribution of nuclear power to national energy needs
could potentially be extended beyona the time when uranium
reserves run out through fuel reprocessing ana breeder
reactor technologies. 1In aifferent ways, both of these
currently experimental technologles could produce
substantially more energy from existing uranium supplies.
However, fuel reprocessing involves the extraction of
relatively large amounts of plutonium from used or "spent"
nuclear fuel. The most highly cevelopea breeder reactor
technology, the Liguid Metal Fast Breeder Reactor (LMFB),
also involves the conversion of non-fissionable uranium
into plutonium, which is usea as fuel for the reactor.
(Other breeder reactor technologies are being pursuea that
use thorium rather than plutonium, though this technology
is not as extensively developea as the LMFB reactor
technology.) Plutanium is a highly toxic racioactive
material that can be usec to make atomic bombs. Thus, the
hazaras of producing, shipping ana storing plutonium, ana
the possiblity that plutonium coula be stolen by terrorists
or usea by other nations to make nuclear wespons, has
raisea serious safety guestions relating to reprocessing
ana current breeder reactor technology. As a result,
government policy and public opposition have worked to slow
aown research in these technologies. Neither is expectec
to be widely available during this century, if at all.

The Maine Yankee atomic plant is licensea to operate until
the year 2008. Uranium supplies for the plant are expected
to be available up to that point, though as nationwice
reserves decrease their cost may rise. Maine utilities
plan to buy a total of 253 MW from the Seabrook (New
Hampshire) and Millstone (Connecticut) nuclear power plants
now uncer construction. In aocaition, CMP is entitled to
32.8 MW from Pilgrim Unit #2 which is currently awaiting a
construction permit from the Nuclear Regulatory

Commission. Maine utilities may also purchase 130 MW of
capacity from tne new Point Lepreau nuclear plant in New
Brunswick, Canaca. Under the proposea contracts, Central
Maine Power woula buy 100 megawatts for a perioc extending
from 1983 to 1989. Bangor Hydro woula buy 30 MW of
capacity from 1981 to 1990.

The prospects for construction of new nuclear power plants

within the state of Maine are guestionable. The nuclear
industry has been heavily subsicizeu by the federal
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government in the past. Without similar subsiaies, the
construction of new nuclear plants might not be
economically -feasible. Also, the costs of nuclear waste
disposal and shutting cown, or "decommissioning", plants at
the end of their operating cycle may be too high to make
new plant construction practical. State legislation passed
in 1977 prohibits the construction of any new nuclear power
plants in Maine unless the Public Utilities Commission
finds that a satisfactory solution exists to the as yet
unsolved problem of nuclear waste disposal. However, this
law may conflict with the authority of the federal Nuclear
Regulatory Commission. A similar California law is being
appealed to the U.S. Supreme Court. Governor Brennan,
while supporting the continued operation of Maine Yankee,
opposes construction of any new nuclear plants until
problems of nuclear waste cisposal and decommissioning are
resolved. The recent referencdum effort to close Maine
Yankee served as an indication that many Maine citizens are
also concerned about the use of nuclear power in Maine, and
that strong public opposition to the construction of a new
nuclear plant could be expectea. finally, Maine utilities
say they have no plans to builc a new nuclear plant. For
these and other reasons, any new nuclear capacity for the
State of Maine in the near future will likely be limitea to
purchases from plants locatea out-of-state.

The final fate of the Maine Yankee plant is unclear. As
statea, it is licenseac to operate until the year 2008. At
that time, its owners may seek government permission to
upgrace certain of the plant's components ana continue to
use it to generate electricity for another temporary span
of years. As yet, the utilities have not inaicated that
they plan to pursue this possibility., In fact, during
hearings on its most recent rate increase request before
the PUC, CMP requestea that it be allowec to set aside
funas annually towara the cost of decommissioning Maine
Yankee.

Another option was suggested in a 1980 U.S. Department of
Energy stuay conducted by the Oak Ridge Associated
Universities. It suggests turning Maine Yankee into a
breeder reactor park. As envisioned, the park would accept
ang store spent fuel from New England reactors ana those in
other countries. The spent fuel would be reprocesseg and
the plutonium proauced by the proceaure woula be used to
fuel the breeder reactor. It woula be up to the utilities
that own Maine Yankee to request permission to pursue such
a plan. They have expressed no intention of aoing so at
this time. In view of this, ana considering the problems
with breeder reactor technology alreacy discussed, the
breeaer reactor suggestion appears unlikely at present.

In the absence of other plans, Maine Yankee will have to be
cecommissioned, or shut cown permanently, after 2008. The
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exact costs, safety risks and technical procedures that
will be involved in this decommissioning pracess are not
yet clear. To cate, about 65 experimental ana
demonstration nuclear power plants have been
aecommissioned, but no commercial plant as large as Maine
Yankee has ever been decommissioned. However, two plants
elsewhere in the United States are schedulea to close down
in the 1980s. This should leac to much useful
information. A 1978 study done by Pacific Northwest
Laboratories for the NRC estimated decommissioning costs
for a plant the size of Maine Yankee at $42 million (in
1978 dollars). Other studies have predicted
aecommissioning costs of up to $100 million. Unoger current
laws, Maine consumers will bear at least half the
decommissioning costs for Maine Yankee, based on Maine
utilities 50% ownership of the plant. (Maine consumers
will also share in the costs of decommissioning nuclear
plants located out-of-state in which Maine utilities own
shares.)

Consicerations

Nuclear power raises numerous controversial ana complicatea
issues. Currently, several of those issues are receiving
consicerable attention from state govermment. For example,
recent NRC regulations require the State to cevelop
emergency safety and evacuation plans that coula be usea in
case of a nuclear accident at Maine Yankee. One plan must
be preparea for an emergency planning zone covering a
ten-mile radius around the plant, another for a planning
zone within a 50-mile racius. The Maine Office of Civil
Emergency Preparedness has now completed a araft of the
State plan for the 10-mile zone ana receivea preliminary
reviews from the NRC and the Federal Emergency Management
Agency. Final review and reaainess of this plan will be
completea by July 1, 198l1. The 50-mile plan is scheculea
to be ready in 1982.

The cisposal of radioactive waste produced by Maine Yankee
has become a particularly serious dilemma that has receivea
increasing attention from the public ana State. When
nuclear power was introducea in this country over twenty
years ago, it was generally believed that the feceral
government woula have fuel reprocessing plants and
permanent nuclear waste aisposal sites ready by the

1980's. Spent fuel was to be storea at the power plants
for only a few years, until it became less radioactive.
Then it was supposea to be shipped to a reprocessing plant
where the remaining useable uranium and plutonium would be
separated from the unuseable wastes. Under this plan, the
uranium and plutonium would be usea to make fresh fuel ana
the waste woula be shipped to supposealy safe nuclear waste
agisposal sites.
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However, the development of safe reprocessing anc waste
disposal technologies turned out to be far more complicated
and controversial than was expected. At this time, neither
reprocessing facilities nor permanent nuclear waste
disposal sites are available. Nuclear fuel reprocessing
efforts have essentially been halted by Presigent Carter,
cue to concerns that the plutonium prooucedg could lead to
nuclear proliferation or terrorism. The federal government
is investigating potential waste acisposal methods and
sites, but it is not clear when either permanent disposal
or reprocessing facilities will be available in this
country.

As a result of these unforeseen delays, nuclear waste is
steagily builging up at Maine Yankee in what was originally
meant to be a temporary spent fuel storage area. The
plant's nuclear reactor core functions with 217 enriched
uranium fuel bundles, each made up of 176 fuel rods. About
70 spent, or worn out, bundles are removed from the core
each year and replacea with new ones. The spent bunales
are storea in a specially constructec pool within the plant
site.

Maine Yankee was originally licensed to store 318 fuel
bundles. In 1975, when it became apparent that
alternatives weren't available, it was allowec to reduce
its rack spacing between spent bunales so that a total of
953 bunales coula be storec in the pool. In September of
1980, the plant's owners applied for permission to use even
closer rack spacing which woulc allow storage of 2,400 of
the radioactive bunales. This woula make it possible for
Maine Yankee to operate normally until the year 2000, while
storing all of its spent fuel at the plant. If the Nuclear
Regulatory Commission cenies the reguest, the plant woula
either have to ship its spent fuel wastes to some other
plant's storage pool or to a fecerally cesignatea
"away-from-reactor" storage site (neither of which are
available at present). Otherwise, when the plant reaches
its current allowed storage maximum of 953 buncles in the
near future, it will have to be shut cown.

The State has also been closely monitoring federal stuoies
aimea at cetermining if Maine has a suitable location for a
permanent nuclear waste disposal site. The U.S. DOE is
currently responsible for investigating this possibility.

A study commissioned by DOE has indicatec that 3 types of
geologic formations - salt domes, basalt ceposits and
granite formations - are most suitable for nuclear waste
aisposal. Malne is among sixteen states that have peen
chosen for further study cue to the existence of large
areas of crystalline granite.

Finally, the State is monitoring the plans being made for

agecommissioning Maine Yankee when the useful life of the
plant has ended ana it must be permanently shut down.
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Summary

Maine is extremely dependent on non-renewahle fuels for its
current energy needs. As a group, non-renewahle fuels provided
about four-fifths of the eneragy used in Maine during 1978.
Hydro power, wood and other renewable enerqgy resnurces supplied
about one-fifth. In the next few decades, non-renewables will
likely remain the dominant factor in our eneray situation,
though changes are expected to occur in the availability and
levels of use of the various non-renewahle fuels. Some of these
changes will be purposeful, such as increased conservation of
petroleum fuels and increased use of coal. Some -- such as
potential national or worldwide supply shortages or disruptions
-— will be beyond the control of Maine citizens.

The most problematical rmon-renewable enerqgy sources are
petroleum products, which make up about 71% of Maire's totsal
current energy supply. Our supplies of gasoline, home heating
0il and other distillate o0il fuels are critically tied to
foreign reserves and production rates. Political events abroad
have lead to shortages of these fuels in the past decade and may
lead to others in the future.

It is also possible that work reserves of crude oil will become
tighter and tighter as the turn of the century approaches and it
is certain that prices of petroleum products will continue to
rise, The importing of petroleum fuels already leads to a heavy
drain on Maine's economy and shortages or increasingly

una ffordable prices could lead to severe economic and social
crises in the state unless dependence on these fuels is

reduced.

Most observers helieve that expanded use of native renewable
energy sources offer the most promising emergy future. However,
renewables may not he ahle to displace petroleum fuels fast
enough to prevent crises. Thus, besides increasing our use of
renewable fuels and conservation measures, planning must
continue for possible ermergy emergencies.

Not all non-tenewable fuels are as suhject to supply and price
fluctuations as heating oil and gasoline. And, tbough there are
only limited supplies of -any non-renewahle fuel, some may hecome
more available to Maime in the next few decades.

For example, the supply and use of coal from domestic reserves
is expected to increase. Natural gas may also he more available
in Maire in the near future. The contribution of nuclear power
to Mairme's enerqgy supply may increase temporarily due to the
importation of power from out-of-state nuclear plants. At
present, the costs of these fuels is generally favorahle
compared to petroleum products.

Eaually significant is the fact that the United States has

enpugh coal, natural gas and uranium ore reserves to keep supply
levels from being greatly affected by foreian events,
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However, it should be considerea that cespite such attractive
factors, coal, gas and nuclear power are all non-renewable fuels
subject to aepletion ana that all must be imported from
put-of-state. In aadition, potential environmental and human
health effects must be carefully examined, particularly in the
case of coal and nuclear fuel.
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VI. CANADIAN ENERGY EXCHANGE POTENTIAL
Introduction

The prospects for an exchange of energy between Canaca ana New England
have recently drawn the attention of officials in both countries.

Possible surpluses in hydropower ana nuclear power from Quebec ang New
Brunswick and natural gas from Alberta and Eastern Canada have stirrea the
interest of the New England governors, public officials and the state
utilities.

The New England Governors and the Eastern Canadian Premiers establishea
the Northeast International Committee on Energy (N.I.C.E.) in June 1978,
in order to promote New England - Eastern Canadian joint energy projects.
An information exchange program is presently underway ana N.I.C.E. has
sponsorea several innovative joint programs highlighting alternative
energy. These have included a solar design competition, the establishment
of a wind energy test facility on Prince Eadward Island and the recently
completed "International Conservation Days" competition involving towns
from all six New England states and all five eastern Canadian provinces.

1. Electricity

a. Current Use

Presently, Maine has six major interconnections (69 KV or above)
with New Brunswick ana several minor interconnections. The
largest interconnection is the 600 megawatt capacity MEPCO line
from New Brunswick. Maine utility companies buy a total of
approximately 54 megawatts of capacity from the Coleson Cove
oil-fired generating facility in New Brunmswick. On November 1,
1985 this will arop to one-half that amount ana on November 1,
1986 the contract expires completely. 'In 1979, Bangor Hydro
Electric Company purchased about 60 million kilowatt hours of
electricity from Canadian sources, CMP purchased 322 million
kwh, Maine Public Service purchased 19 million kwh and Eastern
Maine Electric Cooperative purchased 38 million kwh. These
power deliveries included the Coleson Cove entitlements as well
as other purchases from New Brunswick ageliverea over the MEPCO
line. This amounts to about 4.4% of the total electricity used
in the state.

b. Resource Availability

There is an increased potential for importing electricity from
Canada in the next five to ten years. Quebec has shown interest
in exporting hyaropower from its large James Bay project ana
additional power may be available from the Churchill River area
in Labragor. New Brunswick's new nuclear power plant, Point
LePreau, is also expectea to have at least a short-term surplus
capacity. Central Maine Power Company is presently negotiating
for 100 megawatts of capacity in that plant ana Bangor Hyaro is
negatiating for 20 megawatts. If an agreement is reachea, this
power will be available between 1981 ana 198S.
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Current Issues

There are several barriers to increasing power exchanges with
Canada. One is the current uncertainty over the amount of
Canacian power that will be available to New England and how
dependable it would be as a future source. A joint preliminary
report preparea by the Hydro-Quebec and the New England Power
Pool (NEPOOL) on potential New England/Quebec power interchanges
inaicates that importing of power from Hydro-Quebec to New
England before 1987 is not likely because adequate transmission
lines could not be completec before that time. The report also
concludes that after 1987 Hydro-Quebec will have no surplus
energy for sale. On the other hand, forecasts by Quebec
planners of growth rates for provincial electric demands are
quite high (6.5 to 7.5%). By comparison, recent New England
forecasts average 2.0 to 3.5%. If the Quebec forecasts are high
by even 2 or 3% the province may have a very large amount of
surplus capacity, between 2,000 to 5,000 megawatts, that could
be exported between 1985 and 1995.

Many utilities are hesitant to purchase power from facilities
not located in the United States. Quebec, which may have the
greatest export potentials, seems to prefer dealing with a
single large entity such as the New York Power Authority than
with incividual utilities. Presently, there is no organization
authorized to represent all Maine utilities or all of the New
Englana states in bargaining for power. A NEPOOL team is
negotiating for z000 MW of power; however, inaividual utilities
are not bound by the results of the negotiations. Finally,
transmission lines between Canaaca ana the United States will
need to be upgraded or new ones constructea to allow increased
imports. Studies by NEPOOL incicate economic aavantages of long
term energy exchanges ana energy banking. Une NEPOOL report
recommends that construction of a new 600 MW tie be started
immediately. The MEPCO line coula probably e upgracea to
assume greater capacity sooner than new transmission lines can
be constructec since environmental permits would not be
necessary.
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a.

Natural Gas

Current Use/Resource Availability

Presently, the State of Maine coes not receive any natural gas
directly from Canada. However, one immediate and two longer
range Canadian sources for natural gas imports may exist.
Currently, a proposal to transfer a surplus of Alberta natural
gas across an existing pipeline interconnection at Niagara
Falls, New York, is pending before the U.S. and Canadian
governments. While this flow would primarily benefit New York,
New Jersey and southern New England, a small amount woula enter
Maine by way of the Bay State Gas-Northern Utilities pipeline.
This line serves the Portlana ana Lewiston-Auburn areas.

The potential for further gas exports from Canaca may come with
the proposea two stage extension of the trans-Canaca pipeline,
referred to as the Quebec and Maritime Pipeline Project. The
first stage, extenaing the present pipeline to the Quebec area,
has been approvea by the National Energy Board and will be uncer
construction soon (penuing resclution of some environmental ana
rignt-of-way questions). The secona stage, which extends the
pipeline to the Maritimes, has opeen announcec as a policy goal
of the Canadian government. This portion of tne pipeline may
involve an export segment callea the New Englana States Pipeline
Project. This project is a joint venture oetween Algonguin Gas
Transmission Company of Boston ana Transcontinental Gas Pipeline
Corporation of Houston. It involves tne construction of a gas
pipeline from the Canagian Borcer, through Maine, to Algonguin's

‘pipeline in Rhode Islana. It woula bring 91.25 billion cubic

feet per year of Canaaian gas to New Englano ana tne New York
area. Some of this large amount of gas coulc be available to
Maline.

Future supplies that may aaa to the surplus of Alberta gas may
come from offshore arilling on the Canaaian Quter Continental
Shelf or the Canaaian Arctic/U.S. Alaskan Reserve. Recent
discoveries of natural gas on Sable Island and in Hyoernia off
Newfounclanu coula yiela more than Canaaa neeas and, thus may be
made available to New Englana markets.

Current Issues

Maine is not assurea of access to the gas in tne proposea New
England pipeline project since allocations must pe approvea by
the Feceral Energy Regulatory Commission. However, Maine bas
pbeen tola by the companies involvea that tney woulG support
gistribution of gas from the pipeline in Maine., A report by
E.J. Curtis Associates on behalf of the Massachusetts Office of
Energy Resources, entitlea "Prospects for Natural Gas Exchange
between New Englanc anc Eastern Canada," states tnat the
existence of tne New England states pipeline woulc have
implications tnat go beyona the immeciate project:
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"Such g tie-in woula constitute a "backaoor"
interconnection with the entire U.S. gas pipeline system.
To the extent that gas is delivered into the ena of the
U.S. gas pipeline, it creates some additional capacity in
the system ana, therefore, improves New England's access to
supplies which may be developed to the south ana west of
the region. This is so because of the aisplacement
principle. For example, if a Texas-basea pipeline
contracts to buy Canacian gas from the Sable Island
Reserve, it coula be celivered via New England to markets
all the way down the line to Texas. Since gas is already
flowing into the northeast from Texas, however, the
Canadian gas would not have to be physically transported to
Texas. Instead New Englana would use Canadian gas. The
net result is a decrease in the actual flow of gas into the
New England area from the southwest, thereby increasing the
capacity of the existing system to bring new gas into the
region. This would clearly be dgesirable to the New England
gas industry in that it would significantly expand supply
options."

These possibilities are in the future. However, if they do

occur, Maine may well become an energy corridor supporting a
pipeline to southern New England to celiver this gas and the
available supplies of gas in the state coula increase
substantially. The use of natural gas in Maine is further
discussea in this plan's section on that fuel.
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