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Foreword

The Northwest Power Planning Council
was created on April 28, 1981 in accord-
ance with the Pacific Northwest Electric
Power Planning and Conservation Act (the
Act). The Council is an interstate compact
agency made up of eight members, two
each from the states of Idaho, Montana,
Oregon, and Washington. All are appointed
by their governors and confirmed by their
legislatures. The Council is not an agency
of the United States government.

The Council was authorized by Congress
and created by the Northwest states to
encourage conservation and the develop-
ment of renewable resources in the North-
west (1) to assure an adequate, efficient,
economical, and reliable power supply,
and (2) provide for broad pubtlic participa-
tion and consuiltation in the development of
regional power plans and related fish and
wildlife programs. (A detailed description
ofthe Council’s role is given in Appendix A.)

The Act directs the Council to “prepare,
adopt, and promptly transmit to the Admin-
istrator {of the Bonneville Power Adminis-
tration] a regional conservation and elec-
tric power plan.” The Act also directs the
Council to accomplish this task by April 28,
1983. This plan describes the strategy devel-
oped by the Council to meet the region’s
electrical energy needs over the next two
decades with flexibility, responsibility, and
at the lowest cost to the region.

To lay the groundwork for development of
its strategy, the Council’s initial meetings in
1982 were devoted to assessing the status
of regional electric demand forecasting, re-
source and conservation programs, and
other issues relevant to the Council's re-
sponsibilities. In the fall of 1981, the Coun-
cil initiated six major studies needed to
prepare this plan. Final reports totaling over
4,000 pages were completed in the summer
of 1982. Information obtained from these
reports was used by the Council to develop
this plan.

The Council established a public involve-
ment process to ensure that key issues
were reviewed by a broadly representative
Scientific and Statistical Advisory Commit-
tee, other interested parties, and the general
public.

This plan does not create one additional
kilowatt of energy in the region. Toaccom-
plish its purpose, the plan must be imple-
mented by Bonneville and other federal
agencies, the region's utilities, state and
local government, private businesses, and
the people of the Northwest. The Council,
therefore. actively sought broad public re-
view of the draft document which was
issued on January 26, 1983. Seven days of
public hearings were held in five locations
throughout the region. The Council re-
ceived 18,000 pages of comments from
over 1,200 individuals, agencies and or-
ganizations.

This plan is the result of the evaluation and
revision of the draft document based on all
comments received in the Council’s Port-
land office by March 21, 1983,

The Council adopted the Columbia River
Basin Fish and Wildlife Program on Novem-
ber 15, 1982. The program, which provides
for the “protection, mitigation and enhance-
ment” of fish and wildlife in the Columbia
River Basin, has been formally incorpo-
rated into this power plan as Volume 1.
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“the Council shall prepare ... a
regional conservation and electric
power plan”

Chapter 1
Introduction

Today, the Pacific Northwest faces a new
challenge: to exert control over our energy
future. The region has the responsibility to
create a power plan that will meet with con-
fidence a wide range of potential tomor-
rows at the lowest possible cost to the rate-
payers of Washington, Oregon, Idaho, and
Montana.

In response to the challenge, the North-
west Power Planning Council's two main
goals are: (1) get the power the region
needs, and (2) get it at the lowest possible
cost.

The Council was authorized by the Pacific
Northwest Electric Power Planning and
Conservation Act of 1980 (the Act) and
created by the four Northwest states to
provide a new public forum for making
decisions about our energy future and for
determining the best resources for the
Bonneville Power Administration as we
head into the next century.

Energy Economics—
Then and Now

Today’s electric energy choices reflect a
reversal from vyesterday's economics of
power. For years, the region had been
blessed with low-cost electricity from the
seemingly inexhaustible Columbia River
system. The rapid economic growth of the
region created a steady demand for more
and more power. Because of economies of
scale and growing sales of electricity to pay
the costs, each new dam actually brought
the cost of electricity down.

From 1940 to 1973, the wholesale rate for
public utility customers of the Bonneville
Power Administration dropped, when ad-
justed for inflation, from 1.7 centsto 0.5 of a
cent per kilowatt-hour (see figure 1-1). The
region’'s huge hydropower system on the
Columbia, built when inflation and interest
rates were low, provided the nation’s cheap-
est electricity. From farm to factory, the
region prospered during this hydropower
era. With the cost of power dropping, “living
better electrically” became the axiom of the
times. Power planning in the 1950's and

Average Rate {cents/kilowatt-hour)

20

(1.71)

(1.67)

15

1.0

0.5
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0
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1980 1983

All figures based on 1980 dollars, adjusted for inflation.

Figure 1-1.
Bonneville Power Rates, 1937 - 1983

1960's involved minimal risk of being wrong.
If the supply of electricity exceeded de-
mand, demand was certain to catch up
soon. The far greater risk, or so it was per-
ceived at the time, was to underbuild, to
have demand for electricity exceed the

supply.

By the mid-1960's, with most of the major
hydropower sites developed, the region’s
utilities turned to thermal plants. The shift
to coal and nuclear plants was one which
other parts of the nation, not endowed with
great flowing rivers like the Columbia and
Snake, had made years before. For the
Northwest, however, the transition to the
thermal age was to become a most difficult
one.

In 1968, with projections for consumption
of electricity around 6 percent annual
growth, the utilities laid out the first phase
of the Hydro-Thermal Power Plan. The
program envisioned building twenty nu-

clear plants and two new coal facilities. The
concept, in part, was to use these plants to
meet the base electric loads in the region,
while the hydropower system would be
used to meet the daily and seasonal peaks
in demand.

Rapid growth was projected to continue for
years ahead, therefore, the Hydro-Thermal
Power Plan was based on the energy eco-
nomics of the day. Nuclear reactors ap-
peared to be cheaper to operate as base-
load facilities because so much of their cost
is inthe building of the physical plant, notin
the cost of fuel. Once areactor is running, it
makes little economic sense to operate it to
follow the daily fluctuations in power de-
mand. The hydropower system, on the
other hand, could follow the hour-to-hour
demand for electricity in the region.

Few had anticipated the cost of the thermal
era transition. The cost of new coal or
nuclear plants escalated by billions of dol-
lars with power from these plants costing
many times more than power from the

1-1
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existing Northwest dams. Figure 1-2 com-
pares the average cost of existing hydro-
power dams, new conservation programs,
and new thermal plants. As the cost of the
new thermal plants increased, so did the
value of the hydropower system. Although
its output varies with annual rainfall and
snowpack conditions, the hydropower sys-
tem can generate thousands of megawatts
for atenth of what the electricity would cost
from additional thermal plants. Further-
more, during high-water years there is
enough cheap hydropower to allow other,
more expensive resources to be shut down,
thus saving ratepayers some of the cost of
running thermal plants. A good example of
this occurred in 1982, A combination of
factors (high water, mild weather, and a
sluggish regional economy) resulted in
enough hydropower so that some thermal
plants, particularly coal units, were simply
shut down to save money. Given today's
cost of building and operating any new
plant, economics point toward getting max-
imum use out of the hydropower system
while planning new resources that com-
plement that system.

Between 1973 and 1983, after adjusting for
inflation, the wholesale cost of electricity
climbed from 0.5 of a cent to 1.56 cents per
kilowatt-hour. This threefold rise in rates
reflected emerging realities about energy
economics. The concept of “the more you
build, the less it costs” became “the more
you build, the more it costs.” Utilities were
caughtin a whipsaw—as rates went up, the
demand for electricity fell, and so did pro-
jections for future demand. Each year since
1975, the long-range forecasts of the Pacific
Northwest Utilities Conference Committee
have dropped. The most recent projection
is 2.0 percent per year. As these projections
dropped, the risks surrounding power plan-
ning decisions increased first by millions,
then by billions of dollars. For example, a
one percent difference in growth rates over
a ten-year period equals the energy differ-
ence of three large nuclear plants, costing
billions of dollars and each taking more
than a decade to complete. A one percent
fluctuation in a long-range regional fore-
cast is not that unusual, which means that
the current construction time of a major
plant surpasses the ability of the planner to
determine whether that plant is actually
needed.

1-2
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Figure 1-2.

Cost Comparison —
Hydropower, Conservation, and Thermal

Any forecast, no matter how sophisticated
the process by which it was derived, has an
inherent element of imprecision. No one
can predict with accuracy the myriad of
events that will determine the region’s
energy needs twenty years from now. As
recent events have shown, there is a high
cost in being wrong. The major challenge,
therefore, is to reduce the probability and
the consequences of being wrong.

A New Planning Strategy

Certainty about the future does not come
from the technical sophistication of the
methods used to create a forecast. Instead,
it comes from the flexibility and confidence
one has in the number and types of re-
sources available to meet any given condi-
tion. As times and conditions change, so
mustthe region’s plans. The Council devel-
oped this plan with the following specific
goals in mind:

* To provide an adequate supply of low-
cost electricity:

* To select resources following the cost-
effectiveness principles and priorities in
the Act;

* To evaluate all resources from a total
regional system perspective to ensure
their compatibility with the existing hy-
dropower system;

* To select resources with the least ad-
verse impacts on the environment, or
those whose adverse environmental
impacts can be mitigated;

® To select resources that are consistent
with protecting and enhancing fish and
wildlife, and that mitigate power system
impacts on fish and wildlife;

To provide a reliable power supply that
will meet any future load growth; and

* Todevelop aflexible strategy so that the
plan can be modified as conditions
change and new information becomes
available.

Planning for Economic Growth

The Council recognizes the shifting nature
of energy demand projections, and wants
to bracket the region’s energy future by
setting the highest and lowest plausible
electric load growth forecasts over the next
twenty years. The Council is confident that
the region’s actual demand for electricity
will fall somewhere within that range. This
range, while avoiding a single “most likely”
growth rate, establishes the plausible
bounds of the region’s growth and its
accompanying energy needs.

The principal determinant of electric load
growth in the region will be the economic
growth the region experiences. An impor-
tant indicator of regional economic per-
formance is how well the Northwest growth
compares to the nation. When developing
the highest growth forecast included in the
plan, the Council used the assumption that
employment in the region would grow
more than twice as fast as predictions for
employment in the rest of the nation over
the next twenty years. This growth ratio is
even higher than the Northwest's most
rapid five-year historical growth period
which occurred between 1974 and 1979.
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us.
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Figure 1-3.
Ratio of Pacific Northwest Total Employment to National Total E mployment Growth Rates

Figure 1-3 compares the Pacific Northwest
and national employment growth rates for
three historical periods with the twenty-
year forecast. In the high growth forecast,
total regional employment would increase
by more than 3.4 million between 1980 and
2002, as compared to the 1.5 million in-
crease in jobs between 1960 and 1980. In
the low growth forecast, total employment
in the region would increase by 700,000
employees between 1980 and 2002. This
rate assumes that the Pacific Northwest
would grow as fast as national projections
for the nation as a whole.

In terms of energy requirements, the low
and high economic projections transiate
into a twenty-year range of 0.7 and 2.5 per-
cent average annual rate of growth. In
terms of energy resources. this means the
region would have to add anywhere be-
tween 250 and 10.700 megawatts over the
next twenty years in addition to resources
currently under construction. (For compar-
ison, the City of Seattle uses about 1,000
megawatts on the average.)

Planning With Flexibility

Another element of the Council’s planning
strategy is flexibility in the selection of
resources. The Council’s plan follows the
cost-effectiveness criterion in the Act and
emphasizes smaller resources with shorter
lead times from the initial planning stages
to the ultimate generation of electricity. For
example, some resources, such as conser-
vation programs, can be developed incre-
mentally and implemented quickly. This
means that conservation can be tailored to
fit the region’s pattern of energy growth.

Major generating resources require much
more time from inception to completion.
A new arrangement, called “options,”
would add flexibility to the scheduling of
these resources. An option would aliow a
resource to move through the time-
consuming but relatively inexpensive siting
and design stages and to be placed in a
“ready” condition. In that condition, the
project could be scheduled (placed on hold
or constructed) depending on the demand
for electricity. Such options would become
in effect an insurance policy that would
allow the region to plan for high growth
rates without prematurely committing to
build to those rates.

Key Elements of the Plan

Although this plan responds to an uncer-
tain future, it is not an uncertain plan. The
Council has identified specific actions to be
taken, and has provided a schedule for
making decisions to accommodate future
changes in electric energy supply and
demand.

In this twenty-year plan, conservation is the
cheapest resource for the region and it will
play a major role in meeting future electric
energy needs. If the region needs addi-
tional resources, the Council has identified
potential hydropower resources that could
be developed with a minimum of damage to
fish and wildlife and the environment. To
serve higher growth, industries would be
encouraged to develop cogeneration facili-
ties. Combustion turbines are included in
the plan to serve unanticipated load growth.
If the region experiences very high eco-
nomic and population growth, or if conser-
vation and renewable resources do not per-
form as well as expected, the plan includes
new thermal plants in the resource portfolio
for the late 1990's.

In recognition of the current regional sur-
plus of electricity, the primary focus of the
plan over the next two years is to develop
and test conservation programs in all sec-
tors of the economy so that these programs
will be reliable and available when the
region needs additional power.

The two-year action plan also begins laying
the groundwork for other resources that
may be needed in the future. These efforts
include: (a) working with state and federal
regulatory agencies to resolve potential
problems associated with holding options
on resources and with use of combustion
turbines to meet unanticipated local
growth; (b) research and demonstration
programs to learn more about the cost and
feasibility of renewable resources: and, (c)
marketing assistance to encourage the in-
stallation of cogeneration facilities.

The plan includes policies to sell inside the

region more of the low-cost interruptible
power from the hydropower system, which
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would benefit Northwest businesses, indus-
tries, and agriculture. The plan aiso out-
lines a process to begin discussions with
the California Energy Commission regard-
ing a sale of firm surplus power that would
benefit both regions.

The plan is divided into eleven chapters.
Chapter 2 states the policies the Council
has applied in developing this plan. These
policies have guided the Council in the
selection of resources and measures in-
cluded in the two-year action plan.

Chapter 3 explains the Council's planning
strategy, which emphasizes development
of conservation programs and, for generat-
ing resources, the acquisition of options to
improve flexibility.

Chapter 4 describes the Council’s forecasts
of demand for electricity and prices, includ-
ing the underlying assumptions about the
regional economy and the price of alterna-
tive fuels.

Chapter 5 presents a detailed description of
the Council's twenty-year resource port-
folio and a discussion of eight major issues
addressed by the Council during the prepa-
ration of the plan. The chapter also explains
the analysis used to select the lowest-cost
resource portfolio, including a description
of the important characteristics of the
Northwest hydropower system, the reliabil-
ity criteria used by the Council, and the role
of combustion turbines in providing plan-
ning reserves for unexpected load growth.

The elements that were evaluated in the
development of the resource portfolio are
discussed in chapters 6 through 9.

Chapter 6 characterizes the existing re-
sources inthe Northwest and those that are
currently under construction. These re-
sources are then compared to the range of
load forecasts to determine when new re-
sources may be needed.

Chapter 7 summarizes the Council’s analy-
sis of the amount of cost-effective conser-
vation that can be developed in each sector
of the economy during the next twenty
years.
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Chapter 8 analyzes the energy potential
from renewable and non-renewable re-
sources. Renewables include electricity
generated from hydropower, geothermal,
wind, solar, and biomass. Non-renewables
include gas-fired cogeneration, and elec-
tricity generated from coal and nuclear
plants.

Chapter 9 describes the environmental im-
pacts of all the resources that were con-
sidered by the Council in developing this
plan. A separate section outlines the ex-
pected effects on fish and wildlife of the
Council’s resource portfolio.

Chapter 10 is the Council's action plan for
the two-year period that follows adoption
of this plan. This chapter is the most impor-
tant because it contains actions to be taken
by Bonneville, the Council, state and local
governments, and utilities to build capabil-
ity for acquiring conservation and other re-
sources in the future. The Council regards
these actions as vital for the region to be in
a position to acquire the most cost-effective
resources when the need arises.

Chapter 11 describes the process the Coun-
cil will use to revise the plan. This chapter
also explains briefly how the Council will
review Bonneville's major resource pro-
posals for consistency with the plan.

The use of some technical terms has been
necessary throughout this document be-
cause any alternate choice of words would
be inaccurate or too lengthy. A glossary is
provided to describe those terms.

Volume I, available on request, contains
additional technical appendices beyond
the interest of the general audience. Addi-
tional detailed reports and analyses used to
develop the plan have been inciuded in
technical exhibits, which may be examined
at the Council's central office in Portland, at
the Council's four state offices, and at Bon-
neville Area offices.

Volume Il is the Columbia River Basin Fish
and Wildlife Program which was adopted
by the Council on November 15, 1982. The
Council has incorporated the fish and wild-
life program into this energy plan.

Monitoring Implementation
of the Plan

Itisimportant to understand that this plan is
not “cast in concrete.” It will be subject to
continuing review and analysis by the
Council, and is scheduled for revision every
two years or as necessary to respond to
more rapid changes in the region’s needs.

The success of the plan will depend on
monitoring what is happening to electric
power demand and determining how fore-
casts should be revised. A number of the
conservation programs included in the plan
represent newer, more aggressive ap-
proaches than any previous efforts in the
region. The Council will need to verify the
amount of energy that is being saved due to
conservation as compared to that projected
in the plan.

The Council will also examine the costs
and schedules for the resources in the port-
folio and other resources, as well as watch
for changes in technology or development
of new technology that might become a
candidate for inclusion in the plan. Future
developments that affect the cost-effective-
ness of resources could necessitate chang-
ing their ranking and scheduling.

The Council is committed to revising this
plan as necessary to meet the region's
energy needs with confidence, flexibility,
and at the lowest possible cost.



“the plan shall set forth a general
scheme for implementing conser-
vation measures and developing
resources”

Chapter 2

This chapter explains the policies that have
guided the Council in the development of
this plan.

Need

All resources that are acquired by Bonne-
ville must be needed to meet Bonneville's
loads—buy only what is needed.

This plan is intended to provide Bonneville
with the lowest cost mix of conservation
and other resources throughout the twenty-
year planning period. Resources should be
acquired by Bonneville only if there is a
need for power. That principle applies to
the acquisition of conservation and renew-
able resources as well as to cogeneration
and thermal power plants.

Even during periods of surplus, resource
programs are needed to ensure that cost-
effective. high-priority resources are avail-
able to meet future loads. To develop con-
servation in existing buildings, for example,
administrative programs must be developed
and programs must be phased in before the
power is needed. New buildings will be in
place for thirty years or more, and certain
energy-efficient improvements can be in-
stalled only at the time of construction or
equipment replacement. It is prudent, there-
fore, to ensure that new buildings are
energy-efficient. Cogeneration resources
also become available intermittently. A de-
cision to install a new industrial boiler or
replace an existing boiler is made primarily
for business reasons, not for power pro-
duction. If a cost-effective cogeneration
unit can be installed at the same time, it
may be in the best interests of the region
and the ratepayers to acquire the resource.
The terms of purchase can take into con-
sideration the region's surplus power con-
ditions through offers of marketing assist-
ance and access to transmission lines.

Cost

All resources must be cost-effective—buy
the cheapest resources first.

The primary goal of the Act and this plan is
to ensure the ratepayers of the Northwest
an economical power supply. That goal
can be accomplished best through acquir-
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ing resources with the lowest incremental
cost to the region’s ratepayers. All acquisi-
tions must take into consideration the re-
source's compatibility with the existing sys-
tem, its environmental and fish and wildlife
effects, the risks associated with large capi-
tal costs and long lead times, and other
relevant concerns.

Surplus and
Interruptible Power

Resource programs should be designed to
accommodate surplus power conditions
without hindering Bonneville’s ability to
meet long-term resource requirements at
the lowest cost and in a manner consistent
with the priorities described in this chapter.
In evaluating resources, the Council has
considered all costs directly associated
with the resources over their effective lives,
as required by‘the Act.

The current surplus of firm power offers the
region a number of opportunities. Because
new resources are not needed to meet
loads now, conservation programs can be
developed and tested to prepare the region
to meet future loads inexpensively and
consistently with the priorities of the Act.
The region must aiso make every effort to
sell its surplus power outside the regiorn.
Such sales can provide significant financial
relief for Northwest ratepayers.

Policies
B
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Also, the hydropower system often gener-
ates power in excess of firm loads due to
streamflows above those critical levels used
for planning purposes. Increased sales of
this non-firm, interruptible power within the
region can serve industries, irrigators, and
municipalities cheaply while aiding the
economy and reducing rates for all
consumers.

Compatibility with
Hydropower System

Each resource must be evaluated on the
basis of how it will perform in conjunction
with the region’s enormously valuable hy-
dropower system.

Some resources clearly outperform others
under this test. Some conservation and
cogeneration, for example, follow loads,
andthey are available during periods of low
water—a good match with hydropower,
Combustion turbines have low capital costs
and high fuel costs, allowing them to be
built for little cost and held in reserve for
use during low-water conditions. On the
other hand. some hydropower projects
may only add to the surplus in the spring
and be unavailable during the winter due to
low flows.

In a region that produces most of its elec-
tricity from hydropower at a generation
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cost of only 4/10 of a cent per kilowatt-
hour, every effort must be made to take
maximum advantage of the hydropower
system consistent with the goal of protec-
tion, mitigation, and enhancement of fish
and wildlife.

Resource Priorities

Where resources have equivalent costs and
equivalent environmental and fish and wild-
life effects, they must be selected for acqui-~
sition in the following order:

® First, conservation;
e Second, renewable resources;

¢ Third, generating resources using waste
heat or generating resources of high
fuel conversion efficiency; and

e Fourth, all other resources (including
conventional thermal resources).

Environmental Quality/Fish
and Wildlife

Regional resource acquisition decisions
must include consideration of environment-
al quality and the protection, mitigation,
and enhancement of fish and wildlife. Any
Columbia River Basin hydropower acquired
for regional use must aiso be consistent
with the Council’s fish and wildlife program.

To the extent possible when planning un-
known resources for an uncertain future,
the Council has considered environmental
quality and fish and wildlife. Specific re-
source acquisition decisions must also in-
clude all quantifiable environmental costs
and benefits directly attributable to the
resource. The Council has included in this
plan its method for determining quantifi-
able environmental costs and benefits (see
Appendix C).

Market Mechanisms

Resource acquisition programs should use
existing market mechanisms and organi-
zations as much as practicable. They
should also impose a minimum of new
administrative requirements. Resource de-
velopers already face a wide variety of legal
and regulatory requirements. The region
should make every effort to facilitate the
development of resources that are needed
to meet its demand for electricity. Imple-
mentation of this policy will improve the
region’s ability to select resources based on
the mostimportant factors: need, cost, and
environmental considerations.

Incentives

Conservation is a resource, and it is sub-
jected to the same need and cost-effec-
tiveness standards as other resources. The
primary tools available for achieving con-
servation are: incentives, regulatory stand-
ards, and rate designs. To give utilities and
state and local governments as much free-
dom as possible, incentives should be
favored. Incentives should be self-
implementing—those who respond should
benefit. Incentives shouid not be diluted
simply to protect against rate impacts on
those who do not respond.

If incentives do not prove to be sufficient to
achieve the necessary conservation sav-
ings, more emphasis can be placed on reg-
ulatory standards and rate design.

Diversity

Resource acquisition programs should ac-
commodate the diversity that exists within
the region and encourage local initiative,
ingenuity, and choice.

Program features need not be uniform
throughout the Northwest. The diversity in
climate, geography, economy, population,
urban/rural character, and utility and local

government structure call for sensitivity to
local needs, which can be met best at the
local level. Diversity is valuable in resource
selection as well. The region should main-
tain a portfolio of diverse resources to avoid
the uncertainties associated with relying on
any one type of resource.

State and Local
Government

State and local governments must have a
full opportunity to participate in the imple-
mentation of this plan. This will require
consultation, financial and technical as-
sistance, and other support.

A number of programs, such as geothermal
district heating projects, efficiency improve-
ments in government buildings, land use
and solar access standards, and voluntary
conservation measures, will require the
active involvement of state and local govern-
ments to succeed. Their support, and in
some cases legislative action, also will be
needed to adopt and implement the energy-
efficient building codes included in the
model conservation standards.

Consistent Policies

Developing the cheapest resources when
needed requires consistent, simple re-
source acquisition policies and procedures,
as well as reliable resource price projec-
tions. This is particularly important for
developers of renewable resources, cogen-
eration, and other less conventional re-
sources. The failure to follow such proce-
dures will discourage developers and force
the region to resort to less cost-effective
and lower-priority resources.



“The purposes of this Act [are]... to
assure the Pacific Northwest of an
adequate, efficient, economical,
and reliable power supply”

Chapter 3

Flexible Planning Strategy

The Council’s regional electric power plan
provides a mixture of electric power re-
sources: conservation, additional hydro-
power generation, cogeneration, combus-
tion turbines, and conventional coal-fired
power plants. All of these resources may be
necessary to meet the region’s electric
needs over the next twenty years. Re-
sources were selected based on their tech-
nical, economic, and environmental char-~
acteristics. The Council's primary concern
is ensuring an adequate supply of electric-
ity at the lowest possible cost to the region’s
ratepayers. To accomplish this, the Council
has developed a comprehensive approach
to regional power planning that evaluates
the contribution of specific resources to
system cost by analyzing the way resources
work together over a wide range of possible
loads.

The Council collected and analyzed great
amounts of detailed data. The information
was systematically evaluated using several
computerized models simulating the re-
gion's electric power system. This analysis
and the Council’s consideration of non-
quantifiable factors relating to resource
costs, flexibility, availability, lead times, and
environmental and fish and wildlife effects
that cannot be mitigated, helped guide the
Council's decision in selecting the re-
sources finally included in the power plan.

The Council’'s approach emphasizes flex-
ible resources and conservation programs
that can be modified to meet changing
demands for electricity. Some resources,
like conservation programs, can be initiated
quickly, and the rate of implementation can
be adjusted over time to fit actual needs. On
the other hand, major electric generating
plants with long construction periods re-
quire critical decisions many years before
the power might be needed. Therefore,
long lead times increase the risk posed by
the uncertainties inherent in energy plan-
ning. An investment in a long lead-time
plant is warranted only when it is a much
lower cost resource and the probability of
needing that type of resource to produce
electricity clearly indicates low probability
of future demand falling short of the
forecast.

These concepts of risk and uncertainty are
well known to everyone faced with large
capital investments in new plants or facili-

ties that will only be profitable if the econ-
omy, markets, and other factors are favor-
able. All decisionmakers face the possibility
that the future will not turn out as expected
and the decision to invest may be costly.

The Council's decisions on new resources
for the plan have many of the attributes of
other business decisions. If resources can
be acquired with shorter lead times, the
uncertainties surrounding future conditions
will be reduced. Lower capital costs and
smaller resource sizes also can lessen the
risk. The size of the investment is reduced
when intermediate decisions are allowed
on each resource addition. While smaller
and shorter-lead-time plants are clearly
better from a risk perspective, bigger long-
lead-time plants could be good investments
if the electricity they produce was cheap
enough to offset the increased risks.

Based on these concepts of risk, resource
lead time, size, and flexibility, the Council
selected cost-effective resources to mini-
mize the lead times and amount of capital at
risk. The Council has developed a resource
portfolio that has the diversity and flexibility
to adapt to a wide range of future out-
comes. This portfolio provides the region
with the lowest cost, shortest lead time, and
smallest incremental plant sizes that are
cost-effective to ensure that the Council
and the region will have the ability to
change the plan in response to future
needs.

Conservation—
The Flexible Resource

Conservation is the most flexible resource
because it has both a short lead time (once
a program has been designed and tested it
can be quickly scaled up or down) and it
can be acquired in small increments, each
of which begins generating (saving) energy
immediately. Because there is not a lengthy
period of siting, licensing, design, and con-
struction for conservation, it can be quickly
and easily modified to respond to changing
conditions.

Bonneville's existing residential weather-
ization program is an excellent exampie.

The program has been tested and proven
(although the Council recommends some
specific modifications discussed in the
two-year action plan, chapter 10). In re-
sponse to the current surplus, the program
is being held at current levels of activity. If
the region were expecting energy short-
ages, this program could be expanded by
increasing marketing efforts and paying
larger incentives. At current activity levels,
the program can be preserved and main-
tained so that when higher load growth
returns, the region can quickly increase the
rate at which weatherization savings can be
acquired.

Options—A New Approach
for Power Planning

The Council developed a new approach to
power planning to deal with generating
resources. This approach involves shorten-
ing the period over which the need for
power must be forecast for new resources.
The forecast period can be reduced through
an “option,” a contract between a resource
sponsor and the region, which allows the
region to control the start of construction
for resources which have received all neces-
sary permits. To acquire an option, the
region would provide financial assistance
to a resource sponsor for the siting, licens-
ing, and design of a generating resource. In
exchange for this small investment, the
region would gain the right to decide when
conditions warrant beginning construction.

By having a fully licensed resource effec-
tively on hold, the period over which elec-
tricity needs must be forecast is reduced to
the resource construction period, which is
often less than one-half of the total time that
is currently needed. For example, the total
lead time on a new coal plant is about ten
years. The activities of siting, licensing, and
design take from five to six years and are
relatively low cost when compared to con-
struction costs. An option on a coal plant
could cost as little as $48 per kilowatt for
siting, licensing, and design. At this point it
would take five and one-quarter years to
construct. If the probability of needing the
resource s high and the resource is particu-
larly cost-effective, then another option
point is possible after ordering the boiler.
This would cost a total of $180 per kilowatt
and leave a construction time of four years.
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The Council has been careful to select the
cheapest resources possible while giving
consideration to lead times and the size of
the resource.

In addition to reducing resource invest-
ment costs and increasing flexibility of the
resource portfolio, another primary benefit
of the option approach is its significant po-
tential for reducing environmental degrada-
tion. The longer large-scale generating
plant construction can be postponed until

3-2

need is more certain, the longer the accom-
panying environmental impacts can be
postponed or avoided. The option approach
guards against incurring environmental im-
pacts of power plant construction before
the region needs the energy to be gener-
ated by those plants. The options concept
also favors developing resources with short-
er lead times, and smaller-scale resources
which often involve less severe environ-
mental impacts.

The Council has planned for enough op-
tions and resources to meet a high level of
economic growth. If the region actually
experiences lower growth rates, some of
the options would be delayed or even
abandoned. This approach allows the re-
gion to match energy supply to actual
demand and reduces the chance of over-
building resources. An option contract
would permit the region to decide when
construction should begin.
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There are three specific types of resource
options:

* Resource-banking: A resource could be
sited, licensed, and designed, but the
construction phase would be put on
hold.

® Acquisition prior to regional need: A re-
source could be acquired before the
region needs the power, but the power
could be sold outside the region at a
price that recovers all costs of producing
the electricity. Specific “callback” provi-
sions would permit Bonneville to use the
power inside the region when necessary.

¢ Existing resource option: In addition,
there is another resource option that
may be used in response to temporary
resource needs——an existing resource
whose output could be acquired by pay-
ing for its operating costs. (Examples
are existing combustion turbines inside
- the region or excess generation in Cali-
fornia or British Columbia.)

An option authorizes the region to con-
struct, delay, or cancel the project as part of
a cost-effective regional energy plan. The
project sponsor would be compensated for
the risk that the project might be resched-
uled or terminated. An option is a form of
insurance to the region, because it helps
the regional planning process adapt to
uncertain future loads. The preconstruc-
tion payments to the sponsor are similar to
insurance premiums.

Using the Council's planning strategy, a
resource might go through five steps:

1. Option Planned: The resource is identi-
fied as potentially needed, but no deci-
sion or financial commitment is neces-
sary. Bonneville could begin developing
incentives and requests for options,
establishing criteria for selecting op-
tions, and resolving potential legal and
technical questions. Based on the pro-
jected cost-effectiveness of and need for
the resource and the costs of securing
an option, differing option points may
be appropriate for each resource.

2. Option Initiated: The Council and Bon-
neville determine that the resource may
be needed in the future and Bonneville
enters into a contractual arrangement to
provide regional financial assistance for
the siting, licensing, and design of a
resource, in return for regional control
of project timing.

3. Option Secured: All technical, legal, and
administrative issues have been resolved
and the resource is ready to move into
the construction phase. At this stage,
the construction of the resource could
be delayed without affecting the ability
of the region to move ahead on the proj-
ect at some future date. Expected life-
time of the option will be determined by
the Council at this time and the option
will be scheduled for a comprehensive
review when this lifetime expires. An
option may be resecured after satisfying
environmental and technical standards
required to relicense the resource and
site.

4. Resource Acquired: The Council and
Bonneville determine that the secured
option should be exercised based on

Energy Needed
(Megawatts)

current conditions and forecasts of
demand. Under the resource acquisi-
tion provisions of the Act, Bonneville
would purchase the resource and the
project sponsor would move into the
more expensive construction phase.

5. Resource Completed: The power is
available to meet the obligations of the
Bonneville Power Administration.

To describe graphically how the Council's
decisionmaking process could work, figure
3-1 shows the energy that needs to be
added in the high load forecast for 1983
through 2002. Also shown are four re-
sources on which options are planned to be
purchased. If the high load forecast should
occur, the region would first initiate options
on all resources and then build each of the
resources as soon as siting, licensing, and
design are completed. Options would be
needed on the hydropower dam in 1984,
the coal plantin 1988, and the cogeneration
facility and the combustion turbine in 1992
so these resources could be available to
meet the high growth forecast.

~ I
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W Option
B¢ Construction

Cogenera I
Combustion Turbine [N

84 86 88 90 92

94 96 98 2000 02

Figure 3-1.
Example of Planned Option and Construction Schedule in 1983
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Figure 3-2 illustrates what happens if the
Council makes a new forecast in 1985 and
determines that the region is not growing
along the previous high growth forecast. A
new range, with a new upper bound fore-
cast is established, and a new decision
schedule results. In figure 3-2, the hydro-
power energy would not be needed until
1990. Since it takes approximately two
years to build the dam, construction must
start by 1988. The region would secure the
option on the dam in 1986 after siting,
licensing, and design have been completed;
would hold the option for two years; and
would make a decision to begin construc-
tion in 1988 if the region is experiencing
high growth. In this example decisions to
initiate options on the coal plant could be
delayed until 1991, on the combustion tur-
bines until 1993, and on the cogeneration
until 1994.

Figure 3-3 illustrates a situation where the
Council has made the same new forecast in
1985 and also determined that conserva-
tion programs and renewable resources
included in the first plan are not performing
as well as anticipated. As a result, the
Council revised its portfolio downward by
2,000 megawatts and moved up decisions
on alternative resources. In this case, the
hydropower dam might be needed in 1988
to meet the high growth forecast. The
option would be secured in 1986, followed
by a decision to begin construction. A deci-
sion to initiate an option on a coal plant is
needed in 1986 so the plant could be sited,
designed, and built by 1996 if it were
needed. Under the new decision schedule,
options would be initiated on the cogenera-
tion in 1989 and on the combustion tur-
bines in 1988.

Initial Council studies have shown option
costs to be inexpensive when measured as
a percentage of total capital costs. The
initial costs of siting, licensing, and design
of a project are quite inexpensive com-
pared to the construction costs.

Energy Needed
(Megawatts)

84 86 88 90 92 94 96 98 2000 02

B option B Construction @99 D:clay

Figure 3-2.
Example of Planned Option and Construction Schedule in 1985

Energy Needed
(Megawatts)

- Combustion Turbine IS0
Hydro '
84 86 88 90 92 94 % 98 2000 02

. Option % Construction

Figure 3-3.
Example of Planned Option and Construction Schedule in 1985
(Reduced conservation and renewable resources)
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There are, however, significant differences
in the cost of an option and the remaining
construction lead times among resource
types. Figure 3-4 shows the option and
construction phases and their costs for five
resources. (Costs shown for WPPSS 4 do
not include sunk costs.) After the option
phase, the coal plant takes only four years
to complete while WPPSS 4 requires seven
years. Itis clearthat an option on WPPSS 4
leaves the region exposed to seven years of
changes in the energy growth forecast. For
this reason, significant differences in risk
remain, which should only be shouldered if
the need for the power is fairly certain or if
the nuclear plant could produce electricity
at significantly lower cost to justify the risk.

Acquisition of resource options should
incorporate an assessment of the risks of
not being able to acquire an option. Since
options are a form of insurance, the cost of
insurance must be weighed against the
potential risk of not being insured. Insuring
against very low probability events is gen-
erally not sound business practice unless
there are very high risks associated with
being uninsured. So, too, must the applica-
tion of resource options be subject to anal-
ysis of the probable load growth, the costs
and lead times of the resources on which
options are being acquired, the current
options inventory, and the risks that might
result if additional options are not acquired.

The options concept has great promise to
provide the region greater flexibility in
meeting its resource needs at the lowest
risk and cost. To establish the practicality
of this concept the Council, Bonneville, util-
ities, and resource developers must work to
identify and resolve institutional, regula-
tory, and legal barriers to its successful
operation. The energy siting agencies in
Oregon and Washington have already dem-
onstrated a willingness to incorporate key
elements of the options concept into their
procedures. During the next two years, the
Council will expand its consultations with
federal, state, and local governments, utili-
ties, and resource developers to demon-
strate the feasibility of acquiring options on
generating resources.

COMBUSTION
TURBINE
2 - $240/kW
$7/kW
0 2
HYDROELECTRIC

$1853/kW
$250/kW

Price is to acquire an option for one 0 2 4
kilowatt of capacity COGENERATION
. Option Phase

(Includes Siting, Licensing and Design)

I Construction Phase $1410/kW

$120/kW

COAL

$980/kW
$180/kW

0 2 4 6 8 10 12 14

Preconstruction and Construction Time
(Number of Years)

Figure 3-4.
Acquisition Schedules for Power Resources
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“the plan shall include ... a demand
forecast of at least twenty years”

Chapter 4
Forecast of Demand
for Electricity

Forecasts of demand for electricity provide
an important basis for the energy plan: a
range of future needs for electricity. In addi-
tion, the demand forecasts play an impor-
tantrole in determining potential conserva-
tion resource availability and indetermining
future prices of electricity. This chapter
describes the demand forecasts and their
underlying assumptions.

The plan explicitly recognizes the uncer-
tainty of future markets for electricity and
treats that uncertainty in a creative and
constructive way. An important part of this
approach to planning in the face of uncer-
tainty has been to recognize a wide range
of economic possibilities for the Pacific
Northwest. The alternative regional fore-
casts were developed within a range of
national economic forecasts. In the high
growth forecast, the regional growth in
employment is 2.6 times an optimistic
growth rate forecast for the nation, a rela-
tive growth higher than the highest five-
year period since 1950. On the low side, the
region could grow at a rate equal to a pes-
simistic forecast for the nation, a relative
growth rate well below that of the past
twenty years. The relative growth compari-
sons are illustrated in figure 4-1. The range
has been defined so that regional planning
does not constrain future regional growth,
either through inadequate supplies of elec-
tricity, or through the excessive prices that
would result from overbuilding.

Economic assumptions are the most impor-
tant element in forecasting future demands
for electricity. The Council has adopted
and developed the best available energy
demand forecasting models to determine
the effects of alternative economic assump-
tions on growth in demand for electricity.
Both the economic forecast range and the
energy demand models were selected after
an open process of public consultation and
review, under the guidance of the Forecast-
ing Subcommittee of the Scientific and Sta-
tistical Advisory Committee and other in-
terested parties in the region.

An overview of the demand forecasting
process is illustrated in figure 4-2. It shows
that demands are determined by economic
conditions, including the prices of fuel, and
electricity. In addition, it is apparent that

u.s. Pacific Northwest

Twenty years
(1960-80)

Highest 10 years
(1970-80)

Highest 5 years
(1974-79)

High Growth
Forecast
(1980-2000)

Low Growth
Forecast
(1980-2000)

1.0 0 1.0 20 3.0
Ratio

Figure 4-1.
Ratio of Pacific Northwest to U.S. Average Annual Employment Growth Rate

Supply of
Electricity
(Conservation | . Wgﬁt?gns
and Generation Efects ondit
Resources) 4
Supply
Price of
Electricity
Effects
on
D d f Bemeas Economic
ity e Conditions
Electricity i
Price of Fuel
Figure 4-2.

An Overview of the Demand Forecasting Process
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both the amount of demand and the spe-
cific resources chosen to satisfy that de-
mand determine the price of electricity.
Since the Northwest's supply of electricity
is dominated by the hydropower system,
water conditions are an important determi-
nant of supply. The Council's forecast of
demand for electricity reflects uncertainty
in economic conditions, fuel prices, and
water conditions.

Summary of Results

The plan includes a range of four alterna-
tive forecasts of demand based on different
plausible scenarios of the Northwest econ-
omy. When no conservation programs were
included, the Council's alternative sets of
assumptions about the regional economy
resulted in demand forecasts ranging from
an annual growth rate of 2.5 percent in the
high growth forecast to 0.7 percent in the
low growth forecast. Two intermediate
growth forecasts, medium-high and
medium-low, predict annual demand
growth rates of 1.5 and 2.1 percent. The
range covered by these forecasts is wide.
By the year 2002, there is a difference of
nearly 8,400 average megawatts of demand
between the high and low forecasts. When
transmission and distribution losses are
included, this implies that the high growth
forecast would require 9,000 average meg-
awatts more new resources than the low
forecast.

Figure 4-3 displays the Council’s four prin-
cipal forecasts from 1981to0 2002. Table 4-1
shows the demand projections and the
total percent increase of average retail
prices of electricity adjusted for inflation.
Satisfying each level of demand requires a
combination of conservation resources to
reduce the need for electricity and generat-
ing resources to produce electricity. The
additional resources needed to meet the
high growth forecast would increase the
average price of electricity by 80 percent
adjusted for inflation from 1981 levels. This
means that the average prices expressed in
1980 dollars charged by investor-owned
utilities and public agencies, weighted by
their respective sales, would increase from
2.0 cents per kilowatt-hour in 1981 to 3.6
cents in 2002. If regional demand for elec-
tricity turned out to be at the lower end of
the range, prices would be only 2.1 cents
per kilowatt-hour in 2002.

4-2

Megawatts

25,000
20,000
15,000
1980 1985 1980 1995 2000 2002
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Forecasts: e Medium High 2.1%  wessss | ow 0.7% (1983) (1982)
Figure 4-3.
Summary of Council's Demand Growth Forecasts
Table 4-1.
Forecast of Demand for Electricity and Price Projections
INCREASE IN
AVERAGE ANNUAL  AVERAGE RETAIL
DEMAND DEMAND PRICES ADJUSTED
GROWTH (Average Megawatts) GROWTH FOR INFLATION
FORECAST 1981 2002 1981-2002 (%) 1981-2002 (%)
High 15,524 26,245 25 80
Medium-High 15,524 23,797 21 50
Medium-Low 15,524 21,301 15 25
Low 15,524 17,834 0.7 5

Dramatic price increases from 1981
through 1984, primarily caused by thermal
construction costs that already have been
incurred, are present in all four forecasts.
The 1985 prices shown in figure 4-4 are all
near 2.7 cents per kilowatt-hour. With infla-
tion added, 1985 rates would be about 3.7
cents per kilowatt-hour. As illustrated in
figure 4-4, price changes after 1985 differ
greatly depending on the need for new
resources. These patterns reflect the fact
that new resources are far more expensive
than existing resources.

The price projections shown in figure 4-4
assume the resources selected in this plan,

and therefore reflect the minimum cost of
meeting either the high or low load fore-
cast. A different mix of resources could
increase the price projections. For exam-
ple, if the conservation resource is not fully
realized, the region will have to turn to more
costly generating resources. Ifthis happens,
the prices that will occur will be signifi-
cantly higher than these projections for
both the high and low forecast.

Clearly, providing electricity for a high
growth rate in the region is expensive. If the
region’s economy is indeed booming, it can
well afford the additional expense, although
fixed-income and low-income households
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Figure 4-4.
Weighted Average Retajl Prices, Adjusted for Inflation (1980 cents per kilowatt-hour)

would be hurt by this increase in their cost
of living. It would be a costly mistake, how-
ever, to commit to high growth resources if
that level of growth failed to materialize.
The following sections describe the Coun-
cil's forecasts and their underlying assump-
tions in more detail.

Economic and
Demographic Assumptions

The Council’s plan assumes that record
high economic growth is possible for the
region in the next twenty years and in-
cludes that possibility in planning. The plan
thus ensures that the supply of electricity
will not constrain economic growth. At the
same time, however, building resources for
economic growth that is uncertain can
result in larger surpluses, increased prices,
and adverse economic effects. The impor-
tance of economic forecasts, as well as
their uncertainty, is at the heart of the
Council’'s power plan.

The range of economic forecasts as meas-
ured by total employment is illustrated in
figure 4-5. In the high economic forecast,

employment in the Pacific Northwest
doubles during the next twenty years, in-
creasing by over 3.4 million between 1980
and the year 2002. This compares with less
than 1.5 million additional employees in the
preceding twenty years. The region’s total
employment grew at an average annual
rate of 3.1 percent between 1960 and 1980.
The high growth forecast assumes total
employment would increase by 3.7 percent
per year from 1980 to 2002, a record
twenty-year growth rate.

The Council’s economic forecasts recog-
nize that the regional economy is closely
tied to the national economy. Thus the
range of regional economic forecasts is
related to a range of national economic
forecasts from Data Resources Incorpo-
rated. Those national economic forecasts
have lower growth expectations compared
tothe past twenty years. Between 1960 and
1980, total U.S. employment grew at an
average 2.1 percent annually; the forecasts
range from 1.0 to 1.4 percent annually
between 1980 and 2002. These forecasts
reflect underlying changes in basic demo-
graphic patterns that are relatively certain.
In addition, they reflect less certain predic-

Employees
(Thousands)

3000

2000

1000

1960 1980 2000

& Low Growth Forecast
. High Growth Forecast

Figure 4-5.
Forecasts of Total Employment

tions regarding, for example, government
economic and regulatory policies, inflation,
interest rates, and rates of productivity
growth.

Historically. the Northwest economy has
grown faster than the nation. Between 1960
and 1980, the region grew 50 percent faster
than the nation. However, the Northwest
economy appears to be at a turning point.
The region’s competitiveness could be seri-
ously affected by recent increases in the
price of electricity that will nearly eliminate
asubstantial advantage this region enjoyed
in the past. Increases in transportation
costs are also expected to affect the North-
west adversely. The outlook for traditional
major industries in the region such as
lumber, transportation equipment, and
aluminum, does not include much growth
beyond the peak employment levels of
1977 to 1980.

These conditions make the next twenty
years' economic growth highly uncertain,
resulting in a wide range of economic
assumptions in the plan.

4-3
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The Council’s economic forecasts begin
with evaluations of possible employment
growth for individual manufacturing indus-
tries. Next, the implications of manufactur-
ing sector growth for increased employ-
ment in supporting service industries are
predicted. Using the total employment fore-
cast, and an accompanying assumption
about the share of the population that will
choose to work, an estimate of regional
population is derived. It is assumed that
more rapid regional growth would bring
better wages and more employment oppor-
tunities and result in a greater number of
people working in a given population. The
expected number of households is derived
from population by assuming trends in the
number of persons per household. It is
assumed that a booming economy would
encourage more independent households.
Thus, the average number of persons per
household is lower in the higher forecasts,
and there are more households relative to
the population.

The economic forecasts are discussed in
greater detail in Appendix H (Volume I,
available on request) and in the Council’s
issue paper on “Economic and Demograph-
ic Assumptions.” The four forecasts are
characterized briefly in the following
paragraphs.

High Growth Forecast

The high growth forecast is based on a
rapid recovery from the current recession,
with the region’s economy returning to
long-term levels by the late 1980's. The
long-term growth through 2002 is based on
healthy, but not rapidly growing, traditional
industries such as lumber and wood prod-
ucts, aluminum, transportation equip-
ment, paper, and agriculture. Lumber and
wood production is projected to maintain
levels comparable to peak production ex-
perienced between 1977 and 1979. Employ-
ment in transportation equipment is 50
percent higher than 1980 levels by the year
2002. The proposed Alumax aluminum
plant was recently postponed for an indefi-
nite time. Itis now assumed that the Alumax
plant will not be built before 2002. However,
all existing aluminum plants are assumed
to return to full production. Electronics and
other light manufacturing industries are
assumed to grow rapidly, as are secondary
activities such as trade and services. By the
end of the century, the electronics industry

4-4

is projected to employ more workers than
any other manufacturing industry in the
region, adding 140,000 new jobs to the
existing 86,000 jobs in the industry.

Low Growth Forecast

In the low growth forecast, total employ-
mentin the region would increase by seven
hundred thousand employees between
1980 and 2002—an implied regional growth
rate of 1.0 percent per year, about the same
rate as the low growth national forecast for
the same period.

Inaddition to the lower twenty-year growth
rates in the low growth forecast, the recov-
ery from the current recession is assumed
to be much slower. The region’s economy
would not reach its long-term growth levels
until after 1990. Traditional industries are
assumed to experience a longer adjust-
ment period to the current recession than
in the high forecast. The low forecast
assumes that 30 percent of the current
aluminum capacity remains idle. Lumber
and wood products industries would re-
cover to 1980 employment levels but would
not return to recent peak employment
levels during the next 20 years. Transporta-
tion equipment employment would fall to
20 percent below its recent 1980 peak
employment by the year 2002.

For each of the employment growth fore-
casts, a consistent set of other economic
and demographic indicators is also pro-
jected. These other factors include popula-
tion, number of households, per capita
income, and the mix of housing types. Each
of these indicators plays arole in determin-
ing future demands for electricity in various
sectors of the economy.

Intermediate Forecasts

Two intermediate economic and demo-
graphic forecasts were developed based on
combinations of high and medium ranges
and medium and low ranges of industry
forecasts and other assumptions.

In the medium-high growth forecast, rapid
growthin high technology and commercial
industries is coupled with moderate levels
of activity in traditional industries such as
forest products and aerospace. This results
in total employment growth of 2.9 percent

per year, and population and household
growth of 2.1 and 2.8 percent per year.

In the medium-low growth forecast, tradi-
tional industries experience low levels of
economic activity while other manufactur-
ing and commercial industries experience
moderate growth levels. Total employment
is projected to increase at a rate of 1.9 per-
cent per year, with population and house-
holds increasing at rates of 1.4 percent and
2.0 percent per year.

Fuel Price Assumptions

Where other fuels may be substituted for
electricity, the price of such fuels affects the
demand for electricity. Although the direct
effects on demand for electricity of a given
fuel price change are small, the effects are
felt in the three largest economic sectors
{industrial, residential, and commercial). In
addition, future fuel prices are highly
uncertain.

To develop forecasts of alternative fuel
prices, the Council adopted a set of assump-
tions that link retail prices of oil and natural
gas to trends in world oil prices. Fuel price
forecasts, therefore, rely on a range of
underlying assumptions about world oil
prices. Based on Council studies, four
future possibilities were investigated. These
Cases were selected to provide upper and
lower bounds for possible future fuel
prices. In the lowest forecast, the world oil
price (in 1980 dollars) drops from 30 dollars
a barrel in 1980 to 20 dollars a barrel in
1985, and then increases to 25 dollars a
barrel by 2002. In the high forecast, the
world oil price returns to 1980 levels by
1985 and then increases rapidly, reaching
63 dollars a barrel by the year 2002. The
assumptions for world oil prices for all four
forecasts are illustrated in figure 4-6.

Demand Forecasts

The alternative economic and demograph-
ic assumptions described above were com-
bined with the assumptions of various fuel
prices to provide a starting point for the
Council's analytic process. This section
discusses the demand forecasting portion
of that process, but the demand forecasts
do not stand alone in the analysis; they



Chapter 4

require balancing demand, resources, and
prices of electricity. A parallel process is the
analysis and selection of the best mix of
resources to meet uncertain future de-
mands. Since resource selection and de-
mand depend on each other, the analytic
process must reconcile the two. The de-
mand forecasting system translates the
costs associated with a set of resources
into prices of electricity for various Bonne-
ville customer classes. The prices for each
growth forecast are then used to adjust the
respective demand forecasts. Adjustments
are then made to resource requirements
and, if necessary, the process continues
until loads, resources, and prices are bal-
anced in each of the growth forecasts.

Development of the Council’s forecasting
tools, like the economic and demographic
assumptions, included broad public review
and participation. The Council established
the Scientific and Statistical Advisory Com-
mittee (SSAC) to help develop the plan.
Members of the Forecasting Subcommit-
tee of the SSAC represent private business,
public and private utilities, state agencies,
and academic institutions. The Forecasting
Subcommittee worked with Council staff
and contractors throughout the process,
beginning with contractor selection in the
fall of 1981, monitoring contractors’ work
through various stages, and providing val-
-uable advice on methods, assumptions,
tests, and documentation. These models
were examined for validity by the Council.
Using forecasting assumptions similar to
those that actually occurred during the
19707s, the load forecasting system accu-
rately replicated the load growth rates of
the 1970’s.

The demand forecasting system is designed
to permit analysis by sector, state, Bonne-
ville wholesale power rate pool, and climate
zone. The primary sectors are residential,
commercial, industrial, and irrigation.
Washington and Oregon each have two
climate zones; one east and the other west
of the Cascade Mountains.

The starting point for the demand forecasts
involves characterizing uses of electricity in
each sector. Use in major applications and
building types is estimated. Table 4-2 lists
specific uses of electricity for the three
major sectors included in the Council's
forecasting models. Irrigation demand for

1980 §
Per Barrel
70

10
1980 90 a5 2000
Growth mmmem  High s Nedium Low
Forecasts:  ewmmess Medium High s | ow
Figure 4-6,
World Oil Price Assumptions
Table 4-2.
Mode/ Characteristics
RESIDENTIAL COMMERCIAL INDUSTRIAL
(3 submodels)

Industries with
Building Types Building Types End Use Detail
Single-Family (1-4 units) Offices Lumber
Multi-Family (5 or more) Retail stores Plywood
Mobile Homes Warehouses Particle Board

Restaurants Pulp
End Uses Health facilities Paper
. Grocery stores Paperboard
i?racc?nrc]j?taigssm Elementary and secondary Chlorine
= 9 schools Phosphorus

Water heating
Refrigeration
Food freezing
Cooking
Lighting
Other

Housing Vintage

New
Existing

Colleges and trade schools
Miscellaneous

End Uses

Space heating
Air conditioning
Ventilation
Water heating
Cooking
Refrigeration
Lighting
Miscellaneous

Building Vintage
By year of construction

DSl Customers

Other Industries

by industrial category

(2-digit SIC)
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electrity is examined in less detail by the
demand model.

In addition to separate demand models for
the residential, commercial, irrigation, and
industrial sectors, the Council’s forecasting
model includes a peak demand model,
which produces estimates of total peak
demand for electricity, and an electricity
pricing model, which projects prices of
electricity by sector and rate pool based on
sales of electricity and resource costs.

An important result of the demand fore-
casts is that, even in the high forecast,
demands grow more siowly than historical
rates. This is true even before the effects of
the Council's conservation programs are
subtracted. Two important reasons for the
decrease in demand growth relative to
economic growth are large increases in
prices of electricity and the existence of
recently adopted energy codes for build-
ings. These factors account for much of the
reduced use per unit in the residential and
commercial sectors. In the industrial sec-
tor, most of the forecast growth is expected
to occur in non-electricity-intensive indus-
tries. Direct Service Industries accounted
for 15 percent of firm sales of electricity in
1981. Because the Northwest Power Act
precludes future growth of the Direct Serv-
ice Industries, a large share of regional
demand will not grow during the forecast
period. This lowers the growth in demand
for electricity relative to total economic
growth. Even within individual industries,
significant shifts in energy use are pro-
jected in response to increasing prices and
changing product mix. Specific patterns for
the economic sectors are discussed in
more detail later in this chapter.

Prices of Electricity

Demand forecasts start with economic,
demographic, and specific resource as-
sumptions and their costs. The pricing
model converts the resource costs to prices
of electricity that will vary depending on the
particular resource strategy being evalu-
ated. The pricing model mirrors current
Bonneville and utility pricing practices. [t
also recognizes the complex requirements
detailed in the Act which affect the pricing
and allocation of Bonneville power and
Bonneville’s acquisition of generating and
conservation resources.

46

As demand grows, the costs of the neces-
sary additional resources are added to the
forecast prices for electricity. The resource
strategy determines what resources are
used to meet the growth in demand for
electricity. The cost of the resources in the
strategy determines future prices of elec-
tricity.

The Council’s forecast of average retail
prices of electricity in the region, assuming
the resource portfolio presented in the
plan, is shown in table 4-3.

Table 4-3.
Weighted Average Retail Prices
Adjusted for Inflation

(1980 cents per kWh)
Low HIGH
1981 2.0 2.0
1983 26 2.6
1985 2.8 2.7
1990 2.6 3.0
1995 2.4 3.2
2002 2.1 36

The 1985 electricity prices are slightly lower
in the high forecast, even though prices are
much higher in the high forecast by 2002.
This is because the thermal generating invest-
ments contributing to increased costs are es-
sentially the same in both forecasts before
1985, but in the low forecast, these costs will
be recovered through fewer kilowatt hours of
electricity sales.

The Council's total demand forecasts for all
sectors of the economy were summarized
in figure 4-3. The 1981 use of electricity for
each sector is shown in figure 4-7, and
forecasts for each demand sector are de-
scribed in the following sections.

Residential Demand

The residential sector accounted for 34
percent of regional firm sales of electricity
in 1981. Residential sector demand is influ-
enced by many social and economic fac-
tors such as fuel prices, per capita income,
and the choices of efficiency of energy-
consuming equipment available to con-
sumers (available technology). However,

Commercial
2713 MW
18%

Residential
5323 MW
34%

Other see—

293 MW iR
2% l )
Irrigation

770 MW
5%

Industrial
8425 MW
41%

Figure 4-7.
Demand for Electricity by Sector, 1981

the most important factor is the number of
households, as reflected in the structure of
the residential sector demand model; the
basic unit of this model is the individual
household. The composition of the sector's
use of electricity is reflected in the model’s
structure. Figure 4-8 illustrates the histori-
cal proportions of residential use of elec-
tricity. The model predicts the growth in the
number of households; their choice of
housing type; the amount of electricity-
using equipment the average household
owns; choices of fuel for space heating,
water heating, and cooking; the level of
energy-efficiency chosen; and the energy-
using behavior of the household. These
choices are influenced in the model by
energy prices, equipment costs, per capita
incomes, and available technology.

The projections of residential demand for
electricity cover a wide range. In the ab-
sence of conservation programs, projected
residential demand increases from 5,323
average megawatts in 1981 to 9,643 mega-
watts in the high growth forecast and to
6,053 megawatts in the low growth fore-
cast. As shown in table 4-4, the average
demand growth rate ranges from a low of
0.6 percent per year to a high of 2.9 percent.
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Water Heating 25.6%
Freezing 3.6%

Cooking 5.3%

Refrigeration
11.1%

Lighting
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Figure 4-8.
1981 Residential Use of Electricity
by Application

Although total residential use of electricity
increases in all four growth forecasts, use
per household decreases significantly.
Figure 4-9 shows that this decrease in use
per household is quite stable across the
growth forecasts, ranging from 15 percent
below 1980 levels in the low growth fore-
cast to 19 percent in the medium-low
growth forecast. The projected increasesin
total use despite these reductions in aver-
age household use reemphasize the impor-
tance of the increasing number of house-
holds in determining total use.

The most important influence leading to
reductions in use of electricity per house-
hold is the projected change in efficiency of
houses and energy-using equipment in all
of the growth forecasts. Partly as a result of
(1) building codes already in effect, (2)
price increases, and (3) the introduction of
the more efficient equipment into the mar-
ket, the amount of electricity necessary to
provide the same standard of service de-
creases in every forecast. This change var-
ies by housing type, type of electric use,
and growth forecast, but two examples
help illustrate the trend. As shown in figure
4-10, the average thermal efficiency of elec-
trically heated single-family houses im-
proves by between 15 and 64 percent in the

Table 4-4.
Residential Demand for Electricity
DEMAND AVERAGE ANNUAL
GROWTH (Average Megawatts) DEMAND GROWTH
FORECAST 1981 1990 2002 1981-2002 (%)
High 5,323 6,652 9.643 2.9
Medium High 5,323 6,111 8,458 2.2
Medium Low 5323 5843 7,232 15
Low 5323 5.167 6,053 0.6
-
Low
Medium Low
2002
Medium High
High

2000 4000 6000 8000 10,000 12,000 14,000 16,000
kWh/year

Flgure 4-9.

Projected Annual Use of Electricity per Household in 1980 and 2002 by Growth Forecast—

2002

Without Changes in Building Codes

—

Low
Medium Low -
Medium High

High

0 1.0 2.0
Efficiency Index

Figure 4-10.
Projected Thermal Efficiency of Electrically Heated Single-Family Houses—
Without Changes in Building Codes
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various growth forecasts without any
changes in existing building codes. The
change is less in lower-growth forecasts
because of smaller increases in prices of
electricity and other fuels and also because
of lower population growth. Lower popula-
tion growth means that the supply of hous-
ing that exists in the year 2002 will have a
smaller proportion of recently built, more
thermally efficient houses. Figure 4-11
shows the projected increase in efficiency
of electric water heaters between 1980 and
2002.

Finally, the degree to which people use
electrical equipment can be expected to
change in response to prices of electricity,
the efficiency of the equipment, and in-
comes. The most familiar example of such
a change is in thermostat settings—energy
use can be changed with no investment in
equipment simply by accepting a different
level of service (in this case a different
temperature) in the house. Similar econ-
omy measures are possible for most energy
uses. In spite of increased prices of electric-
ity, a combination of energy-efficiency im-
provements and income increases are pro-
jected to result in more use of space
heating (increased thermostat settings,
heating rooms previously closed off, and
using less substitute fuels such as wood,
etc.) by the year 2002. Modest reductionsin
water heating use are projected.

This discussion of electrical equipment use
was based on demand for electricity before
the Council's proposed conservation pro-
grams. The effects of these programs are
fairly predictable. Projected residential
sales of electricity would grow at slower
rates, and the use of electricity per house-
hold would decline faster because of the
increased thermal efficiency of homes and
water heaters estimated in the Council’s
conservation studies. The effects of these
efficiency increases would be somewhat
diminished, however, by greater use of
space and water heat brought about by the
cost savings from improved efficiency.

1980

r- Low |

Medium Low
Medium High

High

0

1.0 20

Efficiency Index

Figure 4-11.
Projected Energy Efficiency of Electric Water Heaters—
Without Changes in Building Codes

Commercial Demand

Commercial demand for electricity ac-
counted for 18 percent of firm sales of elec-
tricity in 1981. Commercial sector electric-
ity demand, like that of the residential sec-
tor, is influenced by many factors such as
fuel prices and available technology. There
is one fundamentally important factor on
which energy use projections can reason-
ably be based: the total floorspace of the
buildings in the commercial sector. The
commercial sector demand mode! projects
the amount of commercial floorspace and
then predicts fuel choice, efficiency choice,
and the use of the energy-consuming
equipment necessary to service this floor-
space. These choices are based on invest-
ment factors, fuel prices, and available
technology. This study separates commer-
cial sector energy use by building type,
application, and fuel type. Historical de-
mand for electricity by the commercial sec-
tor for various applications is shown in
figure 4-12.

Lighting 43.4%

Cooking 0.1%

Water Heating 1.7%

Refrigeration 4.0%

Other 6.7%

Ventilation
8.4%

Heating
12.9%

Air Conditioning se—
22.8%

Flgure 4-12.
1981 Commercial Sector
Use of Electricity by Application
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Projections of commercial demand for elec-
tricity vary widely. In the low growth fore-
cast, commercial demand for electricity
increases from 2,713 megawatts in 1981 to
3,254 megawatts by 2002. In the high
growth forecast, it reaches 5908 mega-
watts. As shown in table 4-5, the average
rate of growth of demand ranges from 0.9
to 3.8 percent. The size of this range is due
principally to the range of employment pro-
jections in the commercial sector (floor-
space projections are based on employ-
ment). Examining some components of
these projections gives a clearer picture of
the developments that would produce these
totals.

Use of electricity per square foot of floor-
space, shown in figure 4-13, decreases in
all growth forecasts. As in the case of use
per household in the residential sector, the
amount of decrease in use per square foot
is quite similar for all forecasts, ranging
from 9.7 percent in the high growth fore-
cast to 82 percent in the low growth
forecast.

The fraction of commercial floorspace
which is air conditioned is projected to
increase in all forecasts, with greater in-
creases occurring in the higher-growth
forecasts. Under these conditions, the use
of electricity per square foot could be
expected to increase without offsetting
changes in the efficiency and intensity of
equipment use. In each growth forecast
there are changes in efficiency that vary
with building type and type of application.
Figure 4-14 shows the change in average
efficiency of electrical space heating in
commercial buildings between 1980 and
2002 for each of the four growth forecasts.
Efficiency improvement is substantial,
ranging from 36 percent in the low growth
forecast to 64 percent in the high growth

2002
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Figure 4-13.

kWh/sq ft

Table 4-5.
Commercial Demand for Electricity
DEMAND AVERAGE ANNUAL
GROWTH (Average Megawatts) DEMAND GROWTH
FORECAST 1981 1990 2002 1981-2002 (%)
High 2,713 3,586 5,908 3.8
Medium High 3,123 5,011 3.0
Medium Low 2,854 4,030 1.9
Low 2,418 3,254 09
Low
Medium Low
2002
Medium High
High

12,000 14,000 16,000

Commercial Sector Average Annual Use of Electricity (per square foot)—
Without Changes in Building Codes

1980

;_ Low
Medium Low
Medium High

High

1.0

Efficiency Index

Figure 4-14.

Projected Efficiency Index of Electric Space Heat in Commercial Buildings—
Without Changes in Building Codes
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forecast. Similar improvements in lighting
efficiency are projected, as shown in figure
4-15. Intensity of use adjustments also vary
with building type, application, and fore-
cast. Generally, these changes are small—
improvements in equipment efficiency will
tend to compensate for increased prices of
electricity. The actual cost of maintaining a
given intensity of use changes very little
and in some cases even decreases.

These projections do not take into account
the conservation programs included in this
plan, but are based on existing building
codes and market response to increased
energy prices. The Council’s programs will
reduce overall demand for electricity,
reduce demand per square foot, and im-
prove equipment efficiency. Conservation
savings estimated in the Council’s conser-
vation analysis will be reduced by increases
in the intensity of electric use since the
programs will decrease operating costs, to
make the use of electricity more attractive.

industrial Demand

In 1981, the industrial sector accounted for
41 percent of firm electricity sales in the
region. Thirty-seven percent of industrial
demand was sales to Bonneville’s Direct
Service Industrial (DSI) customers. An addi-
tional 43 percent was sales to major elec-
tricity-consuming industries, including
lumber and wood products, pulp and paper,
and chemicals. Together, these two groups
accounted for 80 percent of industrial con-
sumption of electricity.

The concentration of sales in only a few
industries and the distinction between DS
and non-DSI customers led to the adoption
of a three-pronged modeling strategy. DSI
consumption of electricity was forecast
separately, based on an assumed return to
their firm contract demand in all but the low
forecast. Demands for the large electricity-
consuming non-DSI's (lumber, paper, and
chemicals) were forecast using a detailed
demand model known as the key industries
model. Load forecasts for the remaining
industries were developed using an eco-
nometric model, referred to as the minor
industries model.

4-10
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Figure 4-15.
Projected Efficienty Index of Lighting in Commercial Buildings—
Without Changes in Building Codes

Forecasts of demand for electricity for the
non-DSI sector depend on projections of
production by industry and on prices of
electricity. The minor industry forecast also
depends on assumptions concerning fuel
prices.

The high and low forecasts of industrial
sector demand for electricity are shown in
table 4-6. Growth in firm industrial demand
for electricity is projected to range from 0.6
percent per year in the low growth forecast
to 1.7 percent in the high growth forecast.
Two intermediate forecasts show demand
growth rates of 1.5 percent and 1.6 percent
per year.

In the four forecasts, the growth rates for
components of the industrial sector vary
among industry groups. All forecasts pro-

ject that demand for electricity in the minor
industries will increase at a faster rate than
in the key industries or DS| customers. This
results from the projections of economic
growth in which electronics, plastics, and
other manufacturing industries grow faster
than such traditional industries as lumber
and wood products, pulp and paper, and
chemicals. Figure 4-16 shows the percent
of industrial consumption of electricity by
industry in 1980 and as projected for 2002
in the high and low growth forecasts.
Industrial consumption increases dramati-
cally for the minor electricity-consuming
industries since they are projected to in-
crease production at a faster rate than the
key industries or DSls in all growth fore-
casts. As shown, the industrial consump-
tion accounted for by the DSlsdecreases in
all forecasts because firm sales are as-
sumedto be limited to Bonneville contracts.

Table 4-6.
Industrial Demand for Electricity (Firm Sales)
DEMAND AVERAGE ANNUAL
(Average Megawatts) DEMAND GROWTH
INDUSTRY 1981 2002 1981-2002 (%)
CATEGORY LOW HIGH Low HIGH
DSl 2,405 1,956 2,668 1.0 0.5
Key Industry 2,740 3.282 4,102 0.9 19
Minor Industry 1,280 2,013 2,442 22 3.1
Total 6,425 7,251 9,212 0.6 1.7
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The DSI component of industrial demand
assumes that the Alumax aluminum facility
is indefinitely postponed in all forecasts. In
the high, medium-high, and medium-low
forecasts, it is assumed that all existing
aluminum capacity remains in the region.
In the low forecast, 30 percent of existing
aluminum capacity is assumed to shut
down, which accounts for the considerably
lower DS| share of total industrial con-
sumption in the low growth forecast.

The share of industrial electricity consumed
by the lumber and wood products indus-
tries is projected to decrease in all fore-
casts. The chemicals industry, on the other
hand, is projected to increase its share,
primarily because of growth in the chlor-
alkali and miscellaneous chemicals indus-
tries. The pulp and paper industry’s share
increases in the low forecast but changes
very little in the high growth forecast.

Irrigation Demand

Irrigation loads represent approximately 5
percent of total firm loads in the region.
The amount of electricity used forirrigation
depends on factors such as number of irri-
gated acres, weather conditions, topog-
raphy, and pumping lifts, as well as prices
of electricity. The model used by the Coun-
cil assumes a growth in demand for elec-
tricity for irrigation that would occur if
prices of electricity remained constant, and

2002 LOW
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Figure 4-16.
Composition of Industrial Firm Sales

then modifies that growth based on pro-
jected prices. The projections, shown in
table 4-7, range from an average annual
growth rate of 2.1 percent in the high
growth forecast to 1.2 percent in the low.
The two intermediate forecasts were based
onthe same assumptions regarding growth
in the absence of price increases. The dif-
ference between these forecasts is due to
the higher prices of electricity implied by
the medium-high forecast.

Role of Demand Forecasts
in Resource Selection

The demand forecasts presented in this
chapter are based on a traditional concept
of demand—assuming certain economic
conditions and prices of electricity, then
forecasting how much consumers would

2002 HIGH
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purchase. These are forecasts of “price
effects” demand. Because the Council's
plan treats conservation as a regional re-
source, this forecast of demand for electric-
ity, which includes only the amount of con-
servation consumers would choose to
purchase based on the average price they
pay for electricity, does not provide an
adequate basis for planning. Treating con-
servation as a regional resource requires
that the Council's resource portfolio in-
clude all conservation that is cost-effective
to the region, whether purchased by Bon-
neville or by individual consumers, The total
amount of conservation that is cost-
effective to the region is greater than the
amount that consumers would purchase.
This is partly because the long-run incre-
mental cost of electricity to the region is
higher than the average prices of electricity
faced by consumers.

Tabie 4-7.
Irrigation Sector Electricity Sales Projections

DEMAND AVERAGE ANNUAL
GROWTH (Average Megawatts) DEMAND GROWTH
FORECAST 1981 1990 2002 1981-2002 (%)
High 770 902 1,200 2.1
Medium High 770 865 1.146 1.9
Medium Low 770 867 1,163 20
Low 770 722 994 1.2
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To provide the appropriate basis for re-
source portfolio analysis, a second demand
concept is required. This demand forecast
includes all potential demand for electricity
that could be satisfied with conservation or
with generating resources. This forecast is
called “frozen efficiency” demand because
itassumes no increase, beyond 1983 levels,
in the efficiency of energy-consuming
equipment that could be subject to conser-
vation programs. By making resource port-
folio decisions based on “frozen efficiency”
demands, all regionally cost-effective con-
servation potential can be identified,
whether it will be purchased by consumers
or Bonneville. In addition, using “frozen
efficiency” demand as a basis of resource
planning avoids the problem of counting
the same conservation actions as both
price response and conservation program
effect. This helps to ensure comparable
treatment of conservation and other poten-
tial resources.

Athird demand concept is required to fore-
cast prices of electricity. For determining
prices of electricity, all costs, including
conservation costs, and actual sales are
needed. Therefore, a “sales” forecast is
developed by incorporating conservation
programs into the demand forecasting
models. “Sales” forecasts evaluate the
interaction between conservation pro-
grams, prices of electricity, and other deter-
minants of demand.

The three concepts of demand (price ef-
fects, frozen efficiency, and sales) are illus-
trated for the high and low forecasts in fig-
ure 4-17. The difference between the frozen
efficiency forecasts and the sales forecasts
indicates the total reduction in demand
expected from achieving all regionally cost-
effective conservation. The difference be-
tween the price effects and the sales fore-
cast illustrates the extent to which regional-
ly cost-effective conservation exceeds what
consumers would purchase at the same
prices of electricity.

Once demand forecasting predicts a range
of possible future energy needs, the next
step is to design a portfolio of resources
that is flexible enough to meet any of those
reeds. The next chapter describes how that
portfolio was developed, and explains the
different factors that were considered dur-
ing its development.
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“the plan shall include ... a forecast
of power resources estimated by
the Council to be required to meet
the Administrator’s obligations”

Chapter 5
Development of the
Twenty-Year Plan

Chapter 4 described the broad range of
possible energy needs the region may ex-
perience during the next twenty years,
including record employment growth that
would exceed the growth rate experienced
during the past twenty years. The resource
portfolio presented in this chapter has the
ability to provide enough resources to meet
a broad range of future regional electrical
needs, including the high growth forecast,
without significant risk of overbuilding
resources.

This chapter first describes the cost-ef-
fectiveness perspective and the resource
portfolio chosen by the Council, including
the option and resource schedules foreach
of the four demand growth forecasts and a
description of the conservative assump-
tions built into the plan. This is followed by
a description of the eight major issues
faced by the Council in determining that
resource portfolio.

Electricity is supplied today via a complex
system of generation plants and transmis-
sion lines. New resource additions, there-
fore, must be analyzed from a system per-
spective; that is, how well they would work
with each other and existing resources.
This chapter next reviews how this system
analysis was conducted, beginning with a
characterization of hydropower generation,
the backbone of the regional power sys-
tem; continuing with the discussion of the
proper role of combustion turbines; and
ending with a review of the specific process
used to analyze the Council's portfolio.

Cost-Effectiveness Perspective

The Act requires that the Council give prior-
ity in this plan to resources it determines to
be “cost-effective.” The Administrator is
required, when acquiring major resources,
to acquire only those resources which are
consistent with the plan. If he finds a re-
source to be consistent with the plan, he is
notrequired to make any finding of his own
about cost-effectiveness.

“Cost-effective” is a comparative test. A re-
source is cost-effective only in comparison
to other resources. There is no absolute
“cost-effectiveness.” A resource is cost-
effective if it produces power at an “incre-
mental system cost” less than another
resource. “Incremental system cost” must

include some costs which are not included
in the “cost of acquisition” to the Adminis-
trator: e.g., environmental costs; and the
cost-effectiveness ranking must include the
10 percent advantage for conservation.
Cost-effectiveness also includes consider-
ations of the risk that is associated with
large capital commitments and long con-
struction lead times.

The Council has adopted a perspective
which views the “system” as the ratepayers
of the region. The Council’s cost-effective-
ness test is to minimize the total costs
borne by the region’s ratepayers, both
directly and through their utility rates. This
can be called a “regional perspective” or
“regional cost-effectiveness.”

An alternative perspective which the Coun-
cil considered but did not adopt could be
called the “utility perspective” or “utility
cost-effectiveness.” With this perspective
the test of cost-effectiveness is to minimize
Bonneville’s revenue requirements alone
rather than the total costs of providing
electric service to the ratepayers.

The Council chose to measure costs from
the perspective of the ratepayers as a whole
for a variety of reasons. First, this perspec-
tive offers the simplest measure of costs.
The Council is not faced with the difficult
decision about what the “offering price” of
a resource would be to Bonneville. For
instance, the Council measures conserva-
tion cost as the total cost of installing a
conservation measure, regardless of who
pays what portion of the cost of the meas-
ure—the ratepayer directly or the ratepayer
acting through the utility.

Second, the cost to all regional ratepayers
as a group is a close approximation of the
cost to the region as a whole. If the region
chooses the electric resources that mini-
mize its total cost, economic resources like
capital will be used with maximum effi-
ciency.

Third, the Council found it necessary to
draw up a regional twenty-year plan, and
foundtheinterest of the region’s ratepayers
to be the most appropriate viewpoint for
conducting this analysis. The Council can-
not accurately predict in 1983 what portion

of the region's demand growth will be
placed upon the Administrator throughout
the twenty-year planning period. It is pos-
sible under Bonneville’'s contracts with its
customers that nearly all of the region’s
demand growth could be placed upon
Bonneville, and hence the Council's twenty-
year plan must include provision for meet-
ing that growth. Viewing resource costs,
therefore, as regional ratepayer costs is
appropriate.

Resource Portfolio

The Council investigated a wide variety of
resources to develop this power plan and to
identify the most cost-effective resources
that could be added to the existing power
system. Based on these studies the most
cost-effective resources are conservation
and hydropower in the low and medium-
low forecasts. Cogeneration, combustion
turbines, and coal-fired steam-electric
power plants would be added in the
medium-high and high forecasts.

Conservation, as defined in the Act, means
“any reduction in electric power consump-
tion as a result of increases in efficiency of
energy use, production, or distribution.” It
isimportant to note that this does not mean
doing without. Conservation as used in this
plan does not require any change in life-
style or the level of economic activity. The
conservation actions called for in this plan
allow consumers to retain lifestyles, but to
consume less electricity in the process.
Furthermore, conservation is treated in this
plan as a resource. This means that the
Council has taken great care to analyze
conservation as a substitute for additional
electric generation. Throughout the dis-
cussion that follows, conservation is in-
cluded as an additional supply of electricity
rather than as a reduction to the demand
growth forecast. This ensures equal treat-
ment of conservation with all other re-
sources. Thus, conservation, like other re-
sources, will only be “acquired” if it is
cost-effective. A specific resource strategy
that identifies a preferred combination of
resources and a schedule for adding them
to the existing system has been developed
for each of the four growth forecasts shown
in figures 5-1 through 5-4.
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If the low growth forecast (figure 5-1) Two-Year
should occur, the Council plans to meet the Action Plan Megawatts
demand with conservation alone. i 11000

. . 10000
As higher growth occurs, the Council plans : ; e , s :
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meet the demands of the other three fore- 6000
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This plan accomplishes two very important :
objectives. First, it contains the lowest cost : 3000
mix of resources taking into consideration

fish and wildlife and environmental im- ‘ ALY

pacts. Second, this resource strategy will ~ ’ 1000

provide needed planning flexibility through —

the maximum use of flexible (small and Y

. 84 86

short lead time) resources and the con- 8 = o 94 £ e ALY e

trolled use of options. This strategy assures Figure 5-1.

the region an inventory of resources that , Low Growth Forecast Resource Mix

will meet even the highest demand growth.

It also maintains the flexibility to avoid

it Two-Year

committing large sums of money for re- Action Plan Megawatts

sources that would not be needed, or 11000

would be needed much later, if regional ; ‘

demand for electricity should be low. . ] : 10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
0

84 86 88 90 92 94 96 98 2000 02
B consenvation Figure 5-2.
B Hydropower Medium-Low Growth Forecast Resource Mix

5-2



Chapter 5

Two-Year
Action Plan Megawatts
11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

84 86 88 90 92 94 96 98 2000 02

Flgure 5-3.
Medium-High Growth Forecast Resource Mix

Two-Year
Action Plan , Megawatts
11000

7000

5000
4000
3000
2000

1000 Conservation

Hydropower

Cogeneration
Coal

Figure 5-4.
High Growth Forecast Resource Mix

Combustion Turbine

5-3



Chapter 5

The decision schedules necessary to en-
sure that the resources in this plan can be
constructed in time to meet developing
loads are shown in figures 5-5 to 5-8. The
vertical width of the bars in these figures
represents the amount of energy (meg-
awatts) provided by the various resources
inthe portfolio. The horizontal length ofthe
bars illustrates the timing of decisions for
acquiring options on and construction of
individual resources. Following the option
and construction phases the resources
enter into operation. These figures only
show the decision points for those re-
sources that are actually built.

Figure 5-5 depicts the decision schedule
under the low growth forecast. The new
resources in this case are made up entirely
of conservation, and because conservation
lead times are very short, the option and
acquisition decisions can be made very

near to the point at which the energy is
actually required.

In the low growth forecast, the Council's
model standards and conservation pro-
grams are started in all sectors during the
next two years. These programs are pur-
sued for five years achieving the 1988
targets specified in the two-year action plan
(chapter 10). After the first five years, the
conservation programs are suspended and
only the model conservation standards
continue through 2002. The construction
of new houses and commercial buildings to
the tighter standards creates a slight in-
crease in conservation savings from 1988
through 2002. In the medium-low case (fig-
ure 5-6), all of the available conservation
programs are developed and some hydro-
power is added. The effect of the longer
lead time for hydropower can be seen.

mOED

Optioning Phase
Construction Phase

Conservation
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Option/Construction Schedule (Low Growth Forecast)

Megawatts
10000

9600
8000
7000
6000
5000
4000
3000
2000

1000

83 84 85 86 87 88 89 90 91 92 = ¢] 94 95 96 97 98 99 2000 01 02

Figure 5-6.
Option/Construction Schedule (Medium-Low Growth Forecast)

5-5



Chapter 5

The medium-high and high cases (figures
5-7 and 5-8 respectively) both require the
addition of higher cost thermal resources in
the form of cogeneration, combustion tur-
bines, and coal plants. The dramatic impact
of the long lead time for coal as compared
to other resources can also be seen in these
figures. For example, in figure 5-8, the long
lead time requires an option decision in
1988 for the first coal plant needed to meet
loads in 1998, much earlier than the option-
decision points for the conservation, hydro-
power, cogeneration, and combustion tur-
bines that are needed before the first coal
unit. The lead time requirements of the coal
plants would cause the acquisition of an
option earlier than other resources, but this
should only be viewed as insurance against
high demand growth, not as areplacement
for shorter-lead-time resources that are
more cost-effective.

Theresource schedules show the initiation
of conservation programs. Not shown but

included in the two-year action plan are
options on six hydropower sites. These
actions are necessary to build the capabil-
ity of new conservation programs and to
demonstrate the options concept.

In future revisions of this plan, the resource
schedules shown in these figures will
change due to changes in demand, re-
source costs, options, and construction
schedules. In addition, the Council expects
that new low-cost technologies will become
commercially available during the next
twenty years. The Council will modify its
portfolio to ensure that it continues to con-
tain the lowest cost mix of resources to
meet the region’'s demand for electricity. If
future demand forecasts are reduced, some
of the resources shown in figure 5-8 would
not be needed and options would not be
acquired on these resources. This eventual-
ity, of course, assumes that the demand
forecasts are revised prior to the time when
an option decision is scheduled.
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Until an appropriate inventory of resource
options is available, the region needs to
purchase options on the resource schedule
for the high growth forecast. This ensures
that the region has the ability to convert
options to resources if the high growth
forecast should occur. Resource options
should be acquired according to the sched-
ule shown in Figure 5-8 until an inventory of
options is created that can provide suffi-
cient energy to meet a high rate of demand
growth. The longest lead time resources
will require no more than seven years to
construct. Therefore, the inventory of op-
tions needs to be sufficient to cover seven
years of high demand growth. Due to the
current surplus, no thermal resource op-
tions are needed until 1988. The options
inventory will need to be replenished as
options are exercised or as they are elimi-
nated by technological obsolescence or
regulatory changes.

Figure 5-9 illustrates the major emphasis
and effort that the Council and the Act have
placed on conservation programs and
shows four rates of conservation achieve-
ment. If the low growth forecast actually
occurs, conservation programs will gener-
ate less savings because there will be fewer
people, houses, and buildings, and there-
fore, a smaller total amount of electricity
consumed. In the high growth forecast,
large numbers of new houses are built and
rapid growth occurs in commercial busi-
nesses. These greatly increase the poten-
tial conservation savings that the Council
plans to make available by implementing
conservation standards and programs ag-
gressively. The conservation program
schedule shows that very little conservation
is acquired in the next two years because
the region has surplus power. During that
period, the Council plan calls for the devel-
opment and testing of programs to build
capability in the residential, commercial,
industrial, governmental, and agricultural
sectors.

Figure 5-10 shows the three phases (option,
construction, and operation) of a resource
under the Council’s plan. Only generating
resources are shown, because conserva-
tion programs begin immediately and can
be added incrementally each year. They
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can be implemented quickly (or slowly if
demand is not growing as expected). Fig-
ure 5-10 provides a guide for making option
and construction decisions for each growth
forecast. As all resources are not included
in all four forecasts, only relevant resources
are listed on the schedule. For simplicity of
presentation, similar resources have been
lumped into nine hydropower and five
cogeneration groups. These groupings im-
ply nothing about the number and size of
the actual projects that may result in the
approximate amounts of energy genera-
tion shown.

This schedule also shows that if high de-
mand growth actually occurs, an option on
the first coal plant should not be started
until 1988. On the other hand, if demand
grows closer to the medium-high forecast,
the schedule requires the first coal plant
option to be initiated in 1991.

Resource Uncertainties

An important question raised during the
public comment period was whether the
resource schedules in this plan could meet
the power needs in the high growth fore-
cast. Several groups stated that decisions
to begin thermal plants might be needed
during the next two years if conservation
and renewable resources fail to perform as
well as anticipated. Other groups com-
mented that the Council had underesti-
mated the amount of conservation and
renewable resources and that no additional
thermal plants would be needed to meet
the twenty-year high growth forecast.

The Council based its analysis of energy
needs and conservation and renewable re-
sources on the best information currently
available. This analysis included a number
of conservative assumptions that would
tend to overestimate the demand for elec-
tricity and underestimate the amount of
conservation and renewable resources
available. Table 5-1 lists the Council's con-
servative assumptions. The Council was
rot able to estimate the effect of all of these
issues, but those that could be estimated
total between 6,500 and 9,000 megawatts. If
the Council had used less conservative
assumptions, no additional thermal plants
would be needed in the twenty-year plan.
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Tabie 5-1.
Conservative Assumptions Used in the Plan
MEGAWATTS BY 2002
Possible Load Forecast Reductions
1. All DSls operate at full contract demand in the high forecast in spite
of doubled real prices 800-1,400
2. Plan includes less stringent commercial lighting standard than could
be applied 540
3. Plan includes no effect of inverted rates 300
4. Plan includes no additional use of wood heat in electrically heated
homes 120
5. Plan includes simultaneous high levels of industrial activity in all
non-DS! industries in the high forecast at the same time as high
electric and other fuel prices NE
6. Plan based on low estimated price elasticity in the agricultural and
industrial sectors NE
7. Plan assumes no lasting fundamental changes in the economy due to
the current recession NE
Possible Resource Additions
1. Plan has only moderate estimate of cogereration potential in pulp
and paper industry and other gas-fired cogeneration Up to 1,800
2. Transmission and distribution efficiency improvements are not
included 250
3. Less stringent criterion than critical water could be used 1,000
4. Cost-effective hydropower is limited by assumption of 50-year life
rather than potential 100-year life 300
5. Technology improvements in generation or conservation
technologies are not included NE
6. New non-hydropower renewable resources such as wind, solar,
geothermal, district heating are not included NE
7. New energy storage that could convert non-firm energy to firm
energy is not included NE
8. Resources specifically developed in response to PURPA are not
included NE
9. Resources that are not commercially available in the Northwest now
are not included NE
Possible Conservation Additions
1. Plan includes only 500 megawatts of industrial conservation at an
average cost of 2 cents per kilowatt-hour 1,000
2. Plan includes no zone heating of buildings and no night setbacks 200
3. Plan has no increase in hydropower energy available from water
saved due to agricultural conservation 165
4. Plan did not assume use of most efficient appliances 1,000
5. Plan assumes commercial buildings built stricter than code 440
6. Plan assumes no use of most efficient water heater heat pumps 160
7. Plan does not include new building code for mobile homes NE
8. Cost-effectiveness of conservation was calculated on a pre-tax basis,
and did not take account of net effect after tax deduction of interest
expense NE
9. Allowance was made in the modeling for utilization adjustments up to
10% above 1879 amenity levels, such as indoor temperature 320
Total additional resources or load forecast reductions 6,695-8,995

NOTE: NE indicates “not estimated”
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The Council also evaluated the effect of
overestimating the amount of conservation
and renewable resources that would be
available during the next twenty years. The
Council’s sensitivity analysis removed 1,700
megawatts of these resources in the high
growth forecast and determined that the
first decision to begin siting, licensing, and
design of a thermal plant would occur in
1986. Therefore, the Council has concluded
that it has at least three years to gather
additional information about future power
needs and supplies before a decision
to commit regional ratepayers’ funds is
needed. The Council will review the need
and timing of an option on a thermal plant
during the 1985 revision to this plan.

Major Issues of the
Power Plan

The development of this plan required the
consideration of numerous issues. This
section highlights the Council’s decisions
on the eight major issues that emerged
from public comments and Council debate.
The issues were:

e Cost of the plan;

¢ Treatment of growth forecast uncertain-
ties;

* Current surplus of firm energy:;

* Marketing interruptible energy in the
Northwest;

* Quantity and cost of conservation;
* Quantity and cost of new hydropower:
* Use of combustion turbines; and

¢ WPPSS 4 and 5 compared with generic
coal plants.

Cost of the Plan

The Council has selected the lowest cost
mix of resources to meet future energy
needs and developed a planning strategy
that is designed to minimize the risk of
overbuilding or underbuilding resources.
The actual cost of the plan over the next

twenty years will depend on how much
electricity is needed. If the region’s energy
growth follows the high forecast, a number
of new resources, including expensive new
thermal plants, would be needed and retail
rates, adjusted for inflation, would increase
by 40 percent between 1983 and 2002.
Under the low growth forecast, the region
would develop less than a third of its poten-
tial low-cost conservation and rates would
actually drop 20 percent over the twenty-
year period, after adjusting for inflation.

The region currently has a surplus of elec-
tricity. In recognition of this fact, this plan
calls for the gradual development and test-
ing of new conservation programs for all
sectors of the economy so that these pro-
grams will be ready when the power is
needed. These efforts are scheduled to
begin slowly so they do not add unneces-
sarily to the surplus.

The Council estimates that the conserva-
tion programs in the two-year action plan
will increase average retail rates by 3/100 of
a cent per kilowatt-hour in 1985.

Treatment of Growth Forecast
Uncertainties

The second issue facing the Council was
the treatment of uncertainties in the demand
forecast. To resolve this issue, the Council
developed a planning philosophy that pro-
vided for explicit recognition of the uncer-
tainty of demand forecasting and incorpo-
rated this philosophy into the selection of
resources. This required an extensive proc-
ess and resulted in development of the
range of economic and demographic pro-
jections used in this plan. Many individuals
and organizations contributed to the proc-
ess through responses to a Council ques-
tionnaire, written comments on issue
papers, and public comment at Council
meetings. The Council's range forecast
encompasses the plausible high and low
needs over the next twenty years. The
Council's mix of resources is designed to
adapt to whatever demand growth occurs.

Current Surplus of Firm Energy
The third major issue faced by the Council

was how to deal with the current surplus of
firm energy. The Council's analysis shows

an unavoidable surplus occurring even
with the high demand growth forecast, and
a longer and larger surplus if only the low
demand growth occurs. The Council made
three major decisions regarding the current
surplus.

First, the Council decided to proceed with a
new, more stringent building code for resi-
dential and commercial buildings. Build-
ings built throughout the rest of the 1980s
will have lives considerably longer than the
current surplus, especially if demand
growth is in the upper half of the range.
Because retrofitting conservation is much
more expensive than installing it at the time
the building is built, and in some cases is
not structurally feasible, it is far more cost-
effective to implement a new building code
in this first plan. Moreover, since one of the
main elements of demand growth is the
number of people coming into the region
and the new buildings built to accommo-
date them, conservation through building
codes automatically follows demand
growth. Energy savings will be low with low
demand growth and high with high demand
growth.

Second, the Council decided to pace the
development of other conservation activi-
ties to the need for the energy. For this
reason, the plan provides low initial pene-
tration rates for conservation programs to
retrofit buildings and programs for the
other sectors are designed, tested, and
developed so that they can be accelerated
when the end of the surplus is imminent.
The pace of actual conservation activities
will be based on the need for the energy.

Finally, the Council supports current re-
gional efforts to sell the firm surplus to Cali-
fornia utilities. The Council will consider
modifications to this plan if the sale of firm
surplus power, with appropriate callback
provisions, is concluded. The Council be-
lieves that the Northwest could benefit from
the sale of firm surplus power. In addition,
there may be circumstances where it would
be appropriate to accelerate the develop-
ment of conservation and other resources
for sale to the Southwest until the power is
needed in the Pacific Northwest.
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Marketing Interruptible Energy
in the Northwest

The large variation in annual and seasonal
quantities of energy available from the
hydropower system occurs because of the
limited storage capability of the system’s
reservoirs. The result is large amounts of
either generation or spill during the spring
runoff in most years. When the system is
spilling, non-firm power is often sold to
California at very low rates, currently 0.9 of
a cent per kilowatt-hour. California uses
this cheap power to displace much more
expensive gas- and oil-fired generation.
Unless reservoir storage capability is in-
creased or additional markets for interrup-
tible power are developed in the Northwest,
alarge amount of very valuable cheap elec-
tricity will continue to be either lost or
exported to the Southwest.

As part of this plan, the Council expects
Bonneville to actively develop additional
markets within the region for this spilled or
low-price energy. Possibilities include in-
stalling electric boilers in commercial and
industrial locations that now use fossil-
fueled boilers and providing interruptible
service to irrigated agriculture. Electric
boilers currently appear to be the most
promising. The Council estimates that be-
tween 900 and 1,400 megawatts of inter-
ruptible electric-boiler load could be devel-
oped. Because the Council's estimate
focused mainly on the forest products
industry, this figure probably does not iden-
tify the entire potential in the region. The
Council recognizes that the Direct Service
Industries of Bonneville currently rely on
non-firm energy (combined with borrowed
DSI firm energy) for 25 percent of their
loads, about 900 megawatts at full opera-
tion. These existing loads lack dual fuel
capability. The Council does not mean to
imply that this service should be subordi-
nated to new interruptible uses.

A major hindrance to developing the in-
region value of this additional load is the
first cost of the boiler installation itself.
While not large in absolute terms (approx-
imately $1.2 million to install a 20-megawatt
electric boiler), the current economic re-
cession makes the cost high for individual
companies.
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There are several ways to reduce the bur-
den of this first cost. Bonneville could offer
the boiler owner a very low price on firm
surplus power for the first year or two to
induce the owner to install these boilers in
the region. This would be firm surplus
power Bonneville has available after all its
customers have been supplied and for
which there is currently no market. It is
estimated that a 1.0 cent per kilowatt-hour
rate for the whole year could pay back the
boiler investment in two years. After that,
the boilers can operate competitively on
the various non-firm power rates depend-
ing on the cost for other boiler fuels. A
second approach would be for Bonneville
to make non-firm energy available to boiler
loads with a greater degree of firmness
than is normally associated with such ener-
gy. A third alternative, whose feasibility and
legal aspects need careful investigation,
would be for Bonneville to invest directly in
the boiler installation, if this would result in
a net benefit to the region’s ratepayers.

Efforts to market interruptible energy within
the region are entirely consistent with the
proposed sale of the region’s firm surplus,
and neither effort is a substitute for the
other. The effort to develop additional
methods for keeping the economic benefits
of low-cost non-firm energy in the region
should proceed immediately.

Quantity and Cost of Conservation

The fifth major issue the Council faced was
the need to determine the quantity and cost
of conservation in each sector of the econ-
omy. The Council used a combination of
detailed analyses on individual conserva-
tion actions and the demand forecasting
models to estimate the energy savings per
action, the cost of installation, and the
human factors and habit changes that can
be expected after conservation measures
are installed. Following extensive consulta-
tion and public comment, the Council deter-
mined that 5,150 megawatts of conserva-
tion should be available at an average cost
of 1.8 cents per kilowatt-hour in the high
growth forecast. Of course, savings would
be less in other forecasts because fewer
buildings would be built. No conservation
measure in this plan exceeds 4.0 cents per
kilowatt-hour.

Animportant determinant of the amount of
conservation that can be developed is the
assumption of penetration rates (how much
of the available conservation will actually
be implemented). The Council has set high
penetration rate targets for three reasons.
First, conservation is valuable—it is the
cheapest resource available to meet future
needs and it has minimal environmental
effects. Second, the region has twenty
years to achieve the Council’s targets; this
will provide sufficient time to work out any
problems that may arise. And third, the
Council has a number of tools, ranging
from incentive programs that can finance
all or part of conservation measures to reg-
ulations that are enforced with rate sur-
charges. This plan relies heavily on incen-
tives, but the Council is prepared to modify
programs, if necessary, to ensure the devel-
opment of this valuable resource.

The Council received hundreds of com-
ments on the appropriate level of financing
for conservation measures. The Council
has provided the flexibility to set financing
levels for conservation measures that
achieve the Council's conservation savings
at the lowest possible cost to Bonneville
ratepayers, up to or above the full cost of
the conservation measure, if necessary.
The Council has designed the program to
improve the efficiency of existing houses to
ensure that conservation benefits are equi-
tably distributed throughout the popula-
tion. The program calls for financing levels
that will achieve penetration rates among
renter-occupied and low-income house-
holds that are at least proportionate to their
share of the total number of electrically
heated households. The low-income pro-
gram will provide 100 percent of the actual
cost of the conservation measures installed.

The Council has also identified an alterna-
tive to the Bonneville method for calculat-
ing the payment for conservation savings in
existing houses. Subject to further study, it
appears that this alternative to the Bonne-
ville method may result in a more equitable
distribution of conservation payments
across the region. The Council intends to
circulate the proposed method for public
comment. Based on the testimony received,
the Council will consider amending this
plan to incorporate the revised method.
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Quantity and Cost of
New Hydropower

Sixth, the amount and cost of new hydro-
power resources was an issue that had to
be decided. The Council selected hydro-
power resources that are believed to be
low-cost and that generate most of their
energy when needed (in the fall and win-
ter). The Council’s analysis also considered
fish and wildlife and environmental consid-
erations. This resulted in a selection of
1,150 megawatts of new hydropower gener-
ation. This figure represents less than 10
percent of the new hydropower potential in
the region. This resource is estimated to
cost less than 4.0 cents per kilowatt-hour.
The 1,150 average megawatts of hydro-
power under average water conditions rep-
resent 920 average megawatts assuming
critical water conditions.

Use of Combustion Turbines

The seventh major issue involved the selec-
tion of combustion turbines to provide
shorter lead time, low-capital cost insu-
rance against rapid increases in the demand
forelectricity. Additional analysis is needed
to determine whether combustion turbines
can operate cost-effectively when the load
is known with certainty. On a planning
basis, however, to cope with uncertainty in
the growth forecasts, adding up to 2,800
megawatts of new combustion turbines
would reduce the expected cost of elec-
tricity.

After much discussion and several analy-
ses presented to the Council by the Pacific
Northwest Utilities Conference Committee
(PNUCC), the Intercompany Pool, and
Bonneville, the Council selected 1,050
megawatts of additional combustion tur-
bines as appropriate planning reserves for
unusually rapid future demand growth.

Also included in the Council's considera-
tion of the role of combustion turbines were
their environmental impacts. Because of
the unique role combustion turbines are
expected to play in the Council's resource
portfolio, the Council believes that the
associated environmental impacts are
minecr. Combustion turbines are expected
to reduce or avoid the need for early con-
struction of large thermal plants.

WPPSS 4 and 5 Compared with
Generic Coal Units

The Council's demand and resource analy-
sis indicates that even if the region’s demand
for electricity grows along the high growth
forecast, no additional large thermal plants
beyond WPPSS 1,2, and 3; Colstrip 3and 4
and Valmy 2 will be needed in the region
until at least 1998. As a result, no decision to
initiate an option, and no expenditure of
Bonneville funds, would be needed until
1988 to help finance the design, licensing,
and siting of a coal plant. If the medium-
high growth forecast occurs, a new thermal
plant would not be needed until 2001. No
additional thermal plants are needed in the
medium-low or low growth forecasts dur-
ing the planning period. The Council be-
lieves that it is highly unlikely that the
region will be able to achieve the high
growth rate for the next twenty years.

A major element of the Council’'s flexible
planning strategy is a comparative risk
analysis of various resources. In general,
the region should avoid using high capital
cost resources that have long construction
times to serve highly unlikely demands. A
resource that takes a long time to build
exposes the region to a greater risk that
demand projections will drop while the
plant is being built. A resource with lower
capital costs and a shorter construction
period allows the region to make the major
financial commitments closer to the time
the energy is actually needed.

The Council compared the construction
times of WPPSS 4 and 5 and generic coal
plants, and found that the partially built
WPPSS plants require 7 years of construc-
tion including remobilization, while coal
plants require 4 to 5-1/4 years to complete
after an option is secured, depending on
how much the region is willing to pay for
the option. The construction time for coal
plants is 4 years.

The Council believes that the region should
choose a resource with a shorter construc-
tion time over aresource with alonger con-
struction time, unless the longer construc-
tion time plant is significantly cheaper.
Long construction periods and large capi-
tal commitments involve loss of flexibility

and high levels of inherent risk. That risk is
acceptable only if there are clear, signifi-
cant economic advantages demonstrated
by the high-risk alternative.

The Council conducted a detailed compar-
ison of the costs of WPPSS 4 and 5 with
generic coal plants, using a variety of as-
sumptions about key variables. The Coun-
cil's analysis indicates that neither coal nor
completion of WPPSS 4 and 5 had a signifi-
cant cost advantage. (See Appendix G,
Volume II, available on request.)

Therefore, if the region needed to make a
decision regarding a thermal resource at
this time; the Council would select a coal
plant on a planning basis because of its
shorter construction time, smaller unit size,
and lower risk exposure. However, no deci-
sion is needed at this time and no Bonne-
ville funds should be expended to initiate
an option on a thermal plant.

The Council recognizes that conditions
may change and new information may be
developed before a decision to initiate an
option is needed. Regulatory uncertainties
exist for both coal and nuclear plants, and
the cost and availability of all resources
may change.

In the next revision to this plan, the Council
will re-examine future energy needs and
the performance of existing conservation
and resource development programs to
determine whether additional resources
are needed in the late 1990's. The Council
will also re-evaluate alternatives to meet
future energy needs including coal and
nuclear plants, additional conservation and
renewable resources, and new technolo-
gies that may become commercially avail-
able.

The Council also recognizes that some
components of this plan are outside of the
Council's and Bonneville’s control. The
model conservation standards for new and
existing residential and commercial build-
ings and regulatory changes needed to
support the options concept depend on the
actions of federal, state, and local govern-
ments for implementation. If these entities
fail to act, then additional energy options
would be needed.
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