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REGION AT THE CROSSROADS--
THE PACIFIC NORTHWEST
SEARCHES FOR NEW SOURCES
OF ELECTRIC ENERGY

The Pacific Northwest no longer is able to
meet increasing energy needs with inexpensive
hydroelectric power. Regional consumers will
have to pay higher rates, but:

--How much new power will be needed?

--What sources of power should be devel-
oped?

--How much should new power cost?
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--How should the region finance its energy 3
future? *\
WASHINGTON MONTANA
These controversial issues are being intensely :
debated within the region. Objective answers I
are elusive. i

The Congress should charge the Bonneville
Power Administration with responsibility for
working with State and regional interests to
conserve electric power, institute more reali
tic pricing of electricity, develop renewable
energy technologies, and increase public in-
volvement in power planning and policy-
making.
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COMPTROLLER GENERAL OF THE UNITED STATES
WASHINGTON, D.C. 20548

B-114858

To the President 0f the Senate and the
Speaker of the House of Representatives

This report discusses options for the Pacific North-
west in meeting its electric energy needs through the year
2000 and the Bonneville Power Administration's role in
meeting those needs.

We made our review pursuant to the Budget and Account-
ing Act, 1921 (31 U.S.C. 53).

We are sending copies of this report to the Director,
Office of Management and Budget; the Secretary of Energy;
the Administrator of the Bonneville Power Administration;
Governors, Senators, and Representatives of Pacific North-
west States; and the House and Senate committees and subcom-
mittees having oversight responsibilities for the matters
discussed in the report. '
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Comptroller General
of the United States




COMPTROLLER GENERAL'S REGION AT THE CROSSROADS--THE
REPORT TO THE CONGRESS PACIFIC NORTHWEST SEARCHES FOR
) ' NEW SOURCES OF ELECTRIC ENERGY

The Pacific Northwest region has entered a
difficult transition period. Most large hydro-
electric sites have been developed. Additional
large hydropower supplies, long the mainstay

of regional electrical supply, are no longer
available. Yet power demand will no doubt
continue to rise as the population expands and
new industrial growth occurs.

Coal-fired and nuclear powerplants are ad-
vocated by many power planners as practical
ways to meet future electrical needs. But
conservation options are also being proposed,
as are the potentials for using other
renewable energy sources, including geothermal
energy; solar radiation; and secondary solar
energy forms, such as wood wastes, wind, ahd
small hydro developments. Regional institu-
tions are struggling to develop new electric-
ity management policies which can reconcile
future energy needs with the environment

and economy.

The region's traditional decisionmaking proc-
esses are ill equipped to deal with the
problems of transition. No single Federal,
State, or local organization is responsible

for regionwide electricity management. Futher-
more, coordination and planning groups gen-
erally do not represent the broad spectrum of
regional interests.

In the absence of strong and unified leader-
ship, energy management objectives have not
been established and regional institutions
are in conflict over forecasting methods,

. conservation potentials, future energy
sources, and power-planning practices. Con-
flicts have also developed over customers’
rights to Federal hydropower and utility
requests for Federal assistance in financing
new powerplants. These conflicts have pre-
vented the cooperation needed to develop a
regional electricity management program.,
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THE FEDERAL ROLE

The Federal role in constructing and operating
power generation and transmission facilities
has been significant. Federal dams, built,
operated, and maintained by the Bureau of Rec-
lamation and the U.S8. Army Corps of Engineers,
furnish over 50 percent of the electricity
generated in the region. The power generated
at these dams is marketed and transmitted
throughout the region by the Bonneville Power
Administration.

To a great extent, Bonneville represents the
Federal presence in energy policymaking. It
markets half of the region's electricity and
owns and operates high voltage transmission
lines capable of carrying up to 80 percent of
the region's power. Many regional electric
distributors depend exclusively on Bonneville
for their power supplies.

Within the region, Bonneville serves publicly
owned utilities, Federal agencies, investor-
owned utilities, and direct service industries.
It is required by law to give publicly owned
utilities and Federal agencies first call
{preference) on the Federal energy it markets.
In fiscal year 1976 preference customers
accounted for 41 percent of Bonneville power
sales; investor-owned utilities accounted for
10 percent; and direct service industries ac-
counted for 32 percent, which included 29 per-
cent sold to the region's aluminum industry.
Another 17 percent of 1976 sales were to cus-
tomers outside the region, principally Cali-
fornia utilities.

Development of the region's major hydro sites,
coupled with Bonneville's marketing of Federal
power has produced the region's unigue energy
environment: the Nation's lowest priced elec-
tricity, a per capita electricity consumption
rate nearly twice ithe national average, and a
high degree of electrical self-sufficiency
based on renewable energy sources within the
region. '
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THE SEARCH FOR NEW ENERGY SUPPLIES

In the late 1960s Bonneville and regional
utilities forecasted that electrical demand
would triple between 1970 and 1990 and con-
cluded that the region needed to supple-
ment its hydro capacity with new forms of
generation. From that time regional power
planning has emphasized the need for thermal
powerplants. According to a 1976 Bonneville
report, thermal plants could account for

99 percent of the region's new energy supplies
between 1977 and 1997, .

Such an aggressive move toward thermal genera-
tion represents a significant departure from
the region's historic reliance on renewable
hydropower. Groups concerned about the high
costs and potential environmental hazards

of nuclear and coal-fired plants are asking
whether conservation measures, together with
development of nonconventional renewable energy
sources, could reduce the need for thermal fa-
cilities. Regional evaluations of these alter-
natives, for the most part, are fragmented and
inconclusive.

Bonneville and the region's electric utili-
ties have taken only limited steps to en-
courage energy conservation and use of renew-
able energy sources., These alternative sup-
Ply sources represent major objectives in

the National Energy Plan, and considerable
interest in these alternatives exists within
the region. Concern about the planned move
to thermal generation heightened this interest
and has led to conflict over energy supply
options and other policy issues. This con-
flict, along with disagreements over the
equity of Federal hydropower distribution and
new powerplant financing, has virtually dead-
locked regional power planning.

ALTERNATIVE ELECTRICAL ENERGY POLICY SETS

To assist the committees of the Congress and
Pacific Northwest policymakers in making
choices about the region's electrical energy
future, the General Accounting Office (GAO)
employed a team of energy consultants to
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describe and analyze three alternative
electrical energy policies for electricity
management,

These cover a broad spectrum of energy policy
options and explore the economic, environmen-
tal, and social impacts of each through the
year 2000. The three volicies are the

--thermal/traditional, which characterizes an
extension through the year 2000 of energy
policies used in the region's hydrothermal
power program;

-—-intermediate, characterized by mild policies
to encourage conservation and development of
renewable energy sources; and

—--renewable/transition, characterized by ag-
gressive policies to encourage energy conser-
vation and develop renewable energy sources.

The consultants used two forecasts: (1) the
prediction of regional utilities that electrical
energy demand will grow at an annual rate of
about 4.8 percent and (2) the forecast used

by the Northwest Energy Policy Project, con-
sidered the most likely to occur, a growth

rate of 2.7 percent.

CONCLUSIONS

The Pacific Northwest region needs improved
leadership in electric power planning and
policymaking. Although many problems and
opportunities inherent in this transition
period can be dealt with most effectively on
a regional basis, no regional entity is
responsible for developing a coordinated
regional electricity management program.

Yet a mandate for regionwide policymaking is
required so that power vlanners can chart
the region's energy future. Representative
planning is needed to develop an acceptable
regional electricity management program to
include
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--increased opportunities for State and local
governments to participate in power planning
and :

--participation also by environmentalists,
utility customers, and other interested
parties.

Citizen participation should not be limited to
after-the-fact reviews of ‘plans developed by
Federal agency and electric utility officials.
If more open and representative planning is
not provided, regional power programs increas-
ingly will be disrupted by legal actions to
protect citizen. interests.

Forecasting is an issue that will continue to
polarize regional opinion until an accepted
process is devised. Long-range energy demand
forecasts are essential to planning and policy
analysis; however, they are so inconsistent
that decisionmakers must make every effort to
test their objectivity and reasonableness.
Even after they are accepted for planning and
policymaking use, demand forecasts should be
monitored and reevaluated in view of actual
demand experience, improvements in forecast-
ing techniques, and load management goals.

- It would be unwise for regional policymakers
to rush decisions on when and where to build "’
new thermal generation facilities. Some re-
gional power planners contend that shortages
are imminent. GAO policy set analysis showed
that if the 2.7-percent growth rate proved more
realistic than the 4.B-percent growth rate and
moderate conservation incentives were adopted,
the thermal generating plants already approved
for construction would be sufficient to meet
regional demand through 1995. The uncertain-
ties associated with utility load forecasts,
together with evidence of significant conser-
vation and renewable energy potentials, re-
quire a thorough assessment of the alternative
supply sources available.

The pricinq'of electrical energy at true re-
pPlacement cost would result in greater consumer



awareness and greater potential for voluntary
conservation. Gradually increasing the rates
for Federal hydropower would help accomplish
this objective.

Arguments that higher energy prices will auto-
matically lead to economic disaster are not
supported by the available facts. Because
electric costs are generally a small portion
of the total operating costs of commercial
enterprises and industries, they rarely become
critical to decisionmaking.

Conservation and renewable energy technologles
deserve thorough consideration as alternatives
to thermal powerplants. These alternative
energy sources can be added in smaller incre-
ments, require less capital and shorter con-
struction schedules, and generally involve
fewer serious environmental risks than nuclear
and coal-fired plants. The region may be able
to capitalize on its extensive renewable
energy potentials.more quickly than most power
planners predict.

RECOMMENDATIONS

Because of the resources, experience, and ex-
pertise represented by Bonneville, the Congress
should use Bonneville as a cornerstone in build-
ing an updated Federal presence in the region.
This need not and should not displace those pub-
lic and private organizations which have served
the region effectively for over 40 years. Fed-
eral leadership should build on the coordination
and cooperation which have long characterized
reg10na1 ut111ty operations. Where necessary

to help the region meet new energy priorities,
institutional changes should be encouraged by
new incentives which encourage initiatives and
self-direction. The Congress should:

--Relieve Bonneville of its charter respon-
sibility for encouraging the widest pos-
sible use of electricity and, instead,
charge the agency with regionwide responsi-
bility for leading the development of
electricity management plans and programs,
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encouraging conservation and the most effi-
cient use of energy, and assuring adeguate
public involvement in energy planning and
policymaking.

~~Charge Bonneville with a long-term objective
of working with private organizations and
citizens of the Pacific Northwest to achieve
electric self-sufficiency through energy
conservation and renewable energy rescurce
use--i.e., a return to the electric self-~
sufficiency which existed in the region
until the development of thermal power-
plants. Bonneville should work with re-
gional commissions, State regulatory and
planning bodies, electric utilities, and
consumer groups to encourage the adoption--
on a regionwide or State-by-State basis--of
information/education and incentive programs
to encourage conservation and further devel-
opment of the region's renewable energy
resources.

--Direct Bonneville to continue to market
Federal hydropower to preference customers
in accordance with existing legislation. It
would be inequitable to abruptly discontinue
deliveries of Federal power to preference
customers that have become so dependent on
this supply source.

~-Direct Bonneville to develop and implement
a plan for moving the region toward pricing
at replacement cost, encourage conservation,
and reduce the disparities in regional power
rates through the marketing of Federal hydro-
power. As a first step, an annual surcharge
could be added to the price of Federal power
in an amount sufficient to bring the total
price of hydropower, prior to the year 2000,
into parity with the average cost of power
produced in the region. The revenues col-
lected by Bonneville through this surcharge
could be used to finance a loan and grant
fund for regional conservation programs and
renewable enerqy projects. The fund should
be managed by Bonneville so as to return
surcharge revenues, in the forms of loans
and grants, to those that pay the surcharge.

vii



-~Amend the Federal CTolumbia Kiver Transmis-
sion System Act (16 U.S.C. B38) to permit
Bonneville to use its bond authority to
obtain money needed in the loan.and grant
fund for those early years when the sur-
charge 'is not adeguate to meet demands on
the fund--contingent uvon the surcharge on
Federal hydropower being sufficient to
repay all advances made under this authority
by no later than the year 2000.

--Until more information is available, avoid
making firm commitments in the near future
to help finance conventional thermal power-
plants in the Pacific Northwest. However,
were it to become clear, given more informa-
tion, that load growth would be so high as
to require additional thermal generation,
the Congress could reconsider this issue.

--Direct the Secretary of Energy to take the
lead in establishing a representative regional
power-planning board to exercise regionwide
electricity management and to advise the
Secretary of Energy; the Administrator of
3onneville; and the Governors of Washington,
Oregon, Idaho, and Montana on the develop-
ment of power plans and policies. The
regional power-planning board should in-
clude representatives of Federal agencies,
State governments, investor-owned and
publicly owned utilities, environmental
groups, industry, and energy consumers
generally, as well as Presidential appoint-
ees, one of whom would serve as chairperson.
At the board's request, Bonneville would
conduct or contract for studies and reports

~needed to test and evaluate demand fore-
casts; review decisions involving the se-
lection of new supply socurces, including
conservation; and determine the adeguacy
of public participation -in energy planning
and policymaking.

~-Direct Bonneville, working in conjunction
with State energy offices, regulatory
bodies, and regional utilities and
industries, to develop by 1980--and update
every 5 years thereafter--a comprehensive
electricity management plan for the region.
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The electricity management plan should ex-
tend 25 yvears into the future and identify
potentially important developments possible
within 50 years. The plan should also in-
clude specific objectives and action plans
to enhance conservation of electricity,
development of renewable energy sources,
industrial efficiency in electrical use,
techniques for reducing the environmental
impacts of powerplants and transmission fa-
cilities, and public participation in
energy planning and policymaking. The com-
prehensive electricity management plan
should include contingency plans outlining
early warning systems and practical regional
responses to such potential risks as fuel
supply interruptions, unscheduled plant
failures, transmission line failures, or
adverse water or weather conditions. Bonne-
ville's electricity management plans should
be submitted to the regional power-planning
board for advice and review and to the Sec-
retary of Energy for his concurrence.

--Direct Bonneville to conduct or participate
with other Federal agencies in conducting
the studies and tests needed to assess more
accurately regional potentials for energy
conservation and renewable resource develop-
ment. These studies should include, for
both centralized and decentralized applica-
tions, more thorough identification of
regional sites with high potential for wind
energy development; reassessment of the re-
gion's untapped hydroelectric potentials,
considering new hydro sites, improvements
at existing sites, and nonconventional
hydroelectric technologies; evaluation
of potential solar radiation applications;
and more thorough assessment of geothermal
development opportunities. At the conclusion
0f these tests and studies, recommendations
for energy conservation or development pro-
grams should be made through the regional
power-planning board to the Secretary of
Energy.

--Reguire Bonneville to prepare and publish
annual financial reports and to report an-
nually to the people of the Pacific North-
west region, the Congress, and the President
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on progress and problems in implementing the
regional electricity management plan.

AGENCY COMMENTS

The Department of Energy believes the report
does an excellent job of assembling a variety
of data on the enerqgy situation in the Pacific
Northwest and should be useful to the Depart-
ment of Energy, regional leaders, and the
Congress in understanding the various energy
options and developing those most appropriate
to .the region.

Because of items pointed out by the Department,
GAQO revised the report where applicable. ©Dif-
ferences remaining on the impacts of replace-
ment cost pricing on the region's economy and
the electric system reliability are discussed
in chapter 7.
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Bonneville Power Administration

British thermal unit

Charlegs River Associates, Inc.

Energy Research and Development Administration
General Accounting Office

environmental impact statement
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Northwest Energy Policy Project
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public utility district

regional power-planning board

Washington Public Power Supply System



anadromous fish

average cost pricing

baseload

biomass conversion

blackout

British thermal
unit (Btu)

GLOSSARY

Species of fish (such as salmon) that
are hatched in fresh water, mature in
salt water, and return to fresh water
to spawn.

1. In an economic context, the divid-
ing of total cost by the number of
units sold in the same period to
obtain a unit cost and then apply-
ing this unit cost directly as
a price.

2., In a public utility context, the
pricing of the service without
regard for the structure of the
market, to recover those portions
of total costs associated with
each service in order to make
total revenues equal to total
costs.

The minimum load in a power system
over a given period of time.

The process by which plant materials
are burned for direct energy use or
electrical generation or by which
these materials are converted to
synthetic natural gas.

The disconnection of the source of

-electricity from all the electrical

loads in a certain geographical
area brought about by insufficient
generation, an emergency-forced
outage, or other fault in the
generation/transmission/dis-
tribution system servicing the
area.. '

The standard unit for measuring
quantity of heat energy in the
English system. It is the amount

of heat eneray necessary to raise
the temperature of 1 pound of water
1 degree Fahrenheit (3,412 Btu's are
equal to 1 kilowatt-hour).



brownout

capacity

capacity factor

conservation

constanﬁ doliars

-

cooperative,

An intentional reduction of energy:
loads in an area by the partial re-
duction of electrical voltages, which
results in lights dimming and motor-
driven devices slowing down.

Maximum power output,

watts or megawatts.

peak capability,
peakload,
transmission,

expressed in kilo-

Equivalent terms:

peak generation,. firm

and carrying capability. In

mission line is capable of carrying.

The ratio of the average load on a
generating resource to its capacity
rating during a specified period of
expressed in percent.

time,

Improv1ng the efficiency of energy
using less energy to produce the

use;

.same product,

Dollars whose purchasing power is
expressed in terms of the monetary

:values which prevailed in a specified

base year after adjusting for the

.. effects of general inflation. Con-
- stant dollar.values are often obtained

using the consumer price index (CPI)

to deflate current dollar values, the

values (prices) actually quoted in a

..glven year.

For example, suppose: the:

1975 current dollar price of regular
qasollne were $0.60 per gallon. .In
assume that the CPI for
1975 with 1967 as the base year was

addition,

160,

. The. real price in 1967 con--. ., .,

T iétant. dollars would equal $0,60/

160 x 100,

or.$0.38.

The price of

any product in constant dollars is

ﬁoften referred to as the real price.,.

il

Hl_'_fPr:Lvate nonproflt corporations, oper-

ating within State laws, but essen-

tlally self—regulatlng. Each co-

.-operative is a, preference customer
. of .BPA and is controlled by a board

of.dlrectors elected from its member-
It 1s a private business and
not a un1t .or subdivision of govern-

lshlp.

mentL

.f

it

I

e

the maximum locad a . trans-_



critical period An application of historical lowest
: streamflows to current storage capacity

to determine the maximum firm load-
carrying capability of the present
system under worst-case conditions;
the interval during which all reser-
voirs are drafted from maximum to
minimum elevation without failing to
meet a given firm load requirement,

energy curtailment Temporary mandatory load reduction
reflecting emergency conditions, fol-
lowing after all possible conser-
vation action and load management
technigues and prompted by problems.
of meeting baseload, rather than
peaking deficiencies.

demand - l. 1In an economic context, the
S quantity of a product that
will be purchased at a given
price at a particular p01nt in
time.

2. In a public utility context,
the rate at which electric
" energy is delivered to or by a
system, expressed in kilowatts,
megawatts, or kilovoltamperes
over any designated period.

disturbance Any occurrence that adversely affects
' normal power flow in a system, such
as a lightning surge on a line or a
short c1rcu1t '

eeonbmetrics The appllcatﬁon of mathemat1ca1 and
- statistical methods to the study of
economlcs. ‘

emission A discharge of pollutants into the
atmosphere, usually as a result of
burning or the operatlon of internal
combustlon englnes.

energy The ablllty to do ‘work; the average
power productlon over a stated interval
of time; expressed in kilowatt-hours,
megawatt hours, ‘average kilowatts,
or average megawatts. Equivalent
terms: energy capability, average gen-
eration, and firm-energy-lcad-carrying
capability.



energy capability

firm power

flat plate
collector

forced outage

forced outage .
reserves

fossil fuelé

fuel cycle

The net average output ability of a
generating plant or plants during a
specified period, in no case less than
a day.. Energy capability may be

.limited by available water supply,

plant characteristics, maintenance,
or fuel supply.

Power intended to be available at all
times during the period covered by a

- commitment, even under adverse con-

ditions, except for reason of certain

_.uncontrollable forces or service

provisions. Equivalent terms: - prime
power, continuous power, and assured

power. Component terms: firm energy,
firm capacity, and dependable capacity.

A solar energy collector characterized
by nonconcentration of solar radiation.

An outage that results from emergency
conditions directly associated with
a component requiring that the

- component be taken out of service im-

mediately or as soon as switching
operations can be performed.

An amount of peak generating capability
planned to be. available to serve peak-
loads during forced outages of generat—

’ 1ng unlts.

'Coal, 011, natural gas, and other fuels
originating from fossilized geologic

. deposits ‘and depending on oxidation
« . for release' of energy.

The series of steps involved in supply-
.ing fuel for nuclear power reactors.

+ It includes mining, processing, and
- entiching; the original fabrication of

fuel elements; their use in a reactor;

“chemical processing to recover the

fissionable material remaining in the
. spent fuel; reenrichment of the fuel

imaterlal, and refabrication into

fuel elements.



head - - Essentially the vertical height of the
water in the reservoir above the tur-
bine, that is, the difference between
the elevation of the forebay of the
reservoir and the tailrace at the foot
of the dam,

hydrocarbons Any of a vast family of compounds con-
taining carbon and:. hydrogen in various
combinations, found especially in
fossil fuels. Hydrocarbons in the
atmosphere resulting from incomplete
combustion are a major source of air
pollution. ; -

hydroelectric plant An eléctric powerplant in which the
turbine-generator units are driven by
falling water.

-=-A conventional hydroelectric plant
is one in which all the power is
produced from natural streamflow
as regulated by available storage.

--A pumped storage hydroelectric
plant is one in which power is
produced during peakload periods
by using water previously pumped
from a lower reservoir to an upper -

' reservoir during offpeak periods.

hydrelogic cycle The continual exchange of moisture be-
tween the earth and the atmosphere,
- consisting of evaporation, condehnsation,
. precipitation (rain or snow), stream
‘runoff,. absorption into the soil, and
evaporation. in- repeating cycles.

hydropower v A term used to identify a type of
e . generating station, or power, or
energy output in which the prime
- mover is driven by: water power.
industrial energy "In general, energy. use by customers
use : engaged primarily in a process which
‘ - creates -or changes- raw or unfinished
materials .into another form or pro-
duct. A more specific definition is
used in chapter 3.



industrial firm Power intended to have assured avail-
power - ’ ability but which can be curtailed
: ' or restricted to the industrial
customer on a contract demand basis.

insufficiency The lack of sufficient Federal capac1ty
or energy resources to serve BPA's
firm load capac1ty and/or' energy commit-
ments.

interruptible loads Loads (power) that, by contract, can be
(interruptible interrupted in the event of a capa-
power) city def101ency on the supplying
- system. The interruptible loads are
usually heavy industrial segments on
the BPA system.

investor-owned A utility which is organized under
utility . State laws as a corporation for the
‘ purpose of earnlng a profit for its

stockholders. .

irradiation Exposure to radiation, as in a nuclear
reactor, :
kilowatt (kW) The ‘electrical unit of power which

equals 1,000 watts.

kilowatt-hour (kWh) A basic unit of electrical energy, which
- equals 1 kilowatt of power applied for
1l hour.

lifeline rates ° A low uniform charge for a specific
© basic level of electrical or other
enerdy consumption by the residential
customer for the' purpose of welfare.

load : The amount of électric power delivered .
.to a given point on a system.

load factor * The ratio' of the average load to the
peaklcocad during a specified per iod
‘of tlme, expressed in percent.

load growth re- A supply of electric power and energy
serves ‘ " held in reserve for the unanticipated
. ' "load growth of a utility having
limited resources. If such reserves
are avallable when requested, BPA
may sell _them to qualified utilities
{ under Schedule EC 7 (Reserve Power
Rate).



load management

load shedding

longrun:inctement&l
cost.pricing..

e

marginal cost
~pricing,

megawetxh(MW)_-

megawatt—hour (MWh)

[ l

mill

mitigate

L2 NECRIS

.. Influencing the level and state of
- the demand for electrical energy so

that demand conforms to individual

. present, supply situations and longrun

objectlves and constraints.

A method whereby loads in 1solated
areas are dropped- by automatic relays
to provide protection for the bulk
power system. This could occur when

.generation. is: 1nsuff1c1ent to meet

'-load.,;

Pr1c1ng a55001ated with meeting the
cost of customer requirements for ad-
ditional increments in utility service
on a continuing basis, when the
utility has fully adjusted ‘its oper-

.ation and -facilities to the most ef-

ficient means of meeting the increased

total demand. . It includes the immedi-
ate expenses the utility incurs in
taking on new: customers, as well as. -
the cost of utility plant and as-—
sociated costs necessary to provide
and, maintain utility service. -

A‘syetem'ef pricfng whereby each ad-

~ditional unit.of. a product: is -priced, -

egqual to the; incremental cost of pro-
ducing that unit, or charging a price
for all units of a product equal to the

.¢ -incremental -cost. of producing: the:.
;- Jdast. unit. o )

;The eie6£fical‘uhit of power which

equals 1,000, 000 watts or 1,000

- kalowatts.ua

RN

A ba51c un1t of electrlcal enerqgy which

- equals l:-megawatt- of power applied for

o hour.- b B

A monetary unlt equallng one—-tenth of
a cent ($0. 001). L S I T

In env1ronmental usage the reductlon or

- control .of. adverse environmental impact

through wvarious. measures which seek to

. ..make; the impact- less severe, less
. obvious, more: acceptable, etc.

R ST



modified firm power

municipal utility

nameplate rating

net-hilling

nitrogen ox1des
(NOx)

nonfirm enerqgy

Power sold on a firm basis except that

in the event of loss of generation

or transmission facilities or occur-.
rence of uncontrollable forces which
make it - impossible to serve total
loads, delivery of modified firm
power is restricted to the extent
necessary to prevent or minimize
restriction of firm power. The
extent of the restriction in delivery
of modified firm power may be limited
garding amount and duration,

A utility owned and operated by a
city.

The full-load continuous rating of

a generator under specified con-
ditions- as designated by the manu-
facturer. It is usually indicated

on a nameplate attached mechanically -

to the individual machine or device.

1. Offsetting payments due one party
against payments due the other
party under various contacts
between those parties.

2.... The method used by BPA to acquire

preference customers' entitle-
ment to- the Trojan, WPPSS 1, 2,
and 3 nuclear plants. This

- acquisition is accomplished by
net-billing the preference
customers' costs in those nuclear
plants against power sales rev-
enues due BPA from the preference

‘ customers.

Compounds produced by combustion,

.particularly when there is an excess
.0f air -or when combustion temperatures

are very high. Nitrogen oxides are

m:primary air pollutants.,

iy

Energy which is subject to inter-

‘ruption or curtailment by the supplier
‘and hence does not have the guaranteed

re-

continuous availability feature of firm

"power. -



nonfirm power Electric power available during ‘surplus
‘ periods, which can be interrupted by
the supplying party for any reason.
One class of nonfirm power currently
available from BPA is called Authorized
Increase.

nuclear reactor A device in which a fission chain
reaction can be initiated, maintained,
and controlled. 1Its essential component
is a core with fissionable fuel.

ocean thermal Differences in the temperature of ocean
.. gradient water at various depths.
of fpeak A period of relatively low system de-

mand for electrical energy as speci-
fied by the supplier, such as in the
middle of the night.

outage _ In a power system, the state of a
component (such as a generating unit
or a transmission line) when it is
not available to pérform its function
due to some event directly associated
with the component.

particulates . Finely divided. solid or liquid parti-
cles in. the air or in an emission.
Particulates include dust, smoke,
fumes, mist, spray, and fog.

peak ing Operation of generating facilities to
meet maximum instantaneous electrical
demands.

peaking capability The maximum peakload that can be sup-
plied. by a generating unit, station,
or system in a stated time period.
It may be the maximum instantaneous
load or the maximum average load over
. a designated interval of time.

peaking capacity Generating equipment normally operated
only during the hours of highest daily,
weekly, or seasonal loads. Some
generating equipment may be operated
at certain times as peaking capacity
and at other times. to serve loads on
a round-the-clock basis.



~peakload-

photovoltaic gener-
atlon

T

poliptant

postage’ stamp 'rate f

‘

power’ 0 -

" of the. powet 'supply,

" +to energy,”

The maximun- Eleétrical load consumed:
or prqduced in ‘a' stated period of time.
It may be the maximum instantaneous
load {(or the maximum average load)

"withifn adesignated interval of the

stated period*oﬁ‘time.

A method for direct conver51on of

'solar to electrlcal enerqgy.

A" r951due (usually of human activity)
‘which has: an‘undesirable effect upon
the "environment (particularly of con-
cern when in excess of the natural
capac1ty of - the environment to render
it  innocuous).

Rates ‘for electric service which are
unchanged by ‘distance from the source
regardless of
the purchaser's locatlon within the
utility's service area. (Compare
with parcel post rate). S

N
'

~The time rate of transferring or trans-
" forming energy;

for electricity, ex-
pressed in watts., Power, in contrast
always designates a def-"i-

"+ inite quantity tat a given time.

P

preference . = v

YT

PUD.. it ENERE

B AR A

radiation

U R SR e

V' e T : PRI

R R AR

€ . .-
T

radiocactivity’

et
-

“'Orégon) i’
iof'the proposed district.

~hobld? preference customer status in
WbuYiﬁgﬁBPA power.

. e
P2 PP

The- preferent;al use of Federal -’
resources” bV‘publlC bodies and coon-
eratives’ as:accorded to such

entities in ‘the Bonneville Project Act.

Public Utility District (in Washington)
or Peoplés? Utility District (in

These -‘are separate units

of government estahlished hy wvoters
The PUDS' ™"

Partlculate or electromagnetlc enerqgy
emitted fromiatomic or nucléar pro-
cesses.f'Examples are neutrons, qgarnma

'fraysbfﬁnd light.-

The  spontaheous- radioactive decay or

““change’in eherdy state of an unstable

atomi®~ nucl'eus,Usually accompanied by
the emission of ionizing radiation.



reliability

reserve capacity

reserves

residential energy
use R

run of river. -

salmonid

. scrubber

secondary energy

secondary power

Generally the ability of an item to
perform a required function under

stated conditions for a stated period
of time. In a power system, the ability

-of the sytem to continue operation while

some lines or generators are out of
service.

Extra generating capacity available to
meet unanticipated demands for power or
to generate power in the event of loss
of generation resulting from scheduled
or unscheduled outages of regularly
used generating capacity. Reserve ca-
pacity provided to meet the latter is
also known_ as forced outage reserve.

Resources which are known in location,

quantity, and quality and which are

economically recoverable under currently
available technologies, :

In general, energy use by domestic
dwellings for space heating, air-
conditioning, cooking, water heating,
and other domestic uses.

AhhydroelectriC'plant with little or

‘no _ability to regqulate flow.

Fish belonaing to the family salmonidae,
including salmon, trout, char, and
allied freshwater and anadromous
fishes.’

~ Egquipment used to remove pollutants,

such as sulfur dioxides or particulate
matter, from stack gas emissions.

Electric energy surplus to the needs
of .a supplier, the delivery of which
may be interrupted for any reason-
by the supplier.

Power not having the assured avail-
ability of firm power; power that is
available from a system intermittently
and that is used to serve markets "that
can accommodate such power, - Equivalent
terms: nonfirm power, surplus power, and
secondary energy.



self-financing - The method by which BPA now finances
: X its operation and construction program
through all revenues received and
- through revenue bonds arranged by
the Treasury

self-liquidating  The policy that BPA revenues must be

(or repayment) sufficient to pay for all costs of-
policy : .operation, maintenance, . and adminis-

tration of the Federal Columbia River
. Power System; interest on the out-
standing power investment; and
amortization of investment within 50
years in hydroelectric powerplants and
within the normal useful 1ife (now 40
years) for transmission facilities.

solar cell .+ . Arsemiconductor device that produces
a voltage when exposed to the sun; a
~form of photovoltaic generation. .

storage reservoir A reservoir in which storage is held
over from the annual high-water season
to the following low-water season,
Storage reservoirs which refill at the
end of each annual high-water season
are annual storage reservoirs. Those
which cannot refill all usable power
storage by the end of each annual high-
water season are cycllc storage reser~-

C T v01rs. R

.sulfur oxides Compounds of sulfur combined with
. oXygen that have a significant in-
-. fluence on+air pollution.
surplus energy Electric energy generated at Federal
T v omeliso- hydroelectric plants in the Pacific -
: 7. Northwest which cannot be conserved.
‘= » v This energy’would otherwise be wasted
o because of the lack of market for it
in- the”" Pacific Northwest at any estab-
lished rate. When the nonfirm energy
“I*'needs of the Pacific Northwest entities
:ilare satisfied,: surplus eneray then
becomes available for marketing out-
-.~'gide the Pacific Northwest.



surplus power

system. reserve
capacity

thermal efficieﬁcy

thermal generation

thermal pollutioﬁ

tieline

time-of~-day
pricing

transmission grid

turbine

in excess of the needs of
system. For the region
would be exported to
serve markets in adjacent areas. Some-
times used as an .interchangeable term
with "secondary power."

Power that is.
the producing
surplus power

The difference between the available-

dependable capacity of the system, in-

cluding net firm power purchases, and
the actual or anticipated peakload for
a specified period.

The ratio of the electric power produced
by a powerplant to the amount of heat

produced by the fuels; a measure of the
efficiency with which the plant converts

“thermal to.electr.ical energy.

oo

'Generation of electricity by applying

heat to a fluid or gas to drive a tut-
bine generator. :

The warming of the environment, espe-

cially streams and other bodies of water,

by waste heat from powerplants and
factories. Drastic thermal pollutlon
endangers many species of aguatic life.

A transmission line connecting two or
more power systems together, permitting
a flow of energy between them,

Rates impoéiné hiéher charges during
those periods of the day when the higher
costs to the utlllty are 1ncurred

nAn 1nterconnected system of electrlc

transmission lines and associated
equipment: for the movement or transfer
of " electric-energy in bulk between
points- of. supply and points of demand.

.;Arrotarf eﬁgine activated by the re-

actipn_and/or impulse of a current of
pressurized fluid (water, steam, liquid

~metal, etc.).and usually made with a

series of curved vanes on a central
rotating spindle,



propeller turbine

Francis turbine

two-tier rate

volt

waste, high-level
radioactive

waste, low-level
radioactive

watershed

wheeling

A turbine having propeller-shaped
blades ‘generally used for lower head
projects. These can-be either fixed

-. blade {(designated as "Prop") or adjust-
. able blade (designated as "Kaplan")

turbines.

A hydroturbine having fixed vane-type
blades .and used for medium to high
heads of water.

Rates retaining a previously established
lower rate level for the current level

of service to existing customers and

use of a higher rate for the remaining
system output, served either for addi-
tional requirements of existing customers
or for all requirements of new customers.

. The unit of electromotive forcé or .

electric pressure analogous to water
pressure in pounds per square inch.

It is the electromotive force which,

if steadily applied to a circuit

having a resistance of 1 ohm, will pro-
duce a current of 1 ampere.

. Wastes having radicactivity concentra-

tions of hundreds to thousands of micro-
curies per gallon or cubic foot.

wastes having radioactivity concen-

trations in the range of 1 microcurie
per gallon or cubic foot.

The area from which water drains to
a single point. In a natural basin,
the area contributing flow to a
given place on a stream.

".The use of the transmission facilities

of one system to transmit power of
and for another system. As applied

"~ to BPA, the transmission of large
» "blocks of electric power over the

BPA system from non-Federal hydro
and/or thermal generating plants to

- points of use by utilities owning

or purchasing the output of such
plants.




CHAPTER 1.

INTRODUCTION.

) - . .

The Pacific Northwest region has entered a difficult
transition period. Most large hydropower sites in the
region have been developed, and additional large supplies
of inexpensive hydroelectric power, long the mainstay of
regional. electric supply, are not available. The remain-
ing damsites are less desirable and often involve substantial
detriment in terms of environmental and recreational impacts.
" Yet  power demand will likely continue to rise as the population
expands and new: 1ndustr1a1 growth occurs.

Coal fired and nuclear powerplants are advocated by many
as: the only practical way to meet future electrical needs.
~Conservation options are also being debated, as are the
‘potentials for using other renewable energy sources, including
geothermal energy; solar radiation; and such secondary
solar energy forms as wood wastes, wind, and smaller hydro
developments. Regional institutions are struggling to
evolve new peolicies for electricity management which can
reconcile future energy needs with env1r0nmenta1 and econonic
consequences.. ‘

The reglonfs traditional decisionmaking processes

are ill eguipped to deal with the problems of transition.
No single institution, Federal or regional, is responsible
- for electricity management regionwide. Furthermore, re-
gional coordinating and planning groups generally do not
represent the broad spectrum of regional interests. Many
factions, including State and local governments, -environ-
mentalists,  and conservationists, are seeking more' active
roles in energy policymaking.: .. :

PURPOSE OF REVIEW

The Federal. Government, primarily through the Department
of Energy's Bonneville Power Administration (BPA), plays a
major role in energy management for the region. Because
of- the Federal role, the General Accountlng Office (GAO)
undertook a review to:f~' T
~—Ident1fy and evaluate the pr1nc1pal electricity
management issues fac1ng the reglon.

"~—Determ1ne whether adequate dec1s1onmak1nq
- structures and processes exlst to effectively
resolve the issues.



-—Evaluate regional electricity management practices
to determine if they provide (1) consistency with
national energy priorities, (2) environmentally
sound development of unique regional resources,
and (3) a forward-looking approach to managing
energy supplies and demands.

~—Identify actions needed to assure adequate and
timely decisionmaking on electricity management
issues.

SCOPE OF WORK

We discussed electrical energy management problems with
BPA officials and met with representatives of various State
and local agencies, institutes of higher education, util-
ities, and other regional electrical energy organizations.
In addition, we employed a team of energy consultants (see
app. XI) to -develop sets of alternative electrical enerqgy
policies for the region and to analyze the economic, social,
and environmental impacts of such policy sets. The alter-
native electrical energqy profiles for the region are de-
scribed through the year 2000 and can be compared for their
various impacts on the region and its citizens. We also
contracted with Charles River Associates, Inc. (CRA), a
consulting firm, to study what effects electricity price
increases might have on the region's aluminum industry
since this industry uses about one-fourth of all electricity
in the Northwest.

Energy policy options available to the region have
been examined in a number of studies., We reviewed the re-
sults of several studies, including:

-=-"BPA Draft Role Fnvironmental Impact Statement"
(Role EIS)--prepared in conjunction with inde-
pendent consultants, this 1977 report evaluates
the pdst, present, and future availability and
use of electrical energy in the region and dis-
cusses alternative future roles for BPA in
regional power planning.

--"Choosing an Electrical Energy Future for the
Pacific Northwest: An Alternative Scenario®--
prepared by the National Resources Defense
Council (NRDC) and other environmental groups
at BPA's request, this 1977 study is designed
to "stimulate further dialogue and planning
concerning the Pacific Northwest's future needs
for electrical enerqy and the optimum means of
meeting those needs."



--Long-Range Projection of Power Loads and Resources
for Thermal Planning, West Group Area, 1977-78
through 1996-97--prepared annually by the Pacific
Northwest Utilities Conference Committee (PNUCC),
the report forecasts load growth and resource
requirements of the Federal hydro system and re-
gional utilities over the next 20 years.

--Northwest Energy Policy Project (NEPP)--sponsored
by the Federal Government and the Statés of Idaho,
Orégon, and Washington through the Pacific North-
west Regional Commission, this 1977 study analyzes
policy options available to the three States for
influencing future patterns of energy production and
consumption in the region. '

Our review also considered the principles and strategies of
the administration's National Energy Plan (NEP) (see table
1.1}, as well as applicable laws and requlations and proposed
Federal legislation recently introduced to restructure the
region's electricity planning and management.



TABLE 1.1

Basic.Principles Cited in NEP

Principle.

1. - The energy -problem can be effectively addressed-
only by a Government that accepts responsibility
for dealing with it comprehensively and by .
a public ‘that .understands its seriousness and
is ready to make necessary sacrifices. :

2. Healthy economic growth must continue.-

3. National ‘policies for the protection of the
environment must be maintained. ‘

4. - The - Unlted States must reduce its vulner-.
ability to potentially devastating supply _
interruptions. : :

5. The United States must solve its energy
problems in a manner that is equitable to
all .regions, sectors, and income groups.

6. The cornerstone of national energy policy

‘ is that the growth of energy demand must be
restrained through conservation and improved .
enerqgy eff1c1ency.

7. Energy prices should. generally reflect the
- true replacement cost of enerqy.

8. Both energy producers and consumers are’
entitled to reasonable certalnty as to Govern—
ment policy. » .

9... - . -Resources .in plentiful supply must be used
: more widely, .and the Nation must begin the
process:of moderating. its use of those in
short supply D

10, The :use of nonconventional sources of energy
' must be v1gorously expanded.



CHAPTER 2

BACKGROUND AND PERSPECTIVE

For this study the Pacific Northwest region was defined
as Washington, Cregon, Idaho, and western Montana. The
region may be divided into six topographic zones: the
coastal mountains (I), the Puget Sound-Willamette lowlands
(11), the Cascade Mountains {(I111); the Columbia River pla-
teau (IV), the Snake River plateau (V), and the Rocky Moun-
tains (VI). (See fig. 2.1.)

While the entire region experiences the same general
climatic pattern--cool, wet winters and warm, dry summers—--
the mountain ranges create wide variations.in precipitation
and water runoff. Precipitation is fairly heavy west of
the Cascades and occurs mainly as winter rainfall. Stream-
flows in this part of the region reach a series of peaks,
each associated with a winter storm. Summer flows are
usually quite low. East of the Cascades, the climate
i's generally dry, with only the mountains receiving ap-
preciable precipitation in the form of snowfall. As a
result, natural streamflow is very low during the winter,
with a relatively long annual peak during the late spring
and early summer caused by melting snow.

The Northwest is sparsely populated with only 23.8
persons per sgqguare mile compared with the Nation's
average of 57.5 persons per square mile (based on 1970
census data). Almost 4 million of the region's 6.5 mil-
lion people live in zone 11, which includes the major
urban centers of Seattle, Washington, and Portland,
Oregon. The populatlon grew 17 percent in the 19605 com-
pared with the Natlon s 14 percent.

EMPLOYMENT AND ECONOMY

The work force of the region reached 2.8 million in
1975, Approximately 5.4 percent were employed in agricul-
ture, compared with the Nation's 4 percent. Lumber and
wood products workers accounted for 28.8 percent of the
work force in the manufacturing sector, compared with
the Nation's 3 percent. These figures reflect the region's
economic reliance upon extensive forest and agricultural
resources. The region had a higher than average percen-
tage of workers employed in construction, transportation,
public utilities, wholesale and retail ‘trade, and govern-
ment and a lower percentage in mining, ‘manufacturing,
finance, insurance, and services. .
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Regional per capita income in 1975 of $5,930 was
higher than the Nation's $5,902, though unemployment was
also 0.9 percent higher.

ENERGY RESOURCES

The region has several other renewable energy sources,
such as windpower, solar radiation, wood wastes, and geo-
thermal activity, in addition to its 'extensively developed
hydro resources. Current studies emphasize using windpower
and solar ‘radiation in the future. The extensive hydro-
electric system enhances possibilities for use of wind or
solar energy sources,.since they can provide storage capa-
city and backup generating facilities when intermittent wind
and sunshlne ‘are unavailable. :

The reglon has no known reserves of ©il .or natural
gas, some uranium reserves, and only one econdmically
feasible source of coal. This means that most fuels used:
in the region's thermal generating plants are 1mported
from outside the region and will continue to be in the
foreseeable future.

IMPORTANCE OF ELECTRICITY

In 1974 about one- thlrd of the Pacific Northwest re-
gion's total residential, commercial, and industrial energy
consunption was supplied by electricity. As figure 2.2
shows electricity is an important source of energy for all
major end uses except transportation. The region also
relies on imported natural gas, ccal, and petroleum and on
regional coal and wood residues to supply its enerqgy.
Natural gas, petroleum, and wood residues are used dlrectly
for heating, transportatlon, and industrial processes,
while most coal is used to generate electricity.

" Electric power rates in _the Pacific.Northwest are the
lowest in the Nation, as figure 2.3 indicates. Figure 2.4
shows that these low rates have resulted in a higher average
consumption of electricity.

Low power rates in the Pacific Northwest have also
resulted in consumption patterns that differ from those in
the rest of the country. For example, electric residential
space heating is much more common than in other regions.

In 1974, 45 percent of homes in central and western Washing-
ton utilized electricity for this purpose compared with 8
percent nationwide. Figure 2.5 illustrates how the region
uses its electricity.



Figure 2.2
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Figure 2.3
COMPARATIVE ELECTRIC BILLS FOR SELECTED CITIES
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Figure 2.4 : .
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Figure 2.5
. USE OF ELECTRIC ENERGY IN THE PACIFIC NORTHWEST

PERCENT . - -
65"|

INDUSTRIAL 51%
80 RESIDENTIAL 32
55 - ‘ . B 7 COMMERCIAL 15

OTHER 2
50 : Other Industrial.. ~ | . .. 100% -

16%) - Ferrous {.1%)
45 ~ - Food {'!?H ) .
’ Nanferrous {2%)
40 - Irrigation (3%}
Chemicals (3%) -
354 Lumber (4%} .
i . Lighting (3%)
30+ Paper (6%)
: o Water Heating
257 ' (8%)
2o—w
A Appliances {10%) . Qutside nghtiﬂg ‘1%,
15 Aluminum (26%) ) "~ Large Offices {1%)
Small Offices {2%})
10 - Schools (3%)
. Space Heating .
I
5 _ (11%) Retail (3%)
. ' Other (5%}
0 7 1 Undefined (2%) }
"INDUSTRIAL {51%) RESIDENTIAL {32%) COMMERCIAL (15%} OTHER (2%)

Source: 1974 Power Requirements — BPA  Skidmore, Owings, and Merrill — July 1976 100% = 103.3 KwH (10%)



CHAPTER 3

THE EVOLUTION OF

ELECTRIC POWER DEVELOPMENT

The Pacific Northwest possesses more than 40 percent of
the Nation's hydroelectric potential and has the most highly
developed hydroelectric system in the world. Eighty per-
cent of the region's electric generating capacity is pro-
vided by a combined system of more than 150 federally,
publicly, and investor—owned hydroelectric projects.

Low cost hydropower has attracted many energy 1nten—
sive industries and played a vital role in the reglon 's
economic development., Six major aluminum companies operate
12 plants within the region which produce over 30 percent
of the Nation's aluminum. Other energy intensive industries
producing paper products, refined metals, and chemicals
have also located in the Pacific Northwest.

Although an abundant supply of inexpensive electric-
ity has promoted the region's economic development, there
is uncertainty over future energy supplies. The region's
continued population growth, the energy intensiveness
of its industries, and the scarcity of additional large
hydro sites have raised concern about the future. For
the first time in its history, the region is faced with
hard choices on how to manage its electrlcal energy re-
sources.

THE FEDERAL ROLE

The Federal role in constructing and operating power
generation and transmission facilities has been 51gn1f1—
cant. Over 50 percent of the electricity generated in
the region is furnished by Federal dams built, operated,
and maintained by the Bureau of Reclamation and the U.S.
army Corps of Engineers. The power generated at these
dams is marketed and transmitted throughout the reglon
by BPA.

Construction of generating facilitiés

The first Federal dams on the main stream of the
Columbia River--Grand Coulee Dam and Bonneville Dam--were
constructed in the 1930s. These 2 dams.became the corner-
stones for the world's largest hydroelectric power system,
which now includes 29 major Federal dams and 124 other
Federal and non-Federal hydroelectric projects.



The region's Federal dams were authorized as multi-
purpose projects to provide flood control, ‘irrigation,
--improved navigation, and public recreation, as well as
power generation. The dams' large storage reservoirs,
in conjunction with storage in Canadian reservoirs, enable
them to capture spring runoff and contrel flooding. In
summer, fall, and winter, the projects release water and
provide sustained levels of power generation and irrigation
when natural streamflows are low. While these features
have greatly benefited the. region, they have also caused
some problems, such as reduction of valuable salmon runs.

The construction of dams in the region has not been
strictly a Federal function. Construction of non-Federal
dams was stimulated in the 1950s when Federal policy shifted
toward reduced participation in such projects. Of further
significance was the integration of non-Federal dams into
the regional transmission network. This was made -possible
in 1957 when the Congress authorized BPA tc transmit - ¢
electricity generated at non-Federal dams over the Fed-
eral transmission system and thereby eliminated- the need
for the utilities to duplicate BPA's transmission facil-
ities. In fiscal year 1976 almost 6 percent of BPA's
revenues came from transmission services to non-Federal
users, ' :

Dam construction on. the Columbia River system con-
tinued at a relatively constant pace after the first-
Federal dams were constructed.in the 1930s. By 1975
nearly all the major damsites in the region had been:
developed or were considered unfeasible because of
environmental and/or economic constraints.

Power transmission and marketing

The Bonneville Project Act of 1937 created BPA and
authorized it to market power generated at the first Federal
dams. The act authorized BPA to (1) sell electricity at
wholesale to public bodies and cooperatives and to private
agencies and persons, (2) construct, operate, and maintain
a transmission system, {(3) interconnect the Bonneville Dam
with other Federal projects and publicly owned power sys-
tems, (4) encourage the widespread use of all the electric-
ity generated, prevent monopolization by limited groups,
and give preference to publicly owned distribution systems,
and (5) set rates to recover the cost of generation and
transmission. By virtue of this act and subsequent
legislation, BPA now applies these provisions in selling
Federal power to various customers throughout the region.



To a great extent, BPA represents the Federal presence
in energy policymaking for the region. BPA markets half
the region's electricity -and owns and operates 80 percent
of the region's high-voltage transmission lines. The
Pacific Northwest is served by more than 120 electric
distributors--investor-owned utilities, municipal systems,
rural electric cooperatives, and public utility districts.
All but one of these distributors buy some power from BPA, ,
Only 27 of the distributors have their own generating plants;
Nearly all those without generating facilities depend ex- -
clusively on BPA for their power supplies. :

BPA has very successfully promoted the interconnection
of Federal and non-Federal power systems. As of March 1977,
BPA's transmission network included 12,300 circuit miles of
line in service. These transmission lines act as a common
carrier for all the region's utilities. BPA's extensive
research and development work has made it a world authority
on transmission system design.and operation.

Types of customers

BPA has four major customer classes: (1) publicly
owned utilities, (2) Federal agencies, (3) investor-owned -
utilities, and (4) direct service industries. One of
the Bonneville Act's stated purposes is to give preference
to publicly owned distribution systems. This provision,
or preference clause as it is commonly known, requires
BPA to give publicly owned utilities and Federal agencies
first call on the Federal energy it markets. As shown in
table 3.1, these preference customers account for the
largest bloc of BPA power sales. .
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TABLE 3.1

BPA Sales of Electric Energy
Fiscal Year 1976

kWh Percent

. 1 (000 omitted)
Preference customers:
Publicly owned utilities

and cooperatives - : 30,817,200 40
Federal agencies 636,959 1
Investor-owned utilities- ' 7,660,263 10

Direct service industries; :
Aluminum 22,683,994 29
Other ‘ . 2,378,600 3
Customers outside the region 13,294,075 17
Total 77,471,091 100

BPA owns and operates the northern segments of three
transmission lines between the region and the Pacific South-
west, in addition to its regional facilities., _In recent
years, because of the seasonal nature .of energy demands and
streamflows in the region, surplus power has been available
for transfer over these lines during certain months., Sales
of the region's surplus energy have been a boon to buyers
in California. The Stanford Research Institute estimated
that in 1975 California utilities saved $167 -million and
reduced air pollution by displacing more expensive oil-
fired generation with the surplus energy from the Pacific
Northwest.

Rate setting

In determining rates to charge its customers, BPA must
adhere to mandates of three principal acts: the Bonneville
Project Act of 1937, the Flood Control Act of 1944, and the
Federal Columbia River Transmission System Act of 1974.

All three acts require BPA to produce sufficient revenue

to recover costs to the Government of producing and trans- .
mitting electric energy, including amortization of capital
investments. BPA must also obtain approval of its rates
from a Federal regulatory agency. The Federal Power. Com-~
mission reviewed BPA rate proposals until 1977, but this
function was delegated on Octcober 1, 1977, by the Secretary
of Energy to the Economic Regulatory Administration.
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BPA uses average cost pricing to establish its power
rates at levels which recover the total costs of operations,
maintenance, interest,.and capital. Under this approach
the high costs associated with new power supplies 'are
averaged with the lower costs of older supply sources, As
a result, the. price of new power to BPA customers does not
reflect the true replacement -cost of the energy as advocated
in the National Energy:.Plan. (See table 1.1.) BPA is cur-
rently considering alternatives, such as: marginal or long
run incremental cost pricing, which would raise rates on
new power supplies to correspond to the actual costs of pro-
viding thé electricity. However, implementation of such
pricing policies would require legislative authorization.

Development of the region's major hydro sites, coupled
with BPA's adherence to the Flood Control Act and that
act's goal of marketing electric energy for widespread use
at the lowest possible price consistent with sound business
principles, has produced the reqion‘'s unique energy environ
ment: the Nation's lowest priced electricity and a per
capita electricity consumptlon rate nearly twice the
national average.

NON-FEDERAL GENERATION AND MARKETING - -

Investor-owned and publicly owned utilities together
control 42 percent of the region's hydro capacity and
100 percent of the region's thermal capacity. (See
table . 3.2 and fig. 3.1 for a-detailed presentation.of
the region's capacity and fig. 3.2 for location of
generating plants.) These utilities are also building
and/or planning to build large thermal generating plants
to meet the region's. future needs in coordlnatlon with
the Federal hydro system.



TABLE 3,2

, Pacific Northwest Region
Existing Electric Power Generating Capacity.
. at March 2, 1977

Number of Nameplate : Percent of
[ facilities rating (MW) regional capacity
Hydro:
Federal . 29 ‘ 14,235 58
Publicly owned: ~ )
utilities = . 36 6,029 24
Investor-owned ‘ .
utilities: 88 4,421 18
Total 153 24,685 100
Thermal :
Federall - - -
Publicly owned
utilities 16 - 1,810 “ 29
Investor-owned B
utilities 29 4,533 71
Total . 45 6,343 100

Source: BPA Statistics.

The ratio of power sales of investor-owned utilities
to those of publicly owned utilities varies greatly among
States in the region. In Idaho and Oregon the investor-
owned utilitiés sell by far the most electricity, 92 percent
and 72 percent of statewide sales, respectively. In Wash-
ington, which has a large number of publicly owned utilities,
only 20 percent of the electricity is sold by investor-
owned utilities.

Different proportions of publicly owned and investor-
owned utilities exist within these States because of dif-
fering State laws. Beginning in the 1930s Washington
State enacted statutes to promote formation of publicly
owned utilities. These statutes allow voters in one
election to both organize and fund a public utility dis-
trict (PUD}. Oregon voters turned down similar proposals
in the 1930s and 1940s and current Oregon law requires one
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Figure 3.2

MAJOR GENERATING PLANTS
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election to authorize a PUD and a second election to fund
it. Idaho law does not directly provide for the formation
of PUDs, and thus investor-owned utilities account for
almost all electricity sold in Idaho.

POWER PLANNING

The diverse patterns of regional power developments
over the past 40 years have given rise to a myriad of power-
planning institutions representing a variety of perspectives
and constituencies. An NEPP study ‘identified more than 20
institutions which participate directly in regional power
planning, including Federal agencies, State bodies, and
utility associations. A number of -other organizations were
identified as being in a position to constrain, regulate, or
influence the region's planning and policymaking. (See
table 3.3.)

Until the 1970s, power planning was largely conducted
by Federal agencies and the region's electric utilities, ,
which cooperated in proposing and carrying out power develop-
ment efforts in the region. These entities formed various
organizations to facilitate their joint planning efforts,
including the Pacific Northwest Utilities Conference Commit-
tee, the Joint Power Planning Council, and the Public Power
Council. -
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.TABLE 3.3

Electric Power Planning
in the Pacific Northwest

Participating institutions:
Bureau of Reclamat1on
BPA
Bonneville Regional Advisory Council-
Canadian Government and British Columbia
Corps of Engineers, U.S. Army
Department of the Interior
Joint Power Planning Council
Northwest Power Pool
Northwest Public Power’ Association
Pacific Northwest River Basins Commission
Public Power Council '
State agencies
State Governors' offlces
State legislatures:
U.S. Congress
Washington PUD Associat1on and other

public associations
Western Systems Coordlnatlng Coun011
State siting councils
Pacific Northwest Utilities Conference
Commlttee

Constraining, regulating, and
influencing organizations:

International Joint Commission

U.5. Congress

Federal Power Commlssion

Rural Electrification Administration

State agencies

Environmental Protection Agency/Council
on Environmental Quality Coordination
Agreement .

Internal Revenue Service

Environmental and citizen groups

Washington Environmental Council . :

Sierra Club ‘

National Resources Defense Council

Source: NEPP study, 1977.



Private business investment and operatlng decisions
have also played a major role in energy planning because
of their impacts on energy requirements. The decisions
corporations make on where to locate -their plants, for
example,  can significantly affect the economies of counties
and municipalities and are based in part on energy avail-
ability and pricing. In this way priorities of major
industrial firms have influenced the shape of reglonal
energy policies. :

In recent years, with increasing.public concern over
energy supplies and pricing and the environmental conse-
quences of new powerplants, State. governments and citizens
generally have sought a more active role 'in energy policy-
making. Idaho, Oregon, and ‘Washington have all established
State energy offices within the last 2 years., Although
the strength and influence of these offices vary from
State to State, eacn incorporates independent energy
analysis as a counterbalance to the utilities and BPA.

The State of Oregon has, for example, .developed its own
model to forecast energy demand and recently published

its second annual report on -Oregon's energy future and

policy options available to the State government.

While the States have 1ncreased thelr activity: 1n
regional energy planning and ‘policymaking,- public involve-
ment in these functions 'is minimal despite increased
public interest in energy-related issues. Most regional
planning processes provide only limited opportunities for
individual citizens or citizen groups to actively par-
ticipate. As observed in the NEPP study "* * * public
awareness of the long-run commitments being made on their
behalf by politically insulated -technocrats, both public
and private, remains low."

THE MOVE TO THERMAL POWER

In the late 1960s regional energy planners .determined
that future load growth could not be met by the region's
hydroelectric resources, BPA and regional utilities .fore-
cast electrical demand to.triple between 1970 and 1990
and concluded that the region needed to supplement its
hydro capacity with new forms of generation.

The Hydro-Thermal Power Program--Phase I

The Hydro-Thermal Power Program was devised by BPA
and the region's utilities to meet forecast electrical
demand by incorporating new coal-fired and nuclear gener-
ating plants into the existing hydroelectric network.



Under Phase I, the utilities were to build thermal plants
and low—~voltage transmission facilities while the Federal
Government was to construct the additional high-voltage
transmission system and provide hydro backup to meet
contingencies and varying locad réquirements. The thermal
plants were to provide the more constant levels of gener-
ation. (See fig. 3.3.) This mode of operation--thermal -
base with hydro for peaking--enables thermal plants to
operate more efficiently at a steady output and capitalizes.
on the ability to turn hydro generating units off between
peaks without appreciable loss of energy. T

FIGURE 3.3
HYDRO-THERMAL GENERATION TO MEET NORTHWEST LOADS

TYPICAL WINTER DAILY DEMAND IN
THE NORTHWEST
THERMAL HYDRO

0 4 8 12 4 8 12
AM ' PM

WHILE THERMAL PLANTS SUSTAIN THEIR-LEVEL OF
GENERATION, HYDRO PLANTS
“FOLLOW'' THE REGIONAL PEAKS.
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The initial activities of Phase I, which began in 1969,
involved construction of seven large thermal plants (five
nuclear, two coal fired) in the region, expansion of the
generating capacity at hydroelectric projects, and further
development of the Federal transmission system, BPA agreed
to participate 'in paying for the publicly owned portions of.
thermal plants constructed in Phase-I through an arrangement
with its preference customers called net- billing. Under net
billing,  preference customers participating in development
of new thermal plants assign their share of the.plants
power production to BPA. BPA pays for the power by credit-
ing its customers' accounts for the amounts the customers
are paying for their share of plant costs. As a result of
net billing, more costly thermal power is integrated into
the Federal system, increasing the average power rates for
all BPA's customers. Net billing also shifts the financial
risks associated with thermal plants from the preference
customers to ‘the Federal Government through” BPA, This
occurs because BPA agrees to pay for its preference cus-
tomers' share of plant capability, even if the plants
never produce electrlclty.

Currently Phase I plans to build seven thermal plants
by 1981 are far behind schedule. As of October 1977,
only three plants (two coal, flred one .nuclear) had come
on line, and completlon of’ all ‘seven . plants .is. not expected
until 1985. Various.reasons are glven ‘for the delays,
including adverse weather conditions, 1nsuff1c1ent time
allowances for. 11cens1ng by Federal and ‘State agencies,
lack of skilled .labor, and late" dellvery of construction
materials. While. construction has been- delayed, the cost
of an optimum-sized  nuclear powerplant .has escalated by
nearly 500 percent from the $230 million projected in the
late 1960s.

Delays have also slowed installation of new gener-
ating units at, the region's Federal hydro projects. These
delays have increased the estimated cost of new facilities
at nine hydro projects by 54 percent from the ‘1969 level
of $l;76 billion to $2.70 billion in 1975.

The Hydro—Thermal Power Program—-Phase 11

On December 14, 1973, BPA' and reg10na1 ut111t1es
agreed to Phase II of the program, which was designed
to .provide power supplies into the 1990s. The program
called for construction of seven coal-fired or nuclear
generating plants in the region in addition to the
seven plants scheduled under Phase I. However, BPA
would not buy the output of Phase II plants.




Phase II called for the renegotiation of BPA's contracts
with its industrial customers. BPA planned to write new con-
tracts for the 1980s to 1990s and beyond and to put additional
curtailment provisions into the contract.

Execution of the power sales contracts to implement
Phase II was delayed in early 1975. Judgment by the Oregon
Federal District Court in a lawsuit against BPA suspended
the implementation of any new industrial contracts. The
court ruled that BPA could not sign any industrial contracts
until it had prepared an environmental impact statement (EIS)
on a power sales contract for a new aluminum plant and also
evaluated Phase II as it related to the contract. BPA
decided to comply with the court order by preparing an
expanded EIS covering regional energy options and BPA's role
in power planning. A draft of the "Role EIS" was completed
in August 1977 after a 2-year effort. It summarizes the
evolution of BPA's policies and programs and analyzes several
alternative roles which BPA could assume .in regional power
planning. These alternatives provide a variety of options
ranging from a reduction in BPA's current role to an expan-
sion which would authorize BPA to implement national energy
policy within the region in coordination with the region's
States., BPA has allowed 90 days for public review and
comment on the draft statement and has scheduled a series
of information workshops and public response meetings in
cities across the Pacific Northwest, The final Role EIS
is expected to be published late in the summer of 1978.

Until BPA finalizes its Role EIS and resolves its
legal difficulties, the region will continue to operate with
considerable uncertainty as to the Federal role in energy-
management. . Because regional planning is based on cooperation
between all utilities, BPA's temporary inability to-partic-
ipate makes planning and policymaking difficult, if not
impossible. BPA's Administrator stated in March 1976
that Phase II of the Hydro-Thermal Power Program was in a
shambles and that controversy over load forecasts and pre-
dicted shortages, delays in developing new resources, and the
lack of a regional plan to meet future energy requirements had
intensified concerns over the long-range power situation in
the Pacific Northwest.

Because of forecast deficits in the 1980s, BPA has
notified its preference customers that it cannot assure power
to meet their load growth requirement after July 1, 1983,

It has alsoc advised its direct service industrial customers
that their power sales contracts will probably. not be renewed
when they expire in the 1980s. '
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PLANNING UNCERTAINTIES

While BPA was developing its Role EIS, further uncer-
tainties enveloped regional energy planning., Many of the
uncertainties relate to two important questions prominent
in regional debates:

--Can the region, which has relied for so long on
renewable hydropower, also hope to meet its future
energy needs ‘with renewable resources?

—~-How realistic are energy demand forecasts prepared
by regional utilities?

BPA power planning has emphasized its belief in the
need for thermal generation, noting that thermal plants
must account for 99 percent of the region's new energy
supplies between 1977 and 1997. In a May 1976 publication,
BPA detailed the need for thermal generation as follows:

"Because few undeveloped, ecconcomically feasible,
and socially acceptable hydro sites remain,
extensive building of thermal generation has

been programmed for the Northwest. This program
calls for the completion of a total of 11 nuclear
units and 3 coal units (plus 8 coal units just
ocutside the region) by the end of the 1980s."

Such an aggressive move to thermal generation represents
an abrupt and significant departure from the region's his-
toric reliance on renewable hydropower. Perhaps for that
reason, coupled with the high costs and potential environ-
mental impacts of thermal plants, many in the region are
questioning the need for such a strong commitment to thermal
generation and citing energy conservation and renewable
energy sources as likely alternatives. Although some
regional studies have been made to assess the alternatives
to thermal powerplants, much remains to be done. Chapter
4 of this report summarizes the evidence compiled to date
and highlights some of the questions which need to be addres-
sed in future studies. '

Regional uncertainties about thermal power developments
are compounded by disagreements over how much energy will
be needed in future years. Utility forecasts showing that
energy requirements will nearly triple by the year 2000
are disputed by many. The potential roles of energy conserva-
tion and renewable energy sources are much debated, as are
certain issues relating to the allocation of Federal hydro-
power and the financing of new powerplants. A discussion
of these conflicts and their impacts on the region is presented
in chapter 5,






- CHAPTER 4

THE ALTERNATIVES TO THERMAL GENERATING PLANTS

Utility plans to consStruct numerous thermal generating
plants, together with highly publicized national efforts to
solve our country's energy problems, have stimulated regional
interest in energy conservation and renewable energy sources
as alternative means of meeting future power needs.

Groups concerned about the high costs and potential
environmental impacts of nuclear and coal-fired plants
are asking whether conservation measures, together with
development of renewable energy sources, could reduce the
need for such thermal facilities. Research data on the
potential contributions these alternatives could make are,
for the most part, fragmented and inconclusive.. However,
it is recognized by many that important decisions on future
power supplies will be shaped by the emphasis energy policy-.
makers place on conservation opportunities and development
of renewable energy sources.

CONSERVATION POTENTIALS IN THE PACIFIC NORTHWEST

Energy conservation, as defined in this report, includes
not only improving the efficiency of energy use, but also
making some modest lifestyle adjustments, such as lowering
thermostats and turning off lights when not needed. Energy-
conserving actions make homes, businesses, and industrial
processes more energy efficient by using less energy to
achieve essentially the same results. Typical actions include
improving residential insulation and weatherization, using
more energy-efficient appliances, lowering thermostats,
modernizing production facilities, recycling materials,
and using waste heat from industrial processes. Reduction
of wasted energy through conservation constitutes, according
to BPA, the least costly, most flexible, and most environ-
mentally acceptable energy resource available.

Although recent studies of regional potentials for
conserving electricity show widely varying results, there is
little doubt that a significant potential exists. Electric-
ity users in the region enjoy the lowest power rates in
the Nation and use electricity for space heating much more
than other regions. It is likely that relatively simple
conservation measures, such as improved thermal efficiency
of homes and commercial buildings, could yield significant
savings. Similarly the region's industrial base includes
many older aluminum plants and other electroprocess facilities
which could realize energy savings.
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Federal agencies, State governments, and regional
utilities have thus. far taken only limited steps to encour-
age enerqgy conservatlon, although there is a definite trend
in this direction. With the exception of tax incentives for
certain conservation investments-and some conservation-
oriented Federal and State building codes, most' regional |
conservation efforts have relied on public education programs.z
Recently, however, BPA proposed a residential insulation
program which would cost $287 million for all single-family
electrically heated homes, including $137 million for those
served by BPA preference customérs. BPA estimates that
this program, although limited in coverage, could yield
annual energy savings approximating one-half the output of
a large nuclear powerplant, with cost savings of about one-
half b11110n dollars.

The reglon s heavy use of inexpensive hydroelectric
power and the limited role- of government-sponsored conser-
vation efforts indicate a very significant potential for
conserving electr1c1ty., Recent studies 1/ of this potential
show that-conservation 'could.save the region as much as one~
half of the energy, growth .forecast by regional utilities .
between 1974 and 1995. Figure 4.1 illustrates the results of
one such study chartered by BPA to analyze a series of
conservation strategies. :

1/Skidmore, Owings and Merrill Electric Energy Conservation
Study performed for BPA, July 1976 and "Choosing an Elec-
trical Energy Future for the Pacific Northwest- An Alter- =
native Scenarlo,“ National Resources Defense Counc11, Inc.,..ﬁ
January 1977,
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RENEWABLE ENERGY POTENTIALS IN THE PACIFIC NORTHWEST

Renewable energy sources are those which are not dimin-
ished by use. 1In their basic forms, we know them as solar
energy--heat from the sun--and geothermal energy—--heat from
the earth. 1/ Both solar energy and geothermal energy take
many secondary forms. Solar energy striking the earth and
its atmosphere produces rain and wind, which we tap by
building hydro projects and windmills. We also release soclar
energy stored in plants by burning wood and other biomass
to provide heat or.generate electricity. Geothermal energy
appears in three forms--as dry steam; hot water and wet
steam; and hot, dry.rocks=-all of which can be used under
varying conditions to meet our energy needs.

Solar energy and geothermal energy are unique in
many important ways. First, and most important, is their
avalilability. They are present in virtually unlimited
supplies and are distributed in varying forms and amounts
throughout the world. The capture and use of solar energy
and some applications of geothermal energy generally entail
less serious impacts on the environment and human health
than more conventional coal and nuclear powerplants. Many
renewable energy applications, such as windmills, wood
fuels, watermills, and solar water heaters, were widely
used in the past. Over the last 40 years, they were largely
replaced by electric utility services, as well as by the
growth of extensive distribution systems for oil and natural
gas.

The Pacific Northwest is rich in various renewable
energy sources which could be developed to meet future power
needs. Some renewable energy applications, such as small
hydroelectric projects and wind turbines, could be used to
generate additional electricity. Other applications, such
as the use of windpower for pumping water or the use of
solar radiation for water heating, could partially displace
.electricity from those functions and, thereby, free power
for other uses.

Within the region utilities and power-planning organi-
zations have taken little action to develop renewable
resources, For the most part, research data on regional
potentials for developing solar and geothermal energy is
still fragmented and inconclusive. Available evidence

1/Renewable energy is.also present in the oceans; it appears
in the form of tides, currents, wave action, and tempera-
ture differences.’
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suggests, however, that important potentials may exist for
(1) four types of solar energy--hydroelectric, wind, biomass,
and solar radiation--and (2) geothermal energy in nonelectric
applications. It is also clear that better information is
needed to accurately assess and capltallze on many of these
renewable sources. :

Hydroelectrlc potentlals

-As mentioned in chapter 3, most large hydroelectric sites
in the Columbia River system have already been developed.
However, a significant untapped hydro resource may still
remain in the form of numerous smaller or less desirable sites.
In a January 1976 report the Federal Power Commission 1/
concluded that the region accounted for about one- thlrd of
the Nation's total undeveloped conventional hydroelectric
capacity. The report showed that 63.5 percent of the region's
potential generating capacity was undeveloped and that only
164 of 682 hydroelectric sites had been developed. The report
excluded 21 undeveloped sites in the region which had been pre-
cluded from hydroelectric development by the Wild and Scenic
R1vers Act or other special acts. :

Reg1onal studles have concluded that hydropower cannot
be expected to supply much additional energy. in the future,
-This conclusion is supported by arguments that (1) many
promising hydro sites are covered by legislation preserving
wild and 'scenic rivers and are ineligible for development,
(2) strong opposition can be expected to any dam which would
further impact the region's salmon and steelhead fisheries,
and (3) the region's undeveloped hydro sites are many in
"number but represent little energy potential individually.
While these factors may indeed preclude the development
of many. hydro sites; -we doubt that they are sufficient
grounds for assuming that additional hydropower will play
only a minor role in the -region's energy future. A thorough
study is needed. to analyze the region's untapped hydro
potentials in the light of new energy-related technologies and
new economic realities, Such a study could show that hydro-
power development can play a major role in meetlnq future
energy needs.

l/Now the Federal Energy Regulatory Commission. Functions
-of - the Federal Power Commission were transferred to the

-Department of Energy, Federal Energy Regulatory Commission,
effective October 1, 1977



Hydropower represents a relatively benign, efficient,
and readily available technology. 1In light of its extensive
and longstanding use, it appears to be acceptable to most
regional citizens. We think it would be premature and
unwise for regional policymakers to assume that,K the region's
untapped hydro potentials are largely inappropriate for
development. Many of the region's potential hydro sites
may prove desirable in times of rising energy prices and
increasing concerns about the env1ronmental impacts of
thermal powerplants.

Technological advances also argue against a hurried
judgment on the potentials for additional hydropower
development. A number of recent developments could impact
favorably on the region's future use of hydropower:

--Tubular hydro turbines for low-head sites, widely
used outside the United States, are being used in
the Central and Eastern United States and studied
for possible use in the States of Washington and
Idaho. Special survey efforts will be needed
to fully assess the potential contributions of
such turbines.

--Pumped storage hydroelectric plants, which generate
during peaklcoad periocds using water pumped from
a lower reservoir to an ugper reservoir during of f-
peak periods, are drawing increased attention. A
recent Corps of Engineers study identified more
than 500 potential pumped storage sites in the
Pacific Northwest.

—~The low cost and flexible energy storage capacity
of hydro projects is being recognized as a unique
regional resource, especially as it relates to
development of windpower and solar applications.
Such storage capacity is vital to wind and solar
radiation systems which depend on intermittent
enerdgy sources and need storage bhuffers to help
match fluctuating generation with consumers'
energy needs.

~-Recent improvements in the technologies and econom-
ics of aquaculture may encourage further hydro-
electric development by mitigating the adverse impacts
~of dams on the region's salmon catch. The develop-
ment of new salmon runs for commercial harvesting
is gaining acceptance in the region. "Ocean farming"
operations have been started at private hatcheries
on coastal streams where mature salmon are harvested
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as they return from the sea to their artificial
spawning grounds. If aquaculture projects of this
type are successful, the region may be able to in-
crease its supply of salmon while simultaneously capi-
talizing on its undeveloped hydroelectric capacities,

Wind energy potentials

Wind energy potentials in the region are among the
best in the Nation., Research indicates that wind-powered
generation of electricity is feasible along the Oregon
and Washington coasts, in the Columbia River gorge, and in
open areas east of the Cascade Mountains. Wind is partic-
ularly appealing because it peaks in the winter months
and could supply substantial generation during periods of
heavy demand for. electric heating. The Energy Research
and Development Administration (ERDA) 1/ selected two
northwest sites for possible installation of large-scale
wind generators. An NEPP analysis indicates that wind
energy might ultimately be used to generate 500 to 2 000 2/
megawatts of electricity within the -region.

More research is needed to fully assess potentials
for wind-generated electricity. Because wind characteris-
tiecs vary greatly from location to location, much more wind
data collection and evaluation is needed. Demonstration
programs are also needed to develop the required technology
and to integrate wind-generated electricity into existing
electrical systems.

In addition, windpower can be employed in direct mechani-
cal uses which displace electricity and thereby release it
for other uses. Pumping water for agricultural irrigation
is an example of such mechanical use. It has been suggested
that wind energy’'be used at pumped storage hydro projects
to pump water from lower reservoirs to higher reservoirs
for use during peakload periods.

Biomass potentials

The conversion of waste biomass materials--principally
wood residues from lumber and papermills--into electricity
or electricity replacements already plays an important role

l/The functions of ERDA were transferred to the Department
of Energy with its creation effective October 1, 1977,

2/Compared with the average size of nuclear powerplants of
1,000 megawatts.



in the region. Recent developments indicate that a near-term
"expansion of that role may be llkely.

In 1974 wood residues accounted for about 13 percent of
industrial energy consumption in the region and about 5 per-
cent of the total energy consumed. Wood residues are used
by regional forest products companies to meet many of their
needs for process heat and electricity. Several northwest
municipalities purchase surplus electrlclty from such
operatlons‘

Regional "‘interest in biomass utilization has been
increased by development of a commercial process for con-
verting wood residues into high-density pellets having a high
energy content and -‘the burning characteristics of coal.-
According to the manufacturer, the pellets burn more effi-
ciently than coal, generate fewer pollutants, ard may be
made from almost any organic material. Pellet-manufacturing
plants are under construction in Oregon and California, and
-additional plants are being considered for Washington State
and several foreign countries. In-April 1977 a Washington"
State hospital began using the wood pellets to replace
coal for heating. The hospital expected to save $60,000
in heatlng costs in 1977 and to avoid expendlture of $200 000
for new air pollution control equlpment.

Despite the region's exten31ve and growing use of wood
residues for generating or displacing electricity, an ' NEPP
study indicates that the long-term use of wood for energy
production may decline as the demand for wood increases., The
study predicts that competition will lead to increased
recovery of wood~residues for use in wood products.

Other potential applications of biomass waste for energy
production include the use of municipal solid wastes as
fuels and the development of biomass plantations 'to grow -
fuels for energy‘production. NEPP research indicates that
while there is considerable interest in these'appllcatlons,
there is little near-term potential for their development in
the region. :

Solar radiation potentlals

Solar radlatlon can be used to generate electr1c1ty
or to displace electricity in uses such as space and water
heating, crop drying, and food processing. Electrical
generation can be accomplished through (1) solar cells which
produce an electric current and (2) conventional steam-
electric generating plants which use concentrated solar heat
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to produce steam. Both forms of generation are sti%l
very costly and are undergoing extensive research and develop-
ment in government and industry.

Displacement of electricity by solar energy is usually
achieved through solar collectors, which use sunllght to
heat air or water. The heated air or water is then trans-
ferred from the collector and used for a variety of fe51-
dential or industrial processes. Good quality solar heat
collectors for residential use are commercially available.

The Pacific Northwest region has considerable potential
for direct use of solar energy, although that potential
varies widely throughout the region due to diverse weather
conditions. The region's sun belt east of the Cascade
Mountains receives sun radiant energy comparable with that
of large portlons of the Midwest and includes some desert
areas which receive about B0 percent as much solar radiation
as deserts in the Southwestern United States. While cloud
covers are more prevalent west of the Cascades, solar energy
can still be collected at reduced levels under moderately
cloudy conditions. -

Within the region there is widespread public interest
in practical applications of solar energy. A& number of
residences are using solar water and/or space heating. Many
of these residences are being monitored for results by local
utilities. Public information programs and workshops on
solar energy are being held.

Estimates of how much energy the region can expect
from solar applications vary widely. An NEPP report shows
that direct generation of electricity is unlikely before
1990 due to the high costs and technological uncertainties
involved. With respect to electricity displacement, NEPP'!s
high-growth scenario assumes that 10 percent of all homes
and businesses in the region could use solar collectors
in their heating systems by the year 2000. NEPP estimated
that these collectors would supply an average of 40 percent
of the space heat required by each dwelling or business.
The average of 40 percent was selected to allow for projec-
tions of higher solar heat contributions in new construction
and lower contributions in systems added to existing homes.

-In May 1977 the coordinator of Battelle Laboratories!
solar research program in the Pacific Northwest estimated
that the region could meet 25 to 35 percent of its energy
needs with solar energy using on-the-shelf technology. He
indicated that solar energy could replace a large part of
electrical heating in houses and commercial buildings, heat
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water, and supply low-grade industrial process heat.. He

said the cost of some of these applications would be com-
petitive with the region's low electric rates, while other
applications might cost three to four times as much. The
coordinator emphasized that these solar applications were
possible now--without long-range technological breakthroughs.

Geothermal potentials

There is significant geothermal potential in the region.
Geothermal energy has been used for several years for space
heating in Boise, Idaho, and Klamath 'Falls, Oregon. In
Idaho an ERDA contractor is developing a geothermal power-
plant to produce electricity.

A 1975 assessment of geothermal resources published by
the U.S. Geological Survey showed a broad distribution of
geothermal sources throughout the region. (See fig. 4.2.)

Most of the identified sources have been found at temperatures
which, with present technology, are unsuitable for electrical
generation. Many, however, may be suitable for use in
applications which can reduce regional demands for electricity,
such as geothermal-based space heating, air- conditioning,
refrigeration, and industrial processes.

Development of the region’'s geothermal potential is
continuing and will likely be stimulated if certain demon-
stration projects prove successful. Plans are presently
underway to supply geothermal heating to many State office
buildings in Boise. The possibility of developing a geo-
thermal field in the Portland area is also being investigated.
Successful completion of these projects could stimulate
-additional projects, especially if power rates in the region
rise to accommodate the.costs of expensive new genérating
plants. NEPP's gtudy states that the most serious impedi-

" ment to geothermal development is the small number . .of geo~
‘thermal projects underway.

Other renewable potentialS

Several Other renewable energy sources exist which
regional researchers have judged inappropriate for develop- _
ment. under present conditions. These include animal wastes;”
sewage sludge; and ocean tides, currents, wavés, and tem-
perature differences. Because of their high costs or small
energy impacts, thesé sources have received only limited
analysis. While this may be appropriate for the time being,
the changing patterns of energy economics and technologies
w1ll necessitate periodic reappraisals of these .and- most

other renewable energy sources. ,

4.10



1%

FIGURE 4.2
KNOWN AND POTENTIAL GEOTHERMAL RESOURCE AREAS IN THE PACIFIC NORTHWEST

® KNOWN GEOTHEAMAL RESOURCE AREAS {KGRA}

Wil KENNEDY HOT SPRINGS
w2 MT. 5T. HELENS :
W3 INDIAN HEAVEN

01 MT. HOGD
02 -CAREY HOT SPRINGS
03 BREITENBUSH HOT SPRINGS
04 BELKNAP—FOLEY MHOT SPRINGS
05 MCCREDIE HOT SPRINGS
. 06 VALE HOT SPRINGS
07 BURNS BUTTE

N\

’ Kallsp:llﬂ

Coutes 590»-'(.:(@\'5

A

° .o _
: ’ | © 08 SUMMER LAKE HOT SPRINGS
© Wenatchee l 02 ALVORD
. ‘ak H 010 KLAMATH FALLS

oMoses Lake | 611 LAKEVIEW '
{ 1DAHO 012 -GEYSER ‘
i 1l VULCAN-HOT SPRINGS
@ . 12 YELLOWSTONE
i L
kl..ew ito 13 MOUNTAIN HOME

14 CASTLE !CFIEEK

P 15 BRUNEAU
P _‘_ . u

) . 186 FRAZIER
Penaleton \. © . .
° o
. .) [~ POTENTIAL gEOTHERMAL AHEAS
La G'unde,';/'/ 7 ’ ’ T

20 0 20 40 60 80 100

%, _g‘. Scaie in mlles
A Y .

. AP o 12

S PN
A

2 9077 DN aize tgano % L
% %ﬂu%é %: %B e : Fails & %ll .
: % D | - % . 7z
) :/:;///: / //////4' “7; ;/‘“ J;ocatell? ) ll
. /./// . 3/’,& % . é % ' :’ . ',!,%_ “ 2 ’ % ‘
] -:uu o0 . 7 . 7857 ! ) 3 - j'
—————— %W__ﬁﬁ i e R




IMPEDIMENTS TO CONSERVATION AND DEVELOPMENT
OF RENEWABLE RESOURCES

Conservatlon opportunities and renewable energy sources
are found in varying. degrees everywhere. Every factory,
office, and home has some potential for energy conservation.
Many can use renewable energy sources through .applications
such as wood furnaces, solar hot water systems, windmills,
or geothermal space'heaters. '

Because they are so w1dely available,  conservation
and renewable ‘energy sources can greatly  reduce customer
dependence on external -energy supplies.. For example, if
a homeowner thoroughly .insulated and weatherized his home,
+he would need less enerdy from his local utility. If he
put solar collectors on his roof to capture radiant energy
. for hot water and space heating, he would need still less.
Should he ultimately develop an indepéndent source of elec-
‘tricity--perhaps through a system combining a wind generator
with storage batteries--he would approach total independence
from the utlllty network. - He might at times even have surplus
energy to "sell" to his ut111ty.

"The potehtial independence which energy conservation and
use of renewable energy sources offer may explain why utility
officials have hesitated to. advocate these methods of
meeting demand growth. As customers become more indepen-
dent. of central supply sources, utility revenues may decline
and raté increases may be necessary to meet costs. This
particularly concerns investor-owned utilities, which must
cover costs and account to their stockholders for earnings
stability and growth. As one consulting firm which studies
solar energy opportunities in the State of Florida reported:

"The utility stance is to avoid, and even possibly
‘discourage, solar energy development out of appre-
hension that the only result can be '‘a reduction in
utility revenues.

"Solar energy is viewed essentially as a threat
which the utilities have not yet determined how to
turn into a benefit.,”

Further, since the earnings of an investor-owned utility

are regulated on the basis of a percentage of its capital
" investments, the larger its investment in generation and
transmission facilities the larger its potential profits.

Use of decentralized renewable technologies, even if it
failed - to reduce current revenues, could limit future invest-
ment and restrict profit growth of investor-owned utilities.



BPA has also been hesitant to aggressively promote energy
conservation and nonconventional energy sources in light of
its mission to promote widespread use of all electricity
generated at Federal hydro projects. As discussed in the
next chapter, -BPA has only recently become involved in pro-
posals -for energy conservation: whlch would go beyond public
1nformatlon efforts.

Although BPA and the regional utilities have taken
only limited steps to encourage energy conservation and use
of renewable energy sources, these options represent major
objectives in the National Energy Plan. . Furthermore, there
is considerable interest in these ‘alternatives within the
region. Concern about the planned move to thermal generation
has heightened this interest and led to conflict over energy
supply options, This  conflict, along ‘with other issues
confrontlng the’ reglon, is discussed 'in the next chapter.



CHAPTER 5

CONFLICTS AND OUTDATED INSTITUTIONAL CHARTERS

ARE DELAYING ACTION ON NEW ENERGY PRIORITIES

. {

The Pacific Northwest faces many important and diffi-
cult decisions in electricity management during the transi-
tion from dependence on hydro resources to increased use of
other energy options. Difficult tradeoffs must be dealt
with to establish an effective system of regional electricity
management. In the absence of strong and unified leadership,
energy management objectlves have not been established and
reglonal institutions are in dlsagreement over key policy
issues., Conflicts have also developed over the right to
Federal hydropower, Federal assistance -in financing new
powerplants, and the lack of broad-based participation in
regional power planning. This has prevented the cooperation
needed to develop a regional electricity plan and program.

POLICY ISSUES AT CONFLICT

Policy issues are at the heart of the regional conflicts.
There is serious disagreement over how much electric energy .
the region will need and how that energy should be supplied.
The principal issues can be summarized in four guestions:

--What methods and assumptions -should be used to
forecast electrical energy demand between now and
20007?

--Can energy conservation make a substantial contrir
.bution .to the region's energy future?

--What mix of supply options——nuclear'plants, coal-
fired plants, rand renewable energy technologies—-
should be used to meet growing .electricity demand?

--Who should participate in electric power planning
. and policymaking?

Forecasting . methods and assumptions

Important policy issues have been raised regarding the
methods and assumptions used to forecast the region's elec-
tricity demand. These issues .involve whether or not: (1)
those who prepare and/or have input to regional forecasts
use the most accurate and current data available, (2) the
latest, most sophisticated forecasting techniques are used,
and (3) the most reasonable assumptions about social and



economic factors are made, Conflict over recent forecasts
demonstrates a lack of agreement on forecasting methods
and assumptions.

A number of forecasts have been developed which project
vastly different growth rates for regional electricity demand.
Forecasts of average annual growth ranging ‘as high as 4.5
percent and as low as 0.47 percent have been prepared by the
Pacific Northwest Utilities Conferences Committee, the North-
west Energy Policy Project, and the National Resources
Defense Council. (See fig. 5.1.) These projections differ
malnly because of differences in forecasting methods and
in the assumptions made about factors such as populatlon
growth, industrial growth, conservation efforts, and
employment levels. While the forecasts differ, they do
agree that the growth in electricity demand will be much
less ‘than the 6.9-percent annual growth rate experlenced
in the region between 1950 and 1974.

The PNUCC, or "high side,"” forecast, 1/ is the off1c1al
regional forecast used by the utilities to.schedule new power-
plant construction. ' It is essentially an aggregation of
forecasts made by its member utilities' using a variety of
forecastlng models and assumptions, - A study. 2/ commissioned
by BPA revealed the dlver51ty of forecasting methods and
assumptlons used by the region's utilities. The study shows
that while one utility may use an elaborate model to
forecast demand, another utility may 51mp1y extrapolate
historic demand patterns..

At the low end of the spectrum, the NRDC forecast,
released in 1977, predicts only a 0.47-percent annual average
demand growth, This rate is keyed to a number of assumed
conservation actions, such as establishment of energy-
efficient bulldlng codes and performance standards for indus-
try, aggressive technical assistance ‘and loan programs by
utilities, and tax incentives.

The BPA<¢ommfssidned study of energy forecasting .
practices. indicated that some efforts are underway to design
new forecasting models for the region. The newest--developed
for NEPP-~is a detailed econometric model with numerous
variables, including policy variables, price variables,

[

l/February 17, 1977, forecast. A more recent forecast by

PNUEC, West Group, was made March 1, 1978, which reflects
a 4.4~percent average annual growth. ‘

g/Rev1ew of "Energy Forecasting ‘Methodologies ‘and ‘Assumptions,
Enrst and Ernst, June 1976.
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and end-use’ variables. The Oregon Department of Energy
has also developed a detailed econometric model for the
State which is similar to the NEPP model.

'  Despite recent interest in better forecasting, the:
region still lacks agreement on forecasting methods and
assumptions needed to develop a generally accepted demand
forecasting model. Until such a model is operable, fore-
casts developed by any regional entity will be challenged
by those who advocate different forecastlng methods and
assumptions.

: The following incidents are illustrative of why con-
flicts persist about forecasts and forecasting:

——Commentlng on PNUCC's projected tenfold increase
in energy requirements for the manufacturing
subsector called other industrial, a consulting
firm 1/ noted that "* * * the magnitude of
this overestimation may be more than twice the 1975
usage of the [region's] primary aluminum industry.”
.--The Oregon Department of Energy reported that:
"The simplistic assertion that utilities overfore-
cast is not an accurate one. In general, though,
the investor-owned utilities' forecasts are higher
T than others. It is clear that more appropriate
forecasting technlques are available which are
not being used in their faC111ty planning."

--Concerning a September 1977 hearlng on a utility's
proposed rate increase, an Oregon Public Utility
Commissioner stated that: "For the first time,
we will have competent forecasting as well as
[the utility's] testimony. '~ That is the most
important thing * * * the place where the deci-
sion lS made about future rates is . in the fore-
cast. .

Forecasting is an issue that will continue to polarize
regional opinion until a more widely accepted process and:
institutional setting is devised. The absence of an objec-
tive regional approach to forecasting electricity demand
. continues to hinder planning and policymaking.

-

1/%Evaluation of. Electrical Power Alternatives for the
Pacific Northwest," prepared for ERDA by TRW.



Conservation potential

While the potential for energy conservation is only
one of many factors involved in forecasting demand, conflicts
over its role in the region's electrical energy picture have
made it a major policy issue worthy of separate consideration.
When electricity was plentiful, BPA worked with regiocnal
utilities to encourage its widest possible use. Today,
faced with potential shortages, there is general agreement
that efforts are needed to conserve electricity through more
efficient use.

BPA and the utilities are initiating and promoting
energy conservation programs, but these programs are largely
voluntary and dependent upon consumer response to pleas
for conservation. Few aggressive actions have been taken by
BPA or the region's utilities to stimulate conservation through
rate changes or financial part1c1pat10n in conservation
projects. .In'1977, however, the region's utilities submitted
a bill to the.Congress requesting . the 'establishment of a
fund, not to exceed $300 million, for conservation programs
which may provide for grants or loans to the pltimate
consumers. This fund would be administered by BPA, but
details of the conservation programs are yet to be developed,
Among proposals. which BPA has prepared for public review
and comment are a residential insulation program and a
program involving rewards and penalties for those utilities
that conserve or fail to conserve.

There is no agreement within the region on how much
electrical energy can be saved by conservation. Regional
utilities believe that conservation opportunities are limited,
while opposing. groups envision a vast conservation potential.
Further, there is disagreement about the impact of conser-
vation on. the region's economy.

Conflicts over. the potentials of energy conservation
were vividly illustrated by the controversy which followed
release of a consulting report on conservation commissioned
by BPA.  The 1976 report outlined energy savings and lmpacts
using seven different conservation strategies of increasing
strength., The report became controversial largely because
of the energy savings it projected. Under its most stringent
conservaton strategy, the study estimated that the energy
savings would equal 53 percent of the energy growth fore-
cast by the local utilities between 1974 and 1995 and thereby
displace at least 11 thermal generating plants. The study
concluded that these savings could be achieved without new
technologies or significant institutional or lifestyle
changes and would be six times less expensive than investing
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in new thermal plants. The study also concluded that
conservation would create at least as many jobs--
particularly for the unskilled--as would thermal plant
construction. :

Even though BPA commissioned the study, it stated
that it could not totally endorse the study findings because:

"* * * 3 higher level of conservation is currently
being practiced in the region than was assumed [in
the study] * * *," and "* * * the probability of
all the [conservation] programs being implemented
is not great due to: (1) the controversial nature
of some * * *, and (2) the government procedures
which would be required to 'implement them.”

Another study, conducted by NRDC in 1977, not only
supports BPA's consulting study but considers the conserva-
tion potential to be underestimated. A third study, conducted
by NEPP, estimates that, with the maximum adoption of the
conservation policies studied, electricity savings would
be 40 percent by the year 2000, although full adoption
was considered unlikely., NEPP estimates savings of 22 percent
by the year 2000 under what it considers to be a more prob-
able scenario  involving information programs, incentives,
and regqulatory policies.

The existence of a substantial energy conservation
potential has been confirmed in three studies, although
each study arrived at a different estimate of its magnitude.
Efforts to realize this potential have been impeded by the
hesitancy of BPA and the utilities to actively promote
energy conservation, as discussed in chapter 4, and by legal
constraints impeding these institutions. Aggressive pro-
motion and-leadership by these institutions will be needed
if energy conservation. programs are to assume the "corner-
stone"” role envisioned in the National Energy Plan.

Supply options

To the extent that growth in reg10na1 electr1c1ty
demand exceeds the potential to conserve energy through
more efficient use, new energy supplies will be needed.
In the past Federal agencies and regional utilities met
increased demands for electricity primarily by . building
or expanding hydroelectric projects along the Columbia
River system. As acceptable sites for large hydro projects
have become scarce, utility officials have generally planned
to construct large thermal generating plants to meet
future growth in electr1c1ty demand.
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The utilities' planned thermal plants are the subject
of much discussion within the region. Opposition to large-
scale use of thermal generation has centered on ‘the high
cost of thermal power; the adverse environmental effects -
associated with coal-fired plants; and the hazards ‘involved
with building, operating, and decommissioning nuclear plants.

Some within the region believe that BPA and the utilities
have not adequately considered or promoted development of
the renewable energy sources ‘discussed in chapter 4. BPA
has made limited efforts in this regard by cooperating -
with ERDA in a proposal to locate a prototype wind turbine
generator on a BPA site in southwestern Washington and with
Oregon State University researchers to install wind-measuring
devices at a number of sites throughout the region.

The use of renewable sources, such as wind, solar
radiation, geothermal, or biomass conversion, would help
meet electricity demand without many of the-environmental
1mpacts associated with thermal plants. The reglon s poten-
tial for harnessing these sources was reviewed in a study
conducted for NEPP by the. Unlver51ty of Idaho in 1877.
The report concluded that the region has many opportunities
for development of these sources and eéstimated that by the
year 2000, they could account for '‘as much as 9.1 percent
of consumption in space heat, process heat, and steam .
applications and could provide up to 8.3 percent of the
region's electrical generating capacity. However, the
report's conclusions have been criticized by regional experts,
some claiming the potential for use of unconventional sources
was overly pessimistic and others that it was overly opti-
mistic. Their comments, according to the report:

"reveal the controversial nature of forecasting
future utilization of unconventional energy
sources and reinforce the [report's] conclusion
drawn about the high degree of uncertainty that
characterize the estimates themselves."

Regional uncertainties about selecting energy supply
options for ' the  future. were dramatically evidenced in: Seattle.
In 1975 the city of Seattle was considering limited partici-
pation in two nuclear plants as a means of meeting future
energy demands. A controversy arose over city energy poli-
cies, future energy needs, .and projected impacts on the rate
payers, Consequently, 'a study entitled. "Energy 1990" was
undertaken to evaluate demand reduction and supply options
for the city. ‘The study involved the municipal ut111ty,
consultants, and. city officials and provided a unique oppor-
tunity for broad public participation through a citizens'



review committee. On the basis of the study findings, the
Seattle City Council voted against participation in the pro-
posed nuclear plants.

Nuclear power costs were cited as a principal factor
in the council's decision., The council chose instead to
rely on a comprehensive energy conservation program,
including such features as (1) revision of city building
codes to provide maximum cost-effective energy conserva-
tion, (2) review of utility rates to encourage conservation,
and {(3) consumer information and technical assistance pro-
grams. The council also commissioned studies to further
investigate the alternatives for generating additional
electricity in the future, with primary empha51s on hydro
and coal-fired alternatives.

Participation in planning and policymaking

In the past there was general agreement within the region
that hydropower pro;ects were appropriate to spur growth
of the region's economy. As a result electricity planning
in the region has dealt largely with technical programs
1nvolv1ng development of hydroelectric sites, integration
of utility operations, and design and construction of larger
and more efficient transmission networks. Most of these
programs were designed and directed by technical experts
employed by BPA and the electric utilities. The entire
power—-planning and development process was conducted with
little publlc part1c1pat10n and somewhat in isolation from
public v1ew._

A predominantly technical approach to electricity
planning no longer seems appropriate in light of the socio-
economic and environmental issues now facing the region.
While these issues are of vital concern to all regional
citizens, existing institutions for power planning and
development generally do not represent the broad spectrum
of regional interests. Many factions, including State
and city governments, environmentalists, and conservationists,
feel that energy planning is dominated by the utilities and
BPA's large industrial customers and offers little .oppor-
tunity for public participation. These factions want to
play more active roles in shaping the region's energy future,
and their inability to participate has made them question
the competency and objectivity of the power planners'
forecasts and analyses of supply options. Lack of public
participation appears to be a major cause of the many law-
suits which have been filed to prevent or modify implemen-
tation of regional power programs. The closed-door nature
of power planning has intensified regional conflicts and



made it more difficult to develop a comprehensive and
forward~looking plan for electrical development.

Today's power-planning. issues are important to
citizens concerned about economic stability and environ-
mental quality, as well as to a Nation confronted with
sericus shortfalls in its domestic supplies of energy.
Unlike hydroelectric power, some of the energy supply
sources now being considered are neither indigenous to the
region nor relatively benign in nature. They include
coal-fired and nuclear plants whose ehvironmental impacts
could be far greater than the hydro projects of the past
40 years. Compounding the debates over energy demand fore-
casts and future supply sources are volatile equity issues
concerning the allocation of Federal hydropower and the .
appropriateness of Federal assistance to utilities financing
new powerplants.

Under these conditions it is not surprising that public
and private interests, largely silent in the past, are now -
questioning utility planning practices and clamoring for
opportunities to help shape reglonal energy policies. . Their
concerns are thoroughly documented. in the reglonal medla,
as shown by the follow1ng excerpts:

="k % *[Oregbn] has been frustrated in the past
in its attempt to become a more equal partner in the
Northwest power planning, and * * * the public
systems—--most of which are in other States-~are
lining up to grab .the remaining Federal hydro-power." 1/

- =="Public participation was not provided for in the
original Project Act, most likely because no one
thought about it then * * *, It seems obvious
that this should be remedled, especially when one
considers the far-reaching consequences for the
Pacific Northwest of the decisions made by the
officials of the BPA, * * * Theé doors to Bonneville's
system should be opened to allow input from citi-.
zens of the Northwest, those most directly affected
by these decisions.” 2/

1/"Northwest Electrical Power Needs," Senator Mark O.
Hatfield, March 1977.

2/"Bonneville Power Administration: Northwest Power Broker,"
Environmental Law, The Lewis and Clark Law School, Spring
1976. ' .
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-—-"* * * there has been little public input during the .
formulation of BPA's policies or plans. Bonneville
* * * recently stated that it is only responsible’

' to the Federal Government. The State legislatures,
the governors, and even the public utilities have
no power to set or control its policies or act1v1t1es
nor does the interested general publlc.“ 1/

——“Unfortunately, ‘BPA "has’ chosen to work ‘exclusively
with utilities and aluminum companies to develop
amendments to the BPA legislation. These discus- -
sions are being held in closed door sessions.
Environmental and other citizen groups, as well as
representat1ves of Oregon s Public.Utilities Com-
mission, have been barred from attending these .
sessions. * * '* In addition, * * * any documents or
other materials discussed at the meetings will not
be available for public review under the Freedom

. of Information’ Act." g/

-—"Critics of the utllltles find one . thlng partlcularly
frustrating. It is difficult for the public to
challenge the utility 1ndustry or to influence its
policies, they say, because no effective mechanism
exists for public involvement in the electricity
.decisionmaking process. In a practical sense, the

" utilities are our policymakers," 3/ T

The concerns and frustrations illustrated above are
responsible to a large degree for defensive actions which
have been taken by State legislatures, city governments,
and citizen groups, as described in the next section, Until’
more representative- dec151onmak1ng processes are establlshed,
conflicts and mistrust will continue to prevent the coopera—
tive energy planning needed to deal with the problems of
transition. It seems clear that a more part1c1patlve
and broad-based approach to. ‘regional power planning is needed,
one which redefines and integrates the roles of ‘Federal and
State Government and opens the door to 1ncreased publlc
1nvolvement.

il

e " . . Lt ' ]

l/"Bonnev1lle Power~—Enter1ng Its Flfth Decade,' Earthwatch
Oregon, February 1977. - P

P ]
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2/"An Alternative Energy Scenario," Earthwatch -Oregon, - L
March 1977.. . , T

3/"Washington's Low-Proflle Power Planners,“ Pacific Searchl’ .
February 1977, ' : eI



EQUITY ISSUES AT CONFLICT

The prospects of power shortages and sharply higher
electricity rates have greatly increased public concern over
future energy supplies. Institutional conflicts center
around which utilities should have access to inexpensive
Federal hydropower and how the utilities should finance
the new plants needed to expand the region's generating
capacity. Both of these questions are perceived as equity
issues. They are so important to regional interests that
answers must be. found to break the planning deadlock which
presently exists.

Access to Federal hydropower—- .
the preference customer concept. .

The Bonneville Project Act of 1937 requires BPA to first
supply the needs of the cooperatives and public bodies, giving
these preference customers first call on the region's inex-
pensive Federal hydroelectric energy. The act states,

"In order to ensure that the facilities for the
generation of electric energy at the Bonneville project
shall be operated for the benefit of the general
public, and particularly of domestic and rural
consumers, the administrator shall at all times, in
disposing of electric energy generated at said project,
give preference and priority to public bodies and
cooperatives.”

In the past the region's investor-owned utilities also
purchased firm power from BPA to supplement their own genera-
tion facilities. These purchases of Federal hydropower
allowed the investor-owned utilities to keep their rates
within the. range charged by the publicly owned utilities,

In 1973 Federal firm power ceased to be available to
investor-owned utilities in Idaho, Oregon, and Washlngton,
forc1ng them to develop more costly supply sources and

to raise their power rates far above those of publicly..

owned utilities. This disparity can be illustrated by com-
paring the power rates in Portland with those of its neigh-
boring city across the Columbia River, Vancouver, Washington.

Electric power customers in Portland are served by the
Portland General Electric Company and the Pacific Power and"
Light Company, both investor-owned utilities, whereas cus- .
tomers in Vancouver are served by the Clark County PUD, a.
publicly owned utility and a BPA preference customer. Portland
customers' electricity rates have increased substantially
over the past several years and are now more than twice
those of Vancouver customers. (See table 5.1.)
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TABLE 5.1_

Residential Bills for Power Provided by
Selected Regional Utllities, as of August 1977
{Based on 1 000-kWh usage)

Investor-owned utilities:.

Portland General Electric $25.15
Pacific Power and Light 23.50
‘Puget Sound Power and Light - 18.45
Idaho Power. ' 20.95
Washington Water Ppwer a/l3.20
Publicly owned utilities: . . '
.Clark County PUD .+ b/11.10
Eugene Water and Electric Board 14.85
Seattle City Light . 11.74
Snohomish PUD . 9.50
‘Cowlitz County PUD 8.75

a/Spokane County only.
b/Effective September 1977.
Source: BPA.

Rate disparities, such as those in table 5.1, and the
possibility of greater disparities in the future have caused
a public outcry. A further outcry resulted from recent dis-
closure that some publicly owned utilities use BPA preference
power wholly or largely to serve industrial users. (See
table 5.2,) While this practice does not violate the pref-
erence clause, it may conflict with its intent. It can
be argued that the preference clause is intended to provide
power from Federal facilities for the direct benefit of the
people, not for selected individuals or companies. The
conditions illustrated in tables 5.1 and 5.2 demonstrate
what some feel 'is -an inequitable and arbitrary distribution
of the Federal hydroelectric energy produced in the region..

t
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TABLE 5.2

Publicly.Owned Utilities With
Industrial Power Sales Exceeding Half of Total Sales
Calendar Year 1975 C

Industrlal sales Industrial sales as

Utility - o (MWh) - - percent of total sales
Whatcom County PUD 119,199 - . .. 100.0 .
Clatskanie PUD . 623,112 y T .88.9
Heyburn, city of 45,055 ‘ ' 76 .8
Cowlitz County : 1,548,739 64.0
Port Angeles, city of 252,184 - - . 55.9
Blachly-Lane County ' Lo :

Cooperative 46,980 - 55.4
Douglas County PUD .~ 233,837 - 53.6

.Central Lincoln PUD - 485,241 . - . .52.9
Source: BPA, |

The conflict over access to Federal hydropower has
resulted in several defensive actions. In March 1977 the
city of Portland applied to BPA asking to be classified as
a preference customer, but was refused. In November 1977,
in response to the refusal, the city brought suit against
BPA asking that all BPA's power sales  contracts, extension
and renewal agreements, and net billing agreements entered
into by -BPA since January 1, 1970, be declared null and void.
The suit asks that environmental 1mpact;statements he prepared
for each of the agreements cited and for. any future agree-
ments of that nature. The. States of "Idaho and Oregon have
expressed interest in joining Portland in the suit,

In June' 1977 the State of Oregon enacted legislation
to create a Domestic and Rural Power Authority to obtain.
the benefits of Federal power for customers of Oregon's
investor-owned utilities. . The authority would buy power
from BPA and other sources and sell it to domestic and
rural consumers. This bill, coupled with other energy-
related legislation in Oregon, such as a bill to ease forma-
tion of PUDs, could reduce the amount of energy otherwise
available for BPA's existing preference customers,

Oregon's Domestic and Rural Power Authority is scheduled
to begin operations on March 1, 1979, unless .the 95th Con-
gress enacts a regicnal power bill which the Oregon Governor
judges adequate to assure equitable costs of power to all
Oregon consumers,



Financing new powerplants

In the past the region's utilities met their -load growth
through expansion of the hydroelectric system. Because the
region can no longer depend solely on hydroelectric resources,
additional energy supplies must ultimately be added to the
system. BPA,; the utilities, and direct service industrial
customers have planned to add these supplies by constructing
thermal generating plants. However, since BPA is not
authorized to develop its own thermal powerplants, the utili-
ties must meet future load growth by constructing their
own thermal plants.

A major issue facing the region's utilities, bhoth pub-
licly owned and investor-owned, is how to finance construction
of power-generating facilities. The utilities have purchased
‘substantial amounts of power--in many cases all their power--
from the Federal Government., As a result, according to BPA's
former power manéger, their equity bases are smaller than
those of utilities in other areas, making it difficult for
them to attract capital to finance new power facilities.

The former power manager argued that since their power
purchases helped repay the Federal investment in the region's
power system, the utilities should obtain some benefit

from the Federal equity they helped to build.

To obtain the benefits of the Federal equity, the utili-
ties have sponsored legislation which would allow BPA to '
underwrite the financing of their new powerplants by agreeing
to purchase the energy they produce. Conservationists and
other critics of this proposal contend that policymakers
should carefully review the idea before introducing it into
the region. Some critics contend that if the power is
really needed and the market demand is really there, the
capital should be attracted without Federal backlng. A
1976 study comm1551oned by BPA noted that the bond issues
of the region's utilities have been highly regarded in the
national market and concluded that as long as these utilities
remain financially sound, they should continue to find .
favor with investors.

CONFLICTS AND QUTDATED INSTITUTIbNAL CHARTERS
HAVE DELAYED ACTION ON NEW ENERGY -PRIORITIES

Conflicts over policy and equity issues, coupled with,.
outdated institutional charters, have delayed regional
initiatives on new energy priorities, such as energy con-
servation and development of renewable energy sources.



Although several studies have concluded that regional
conservation programs could yield significant energy savings,
BPA ‘and the utilities have made only limited efforts to
promote energy conservation but have. been limited by institu-
tional constraints. BPA has stated that energy conservation
programs--whether voluntary, with incentives, or mandatory--
can be an 1ntegral part of its efforts to assure adequate
power' for the region. It is ‘awaiting publlc input on its
Role EIS and proposed conservation programs before its future
policies and role are established.” Historically, the pri-
mary responsibility of the region's utilities has been to
supply power, not conserve it. The president of a Washington
State power supply group has explained to the press that,
in his opinion, utilities are not the proper agenciés to
set’ standards for conservation. ' He stated also that his
'group is not intended to formulate policies or implement
programs affectlng conservation.

Similarly neither BPA nor the region's utilities
have taken the initiative ‘to expedite development of the
region's renewable resource potentlals. Although research
efforts have indicated that the région has important wind,
geothermal, direct solar, and biomass potentials, BPA = _
and the utilities have -for the most part assumed that these
and other unconventional sources will make no .significant
energy contributions during the remainder of this century.
Without more aggressive and innovative leadership from its
energy institutions, the region will continue to lag in
responding to the problems of transition and to the Nation's
new enerqgy, prlorltles.

Within the region it is generally recognized that the
time has come for a new, forward-looking approach to energy
planning and policymaking. No -agreement can be reached,
however, on a workable approach. The intensity of intra-
regional conflicts demonstrates the need for a well-defined,
comprehensive, and updated approach to managing the region's
electrical resources. However, regional infighting over the
allocation ‘of '‘Federal hydropower and the proposed Federal
role in financing new powerplants has hecome so divisive
that without congressiconal assistance there is little hope
of agreement on how the region should plan its energy future. .






CHAPTER 6

ANALYSIS OF THREE ALTERNATIVE'

ELECTRICAL ENERGY POLICY SETS

To assist the committees of thé Congress and regional
policymakers in making informed choices about the region's
electrical energy future, we employed a team of energy con-
sultants to describe and analyze three alternative electrical
energy policies for electricity management. This format
allows us to focus directly on major policy questions and
‘their potential effects on the region., By making each policy
set consistent in assumptions, baseline data, and technical
procedures, the resulting differences are due solely to the
difference in policy considerations. -The three policy sets
are not intended to represent the way the future is going
to be, but do represent the best informed future estimate
of application of the particular policies being' studied.

We asked our consultants to explore the economic,
environmental, and social impacts of each policy set
through the year 2000. The consultants used two fore-
casts in analyzing the alternative policy sets. One
forecast, referred to as the high-growth projection,
represents the predictions of regional utilities that
electrical energy demand will grow at an annual rate of
about 4.8 percent. 1/ This compares with the historical
growth rate for the Northwest of 7.2 percent through
1973. The other forecast used is a moderate-growth
projection of 2.7 percent 1/ based on the energy use
model developed by NEPP for the region's State Governors.
Several forecasts have been made for the Pacific
Northwest. They range from the PNUCC forecast to three

1/The growth rates used in our study were based on
preliminary demand forecasts. Both forecasts were
subsequently adjusted: the utilities' forecast to
4.5 percent and the NEPP moderate growth to 2.93 per-
cent, as shown in figure 5.1.



projections made by NEPP {high, moderate, low growth) to
a zero-growth projection made by NRDC. 1/ . Co

It is very difficult to foresee which rates of growth
will, in fact, most accurately predlct the growth .that act-
ually occurs. The difficulty arises because actual energy
demand results from a complicated aggregation of many
different components and determinants, most of .which are
themselves subject to somewhat unpredictable variation over
time. For example, population levels and appliance use
per houséhold are both important determinants of future
electricity. use_levels,‘but,no one knows for sure what
population or lifestyles will be 15 or 20 years from now.
Recognizing this, we chose these two forecasts to reflect
the utilities' expectations and the rate the NEPP considered
the most likely to occur. These are not the most extreme
forecasts that can be proposed and.defended as having some
likelihood of realization, but they do bracket a range
that includes several points of view on Pacific Northwest
future growth. It is not the intent of the pollcy sets
to depict either forecast as the most likely to occur.

(See app. X for further dlscu551on of regional. forecasts )

This chapter is based on work documented in technical
appendixes I through X, which were prepared by the con-—
sultants. The .conclusions drawn from this work are, GAO
conclusions. ’

POLICY SETS SELECTED FOR‘ANALfSIS

The three sets of alternative electrlcal energy
policies selected for analysis cover .a, broad spectrum of
energy policy options. Their pr1nc1pal characteristics
are summarized in the paragraphs below.

-

1/0One reason for varlances in the region's load growth
rates .is the amount of conservation expected., . The load.:
growth forecasts for the region “back out" conservation
in arriving at a load growth rate. Our policy sets were
designed to meet.the same total.regional demands for
electricity with conservation treated as a nongenerating
means of meeting demand. For..example, if the NEPP
moderate-growth demand were reduced by the conservatlon
potential shown in our intermediate policy set. .and
renewable/transition policy set, the growth rates would
be about 1.6 percent and 0.92 percent, respectively.
The 1.6 percent approximates the NEPP low-growth demand
rate of 1.43 percent.



Thermal/traditional policy set

Thermal power development would characterize the
thermal/traditional policy set. These policies embody an
extension through the year 2000 of energy management
policies used in the region's hydrothermal power program
in the late 1960s. Under this policy set, there would be
total reliance on thermal generation to meet load growth
which could not be met by hydropower additions. This
policy set would put minimal policy emphasis on conser-
vation and development of alternative renewable energy
sources., Commitments to conservation programs or renew-
able energy projects would be left to private initiative
on the basis of existing market conditions and associated
economic. benefits and costs, without government assistance
or encouragement. Average cost pricing policies now in
force would be continued. The high costs of new thermal
plants would be melded with the low costs of older hydro
projects to develop average cost prices. Electrical load
growth would be met by equal increments of nuclear and
coal-fired generation after the completion of powerplants
already approved for constructlon.

Intermediate policy set

The intermediate policy set would be characterized by
mild government and utility policies to encourage conserva-
tion and development of renewable energy sources. These
policies would include a broad public information program,
tax credits, loans, grants, and other incentives .designed
to induce people to conserve electricity and to develop
renewable energy sources. Renewable energy technologies
would be implemented after they had been proven economically
feasible. . Average cost pricing would be continued, with
new customers paying less than the true costs of new power
supplies. Large industrial customers would be provided
inexpensive power priced at averaged costs, but only in
quantities sufficient to operate highly efficient plants.
For power needs exceeding these levels, actual costs of
new power would be charged.

] Requirements for additional generating capacity be-
yond what is now scheduled for construction would be supplied
first by conservation programs, then by development of re-
newable energy sources, and finally--if necessary--by thermal
generation divided equally between coal-fired and nuclear
plants.. .
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Renewable/transition policy set

Aggressive government and utility policies to achieve
energy conservation and develop renewable energy sources
would characterize the renewable/trans1t10n pollcy set. -
This policy set would employ, in more aggressive forms,
most of the incentives provided in the intermediate policy.
set, plus strict building codes, retrofit insulation :
programs, and. a surcharge on electricity to achleve-
replacement cost pricing.

To maximize conservation, government. institutions and
utilities would expand public:information programs to reach
more people. Financial incentives would include government-
financed demonstration projects, basic research programs,
extensive tax credits, and loans or grants for conservation
and renewable resource development. State and local govern-
ment cooperation would be obtained to strengthen bu1ld1ng
codes and 1nsulat10n standards.

Replacement cost pr101ng of electr1c1ty would be used
to reduce energy. waste and stimulate conservation and renew-
able energy investments. As energy prices increased, people
would tend to value electricity more and waste it less,
thus recapturlng wasted electricity for use in meeting in-
creased- demand..  Furthermore, -with higher electricity prices
more.conservation projects would become economically attrac-
tive and renewable technologies -would become competitive,
The surcharge on electricity proposed in the renewable/
transition policy set would be used to establish a grant and
loan fund to help ‘finance energy conservation programs and -
renewable enerqgy prOJects.

The renewable/transition policy set would notrwait for
alternative technologies to be proven economically feasible.
Conservation and renewable energy projects would be started
when the technologies appeared likely to become economically
feasible so that their contributions could be realized as
early as possible. 1In this respect, the policy set would
anticipate econcmic feasibility. However, alternative
energy sources would be added to the system only as needed
to supply growth in electric demand.

COMPARISON OF ALTERNATIVE POLICY SET IMPACTS

The sections below summarize how the three policy sets
compare in certain economic, environmental, and social
aspects. Comparisons were made so that alternative energy
policies could be evaluated in terms of



——demand loads,

-=-supply sources,

--costs of generating and. conserving energy,.

~=capital requirements,

——environmental effects,

-~-equity considerations,
‘i"~-economic impacts and employment conditions, and

--likelihood of power shortages.
Evaluation of policy set impacts ‘in these areas led us to
many of the conclusions expressed on pages 7.2 to 7.5
The material which follows is documented in technical
appendixes I through X, which were prepared by the con-
sultants., All dollar flgures presented are - in constant

1976 dollars.

Demand loads

All three policy sets were designed to meet the same
total regional demands for electricity. However, because
conservation is an offsetting or a nongenerating means of
meeting demand, each policy set requires a different amount
of net generation, as shown below in table 6.1. As a
result, the intermediate and renewable policy sets derive
new load growth rates. Table 6.2 shows what the load
growth rates would be as modified by the 1ntermed1ate and
renewable policy sets.



TABLE 6.1

Options for Meeting Electric Load Estimates--Year 2000

" Total

electric energy

requirements

Method of meeting
electric load estimate

Conservation Generation (note a})

High-load growth
(4.8 percent):
Thermal policy
set
Intermediate
policy set
Renewable/
transition
policy set

Moderate-load growth
(2.7 percent):

Thermal policy
set

Intermediate
policy set

Renewable/
transition
policy set

a/In 1977 the total regional electrical energy reguirement was

15,160 MWy.

44,930

44,930

44,930

28,060
28,060

28,060

(MWy )

10,270

14,540

6,210

9,350

44,930

34,660

30,390

28,060

21,850

18,710



The conservation figures in table 6.1 represent electricity
saved by investing in more energy-efficient facilities to
eliminate energy waste. The renewable/transition policy
set would conserve the greatest amount of electric energy
and thus would rely the least on electrical grid generation.

TABLE 6.2

Load Growths

: | " Modified-
‘ load growth

High-locad growth (4.8 percent):

Thermal policy set 4.80
Intermediate policy set 3.66
Renewable policy set 3.07

Moderate-load growth (2.7 percent):

Thermal policy set ' 2.70
Intermediate policy set : - 1.60
Renewable policy set 7 0.92 .

The principal measures used to encourage .conservation
in each policy set are listed below.

Policy measures to _
Policy set encourage conservation (note a)

Thermal/traditional Policies generally used by the
: : region from 1963 to 1973 with
reliance on thermal generation
to meet the load that could not
be met by hydro generation and
no policy emphasis on conservation

Intermediate Limitations on guantities of in-
expensive power provided to
industrial customers

Information programs

Building codes and insulation
standards

Tax credits and low-interest loans

Energy efficiency research grants

Demonstration programs



Renewable/transition . Replacement cost pricing to dis-

' courage waste and to establish a
loan and grant fund for conserva-
tion and renewable energy projects

Required home insulation retrofit
standards

More stringent building codes

Extensive tax credits

Mandatory appliance labeling

Technical assistance through energy
extension service

a/For more details see the discussions of conservatlon
programs in each pol1cy set description.

Energy supply sources

Policies for each policy set would lead to a mix of
conservation and generating facilities required to meet
energy requirement forecasts. In the year 2000; the supply
mix for the three policy sets would be as shown in
table 6.3 and figures 6.1 and 6.2.
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‘ FIGURE 6.2 _
MODERATE DEMAND GROWTH MET BY THERMAL GENERATION,

CONSERVATION AND RENEWABLE RESOURCES THROUGH 2000
{In Thousands Of Mega Watt Years)
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TABLE 6.3

Electrical Energy Forecasts and Supply Sources

In the year 2000 (note a)

High-load Thermal/ Renewable
growth Actual traditional Intermediate transition
(4.8 percent) =~ 1977 alternative alternative alternative
(MWy) ‘ s
Thermal 2,230 31,870 20,520 12,230
‘Conservation - - 210,270 14,540
Hydro 12,930 13,060 13,460 14,160
Solar - - 300 1,900
Wind : - - - 80 1,500
Biomass (b} = 3040 600
Total 15,160 44,930 44,930 . 44,930
In the year 2000 (note a)
‘ ~ Renewable
Moderate—-load ) Thermal/ o transition
growth Actual traditional Intermediate alternative
(2.7 percent) 1977 " alternative alternative (note c)
SRy )
Thermal 2:;230 15,000 : 7,710 . 4,950
Conservation - ' _ 6,210 9,350
Hydro 12,930 13,060 13,460 13,760
solar - ' - 300 Co-
Wind - - 80 -
Biomass (b) . - _ 300
Total 15,160 28§060 28!060 28,060

g/For alcritical water year, excluding reserve capacity.

"b/It is estimated that an additional 5 percent, or
approximately 760 eqguivalents, are presently being
produced by burning wood wastes.

'C/Renewable resource capacxty not developed because not
needed.

Table 6.3 and figures 6.1 and 6.2 show that the
alternatives differ substantially in their reliance on
convervation and their use of renewable and nonrenewable



generation. Under moderate-demand growth, the renewable/
transition policy set would meet 82 percent of forecast
through conservation and renewable generation by the yesar
2000, while in the thermal/traditional policy set, only
47 percent of the forecast would be met by these supply
sources., The intermediate policy set, with a less -
rigorous approach to conservation and more cautious
development cf renewsable resources, would nonetheless .
rely on these sources. to meet 72 percent of forecast in
the year 2000,

The region presently meets over 80 percent of its
power needs with renewable enerqgy, principally from hydro-
power and wood wastes. This level of self-sufficiency
might be maintained or improved if conservation and renew-
able resources developméent were emphasized in the future,
If thermal power developments were emphasized, by the year’
2000 the contributions of renewable energies would likely
slip to less than half of total generation., Although
diminished, this profile would still represent a greater
percentage of renewable generation than that found in any
other region of the country. ‘ .

The renewable/tran51t10n pollcy set is the only one
which would maintain or improve the region's renewable
resource posture under  moderate-demand growth. - If high-
demand growth occurred, as predicted by the regional
utilities, even the renewable/tran51t10n alternative .would
call for the equlvalent of 27 new thermal plants 1/ and a
further decline in the region's self-sufficiency.

Under the renewable/transition policy set with
moderate-demand growth, the region could amproach electric
self-sufficiency by the year 2000. To do so would reguire
intensive conservation programs, construction of all fea-
sible renewable energy projects, and a phasing-out of ,
thermal plants no longer needed. This would be a rigorous
and challenging task for the region, but if successfully
executed could demonstrate to the Nation that regional
- energy independence could be achieved through conservation
and full development of domestic energy resources.

Costs of production and conservation

?he policy set resUlés jllustrate that energy.consefvar’
tion would be a less costly means of meeting forecasts than. .

o !

1/Assuming” productlon were equally divided between coal .
and nuclear generation, 6 nuclear (1,250 MW) and 13 coal
units (500 MW) would be required by the year 2000,
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construction of new thermal powerplants. 1In the intermediate
and renewable/transition policy sets, the average systemwide
costs of electricity would generally be below the costs
projected for the thermal/traditional policy set. : Howéver,
the level of demand growth would also .be of critical
importance, If demand growth exceeded energy conserved,
regional utilities would be forced to invest in expensive - -
new powerplants, thereby raising the average cost of
electricity. Table 6.4 and figure 6.3 show average costs

for each policy set through the year 2000.

TABLE 6.4 ' :

Average Costs of Meeting Rgglonal Forecasts
for Electricity -

Average cost (note a)
of electricity plus
conservation in
1977 1980 1990 °© 2000

{in mills per kWh of
energy used plus energy
conserved (note b))

High-demand growth (4.8 percent):

I

Thermal/traditional policy set -~ 12.5 14.2 23.9 29.8

Intermediate policy set +12,5 13.1 18.8 22,0

Renewable/transition policy set 12,5 13.1 16.6 18.7

Moderate-demand growth (2.7 percent):

Thermal/traditional policy set 12.5 13.1 17.2 23.7
Intermediate policy set 12.5 12.7 14.9 16.2
Renewable/transition policy set

(note c) 12.5 12.2 14.6 '13.1

a/Amounts spent for conservation investments are added to
other system costs for determining average costs per kWh
of energy used plus energy conserved.

b/All costs expressed in 1976 dollars.

¢/Includes minimal costs for development of renewable
resources because conservation and thermal plants
scheduled for completion by 1985 would meet most .
load requirements through 2000.



Table 6.4 -shows that the renewable/transition policy
set, with its heavy emphasis on conservation, would provide
the least .expensive means of meeting regional power fore-
casts. The intermediate policy set is also shown to be far
less costly than the thermal/traditional policy set. The
table: also- shows that high—-demand growth would always lead
to higher electricity costs.

The renewable/transition pelicy set would encourage the
most conservation because, by use of a surcharge on
electricity, it would price electricity at or near the
replacement cost of thermal enerqgy rather than at the-
average costs shown above. The extra funds collected via
the surcharge would be used in a grant and loan fund for
conservation programs and renewable energy projects. Cost-
wise. the entire power system would benefit if regional needs
could be met w1th fewer new generating plants.
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The table shows that thermal power developments would result
in substantially greater capital investments than approaches
emphasizing conservation. The financing of coal and nuclear
plants, with their high capital costs and extended con-

struction periods, could strain the region's financial

abilities far more than aggressive conservation programs and,
as shown in table 6.4, would result in higher average costs.

Environmental effects

The generation of more electricity will produce side
effects which are damaging, or at least offensive, to many
people; the specific effects in the region will depend on
the mix of generating sources used to meet electrical demand.
As discussed below, the thermal/traditional policy set could
be expected to have greater environmental risks from coal
and nuclear plants while the renewable/transition policy set
would lead to different environmental effects from increased
use of hydropower and solar, wind, and biomass sources. The
intermediate policy set would entail a mix of the risks
present in the other two alternatives. The environmental
impacts described for each policy set would be limited to
those associated with central station powerplants—-thermal
or renewable. Decentralized systems, such as residential
conservation, solar heaters, or small windmills, were not
included because the acquisition of such units would be
voluntary to the user and the impacts would probably be
small and widely dispersed.

The renewable/transition policy set would have the
least potential for catastrophic nuclear disaster but
could have the greatest visual impact because of large and
very visible wind and solar generating plants. Ultimately,
the renewable alternative could use 4 to 8 square miles of
land for cdentral station solar generation and a like amount
of land for wind generation. However, much of the area
needed for wind generation could be used for other purposes,
such as farming. Under the renewable/transition policy set,-
most renewable powerplants would be constructed after 1990 - -
because thermal plants already approved for construction
could meet load growth up to that time,

The thermal/traditional policy set would meet most: load
growth by construction of thermal plants. By the year 2000,
with high-demand growth, this could require as many as 17 new
nuclear units and 38 new coal units. For this policy set,
the nuclear threat could be the most devastating environ-
mental effect. With fuel reprocessing and plutonium separa-
tion, nuclear terrorism, extortion, and theft of weapons
grade nuclear materials would be possibilities but could not
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readily be assigned a probability of occurrence. The
operational characteristics of nuclear power also pose
important problems invelving fuel storage, disposal of
nuclear wastes, and powerplant decommissioning. Concern
about nuclear generation as a long-term soclution is growing
in the region as it has been elsewhere in the Nation. The
environmental impacts of more than a dozen nuclear power-
plants could possibly become a major environmental concern
if the thermal/tradltlonal alternative policy set
materialized.

By the year 2000, there could be more than 40 coal-fired
units operating under theé thermal policy set. Given the new
requirements for coal "scrubbers," the selection of remote
plant sites, and the évailability of low-sulfur coal, it
appears that air contamination would be reduced. At tlmes,
there would be noticeable particulate and sulfur emissions in
areas near plant sites, but these would dissipate quickly
and not affect any large population centers. As pointed at
in our report on U.S. coal development, 1/ scrubbers may
help reduce air pollution, but they will give rise to a
new pollutant--coal sludge--which could create serious dis-
posal problems. Also some air quality problems are not so
simply resolved. Our coal report notes that coal combustion
releases over 50 dangerous trace elements, including mercury,
lead, beryllium, arsenic, and fluorine. Aas with:the renew-
able energy technologies, many environmental questions about
thermal generation have yet to be answered. Obviously the
environmental problems associated with coal and nuclear
plants would be much more prevalent in .the thermal/tradi-
tional alternative policy set than in the renewable/tran51—
tion policy. set.

The intermediate policy set would comblne thermal
generation, conservation, and small amounts of solar and
wind generation to meet regional load growth. Like the
renewable/transition policy set, it would.rely quite
heavily on conservation measures to reduce the need for
additional generation plants. If high-load growth occurs,
however, this policy set would rely on thermal generation to
meet about half the new loads. From an environmental per-
spective, the intermediate policy set would offer many of the
advantages present in the renewable policy set, but with less
assurance that the adverse effects of thermal generatlon
would largely be avoided.

l/0.8. Coal Develobment——Promises and Uncertainties,
EMD-77-43, Sept. 22, 1977.
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Equity considerations’

Equity, or the ‘ability to treat individuals and groups
with fairness, is an important consideration in determining
energy policies. If certain groups or individuals are treat-
ed unfairly—--or are perceived to be—-there will be inadequate
public support for even the best decisions of energy policy-
makers. . .

The renewable/transition policy set earned high rates
for equity. By using a surcharge it would price electricity
at its true replacement cost. This would put an end to
average cost pricing, which tends to favor new customers at
the expense of existing customers. Thé surcharge would be
used to establish a loan and grant fund to finance conserva-
tion, renewable energy projects, modernizZation, and tax
relief in the same econhomic sectors paying the surcharge.

" Replacement cost pricing could also be used to increase
the incentive for all customers, ocld and new, to eliminate
energy waste by imposing a low power rate for base usage
and- higher rates for heavy or excessive usage. This pricing
approach c¢ould be used to avoid increases in electricity
bills for customers who are practicing energy eff1c1ency or
are limited’ by thelr 1ncome to low levels of energy con—
servatlon.

The thermal/tradltlonal policy set would not ‘seek to
price energy at 1ts true replacement cost. By continuing
with average cost pri¢ing, it would benefit new power users
at the expense of existing customers. The average cost
pricing structure, typical of this policy set and the inter-
‘mediate pollcy set, would have the effec¢t of raising the
energy prices paid by all customers, including those who
had restricted their demands, and charging rates for in-
creased or new consumption which were 1nsuff1c1ent to cover"
the costs of new plants. ‘

The intermediate pollcy set would emphasize conserva—
tion programs but not .employ replacement cost pr1c1ng. "AS
a result, there woluld be some 1nequxt1es in the price paid’
by old and new customers, just as in the thermal/traditional
policy’ set. In. addltlon, some people would continue to use |
electr1c1tyr1neff1c1ently becausée its average price would'
not appear to justify conservation investments.

Energy pricing is clearly one of the most important
factors for policymakers to consider in charting the region's
energy future. Various pricing strategies could be employed
within any of the policy sets to advance prices beyond

6.18



average cost and move them toward replacement cost.
Figure 6.3 shows the relationship of average cost of
energy used and conserved to replacement cost for energy
used. '

Regional economy and employment conditions

Each alternative ‘policy set was designed to furnish
the electricity necessary to maintain financial stability
and continued economic growth. Conseguently, energy
demand, the general state of the regional economy, and
employment conditions would be generally the same under
each alternative pollcy set. There are, however, some
differences worth noting.

The renewable/transition policy set, by investing
more in conservation .and renewable technologies, would
tend to employ more local business and semiskilled workers.
The thermal/traditional policy would employ more skilled
labor and more englneers and scientists. It would also
generate employment in east coast 'manufacturing facilities
which produce components for central station thermal
powerplants. Because conservation costs less than power-
plant construction, the renewable policy set might provide
a lower but more widely distributed direct input to the
regional payroll during construction periods than the
thermal policy set. In the long term, however, the re-
newable/transition policy set's lower cost of meeting
energy demands would mean that more money would be left
for other activities, which would contribute more to the
region's overall economy and employment picture.’

The replacement cost pricing policy of the renewable
policy set would mean much higher power costs for industry
and would impact especially on energy intensive industries,
Under the renewable/transition policy set, BPA's industrial
customers would produce about the same. quality of aluminum
and other products as they do now, but higher energy prices
would require them to adopt more efficient production
methods. 1In addition, the higher prices would support a
grant and loan fund to assist industry in financing con-
servation projects, eliminating waste, and reducing eneryy
demands. Without this kind of pricing policy, industrial
customers would delay making conservation investments until
constrained by price increases from the introduction of
numercus expensive thermal generating plants.
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Overall the price of electricity.does not appear to
be a major determinant in regional economics, because .
electricity constitutes such a small percentage of total
business costs. Table 6.5 shows that even for the energy
intensive industries, such as primary metals, electricity
costs are only 6.3 cents per dollar of value added. The
low cost of electricity contributes to industry's tendency’
to overlook opportunities for. energy conservation, con-
centrating .Instead on savings in larger cost categories,
such as labor costs. :

TABLE'G.S

Electricity Costs Per Dollar of
Value Added for Various Industries

- . " Purchased electricity
Standard industrial costs per dollar
classification code . Sector o of value added

Food‘and kindred-

20 products: .. 2.6 cents
- Lumber and wood

24 : products 1.2 cents

26 T . . .Paper 3.0 cents

28 : : Chemicals 4.8 cents

33 Aluminum - 6.3 cents

A special consulting study conducted at our request

- showed that -if electrical energy for Pacific Northwest
aluminum companies were increased from the present 3 mills/
kilowatt-hour to 25 mills/kilowatt-hour, the two most
inefficient plants in the region might cease operations.
The other eight would likely be modernized, take on more
workers; and produce more aluminum without increasing their
consumption of energy..

If -energy prices were gradually raised to levels exist-
ing elsewhere.in the Nation, most regional industries would
remain competitive.. Although replacement cost pric¢ing might
substantially increase power rates, energy prices .in:‘the 7 -
Pacific Northwest would.still be competitive w1th those pald
by many people elsewhere in the Nation. . , .
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Likelihood of energy shortages

The likelihood of shortage varies 'with the adequacy of
the electric energy control system established to deal with
such problems. A typical system includes demand control
measures ranging from requests for voluntary actions, such
as turning down thermostats, to mandatory curtailments, such
as industry shutdowns and rotational .blackouts. As an impend-
ing shortage is perceived, load-shedding measures to promptly
reduce demand and longer term measures to increase supply
can be put into effect. Before the situation requires that
new generating facilities be built under emergency condi-
tions to prevent substantial mandatory curtailments, the
system will probably have repetitive early warnings through
frequent minor shortages. :The subsequent response to correct
the problem should take far less time than normal to correct
if all levels of government, the utilities, and industry work
together to reduce construction leadtimes. '

-While the risk of shortage would be equal in each
policy set, -each would have certain characteristics which
would tend to affect the risk of electricity shortfall and
the ease of its correction.

Ablllty to finance. constructlon of capacity

The thermal/tradltlonal pollcy set's reliance .on capital
intensive thermal plants could result in power shortages due
to underbuilding capacity because of lack of capital or pro-
hibitive cost overruns. There would be an equal likelihood
that serious cost overruns on central station solar and wind
generators could also result in underbuilding under the renew-
able/transition policy set. Capital shortages, however,. would
be less likely in the renewable/transition and intermediate
policy sets because of reliance on low-cost conservatlon.

D1vers1ty of energy sources—-
generation/consexrvation

The thermal/traditional policy set would concentrate
generation in a sizable number of large coal and nuclear
installations, which could.be susceptible to sabotage or
technological weaknesses., The renewable/transition alterna~
tive: would rely on more conservation and less generation,.
:which. would..reduce ‘the number of generating plants. suscept--
tible to sabotage but might ‘make the results of a successful
attack more acute. Under the thermal/traditional policy
set's intensive development of coal and nuclear generation,
the region could become increasingly dependent on thermal:
technology and less technical experience would be available
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for developing and integrating renewable technologles into
the system.

Analysis of the risks inherent in centralized and de-
centralized generating facilities is not addressed in the
policy sets. Under all three policy sets, there would be
near total reliance on centralized generation of electricity
through the year 2000. Within the scope of the analysis,
the alternative policies cannot be differentiated with re-
spect to risk of shortfall based on the mix of centralized
and decentralized generating facilities.

Reliability and responsiveness to change

There would be considerably varied risks in all three
policy sets. The thermal policy set would use known technol-
ogy which would require a long and difficult planning and
construction period. The renewable policy set's technology
is in the development stage, but would probably permit use
of small generating units which might be easier to construct
quickly when additional capacity is needed. The intermed-
iate policy set with a combination of thermal and renewable
energy sources, would incorporate a portion of the benefits
and problems associated with the other two policy sets.

RESULTS OF ALTERNATIVE POLICY SET ANALYSIS

The work of our consultants in describing these alter-
native energy options enabled us to evaluate the policy sets
in terms-of (1) the administration's national energy princi-
ples and (2) the policy sets' feasibility and financial
. implications. Our evaluations yielded the following results.

Compliance with national energy principles

--In terms of consistency with several of the adminis-
tration's national energy principles, the renewable/
transition policy set received top marks. With its
surcharge to discourage energy waste and to finance
investments in conservation and renewable technolo-
gies, this policy set would minimize the region's
dependence on nonrenewable energy sources and avoid
many of their environmental consequences. This policy
set's heavy emphasis on energy conservation would -
minimize capital requirements and total. system energy
costs by the year 2000. It would also enable the.
region to develop very rapidly a substantial knowledge
of renewable resource technologies and how to apply
them. With moderate growth in energy demands, the
region would need no thermal plants beyond those



licensed and under construction. In fact, by the year
2000, the region could achieve 96 percent electrical
generation from renewable energy sources. Figure 6.4
shows when more generatlng capac1ty would be needed
for each policy set. However, the acceptab111ty of
the renewable/transition policy set may be in doubt
because of the stringent policies it would employ to
maximize energy conservation. The acceptablllty of
policies such as replacement cost pricing 1/ and
mandatory insulation programs is dependent upon (1)
increased public understanding of the electricity sup- .
ply demand situation and (2) strong Federal leadership
dedicated to 1mplementat10n of the natlonal energy
pr1nc1ples.

--The intermediate policy set ranked second 'in compliance
with the national energy principles. It would enable
the region to realize about 70 percent of the conser-
vation savings predlcted for the renewable/transition
pollcy set and would do 'so mostly through incentive
programs, without the use of a surcharge on electric-
ity. Because it would conserve less energy, the
intermediate policy set wéuld rely more heavily on
. development of new thermal powerplants. With respect
to renewable energy sources the intermediate pol1cy
set would fall behind the renewable/transition policy
set under high-demand growth, providing only about
23 '‘percent as much new energy from -these sources
by the year 2000. 'In terms of total energy costs for’

T the system in the year 2000, the intermediate policy
set would slightly exceed-—-by a little more than 3
‘mills/kilowatt-hour—--the low levels set by the
renewable/transition policy set. With respect to sys-
tem capital requirements, the intermediate policy set
-would require only 13 percent more capital than the
renewable/trans1t10n policy set if predictions of
hlgh demand growth were realized. If moderate growth
‘occurred, however, capital reguirements for the inter-

"mediate policy set would exceed ‘the renewable policy
set's capital requirements by nearly 40 percent be-
cause of greater re11ance on new plant constructlon.

FA ];

1/The success of'ihtrbducing replacement'cost pricing' into a
region accustomed to inexpensive hydropower is especially
suspect. Whereas BPA sells its power at wholesale for
about 3.7 mills/kilowatt-hour, our analysis showed that
replacement costs for new power supplies would range from
31 to 37'mills/kilowatt-hour, between 1977 and 2000.
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FIGURE 6.4
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A guestion exists whether the intermediate policy
set's substantial conservation benefits could be real-
ized by mild incentive programs as predicted, with
no departure from average cost pricing which tends
to conceal the costs of new power supplies,

--The thermal/traditional policy set with its passive
approach to conservation and minimal development of
renewable eneryy resources, ranked third in terms of
consistency with the national enerqgy principles. This
alternative would develop nonconventional renewable
resources only after they had been proven feasible
and had been commercially financed. As a result, non-
conventional resources would not be developed under
this policy set. By the year 2000, its intensive
development of coal-fired and nuclear generating fa-
cilities would (1) reduce the region's reliance on
renewable energy sources from the present 85 percent
to 47 percent or less, (2) subject the region to all
the environmental consequences and uncertainties of
large thermal powerplants, and (3) burden the region
with capital requirements more than double those of
the renewable/transition policy set under moderate
load growth. If high-demand growth occurred, capital
requirements for the thermal/traditional policy set
would exceed the renewable/transition requirements by
more than 50 percent. Total system costs for elec~
tricity under the thermal/traditional policy set in
the year 2000 would exceed total costs for the renew-
able/transition policy set by more than 50 percent,
The thermal/traditional policy set's continuance of
average cost pricing would inhibit full development
of the region's conservation opportunities.

The thermal/traditicnal policy set can also-be
challenged for its credibility. Under the high-growth
forecast, if production were equally divided between
coal and nuclear generation, 17 nuclear and 38 coal
units would be required by the year 2000. 1/ 1Is it
realistic to anticipate that the region's population
would reguire or allow the construction of as many as
55 coal and nuclear units in the next 23 years?

1/Assuming all coal units have a 500-megawatt complete capac-
ity and operate at 70 percent of capacity while nuclear
units have a 1,250-megawatt capacity and operate at 64 per-
cent of capacity. It is customary for a cocal plant to have
one to four units and nuclear to have one to two units.



Options available for carrying out
conservation/renewable program

The renewable/transition policy set is the most consist-
ent with national energy principles to carry out conserva-
tion practices, develop renewable resources, and charge
replacement prices. It is clear, as shown in chapter 5, that
maintaining the status quo would not get the renewable/transi-
tion policy set carried out. Further, it seems clear that
the region would desire a self-sufficiency position by
aggressively capitalizing on conservation and renewable re-.
sources. Another factor which the region would have to
address is a practical solution to eliminate the rate dis-
parities.

although the renewable/transition policy set is most
consistent with national energy principles, it contains cer-
tain policies, such as replacement cost pricing, that might
not be practical to implement. Resistance to large, abrupt
price increases could be expected. The intermediate policy
set, however, would avoid taking potentially uppopular .
actions, but,it would have three principal shortcomings.._

~=Itg conservatlon levels would be less. than would be
achieved through replacement cost pricing., o

--It would not aggressively seek the development of
renewable supply sources.

~-=-It would proVide-no'mechanism for financing the bil-
lions of dollars. needed for flnanczng nonconventional
energy programs,

To meet the costs and carry out a conservatlon and re-
newable energy program whose costs are illustrated in.table
6-6, we considered the follow1ng alternatlves-

1. Federal appropriated money .
2. ASurohargeion Federal hydropower.

3. Surcharge on all electr1c1ty d1str1buted in the
' reg1on.



TABLE 6-6

Total Costs of Conservation and
Renewable Energy Supplies
1977 Through 2000

High-demand growth Moderate~demand growth
Intermediate. Renewable Intermediate Renewable
(billions}
Conservation programs $6.6 $11.1 - $4.2 $9.0
Renewable energy L
supplies 1.6 . 7.4 1.6 a/ 0.3
Total . $8.2 . $£18.5 _$5.8 $9.3

a/Conservation would be sufficient under the renewable policy
set to meet energy needs without fully developlng renewable
capacities available, -

Federal appropriated money

This alternative would use Federal appropriated money
to carry out a conservation and renewable program. This
alternative would spread the cost over the entire United
States and act as a demonstration to the rest of the country
to show the viability of such a program. This approach would
recognize the need for the conservation and renewable energy
program but believes the region's consumers would resist any
surcharge., The Northwest consumers, especially those sup-
plied with inexpensive Federal power by publicly owned
utilities, are accustomed to low-cost electricity. Resist-
ance to price increases could be expected.

This approach would (1) eliminate the problems surround-
ing surcharges, (2) carry out the principles of the National
Energy Plan through the Federal presence in the region--BPA,
and (3) specifically demonstrate to the rest of the country a
v1able conservation and renewable energy program.

There would be certaln disadvantages and problems, how-
ever, to the Federal appropriations approach. The appropri-
ation process would offer no assurance of providing the
needed money because of changing priorities, national pres-
sures, and the need for annual approval. In addition, any
actions to perpetuate low prices for Federal hydropower at
the expense of the natiocnal public or to pledge Federal
assistance would be viewed as regionalized energy subsidies.
As such, they could be sought--on the basis of equity--by all
regions. Under this alternative, the current regional rate



disparity would. continue and rates would remain low, which
would not make the public energy conscious.- Therefore, we
feel some means of regional financing through rate adjust-
ments would be better than appropriated money to carry out
the conservation and renewable programs. .

It is argued by many that increased electricity prices
are needed to stimulate conservation investments and reduce -
energy waste. Creation of a loan and grant program funded
by a surcharge on electricity could greatly help individuails,
businesses, and utilities finance the cost of conservation-.
programs and renewable energy projects. This strategy—-the:
use of a surcharge in combination with a loan and grant
fund--would (1) make more certain the conservation benefits
projected for the .intermediate policy set, (2) raise the
level of renewable energy development in the intermediate
policy set, and (3) enable the region to finance much of its
own energy future.

While the benefits of this strategy would be numerous,
it is not at all clear whether a surcharge on electricity
would be acceptable. The people of the region, especially
those supplied with inexpensive Federal power by publicly
owned utilities, are accustomed to the lowest electricity.
prices in the Nation. Resistance to price increases could
be expected and especially strong resistance to abrupt or
major price increases. Under these conditions two important
guestions become central to policymaking:

--How large a surcharge would be requlred to provide
the needed financing? -

--Would the'appropriate-surcharge be tolerable to
regional electricity users?

surcharge on Federal hydropower

A surcharge levied on Federal hydropower sales would be
totally within Federal control, would tend to reduce the
rate disparities which presently exist between customers of
publicly owned utilities and customers of investor owned
utilities,. and would enable the region to finance much of
its own energy. future. It can be argued that no power con-
sumers should ‘have a preferential right to benefit from .low-
cost Federal hydropower. . A surcharge on these consumers
would be the most appropriate one to help finance the re-
gion's future energy investments. Under this approach,
however, surcharge revenues collected from consumers of
Federal hydropower would be used in a loan and grant fund
to benefit all regional consumers, many of whom might be
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contributing nothing to the fund. -Furthermore, by applying
the surcharge only to Federal hydropower, the base over which
the surcharge could be spread would be 11m1ted.:.

We found that the cost of conservatlon and renewable
energy developments illustrated in table 6-6 could 'be finan-
ced. by adding each year a surcharge of not more than nine-
tenths of 1 mill per killowatt-hour to the price of Federal
hydropower. By using a graduated annual’ surcharge of this
type, surcharge. revenues produced by Federal hydropower sales
through the year 2000 would be sufficient to pay for all the
costs associated with conservation programs and renewable
energy developments envisioned in the intermediate and renew-
able transition policy sets. . Table 6-7 below illustrates
what the cumulative surcharge: would be for the years between
1980 and 2000 for these alternative policy sets.

TABLE 6-7

Graduated Surcharge on
“Federal Bydropower

Annual = |
surcharge .
- increase . Cumulative surcharge in
TR Lo ! {note a) 1980- 1985 1990 -1995 2000
—({mills/kWh}—
High-demand growth
(4.8 percent):
Intermediate policy set . .41 C 1.2 3.3 5.3 7.4 9.4
Renewable/transition : ’ - ’ S
policy.set .90 - 2.7 7.2 11.7 16.2 20.7
Moderate~-demand growth
(2.7 percent): . .
Intermediate policy set . T.29 . 9 2.k 3.8 5.2 6.7
Renewable/transition oo : e
policy set 47 . 1.4 3.7 6.1 8.4 10.8

a/In -comparison with these surcharges,’ the annual incresdse to the region
under the thermal/traditional policy set (high demand growth) would
be about 0.7 mills/kwh. . .

ot

i

Table 6-7 shows that by the .year 2000 Federal hydropwer would
be carrying a surcharge of between 6.7 and 20.7 mllls/kllowatt-
hour. This would be sufficient to fund:.regional. energy pro-
grams and, at the same time, .substantially reduce the dispar-
ity between public power. rates: and those '0of investor-owned
utilities. . . : o

PR
o

Although the graduated sﬁrcharge would provide electric
utilities and consumers with a predictable and. consistent

(I B
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annual price increase, under our alternative policy sets it
would not match year-by-~year the requirements for grants and
loans to support regional conservation programs and renewable
energy projects. Likewise, as . the region developed and
modified its goals for conservation and renewable resource
development, there would undoubtedly be years when working
capital would have to be advanced to the grant and loan fund
so that energy programs and projects could proceed on sched-
ule. However, by no later than the year 2000, revenues col-
lected through the graduated surcharge on Federal hydropower
should be sufficient to repay any working capital advanced
to the regional grant and loan fund.

'An additional means of securing money to support the
energy loan and grant fund would be to establish a share-the-
savings rate for surplus Federal hydropower which BPA markets
to custonmers outside the region. This pricing policy would
evenly divide the customers' savings between the customers
and BPA, 1If BPA had used a share-the-savings rate in 1975,
it might have realized more than $80 million in additional
revenues from California utilities. Proceeds from: BPA
sales of surplus Federal hydropower could be dedicated to
the locan and grant fund and could reduce surcharge rates
within the region.

Regional electricity surcharge

Ancother f1nanc1ng approach considered would use a
smaller surcharge on all electricity distributed within
the region, which would enable the region to finance much
of its own energy future. A reglonal surcharge would be
more difficult to implement because of the various insti-
tutional structures which would have to be changed within
the region. It would offer, however, an equitable and
relatively low—-impact means of financing the region s
energy future. However, the current disparity in reglonal
rates would continue. -

The region could finance the costs of conservation
and renewable energy developments illustrated in table 6-6
by adding each year a surcharge increase of less.than
four-tenths of 1 mill/kilowatt-hour to the price of all
electricity distributed in the region. By using such a
graduated annual surcharge, the region could, by the year
2000, pay for all the costs associated with the conservation
program and renewable enerygy developments envisioned in the
intermediate and renewable/transition policy sets. Table
6—8 below.illustrates what the cumulative surcharges would
be from the year 1980 through the year 2000 for these policy
sets.



TABLE 6-8

Graduated Surcharge on All
Electricity Distributed

Annual
surcharge
increase Cumulative surcharge in

" (note a) 1980 1985 19%0 1995 2000

, -(mills/kWh}—
High-demand growth‘
(4.8 percent):
Intermediate policy set = 0.14 0.4 1.2 1.9 2.7 3.4
Renewable/tran51t1on .o
pollcy set ' ‘ +39 1.2 - 3.1 5.0 6.9 8.9
Moderate—demand growth
{2.7. perCent)
Intermediate policy set .19 5 1.3 2.2 3.0 3.
Renewable/transition

policy set . .31 .9 2.5 4.1 5.7 7.3

a/In comparison to these surcharges, the annual increase to the
region under the thermal/traditional policy set (high demand
growth) would be about 0 7 mllls/kWh.

As in the graduated surcharge on Federal hydropower,
this surcharge would-provide energy" producers and consumers
with a predictable and consistent annual price increase
but would not, under our alternative policy sets, be matched
to the loan and grants required each year to support regional
conservation programs -and' rénéwable energy projects. Again
working capital would have to be advanced to' the loan and
grant fund so that energy programs -and projects could proceed
on schedule. , No later than by the year 2000, however,
revenues collected via the graduated surcharge on electricity
should be sufficient to repay any worklng capltal advanced
to the ‘loan and grant fund.-~ v -
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

The issues being debated in the Pacific Northwest--
_both policy issues and equity issues--are complex and
volatile. For the most part, they are issues not previocusly
faced by regional policymakers. Timely resolution of these
issues is important but unlikely to occur without assistance
from the Congress. o

Intraregional conflicts over access to Federal hydro-
power and Federal financial assistance have obscured the
need for an updated approach to managing the region's elec-
trical resources. The absence of an agreed-upon electricity
management program inhibits decisionmaking in all sectors.
State planners, utility officials, industrial customers,
and homeowners are all affected by uncertainties as to
future energy policies. Until these uncertainties are re-
moved, regional decisionmakers will be unable to conduct their
work with confidence.

It seems clear that congressional action will be needed
to recharter the Bonneville Power Administration and to re- .
solve the conflicts which now deadlock regional planning and
decisionmaking, This view is shared by various groups and
interests within the region. BPA, in its Role EIS, describes
several new roles in which the Congress might cast BPA,
ranging from dissolution of the agency to establishment of
BPA as the lead agency for implementing national energy
policy in the Pacific Northwest. Two bills have already
been introduced into the 95th Congress (H.R. 5862 and
H.R. 9020/S5. 2080) which would create new and differently
chartered structures to oversee electricity management in
the region,

In the following pages we have summarized conclusions
and recommendations synthesized from our review work and
from the work of our consultants. The recommendations have
been shaped with two purposes in mind: (1) to provide the
region with mechanisms for developing an agreed-upon and
forward-looking energy management program and (2) to resolve
the conflicts which have deadlocked regional power planning.
The conclusions and recommendations which follow contain
the principal features which, in our opinion, are essential
to development of a cohesive and comprehensive electricity
management program. '



CONCLUSIONS

~=To resclve regional conflicts, .the Congress will have
to end, directly or by appropriate instructions to
the executive branch, counterproductive disputes
over inexpensive Federal hydropower and Federal as—
sistance in financing new powerplants. It will be
necessary to resolve these issues in a manner that is
equitable, not only in a regional sense, but also
from a national perspective., We believe that the
Congress should treat Federal hydropower .as a national
resource .to be allocated and priced so as to further
national energy goals without unnecessarily disrupting
the region's economic growth. ‘Any actions taken to
perpetuate unrealistic pricing of Federal hydropower
or to pledge Federal assistance in financing new
powerplants will be viewed as regionalized energy
subsidies. As such, they will be sought, ‘on "the basis
of equity, by all reglons.

—--We believe more information is needed before the
Federal Government makes any firm commitments to guar-
antee ‘the. financing .0f new thermal .powerplants in the
near future. First, it is unclear how much energqgy
will actually be needed to meet future load growth.

It is possible that the construction of new power-
plants could be postponed for many years if the
utilities turned increased attention to conservation
and energy efficiency. The potential of conservation,
combined with the numerous uncertainties present in
regional load forecast:; argues .against ‘a- premature
Federal commitment to participate in new generating
plants. Further, it has not been demonstrated that
regional -utilities cannot secure the capital needed
for new qeneratlnq plants wlthout Federal a551stance.

——The PalelC Northwest reglon needs 1mpr0ved leader-
ship in electric power planning and policymaking. No
regional entity-is responsible for spearheading the
development of a coordinated electricity management
program for the region. - Although the individual
States are taking steps to increase their .oversight
'capabilities; many of the problems and opportunities
inherent -in 'this transitional period .can be dealt

- with most effectively on a reglOnal basis.' A mandate
for regionwide policymaking is required to put. intra-
regional conflicts in their proper perspective and to
encourage power planners to proceed with the more
important work of charting the region's energy future.



--Representative citizen involvement in power planning
and policymaking is prerequisite to development of an
acceptable electricity management .-program. Increased
opportunities to participate in power planning must
be provided to State and local governments, envi-
ronmentalists, utility customers, and other interested
citizens. ‘Further, the opportunities for partici-
pation must be front-end opportunities involving the
development of plans. Citizen involvement should not
be limited to after-the-fact reviews of plans.developed
by officials of electric utilities and Federal agen-
cies. In the absence of more open and representative
planning, regional power. programs will be increasingly
disrupted by legal actions brought to protect citizen
interests.

--Long-range energy demand forecasts are critical to
planning and policy analysis and yet so inconsistent
that decisionmakers must make every reasonable
effort to assure the objectivity and validity of
forecasts before accepting them for planning purposes.
Even after they are accepted for use in planning and
policymaking, demand forecasts should be closely
monitored and periodically reevaluated in the light

.of actual . demand .experience, improvements in fore-
casting techniques, and load management goals.

--It would be unwise for regional policymakets to rush
their decisions on when and where to build new thermal
generating facilities. Some regional power planners
contend that power shortages are imminent due to slip-
pages in the hydro-thermal ‘construction program. How-~
ever, the uncertainties associated with utility load

 forecasts, together with the evidence of significant
untapped conservation and renewable energy potentials,
argue against hurried decisions to build additional
thermal generating capacity. Our policy set analyses
showed that if NEPP's moderate forecast proved more
‘realistic than the high forecasts of regional util-
ities and moderate conservation incentives were
adopted, .the thermal generating plants already ap-
proved for construction would be sufficient to meet
tegional demand growth through 1995, Assuming a 10-
to 15-year leadtime for developing thermal plants,
this would enable regional policymakers to defer deci-
sions on additional plants unt11 the 1980-85 time
period. .



-=-The renewable/transition policy set would be most
consistent with the national energy principles to
carry out conservation programs, develop renewable
resources, and charge replacement prices. We
believe these principles are viable goals for the
Northwest.

--The pricing of electrical energy at true replacement
cost would result in greater consumer awareness and
greater potential for voluntary conservation. Grad-
ually increasing the rates for Federal hydropower
would help accomplish this objective.

--Arguments that higher energy prices will automatically
lead to economic disaster are not supported by the
available facts. Generally, electricity constitutes
such a small portion of the total costs experienced
by commercial enterprises and industries that it
rarely becomes critical to decisionmaking. Even for.
energy intensive industries, electric costs are not
a major factor. In the aluminum industry electricity
.accounts for 6.3 cents per dollar of value added. In
chemical manufacturing it declines to 4.8 cents
and in paper productlon to 3 0 cents.

-—-Conservation and renewable enerqgy technologles de--
serve thorough consideration as alternatives to
thermal powerplants. These-alternative energy
sources can be added in smaller increments, require
less capital and shorter construction schedules, and
generally entail fewer serious environmental risks
than nuclear and coal-fired plants.  Conservation,
because it reduces eneryy waste and frees existing
generation for use elsewhere, 'is recognized as the
least expensive source of electricity. Renewable
technologies, often referred to as exotic energy
sources, are in some cases off-the-shelf technol-
ogies which were widely used in the recent past
and are still being used in more energy-conscious
societies.. . The region may be able to capitalize
on its extensive renewable energy potentials more
quickly  than many power planners predict.

'
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~-The energy supply alternatives available to
regional power planners might be 'expanded con-
siderably if more attention were given to small
or decentralized applications. There may be a
tendency for power planners to concentrate :their
attention on traditional supply systems in which
large central station generating plants produce
i power for subsequent distribution to points of
E use. This tendency could obscure the potentials
of decentralized applications, such as solar
. water heating, home insulation, and recovery of
heat from industrial processes, -many of which
do not generate electricity but displace it at
the point of use. Our analyses and review work
suggest that the region might benefit if 'small
or decentralized -applications recelved more
empha51s in power planning.

RECOMMENDATIONS

Updated and strengthened leadership is needed to help
the Pacific Northwest develop a comprehensive regional plan
and program for electricity management.  ~“Because of the
resoutrces, experience, and inplace expertise represented by
BPA, we believe that the Congress should use BPA as a
cornerstone in building' an updated Federal presence in the
region, Such a reconstituted Federal presence need not and
should not preempt those institutions, both public and
private, which have served the reglon SOseffectlvely over
the past 40 years. S

-We believe that Federal leadership should build on the
coordination and cooperation which have long characterized
regional utility operations., . -Where changes in the behavior -
of institutions outside the Federal framework are .necessary
to help the region meet new-energy priorities, they should
be encouraged by new incentives which encourage initiative
and self-direction. We. are recommending- that the Congress:

~-Relieve BPA of its charter responsibility for
encouraging the widest possible use of electricity
and instead charge the agency ‘with regionwide .
responsibility for (1)} leading the development of
electricity management plans and programs, (2)
encouraging conservation and the most efficient
use of energy, and (3) assuring adequate public
involvement in energy planning and policymaking.



-—-Charge BPA with a long-term objective of working
with the institutions and citizens of the Pacific
Northwest to achieve electrical self-sufficiency
through energy conservation and use of renewable
energy. resources-—i.,e., a return to the electrical
self-sufficiency which existed in the reglon
until the 1970s.

~--Direct- BPA tO continue to market Federal hydropower
to preference -customers in accordance with existing
legislation. It would be inequitable to abruptly
discontinue deliveries of Federal power to preference
customers who have become so dependent on this supply
source. 1/

--Direct BPA, to develop and implement a plan for moving
the region toward pricing at replacement cost, en-
couraging conservation, and reducing the disparties in
regional power rates through the marketing of Federal
hydro-power. As a first step an annual surcharge could
be added to the price of Federal power in an amount
sufficient to bring the total price of hydropower,
prior to the year 2000, into parity with the average
cost of power produced in the region. The revenues
collected by BPA through this surcharge could. be used
to finance a loan and grant fund for regional conser-
vation programs and renewable energy projects. The
fund could be managed by BPA so as to return surcharge
revenues, in the form of loans and grants, to the
economic sectors paying the surcharge.

--Amend the Federal Columbia River Transmission System
Act (16 U.S.C. 838) to. permit BPA to use its bond
authority to obtain money needed in the loan and
grant fund for those early years when the surcharge
is not adequate to meet demands on the fund contingent
upon the surcharge on federal hydropower being suffi-
cient to repay all advances made under this authority
by no later than the year. 2000.

~-Until more information is avallable, av01d making
firm commitments in the near future to help finance
conventional thermal powerplants in the Pacific
Northwest. However, were it to become clear, given
more information, that load growth would be so high
as to require additional thermal generation, the
Congress could reconsider this issue.

l/The question of who should gqualify as a preference customer
is now being tested in the courts. The suit brought by the
city of Portland against BPA (see p. 5.13) should help de~
fine who these customers will be.
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--Direct the Secretary of Energy to take lead in estab-

. lishing a representative regional power-planning
board to exercise a regionwide perspective over elec-
tricity management and to advise the Secretary of
Energy; the Administrator of BPA; and the Governors
of Washington, Oregon, Idaho, and Montana on the
development of regional power plans and policies.

The regional power=-planning board should include
representatives of Federal agencies, State govern-

. ment, investor- and public-owned utilities, environ-
mental groups, industry, and energy consumers
generally, as well as presidential appointees, one
of whom would serve as chairperson. At the board's
request, BPA would conduct or contract for studies
and reports needed to test and validate demand
forecasts; review decisions involving the. selection
of new supply sources, including conservation; and
determine the adequacy of public participation in
energy plannlng and pollcymaklng.

--Direct BPA, working in conjunction with State energy
offices, regulatory bodies, and regional utilities
and industries, to develop by 1980--and update every
5 years thereafter--a forward-looking and comprehen-
sive electricity management plan for the region

-extending 25 years into the future and identifying
potentially important developments possible within
50 years. Such a plan should include 'specific
objectives, action plans, and target dates for
enhancing (1) conservation of electricity, (2)
development of renewable energy sources, {(3) in-
dustrial efficiency in electrical use, (4) tech-

. niques for reducing or mitigating the environmental
-.impacts of power plants and transmission facilities,
"and (5} public participation in energy planning and
policymaking. The comprehensive electricity manage-
ment plan should include contingency plans outlining
early warning systems and practical regional re-
sponses to such potential risks as fuel supply inter-
ruptions, unscheduled plant outages, transmission
line failures, or adverse conditions of water or
weather. Electricity management plans prepared by

- BPA should be submitted to the reg10na1 power—plannlng

- board for advice and comment and to ‘the Secretary ot
Energy for his concurrence. ’



—-Direct BPA to conduct or participate with other
Federal agencies in conducting the studies and tests
needed to assess more accurately regional potentials
for energy conservation and development of renewable
energy sources. Such studies should include for
both centralized and decentralized applications
(1) more thorough identification of regional sites
with high potential for wind energy development,

{2) reassessment of the region's untapped hydro-
electric potentials considering new hydro sites,
improvements of existing sites, and nonconventional
hydroelectric technologies, {3) evaluation of
potential for solar radiation applications, and

{(4) more thorough assessment of geothermal develop-
ment opportunities. At the conclusion of such
tests and studies, recommendations for energy
conservation or development programs should be made
through the regional power-planning board to the
Secretary of Energy.

-=Require BPA to prepare and publish annual financial
reports and to report annually to the people of the
Pacific Northwest region, the Congress, and the
President on progress and problems in 1mplement1ng
the reglonal electricity management plan.

AGENCY COMMENTS AND OUR EVALUATION

DOE states in its letter of May 11, 1978 (see app. XII),
that our report does an excellent job of assembling a
variety of data on the energy situation in the Pacific North-
west and should be useful to DOE, regional leaders, and the
Congress in understanding the various energy options and
developing those most appropriate to the region.

DOE believes, however, that the report should be limited
to a discussion of the.situation in the Pacific Northwest
and our conclusions, with no recommendations to the Congress
to recharter BPA. DOE believes it already has authority to
carry out most of our recommendations under the broad energy
mission given it through the passage of the Department of
Energy Organization Act (Public Law 95-91}.

We do not believe this is the case, however. BPA was
transferred to DOE from the Department of the Interior to
operate under the same legislative charter it had been
operating under. Even if Public Law 95-91 in some way
modified the BPA Act, no delegations: have been made to the
BPA Administrator to implement and carry out the scope of our
recommendations nor are they being carried ocut. Further, we
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feel there are issues discussed in our report, such as
Federal power allocations and pricing alternatives, which
the DOE act could not resolve. Legislation has already
been introduced that would impact on BPA's charter.
Therefore, to make BPA's charter specifically clear, we
feel a new BPA charter should be established by legislation
along the lines we recommend.

Several of DOE's comments are addressed to the impacts
of pricing electric energy at replacement prices. DOE
believes the report understates the economic and social
consequences of such a policy on low-income groups, direct
service industries, and. the region's economy.

Each of our policy sets was designed so that regional
employment and regional economic output would not be dis-
rupted; regardless of the pricing method. Each policy set
gives a description of the anticipated regional economic
picture under each set of policies. For example, the
direct service industries, or aluminum companies, are con-
sidered by many as economically essential to the Pacific
Northwest. For this reason we contracted with Charles River
Associates, Inc., to study the impacts of electricity prices
on this industry. CRA assumed electricity rates up to
25 mills per kilowatt—-hour for the aluminum industry in the
Pacific Northwest. On the basis of these rates, plant
salvage values, transportation costs, and costs of electric-
ity in other regions (domestically and foreign}, CRA con-
cluded the companies most likely would modernize, become
more energy efficient, and remain in the Northwest.

Because of this we assumed the aluminum industry would re-
main in the Northwest and make its anticipated contribution
to the regional economy.

Concerning the impacts of replacement prices on
low-income households, we agree that replacement prices can
cause hardship if conservation programs are not implemented
at the same time, The intermediate and renewable/transition
policy sets, however, with emphasis on conservation, could
reduce these hardships. As the intermediate policy set
points out, subsidies or other inducements could be in--
creased for low-income households, which could be very
effective in gaining conservation participation and further
the general public policy goal of improving the living level
for this strata of society. This could be done through
purchase and installation of items to increase thermal
efficiency in low-income residences and publicly supported
housing projects, '
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As we recognize. in the report, an abrupt move to
replacement cost pricing would be strongly resisted.. For
this reason, we recommend a gradual move to replacement ._
pricing. .As figure 6.3 shows, average -cost would be very
near the replacement cost range by the:-year 2000 if the
thermal policy set were followed. and a high growth occurred.
There is no guarantee hardship . or economic consequences
would not occur under these circumstances also. :

Another concern of DOE is that the policy options do
not satisfactorily consider the importance of providing a
reliable power supply sufficient to meet demand. It points
out that analysis and selection of any strategqgy is in-
fluenced by (1) the availability of the technology to
deliver power proposed by the strategy and (2) the
reliability of the power source.

We agree that responsibility of providing a reliable
" power supply is important to strategy analysis and
selection and that operating a power grid is made more
complex by introducing new technologies or technologies
not frequently used. Integrating new technologies into a
reliable electric supply system is an area that will
require planning and design. Questions will have to be
answered from an engineering and economic point of view.

We see the Federal Columbia River Power System
providing an excellent opportunity to blend new technologies
into an existing system, and the most direct way to do this
would be to expand BPA's charter as an electric demonstration
agency to show the technical and economic feasibility of
implementing new technologies.

Regardless of the policy option, questions arise con-
cerning reliability. For this reason appendix 1X offers a
discussion of the risk and impact of shortfall or excess
capacity under each policy option. For example, the thermal/
traditional policy set raises questions about meeting
demand, although it would use what is considered known
technologies. This policy set would require more capital
investment than the other policy sets and could pose a
problem of capital availability through the financial markets.
This policy set would also depend on thermal power as a major
supply source. As the report points out, there are still un-
certainties about nuclear power, such as disposal of radio-
active materials, decommissioning, and concern over pre-
vention of major accidents or those caused by sabotage, which
have resulted in some public opposition. Such opposition
could impact on the future limits to nuclear power in
providing a reliable source of meeting demand.
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Although the intermediate and renewable/transition
policy sets would use alternative supply forms for meeting.
demand, these forms would not become a major factor until
the .1990s. Conservation, along with plants now under
construction and licensed which will come on line, will be
- the major source of new supply until then. Other sources

coming on line in the 1980s are minimal but include mostly

hydro/ and biomass/cogeneration which have proven
technologies. ' ' ’



APPENDIX I APPENDIX I

THE THERMAL/TRADITIONAL POLICY SET

INTRODUCTION

The objective of the thermal/traditional ‘policy set is
to examine the consequences of a continuation of past prac-
tices and traditional institutional arrangements for supply-
ing electricity to consumers in the Pacific Northwest,
Energy conservation brought about by deliberate policy, or
even by voluntary adoption in the absence of new policy, is
not included. Traditional energy resources (i.e., coal,
uranium, hydropower, and oil- or gas-fired combustion
turblnes) are assumed to provide all the electr1c1ty used
in the region. .

The growth in population and income among people and
businesses in the regyion is assumed to be basically the
same in this policy set as it would be in the other two.
Past practices of maintaining a favorable business climate
for high electricity use (energy intensive) industries
would be preserved, and these industries would yrow sub-
stantially through the rest of the century. The tradi-
tional regional practice of averaging high-cost thermal
electricity with low-cost hydropower to establish an
average cost price for electricity would be -continued.
"Coal-fired and nuclear generating units would be used to
meet most demand growth.

The traditional policy set does not represent pre—
sent trends in the electric utility industry in the
Pacific Northwest. That is not its objective, It is a
continuation of utility operations established during the
1950s and 1960s, when electricity was plentiful and
cheap, into the present and future when supply conditions
are greatly changed. Deviations from the conditions of
the traditional policy set can be expected to occur as a
result of changing public attitudes and Federal and State
policies already active at the present time. ‘

SUMMARY OF  ADVANTAGES AND DISADVANTAGES

The principal advantage of the traditional policy set
is that it would avoid experimentation. with unproven tech-
nologies and institutions. Under this policy set electricity
would be supplied to consumers through well-established
institutions using conventional generating technologies.
Coal and uranium are resources in plentiful supply domesti-
cally so that there would be no concern about electricity
supply interruptions in the region either because of resource
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exhaustion or foreign embargoes. The current economic base
or industrial mix of -the region would be preserved to the
maximum possible extent. Government intervention would be
minimized, although some actions would be necessary to en-
sure equitable distribution of Federal hydropower,

The principal disadvantage of the traditional policy
set is that it would fail .in several respects to respond to
_the recent increases in electricity supply costs in the
region. Under average cost pricing, the prices paid by
consumers for new electricity supplies are below the cost
of providing them. Furthermore, there are no efforts to
bring to people's attention opportunities to save money
as well as electricity through the adoption of energy con-
servation measures or to develop new sources of supply
that can eventually supplant the current types of thermal
plants with renewable socurces that are environmentally
more benign. ' '

LOADS AND RESOURCES

The region's basic load in the traditional policy set
is shown in figures 1.l and 1.2 for the high-growth and
moderate-growth cases, respectively. 1In the high-growth
case, the load growth would. average 4.8 percent annually
during the 23-year period from 1977 to 2000 and the firm
energy used would grow from 15.2 thousand to 44.9 thousand
average annual megawatts. In the moderate-growth case,
the average annual load growth would be only 2.7 percent
and the firm energy used in the year 2000 would be 28.1
thousand average annual megawatts. In the moderate case,
the load would be insufficient in the early years to
absorb all the generation existing or under construction.,
These growth rates compare with the region's histotrical
growth rate of . 7.2 percent through 1973,

. The electricity supply in the traditional policy set
would come entirely from conventional hydroelectric, coal-
fired, nuclear, combustion turbine, and miscellaneous
small thermal plants. With high~-load growth, all plants
already scheduled for construction plus others not yet
planned would be required. With moderate-load growth,
completion of plants on schedule would produce surplus
capability in 1985 and 1995 and some construction schedules
could be delayed; however, additional thermal-plants beyond
those presently planned would be required by the year 2000,
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FIGURE L1
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FIGURE 1.2

THERMAL/TRADITIONAL POLICY SET
'MODERATE GROWTH (2.7 PERCENT)
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POLICY MECHANISMS AND INFRASTRUCTURE,

The traditional policy set does not include new
policies to encourage either energy conservation or renewable
energy supply systems. New policies are limited to realloca~'
tion of the low-cost Federal hydropower among publicly owned

utilities, privately owned ut111t1es, and large industrial
consumers.

The regionwide treatment of electric supply issues does
not bring out distributional effects of unequal electricity
prices in different areas within the region. The overall
regional economy is primarily determined by regionwide’
average, prices to different classes of customers and is
affected little by geographical price differences. However,
these price differences generate intense resentment among
those who pay higher prices, and they are the subject of
two bills before the Congress. These legislative proposals
are basically concerned with questions. of equity under
conditions where there is no agreéement on what is equitable.
Proposals for resolving this problem are discussed in
chapter 7 of this report.

LIFESTYLE -UNDER THE TRADITIONAL POLICY SET

Regional perspective

The traditional policy set would continue regional
growth patterns that are already well established. The
region's natural resources, timber, farmland, hydropower,'
~minerals, and recreation areas, have been the basic
ingredients for resource industries and related service
industries. Strategic location with respect to Asian
markets and early establishment :of certain high technology
industriEs, notably the aircraft and metallurglcal industries,
have led to other growth situations.

Some resources, especially timber and hydropower, are
now approaching their development limits, and this would
have some effect on growth in related industries; but in
other industries, growth would continue at rates at least
equal to those of the. recent past. The aluminum-smelting
industry and other large electricity users would continue to
. take all the electrical energy made available to them be-
cause, under average cost pricing, it would still be a
great bargain.

On the whole, employment and economic output would ,
continue to grow in this policy set in almost the same way
it would under either of the other two. Immigration would
add to the natural population increase as outsiders moved
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in to take advantage of attractive living conditions and
expanding employment opportunities.

Individual Eerspectihe

Lifestyles of Northwest residents living under the
traditional policy. set would be very similar to lifestyles
under the other two policy sets. This similarity, which
may seem surprising at first, arises from three circumstances
assumed for our analyses. The. first is that electricity
would continue to be available in all three policy sets to
consumers at costs that did not represent more than a very
small percentage of their 1ncomes. The second is that in
all three policy sets, real incomes would rise dramatically
through the rest of the century and future l1festyles would
be determined primarily by the uses of the added income,
which would not be closely related to electricity use. The
third is that electricity production and use would have
very minor impacts on the lives of most people so that,
although the 1mpacts might- differ among pollcy sets, they
would be small in all cases.

Nevertheless, there would be small differences in
lifestyle among policy sets for most people and large
differences for a few people. In terms of today's dollars,
residential customers. in the year 2000 would pay between
1.1 and 1.7 cents per kilowatt-hour more for electricity
than they do today, an increase of 90 to 140 percent. As
a result, electricity would cost a Northwest family from
$100 to $500 more per year depending on usage. On the
other hand, assuming - that past trends cont1nued, the
average family would have about $10,000 more income per
year (in 1976 dollars) to use for additional goods and
services, . '

The trad1t1onal'pol1cy set- would include some changes in
people's perceptions about the safety, stability, and
healthfulness of the environment -in which they lived.

Among the three_pol1cy sets, .the traditional policy set
would have the greatest commitment to nuclear power. By
the year 2000, under the high-growth forecast, there could
be between 15 and 20 nuclear power units 1/ operatlng in

1/Assuming that coal-fired generating units would have a
500-megawatt capac1ty and operate at 70 percent of
capacity, while nuclear units would have a 1,250-megawatt

capacity and operate at 64 percent 'of capacity.
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the region. The effects that these plants would have are
very uncertain. If current fears about accidents, fuel
storage, plant decommissioning, and nuclear blackmail
proved to be correct, concern. would be widespread. On

the other hand, if the future record did not include

major disasters and is, in fact, no worse than the national
record of the past 20 years, tension about this technology
might subside. At present, it does not concern most people.

.The other wajor thermal plants in the region would be
coal-fired plants. Under the traditional policy set by the
year 2000, there could be as many at 40 coal-fired units 1/
serving the Northwest, some located in the region and others
in the major Rocky Mountain coalfields. Each would produce
air pollution that would be noticeable at times to people
in the vicinity out to a distance of several miles. The
damage done by coal plants in the traditional thermal pol-
icy set would be somewhat greater than the same type of damage
in the other policy sets, especially with respect to the vol-
umes of coal ash and sludge to be disposed. of. The hydroelec-
tric component of the regional electricity supply would pro-
duce fluctuations in river flows that would be increasing as
hydropower was used more to meet load peaks. The changing
flows would reduce the utilization of some portions of the
rivers for recreational purposes and might have increasingly
adverse effects on salmon runs. These effects would be
shared by all policy sets, but they would be largest in the
traditional policy set.

IMPACTS OF THE POLICY SET

Power system costs

The total annual costs of electric energy in the region
under the traditional policy set are shown in figure I.3 for
both the moderate— and high-growth cases. Costs include not
only annual cost of capital, fuel, and operating costs of.
the powerplants, but also transmission and distribution
costs. Average costs per kilowatt-hour in the region are
also shown on the figure; however, it should be noted that
costs differ considerably from one utility to another.

1/Assuming that coal-fired generating units would have a
500-megawatt capacity and operate at 70 percent of
capacity, while nuclear units would have a 1,250-megawatt
capacity and operate at 64 percent of capacity.
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FIGURE 13-
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High growth

Annual electricity costs to the region in the year 2000
would be higher by more than $2.8 billion under the tradi-
tional policy set-than under the others. (See tables. IV.3a,
B, and C.) This is an increase of 35 percent. The cost in
mills per kilowatt-hour in the year 2000, excluding conserva-
tion cost, would be 29.8 for the traditional policy set,-

26.8 for the intermediate policy set, and 24.4 for the renew-
able policy set. (See table IV.3.)

Moderate growth

The moderate-growth cost comparisons are qualitatively
similar to the high-growth case. Total additional costs for
the traditional policy set over the other two would amount
to at least $1.7 billion annually by the year 2000.. (See
tables IV.3A, B, and C.) Unit costs in mills per kilowatt-
hour in the year 2000 for each policy set, again excluding
conservation costs, would be 23.7 for the traditional policy
set, 19 for the intermediate, and 15.6 for the renewable.
(See table IV 4,) .

Environmental impacts

Moderate growth

During the rest of the century, several coal-fired
powerplants would be built within the Pacific Northwest it-
self and additional plants serving the region would be
located in eastern Montana, Utah, and Wyoming. ' The.plants
in the region are expected to be widely separated, so that
while each would have its own impact, there would not be
much overlap between plants. The local damayge done by the
plants, primarily through air pollution, would be small
assuming that the best available sulfur and particulate
controls were employed. These plants-would make a con-
tribution to global carbon dioxide levels and heat b&lance
problems, but the importance of" these effects is not yet
known. Nuclear power would remain a fairly small component
of the total supply system, and assuminy there were no major
catastrophes, the impacts of this technology should: be
moderate. The effects of hydroelectric operations on
recreation and on fish and wildlife would be somewhat
greater than they are at the present . time:because of peak
power fluctuations that would be.met’ with' the hydroelectric -
component. There would not be any effects from solar, wind,
or biomass/cogeneration because they would not be used in
this policy set. T ‘ ’

[
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This policy set is consistent with national policies
for preservation of environmmental quality, provided that
cocal plants employed the best available contreol technology
for sulfur and particulates and assuming that sludge dis-
posal did not become a problem. If the best available
technology were not.employed, there might be a gquestion
about whether large multiunit coal .plants 1/ were con-
sistent with the policy of preventing significant deteriora-
tion of air quality for short-time fluctuations (24-hour
maximums). The limited construction of light water reactors
is consistent with the National Energy Plan, which calls
for recognizing hazards and risks and reducing them to
relatively low levels. The regional plan calling for in-
Creased use of the hydroelectric system for peaking is not
consistent with the principle of preserving environmental
quality, although it is consistent with national energy
principles.

High growth

The emissions of air pollutants, especially nitrogen
oxides, from the many coal-fired powerplants would be
come comparable to emissions from all other end uses of
energy in the region by the end of the century. However,
the remote locations and high stacks at the plants would
reduce the effects of the emissions on health and property
to values far below those produced by other pollutant
emissions. Nuclear power would become a major component
of electricity supply by the end of the century. As a
result, the region would experience fully the uncertainty
‘and resistance to development of this new technology.

Whether any noticeable env1ronmental effects resulted
from the plants would depend on the success of radiocactive
storage facilities and decommissioning procedures; the
prevention of major accidents or those caused by sabotage;
and the control of weapons grade materials. All these
matters are currently very uncertain. ‘

Equally unclear is whether police powers, extended to
control critical nuclear materials, would be noticeably
restrictive and obtrusive. At some locations the effects
of operation of the hydroelectrlc system on recreation and
on fish and w1ld11fe would _be much more pronounced than

1/It is customary. to cluster generatlng units in mult1un1t
plants. Nuclear plants typically contain one to two units
and coal plants one to four units.
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they are at present because of the peak power fluctuations
that would be met by hydropower. There would of course be
'no effects of solar, wind, or biomass/cogeneration in this’
policy set. With the best available control technology,

the coal plants are consistent with the national principle

of environmental protection. ‘However, the peaking operatlons
of the hydroelectric system are not consistent w1th this
principle.

Equity: - B T Ly
. . ' b . "?f'; -]L,,_ .

The two equ1ty issues in the traditional policy:set
would relate to the pr1c1ng of -electricity. One would be
the strong variation of price, 'with geograph1cal location
depending on the type of utility serving each area. Publicly
owned utilities ' are preferred customers for "low-cost Federal
hydropower, according to law. As a result, electricity-
prices to consumers in areas served by publicly owned
utilities would tend to be lower than those in areas served
by investor-owned utilities. From the viewpoint of the
individual consumer, the price differences would be inequita-
ble. But there is a commohly used-justification for the
public power preference‘position-based'on the channeling
of benefits from publicly financed projects to nonprofit
organizations. The argument ‘does not apply to the direct
sales of low-cost power to 1ndustr1es (dlrect serv1ce '
customers).

The second equity issue’'would arise from the common
utilfty-practice of averaging low-cost hydropowér with
expensive thermal power and using the resulting supply
cost, together with the cost of distribution to different
classes of customers,-as the basis for prices. As a -
consequence of this 'practice, the'charges made-for
electricity purchased by new customers or for ‘additional
purchases by old customers would be below the costs in-
curred to provide the new service. - The difference ‘in ’
cost would be paid by all users ‘in’'the cost:averaging
area.

. . '1 . B £ R

The - net effect would be that costs of new or 1ncreased
electricity demands would not be borne entlrely by usersy
but* would be spread mostly to rall ‘contifuing users--an
inequitable allocation. 'This ‘effect was limited in times
when inexpensive hydropower was available to supply all
existing and new demand, and thus there was. little ineguity
in the past. However, by continuing this average cost
policy into the era of expenslve“thermal power, the -
traditional policy 'set would -ignore an’ 1nequ1ty that would
likely become increasingly bothersome.

I ‘.”1“1
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Regional economy and employment

Changes in the regional economy and employment that
occurred under the traditional policy set would, on the whole,
follow past trends, The aluminum industry would continue to
receive favorable rates and would grow to the extent that pow-
er was made available, but the overall effect of this growth
on employment and regional income would be small., Other in-
dustries would grow at rates that were not very dependent on
electricity prices, and the growth would, therefore, be very
similar to that expected under the other two policy sets.

There would possibly be some shifts in the locations of
industries because of the sharp discontinuities in electric-
ity prices across the boundaries of utility service areas.
Thus an industry served by an investor—-owned utility and
paying high electricity costs in an area adjacent to the
service area of a publicly owned utility offering much lower
rates might decide to move, but such cases would be rare.
Most industries are located where they are for reasons quite
separate from the local cost of electricity, such as access
to raw materials, transportation routes, a skilled labor
force, and associated suppliers. Only the very heaviest
users of electricity would be likely to find potential
rate savings large enough to offset othcr location~-related
factors.

Risk and impact of shortfall or idle capacity

The traditional policy set would be very comparable to
the other two so far as risks of shortfall or idle capacity
were concerned. In all three policy sets, risks and un-
certainties would exist to a degree that depended on the
nature of the supply system and on the uncertain aspects
of demand. T

The conseguences of relatively long term shortfall or
idle capacity would likewise be comparable to those for the
other policy sets, Shortfalls would bring restrictions on
growth, higher prices, and rationing. Idle capacity would
mean unnecessary cost burdens and promotional activity to
increase sales.
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INTERMEDIATE POLICY SET

INTRODUCTION

The objective of the intermediate policy set would be
to achieve as muCh energy conservation as possible without
interfering with economic growth, profitability of business,
improvements in the standard of living, and individual
freedom of choice. A change in lifestyle is not intended.
The intention would be to confine adjustments to those which
reduced the energy required to deliver goods, services, and
a comfortable standard of living. A strong test of profit-
ability would be applied to conservation measures, so that
whatever conservation was brought into the plan would enhance
rather than retard overall economic progress. The policies
considered should be economically beneficial to all parties
and minimize interference with individual freedom of choice
in personal consumption and industrial production processes.

Lifestyle under the intermediate policy set would not be
greatly different from what it would be under continued
growth in electricity use at rates similar to those that have
prevailed in the past. People would continue to enjoy an
increasing standard of living, incdluding more living space
per person and more home appliances per household. Industry
would continue tO© grow in order to supply those expanded
demands. Energy efficiency in homes, commercial buildings,
and factories would increase considerably.

In the intermediate policy set, conservation and
improvements in energy efficiency would be brought about
by a number of specific actions. Improved weatherization
and insulation would be installed in a majority of the
existing homes that now lack it and in virtually all new
residences. More efficient appliances would be adopted,
and the rush to more and bigger appliances of the 1960s
would not be’resumed. Commercial and public buildings
would also have improved energy efficiency, especially in
new structures. Industry would achieve better efficiency
through a general tightening up of energy management plus
some gradual conversion of the most electricity intensive
industries to more efficient processes. ' Overall, conserva-
tion would be reducing the total electric load in the year
2000 to about 80 percent of the amount projected.

The increased energy efficiency in the intermediate
policy set would be brought about by relatively painless
actions, such as providing information about conservation
opportunities, helping to arrange financing for conservation

11.1
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investments, and providing incentive payments to those who
did conserve., The working of the conservation program it-
self would ' not cause any shocking changes 'in the accustomed
way of doing business. . Program costs plus customer costs
of conservation would be considerably less than the savings
realized due to tapering off of growth in power demand.

SUMMARY dF ADVANTAGES AND DISADVANTAGES

The outstanding advantage of the intermediate policy
set would be that it would achieve considerable electricity
savings throughout the Pacific Northwest, without requiring
that people in the region accept harsh regulations re-
stricting their use of electricity or that they pay sharply
higher prices for it. The savings would be achieved without
sacrifice through inducements that offered monetary savings -
to those who conserved electricity. To legislators the
advantages of the approach are that they would not need to
support unpopular new legislation, that economic growth in
the reglon would be unaffected, and yet that they would be
supporting national objectives of energy conservation and
use of renewable resources. Furthermore, the electricity
supply would rely on domestic energy resources so that
supply interruptions would be unlikely.

The principal disadvantage of the.intermediate policy
set would be that it would not price electricity at its
replacement cost and, therefore, would not encourage con-
servation and enerqgy efficiency. The average cost pricing
policy retained is directly contrary to several basic '
principles, including the national principle of energy
conservation, the general economic principle that price
should equal marginal cost of supply, and the equity prin-
ciple that the user should pay for goods and services
received. These are very serious policy defects, but by
acceptlng them pollcymakers would avoid the necessity of
imposing electricity price increases that would be
unpopular with many consumers.

LOADS AND RESOURCES

The region's basic load in the intermediate policy set
would be the same as it. would be in the other policy sets
except for the effects of conservation. 1In this policy set
it is assumed that modest conservation efforts at residences,
commercial establishments, and industries would provide
some load reductions beginning in 1980. By the year 2000
these would amount to about 22 percent of forecast demand.
The uncertainty in load growth between high and moderate
covers a broad range. In the moderate-growth case, the

I1.2
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load would be insufficient in the early years to absorb all"
the generation existing or under construction. However, by
the year 2000, additional new plants would be needed.
Figures I1I.1 and I1.2 show the total loads in.the high- and
moderate—-growth cases along with the components of supply
that would be used to meet them.

The supplies would come from a variety of sources.
Hydropower would make up most of the total early in the
time period but would have little growth potential. Con-
ventional thermal powerplants, i.e., coal and nuclear,
would supply most of the growth.  : . )

Renewable resources other than conventional hydropower
would contribute only token amounts to the supply but
would demonstrate the new technologies on a commercial
scale. The resources assumed for this policy set were mostly
central station units, although about one-third of the wind
and solar generation was considered to be decentrallzed,
i.e., located at the lgcad. :

With high-load growth, conventional -resources beyond
those already scheduled would be required in years 1995
and 2000, but on the other hand it would be possible to
delay some scheduled nuclear plants not having construction
permits and still meet the 1985 and 1990 loads.  With
moderate-load growth no additiconal conventional resources
beyond those already scheduled would be required through
the year 2000. 1In fact; about five of the scheduled
nuclear plants could be delayed beyond the .year 2000, and
even with coal-fired and nuclear -plants delayed to a maximum,
there would -be unused capability above that needed for
energy reserves in 1980 through 1990.

POLICY MECHANISMS AND INFRASTRUCTURE

Introduction

The intermediate policy set would use economically
attractive policies to bring about adoption of conservation
measures and renewable energy supply systems. Policies
would fall into two general categories, a broad information
program to inform people fully of :the opportunities available’
to them and a set of incentives designed 'to induce people
to adopt measures that actually would benefit them
economically but that they mlght be unable or unw1111ng to
adopt spontaneously. ‘ .

II.3:
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“FIGURE II.1
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" FIGUREIIL2
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Policy mechanisms

Information program: The information program would
focus on inducing households, commercial and manufacturing
establishments, communities, and electric utilities to
adopt the following measures: '

Residential:

Lower thermostats

Retrofit homes with 1nsulat10n, etc,
Use heat-conserving construction
Reduce energy use in appliances
Improve heating systenms

Commercials

Improve ventilation and lighting

Lower thermostats

Retrofit existing buildings :
Make new construction energy efficient

Industrial:

Institute recycling programs
Improve housekeeping

Communities:
Improve urban design
Utilities:
Introduce renewable electricity-sﬁpply syétems

The information program should, of course, bring out
the advantages of adopting the measures above. The two
principal advantages would be the money savings that would
be expected and the greater independence from external
fossil fuel sources that would be achieved. In the past,
information programs alone have not proved effective,
However, if the information could be combined with incentives
for adoption, the combination might be particularly effec-
tive. Incentives are described later in this section.

It also would be important to contact potential conservers
on an individual and personal basis. A notice accompanying
the monthly utility bill is an example of a communication
of this kind. Finally, it would be particularly effective
if a social behavior norm of conservation and renewable
energy development could be established which would-bring

11.6"
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on community pressure for conformance to energy—eff1c1ent
practices.

rThe'sbecific-elementsiof an energy ihformation'program
would include at least the .following: -

l.

10.

11.

General public energy information program through
media, demonstrations, etc., to provide knowledge
and increased understanding of energy issues,

Energy education materials and teacher-training
sessions for grades kindergarten through 12, plus
vocational training. TSI

Information materials, training sessions, and
demonstration projects for builders, construction
workers, equipment retailers and installers,
building and equipment operators, -and maintenance
personnel.

Seminars .and workshops for.architects, engineers,
contractors, real estate and financial agents,
building owners and managers, and regional planners.

General and process—specific information :and
workshops geared to specific. industries, -especially
smaller firms.

Partial subsidization of training and salary of
energy-efficiency specialists in schools, State
and local governments, etc.

Energy information clearinghouse and library,
point of access to-national information sources
and dlrectory of helpful agenc1es and individuals.

Energy audit. program for- re51dences, publlc
buildings, and commercial ‘buildings.with: infor-
mation:on probable life; cycle cost effectiveness
of p0551ble conservation measures,

Energy—eff1c1ency labellng of all residences

-offered for sale or for rent.

Energy—-efficiency labeling of -home appliances
and most common commercial. or - 1ndustr1a1 equlpment.

"Adaptive" research to develop approaches to
‘energy conservation .and alternative ‘energy .sources

that are suitable for Pacific Northwest conditions.

II.7
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12. Energy policy analysis and administration of
conservation programs.

- The general magnitude of such an information program is
indicated by suggested funding levels shown in table II.1,
The funding levels indicate average program costs during the
period 1980-90 of $18 million per year,. expressed in 1976
price levels. This level applies to the three Pacific
Northwest States and to all energy sources. Approximately
one-third of these costs mlght be ‘allocable to electricity

conservation.

II.8
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Table 1I1.1

" Energy Information Program, Suggested Average Annual Funding Level

Pacific Northwest, 1980-90

Total Federal - State Local Electric
cost Government government government utility Private
————- =======(000 Omitted)======mmmmmmmmm e
General information $'z,soq‘ $1,000 $ 900 s - $ 300 § 300
Energy education 500 100 300 100 = -
Worker training 1,600 C - 400 - '20bT ’ .'i,hoo
. Designer seminars 800 200 - 200 - 260 200
" Industry workshops 800 200 200 - 200 200
Energy specialists 800 100 200 - . < - o 500
Clearinghouse . 500 200 300 - - -
Energy audits 5,000 - 4,000 .. - 1,000' -
Residential labeling 1,000 - 500 500 - -
Appliance labeling ’ 500 - - - 100 400
Adaptive research 2,000 1,000 500 - 500 -
Policy analysis and - :
‘program administration 2,000 - 1,500 = 500 -
Totals $18,000 $2,800 $9,000 $600 53,090‘ $2,600

IT XIgN2ddv

1T XIAN3dd¥



APPENDIX II APPENDIX II

A possible division of costs among responsible agencies
is also shown in table II.l. 'This is only one of many ways
in which resources might be-provided for a broad energy in-
formation program. Federal grants and cost sharing would
likely provide a significant fraction of the funds for the
programs of ‘non-Federal entltlES.'” -

Incentive program: The 1ncent1ve ‘Program would utilize

direct subsidies or rebates, low-interest guaranteed loans,
tax relief, and price adjustments- to eéncourage businesses‘and
households to adopt energy conservation measures, The inter-
mediate policy set visualizes the following specific measures
would be adopted before 1980 and remain 1n effect from then
until 2000.

1.

An incomé tax credit: (or direct rebate if no tax
were due)} equal to 20 percent of the costs of in-
sulation and weatherlzatlon of existing dwelling
units. Lo

Government purchase, installation, and demonstration
of solar space- and water-heating systems for
schools, public bulldlngs, publicly supported hous-
ing projects, etc.

Government waste collection and recycllng systems,
including systems to-‘Use burnable waste as b01ler
fuel.

_ Government sub51d1es ‘for experimental and innovative

installations to reduce energy consumptlon 1n
industry. :

. Low-interest loans, with the publlc sector absorb-

ing the costs of guaranteelng répayment and
difference between interest charged and the ‘required
yield to cover lender costs. These loans would be
available for retrofitting existing 'dwellings and-
commercial buildings, improving residential heating
systems (either conventional or unconventional), "and
developing total ‘energy systems and dlstrlct

heating or‘recycling: systems.j

Tax rellef int “the form.of an exemption from sales:
tax on energy-conserv1ng items and exemption from
increased property taxes for homes and commercial-
buildings that add energy-conserving features or
alternative energy systems.

e
,!,.
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7. Reduced business taxes to commercial and -industrial
plants that install energy-conserving devices that
are of marginal or questicnable profltablllty to
the firm.

Incentive programs are potentially more expensive than
even a broad-based information program, Costs depend upon
- the rate of subsidization and on the response to the program.
Some estimates for the programs envisioned in the inter-
mediate policy sets are given in table II.2.

Table II.2

Total Costs of Incentive Programs for Adopters
of Energy Conservatlon Measures
Pacific Northwest, 1980-2000 (note a)

‘Total regional program Possible

Maximum . + Possible Subsidy for
amount’ , subsidy conserving
involved Rate Amount electricity
(000,000 (percent) (000,000
~omitted) A -omitted)
Rebate on residential : | ' .
weatherization - $1,200 20 - §240 $75
Subsidized solar ' .
buildings _ : 300 80 240 40
Subsidized recycling
and waste burning 300 50 150 45
Subsidized industrial’ :
conservation 300 50 150 50
Low-interest loans 6,000 . 4 240 80
Tax relief: '
Sales . .. 6,000 4 . 240 : 80
Property 2,000 o 1l/yrx. 400 100
Tax concession L 6,000 . 1l/yr. 1,200 -
Total . $22,100 © . $2,860 $470

a/In constant ‘1976 dollars.
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Decision rule changes

The policy changes suggested for the intermediate policy
set would require rule changes of three general types: (1)
State and local governments and utilities would need to
allocate much more emphasis and resources to energy informa-~
tion and education programs, {2) State governments and
utilities would need to inaugurate programs for financing
investments that produce energy savings, and (3) rate
structures would need to be adjusted to eliminate incentives
that bias customers®’ choices toward energy consumption
rather than conservation.

‘Agencies and programs for energy information, education,
and conservation already exist in each of the State govern-
ments, the Bonneville Power Administration, and the- larger
electric utilities. However, the intermediate policy set
visualizes a much broader and more intense program than now
exists. The decision change needed would be to allocate
more funding and more top level management support to the
overall program of energy conservation education and in-
formation dissemination, The emergence of energy conserva-
tion programs from nearly nothing in less than 4 years
gives some grounds for hoping that these programs would
continue to grow under eXisting authorities. However, the
relative slowness of that growth to date gives reason to
fear that the programs would lag and perhaps never reach
the critical level required to bring about a conversion in
the basic public thinking about what is wise and proper in
energy use. :

The energy information activities that would be most
beneficially carried forward by the wtilities are the
provision of information directly to customers, such as
energy audits and individualized conservation plans. These
are also by far .the most expensive programs per. customer
served. Thus utilities would need encouragement and perhaps
some incentives or pressure to bring about enthusiastic
promotion of these services.

In the case of utilities, the existing incentive
structure does not provide the motivation to push customers
to conserve energy. For the most part, managers and
especially investor/owners of privately owned utilities
have been rewarded in proportion to the size of their energy
sales. Conservation tends to run counter to this tradition
.and will be pushed only out of a sense of social responsi-
bility or in response to pressures from citizen groups and
regulatory authorities. Providing citizens and regulators
increased power and ease of entry to the decisionmaking
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process would help to assure continued and expanded attention
to energy conservation as well as to energy supply. For
example, policy boards that included representatives of gen-
eral citizenry and environmental concerns might be establish-
ed and empowered to make decisions regarding the general
allocation between power production and conservation.

Special low-cost financing for energy conservation in-
vestments is needed to correct the incongruity that arises
when utilities use 'a cost for capital of 7 percent to
12 percent when evaluating power supply system additions,
whereas residential and business customers typically apply
rates from 10 percent to as much as 40 percent or 50 percent
when evaluating conservation measures. Since conservation
measures are, in effect, an alternate resource for balancing .
electricity loads and resources, they should be evaluated on
the same basis. One way to make these comparable is to pro-
vide flnanC1ng specifically for conservation investments at
terms equivalent to those that apply for 1nvestments in the
power supply system. . B :

Utllltles could have spe01al loan programs for financing
customers'. investments in. conservation.. --Authorization would
have to be :obtained from the appropriate -regulatory body,
i.e., the Congress, the State Public Utility Commission, or
a public council or commission. In addition, a structure
for handling this program would have to be set up within
the utility. ..-Provision would have to be made to retire the
loans through regular payments made out of the savings real-
ized in the form of reduced utility bills:-for customers. The
original loan fund might be provided from each utility's own
capital plus borrowing or from funds provided for that
particular purpose .by BPA.

‘State government and/or the Federal Government also
might establish a special program similar' to existing
programs for financing housing. -Such a program would work
through existing lending institutions, -quaranteeing repay-
ment in order to obtain a lower interest rate and low
downpayment requirement for loans made to finance specific
conservation investments. - As.with ‘the housing programs,
the 'loan guarantee program would also establish standards
for supplier/contractors, screen applications, and monitor
performance. An advantage of having utilities handle these
loans would be the existing regular business that they did
with customers.

No sweeping pricing policy changes are. envisioned. A

move to eliminate quantity discount prices is already under-
way. Under the intermediate .policy set, that move would be

11.13 ..



APPENDIX I1 APPENDIX I1I

extended until all decreasing block rates were eliminated.
Minimum bills tied to a quantity of energy use would also
be eliminated. Replacing both of these would be a greater
reliance on demand charges and service charges where there
were substantial fixed costs of service.

The end of very inexpensive and plentiful hydropower
also would bring an end to the justification for continuing
to supply low-priced energy to large industrial consumers.
In general, they would be forced to pay the market price
for power, which would be several times the rate now paid.
Special provision might be made to establish a conservation
‘pricing schedule for direct service industrial customers.
Under this schedule power would be supplied to the customers
at the lowest rate that could be justified under the
principle of average cost pricing. However, that low-cost
power would be available only up to an amount necessary to
supply their needs under the most energy efficient tech-
nology available. Additional power needed due to ineffic-
iencies of the firm's existing plant and equipment would
be available only at market price, without the benefit
of averaging in low-cost Federal hydropower.

An enerqgy surcharge would be levied on all use of
electricity. The surcharge would be kept relatively small--
perhaps 1 mill/kilowatt-hour. The proceeds, which would
exceed $150 million in 1980, would be used to help finance
various State and regional energy conservation programs. '

Infrastructure changes

There would be no wholesale reorganization of the
electricity supply system under the intermediate policy set.
However, some changes in authority and in relation between
entities would be necessary in order to implement new
peolicy measures and decision-rule changes.

Broadened charter for BPA and utilities: The need for
action to make conservation investments by households and
businesses as readily and cheaply available as are utility
investments in power supply system components could best be
handled by extending utilities' realm of authority and
responsibility to include conservation as well as power
supply. The charters of BPA and the utilities should be
expanded to explicitly include this new responsibility.
They should be empowered to lend money for conservation
activities, establish subsidiaries to engage in the busi-
ness (unsubsidized and.unrégulated) of supplying conserva-
tion services, and generally promote and facilitate
customers' efforts to conserve energy. Utility involvement
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in the conservation business would be desirable because it
would provide an opportunity for the utilities to' expand
their overall size and increase profits without increasing
their electricity sales. Some of the smaller utilities
would find it difficult to provide these additional
services on their own. Cooperative programs with other
atilities or with BPA ‘would be established to solve this
problem,

State requlatory authority extended to

publicly owned utilities: Some of the desired policy
changes would require regulatory pressure to bring about
their universal adoption. Elimination of declining block
- rates is a case in point. State public utility commissions
should have authority over at least rate structures and
conservation programs of these utilities, if not over the
entire scope of their activities.

Regional power-planning board: Decisions that have
regionwide significance, such as the overall rate of growth
in power supply capability, would be made the responsibility
of an officially constituted entity. This might be one
function of an expanded BPA or of a separate new regional
power—-planning board (RPPB). RPPB would be responsible for
(1) making projections of future power. demands, {(2) evaluat-
ing the need for systemwide reserves to cover contingencies,
such as low waterflows, unanticipated demand growth, peaking,
and unscheduled outages, (3) evaluating regional energy con-
servation policy alternatives, (4) evaluating unconventional
enerqgy sources, and (5) developing a plan for balancing
electricity supply and demand to the year 2000.

RPPB would subsume responsibilities that are now
diffused among BPA, State regulatory commissions, the
Pacific Northwest Utilities Conference Committee, the
Washington Public Power Supply System, and individual
utilities. 1Its main contribution would be to bring issues
with regionwide impact to open debate in a public forum.
RPPB would be responsible for protecting the broadest
general public interest. The public would. be represented
on RPPB, and public participation would be a.major con-
sideration in its deliberations.

1
-

LIFESTYLE UNDER THE INTERMEDIATE~POLICY*SET

Regional perspective

The Pacific Northwest lifestyle under the intermediate
policy set would be almost identical with a business-as-usual
approach with no attempt to encourage energy conservation.
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The energy conservation policies would be deliberately
selected to neither disrupt nor impose a burden on industry.
Therefore, employment and economic activity under the
intermediate policy set would be almost identical with

that which is projected under continuation of past trends.
Employment and economic growth would be governed by the
region's competitiveness as a location for industry and

. commerce. Factors such as availability of natural resources
(timber, farmland, minerals, recreation areas), strategic
location (Alaskan and Asian trade), or a fortuitous headstart
as in aerospace and nonferrous metals would be important
determinants of growth.

The only industry that might have its growth slowed by
the policies of this policy set would be primary aluminum
reduction. That industry accounts for such a large amount
of electric energy use and is so energy intensive per
employee or per dollar of value added in the region that
it is sensitive to energy costs and policies, These
. characteristics make it almost imperative that special
considerations be given to aluminum enerqgy policy. In the
intermediate policy set it is assumed that this would
lead to adoption of an intermediate pricing policy designed
to encourage plant modernization and increased plant
energy efficiency but not make it attractive for plants to
leave and go to higher cost areas.

On balance, the employment and economic growth projected
for the intermediate policy set would follow trends of the
past few years. The traditional resource-based industries
are expected to continue to grow. In addition, the economy
would show more involvement in services and in fabrication
of finished products, reflecting the general nationwide
trend in that direction, amplified by further maturing of
what was recently a frontier-type economy. The projections
anticipate that the region would have enough economic success
to help it attract an influx of migrants that would be well
above that experienced over any previous long period of time.

Individual perspective

Average citizens of the Pacific Northwest living
through the rest of this century under conditions of the
intermediate policy set would have lifestyles that would
be almost indistinguishable from those under the other two
policy sets. 1In.all three cases economic growth and rising
labor productivity are assumed to combine to give substan-—
tial increases in personal incomes. People would be buying
more goods and using more services,
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The income and consumption growth would be reflected in
higher consumption of some goods and services that have
particular significance for future growth of electricity
demands. Housing would continue to be upgraded into more
spacious units, mostly as existing older and generally
smaller homes were gradually replaced by the currently
typical ranch-style homes and garden apartments. Single-
family residences would continue to dominate. Many more
of these would be electrically heated, and air-conditioning
of residences would be nearly twice as prevalent as at the
present time. The proliferation of electrically powered"
appliances would continue with freezers, dishwashers,
stereos, and other appliances becoming virtually standard
fare for every home.

The energy conservation program visualized for the
intermediate policy set would affect the way in which some
of the goods and services were supplied but, for the most
part, the end result for the consumer would be indistinguish-
able from that which would be enjoyed without a conservation
program. In housing, two-thirds of the new units would be
fully insulated (6 to 12 in. in the ceiling, 3 to 12 in, in
walls, 6 inches under floors and double pane glass), and the
remainder would fall short in only marginal respects. Retro-
fitting of existing units would upgrade virtually all exist-
ing units to at least the point of insulation in the ceiling.
In addition, approximately one-half of the uninsulated walls
and underinsulated ceilings would be retrofitted. Consumers
would find their homes to be more comfortable as a
result of the improved insulation, even though thermostat
settings would be lowered in most homes to 68 degrees
Fahrenheit in daytime and 55 degrees Fahrenheit at night.

In aspects of everyday life outside the home, shoppers
would begin to notice some reductions in lighting levels in
‘retail stores as store operators adopted new lighting
standards., Ventilation reductions would also occur but
would be less obvious because they would be accompanied by
other regulations, especially smoking prohibitions, which
would reduce the level of ventilation required to eliminate
odor and pathogens. Similar changes would take place in
working conditions for other workers and for the employees
of manufacturing industries. Energy housekeeping would be
more evident, Employees would be asked to turn off lights
and machinery when they were not being used. Designs for
doors and windows woculd be changed, and their use would be
more carefully monitored.

More people would find attractive planned communities
where living quarters were in apartment buildings with their
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lower utility costs, convenient access to local commercial
areas, and reduced distance to work. Development of these
communities would be encouraged by governmental policies
that provided financial, zoning, and government service
incentives for them.

Several of these changes would be consequences of
rising electricity prices. In terms of today's dollars,.
residential customers in the year 2000 would pay between
0.4 and 1 cents per kilowatt-hour more than they do at
present, a price increase of 30 to 75 percent. However,
the increase in family income by 2000 compared with that
in 1977 would be at least as great percentagewise as the
price increase, so that a family would not have to spend
a greater proportion of its earnings to pay for the same
amount of electricity. The overall effect would be that
electricity would cost a family in the Northwest from
$50 to $400 more per year in 2000 than today depending on
usage, but the added cost would be only a small part of
the added income, about $10,000 per year (in 1976 dollars),
that the family had at its disposal. Lifestyle would be
influenced much more by the added income than by the
added electricity  cost, assuming a continuation of past
trends in the growth of per capita income.

Beyond the relatively small effect of increasing cost
of electricity on the material well-being of people in
the Northwest in the year 2000, there would be some
electricity-related changes in people's perceptions about
the safety, stability, and healthfulness of the environ-
ment in which they lived. The growth of nuclear power
would bring to some people increasing anxiety about
accidents, radioactive wastes, and diversion of nuclear
materials to terrorists or foreign countries. The extent
to which this concern would grow and persist through the
rest of this century is very uncertain. If such incidents
did occur with some regularity and with disastrous results,
then people would be greatly concerned as they would be
about an epidemic of a serious disease or about a war in
which the country was involved. On the other hand, if
there were no serious accidents, if waste storage facilities
were developed, and. if no nuclear extortion threats were
made, the concern about nuclear power could remain at
present levels or could even subside,.
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As a point of reference it can be noted that under con-
ditions of the intermediate policy set the number of nuclear
reactors in -operation in the Northwest in the year 2000
would be smaller than the number currently (1977) operating
in the Northeast,. where concern about the nuclear industry
and security measures deriving from it do not occupy much
of the attention of the average citizen. The other two
policy sets would also involve sizable amounts of nuclear
power according to the high-growth forecast, but in the-
moderate—-growth case the intermediate and renewable policy
sets would have less uncertainty about nuclear effects
because fewer nuclear plants would be required.

In some other ways also people would notice the en-
vironmental changes that would accompany the expansion of
the electricity supply. Several new coal-fired powerplants
would be sited throughout the region, and under certain
atmospheric conditions or periods of malfunction of the
exhaust gas cleanup eguipment, people in-the neighborhood
of such a plant, out to a distance of several miles, would
see therplume of smoke, might smell it, and might suffer
some slight lung irritation caused by it. Over the long
term, some people near such a plant could notice some
damage to susceptible materials, such as paint and marble,
but in most areas the air pollutants contributed by the
powerplants would be small compared to those coming from
automobiles, oil furnaces, and industrial plants. Under
the intermediate policy set there should not be enough
plants to cause overlapping regional effects. On the
whole, few people in the region would notice changes in
air quality that would be brought about by the coal
plants constructed under the intermediate policy set.

People would occasionally notice increasing variations
of flows along some rivers. Recreational use of portions
of  these rivers might be affected adversely. These changes
would be brought, about by the increasing use of the hydro-
electric system for peaking purposes and would take place
downstream from storage reservoirs, such as the one behind
Grand Coulee Dam. These effects would not be unique for
the intermediate policy set, but would be shared by the
other two policy sets-as well. The effect would be smaller
to the extent that conservation reduced: the load and
smoothed its daily variation. The 'intermediate policy set
would be better in these respects than the traditional '
policy sets but not as good as the renewable policy set.

People would be much more aware of energy conservation

opportunities in the future than they are at present. In
fact, a large component of the conservation is anticipated
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to come about due to the change in point of view and
appropriate financial incentives rather than more compulsory
forces. Public -information programs would be continuing at
a level somewhat below that of the-late 1970s when there
were crash programs to.get the word out. Basic energy
education would be a regqular part of. school curriculums.
There would also be a substantial flow of -individualized
information directly to households and businesses. This
information would be available not only from Federal -and
State programs but also from energy suppliers and. from
sellers of energy-conserving materials (like insulation)
and services (like an energy audltor might prov1de)

The 1nformat10n program would contaln a full array
of ."selling" techniques, including use of prominent public
persons to sell .consumers. on-the idea that energy con-
servation not only pays but also enhances one's image in
the community. ' Thinking.would have changed to such an
extent that most people would be a bit embarrassed to have
a neighbor learn.that they.still had not insulated their
ceiling or that they still ‘kept. the:thermostat set at
72 degrees Fahrenheit. Utilities would offer energy audits
of homes and would help arrange for energy-conserving
steps to be taken.

People would also . be regularly taking advantage of
programs that gave: tax .deductions or credits for expendi-
tures on energy conservation. These programs would help
keep energy conservation opportunities in the public's
mind and persuade some hesitant adopters that it would
really be -a good idea. - : :

As a flnal note on - lifestyle, late in the century
people would see in operation a number of -large new
electric powerplants -employing .renewable resources. Along
- the coast .there would be. several windmill farms each several
miles on a side.' In the sunny interior, a few large solar
. units would be feeding electricity into the regional grid.
As a consequence people would recognize that these new
technologies were coming of age and would gradually- be
" replacing conventional coal and nuclear plants. As an
indirect consequence of this awareness and greater
affluence, 1nd1v1dual\use of pa551ve and active solar
heaters might .be accelerated. T

IMPACTS OF, THE POLICY iSET

Power system and conservatlon costs

The total annual costs of electr1c energy and
conservation in the region under the intermediate policy
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set are shown in figure 11.3 for both the moderate- and
high-growth cases. Figures include not only.annual cost
of capital, fuel, and operating costs of the powerplants
but also transmission and distribution costs. Average
costs per kilowatt-hour in the region are also shown in
the figure; however, it should be noted that costs differ
considerably from one utility to another.

High growth

Under the high-growth assumption, the intermediate
policy set would achieve annual cost savings compared with
the traditional policy set that would amount-to $2.8 billion,
or 35 percent, in the year 2000. {(See tables IV.32 and B.)

" Compared with those of the renewable policy set, costs

would be about the same until the mid-1980s, when the
renewable policy set would become least expensive. The
comparisons of cost in mills per kilowatt-hour in the

year 2000, neglecting conservation cost, would be 29.8 for
the traditional policy set, 26.8 for the intermediate policy
set, and 24.4 for the renewable policy set. (See table
IV.3.)

Moderate growth

In the case of moderate-load growth, the cost
comparisons are qualitatively similar to the high-growth
case, Total savings compared with those of the traditional
policy set would amount to $1.7 billion annually by the
year 2000. (See tables IV.3A, B, and C.) The intermediate
and renewable policy sets would have very similar costs
throughout the period with the renewable being less expensive
from 1990 through 2000. Unit costs in mills per kilowatt-
hour in the year 2000 for each policy set, again neglecting
consexrvation costs, would be 23.7 for the traditional policy
set, 19 for the intermediate;, 'and 15.6 for the renewable.

Environmental .impacts

~ Moderate

During the remainder of the century, several coal-fired
powerplants would be built and additional plants serving the
region would be located in eastern Montana, Utah, and Wyoming.
The construction schedule would presumably be the same as the
schedule for the thermal/traditional policy set (moderate
growth), and the environmental effects should be similar.
However, regional electricity planners could reduce coal-fired
generation below the level anticipated on the basis of plants
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~ FIGURE L3

TOTAL ANNUAL COST OF ELECTRIC ENERGY
AND CONSERVATION—INTERMEDIATE POLICY SET
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existing and licensed for construction if they chose to do so.
Nuclear power would be only a minor compcnent of the supply
system, and its impacts. should be small. There would be

some - slight effects of solar, wind, dnd biomass utilization
on air quality, land availability, and-regional esthetics.
Hydroelectric power production would produce some adverse
environmental effects as a consequence of variations in

water flow for peaking purposes.

High

The emissions of air pollutants from coal- flred
powerplants would be somewhat smaller than the em1ss1ons_
from end uses of fuels, but the effects on health.and
property of the coal emissions would be only a few percent
of end-use fuel emissions because of the stack helghts and
the remote locations of the powerplants. Thus air quality
consequences of the operation of the coal plants would be
small and, indeed, smaller than those produced in.the
traditional policy sét. Nuclear powerplants would likewise
.be ‘fewer in number in this case than in the traditioenal
policy set, but gqualitatively the impacts of nuclear power
would be very, similar in the two policy sets. Effects known
to occur. would be small, but major uncertainties would re-
main concerning radiocactive waste disposal, accidents,
decommissioning, and theft of special nuclear materials.
Hydroelectric plant operation.would be reduced somewhat
compared with that in the tradltlonal‘pollcy set, but
there would still be some pronounced increases in stream-—
flow fluctuations over those experienced at the present
time. Regional esthetics, land availability, and._air quality
would be only slightly affected by the ut1l1zat10n of -solar,
w1nd, and biomass resources.

An 1ntermed1ate approach to energy pollcy would have
relatively small equity 1mp11cat10ns. "The conservation
measures envisioned are mostly those with guite low costs
per kilowatt-hour of power consumption averted. Hence, the
net effect would be that the cost of-living for most
households or the cost of production for most businesses
would be reduced to less than it would have been if
pclicies had not been. instituted-to- encourage and rexpedite
adoption of conservatlon measures. .

The bulk of galners under the 1ntermed1ate pollcy set
would be particularly evident in the*residential -sector.
The lower level of demand forecasts:(NEPP 'moderate) projects
average consumption per .household of 26,000 -kilowatt-hours
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by the year 2000 at a cost expected to average 19 mills
per kilowatt-hour. This would amount to $494 annual
electricity bills per average household (including on the
average about 50 percent of households heated by electric-
ity). Conservation is expected to cut the consumption
level to 18,700 kilowatt-hours per household per year, )
saving the consumer $139. The cost of the remaining power
used would be lower since conservation would replace the.
need'for some of the highest cost generation.

Thus .average generatlon cost would be reduced by
2.8 mills per kilowatt-hour, which would save ‘the average
homeowner another $52 .per year. The cost of the conserva-
tion measures is estimated to average only about $50 per
household.- 1/ Tax rebates or subsidies would reimburse
householders for about 10 percent of those costs, or -about
$5 per year. ' Thus the average householder's total outlay.
for electricity and for conservation :would be reduced -by
about $146 per ‘year compared with what it would have been
without the conservation of the intermediate policy set.
Increased taxes to cover the costs' of information programs,
~administration, and the subsidy (or “tax rebate) on con-
servation investments would not be likely' to exceed $15
per household per year, leaving the average household
about $130 better off than with no conservation program.

All households would stand to gain under this program,
including both those that could and did conserve and those
that could not or at least did not, The universality of
gains would arise because conservation investments. would
not be compulsory in any situations that could force some
‘individuals to make investments that would not save them
money and power rates would be reduced by enough so that
even the customer who could not manage to conserve would
save more than enough. on power bills to cover extra taxes
to defray government program costs. If subsidies or other
inducements were increased for low-income households, -
the program could be more effective in gaining participa-
tion of that group and, " 1nc1dentally, could further the
general public pollcy ‘goal of improving the level of
11v1ng for thlS strata of soc1ety

o

l/Much rcan’ be achieved: through . use of better information to
increase energy efficiency through better management (lower-
ing thermostat settings and controlling use of lights,
appliances, and ‘hot water) and selection of more efficient
appliances. Beyond that, only the very high payback con-
servation investments in insulation, etc., are needed to
bring about the estimated -savings.
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The only aspect of equity that the intermediate policy
set might be judged deficient in is a close and direct link
between action, cost, and benefits. Households that did
nothing to conserve.enerdy would be able to benefit from the
generally lower rates made possible by those that did con-
serve energy. The conservers, on the other hand, would save
on their utility bills an amount less (by about ocne-third)
than the,savings in power supply costs made possible by
their conservation. However, since the discrepancy would
be relatively small, it might be tolerable.

Equity between sectors and between subregions within
the Pacific Northwest is not as certain under the inter-
mediate policy set as would be equity among individuals.
The commercial sector would probably be guite comparable
with the residential sector in availability of low-cost
opportunities for conservation, and hence those firms
would benefit about the same as residences. Industrial
customers, however, would be more dissimilar. It appears
that energy price increases, which would be larger in
percentage terms, would be a major force for conservation
in the industrial sector. But general conservation
throughout the system would work to reduce these price
increases and hence lessen the pressure for conservation
in the industrial sector. :

There is nothing in the design of the intermediate
"policy set that would serve to correct the differences
between areas served by public utilities with access to
low~-cost Federal hydropower and areas served by privately
owned utilities that are already relying on high-cost
thermal generation for an increasing 'share of their power
supply. By leaving average cost pricing in effect, the
intermediate policy set would not change the difference
among prices to customers in the various systems. In fact,
by slowing expansion and hence the movement toward a
predominantly thermal system, it would tend to continue
the likelihood of significant rate disparities.

Regional economic and employment impacts

BEconomic and employment impacts. would include direct
effects, such as reduction in utilities' production and
sales of electricity, and indirect effects, such as
expansion of industries whose overall costs were reduced
as a result of the general adoption of relatively low cost
conservation rather than increasingly expensive power
generation,
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The ‘direct service industrial customers would experience
some impacts mostly from the pricing adjustments anticipated
under the 'intermediate policy set. The most noticeable
effect would be on primary aluminum producers that are pre-
sently using large amounts .0f low-cost hydropower from the
Federal system. Most projections, including those used in
this study, implicitly assume that these industries would
continue until at least the year 2000 to be supplied power
at a rate that -would be favorable. enough to cause them to
increase their purchase of power up to the maximum amount per-
mitted by regional power,authorities. Pricing €nergy to
these industries at the average cost of all power (Federal
and non-Federal hydro plus thermal) would result in a
price of around 10 to 15 mills per kllowatt -=hour, which
would be low enough to be very attractive to the industry.

However, the intermediate polfcy set would supply
only enough power at this price to produce the industry's
present output under the most energy efficient conventional
technology. The higher price (equal to replacement .cost)
for any additional power would discourage the industry from
any output expansions in-the region and encourage moderniza-
tion of existing plants to bring energy consumption down
to the amount available:at the low (average—cost-based)
price. As compared with conditions with no policy change,
the intermediate policy set would thus anticipate no out-
put expansions after 1979. ' Furthermore, considerable in-
vestment in modernization would be'required, but operating
costs would be reduced as a result of having cut down on
power demands per ton of ocutput.

The other pr1nc1pal direct economlc/employment effect
of the intermediate policy set would be on industries
supplying energy conservation inputs. Growth of these
industries would be -speeded up.as residential, commercial,
and industrial purchases were -shifted to energy conserva-
tion. Suppliers .of insulation and other weatherization
materials and.installation services would all experience
increased sales. -Appliance and heating system suppliers
would experience .slight increases in sales . as slightly
.more expensive. energy-efficient models were. more widely
adopted instead of conventional unlts and as there was -
some earlier than necessary replacement of existing in-
"efficient units. From the energy user's viewpoint, these
changes would .amount -to substituting. capital for the operat-~
ing cost of energy purchases. But reduced energy purchases
would mean reduced capltal investments for utilities.
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Hence the real substitution would be conservation
investments for supply system investments. Many of the
better conservation investments would require considerably
less capital than would be required at the generating end.
Hence conservation would leave more capital that could be
invested, used for consumption, etc. A conservation-
oriented economy should result in slightly more investment
in industries not directly associated with energy and
perhaps in residential housing and consumer durables.

Beyond direct effects, there is the possibility that
a conservation-oriented economy would be affected in ways
that would ultimately be amplified as shocks worked their
way through the economy. For example, utility sales would
be reduced so utilities would buy less from industries
that supplied their inputs, which in turn would cause those
industries to contract, and so forth. However, the nature
of the direct economic effects from energy conservation
would be such that these secondary impacts could be safely
assumed to be negligible. 1In the first place, the changes
expected would not be immediate decreases or increases
but rather changes in the rate of growth. Electric
utilities, for example, are projected to hdve more than
double the value of sales by 2000 even if general growth
were only at a moderate rate and energy conservation were
practiced. Secondly, increased outputs in some industries
would tend to offset the decreases in others, leaving the
total direct effect balanced. As a result, secondary
effects would tend to balance out.as well.

Risk and impacts of shortfall or idle capacity

shortfall and idle capacity are both possible con-
sequences of mistakes in planning for electricity supply.
Evaluation of the risk involves several aspects of the
supply system, including ability to meet construction
schedule, diversity of the system, early warning cap-
ability, and ability of the system to respond to warning
signals. 1In each of these categories, the intermediate
policy set would be comparable with the other two policy
sets. There would be some risk, but none that would
stand out as clearly unacceptable. ' '

The consequences of relatively long term shortfall or
idle capacity in this policy set would be likewise com-
parable with those for the other policy sets. Shortfalls
could bring restrictions on growth, higher prices, and
rationing. Idle capacity might mean unnecessary cost
burdens and promotional activity to increase sales.
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RENEWABLE/TRANSITION POLICY SET

INTRODUCTION

In the renewable/transition policy set, the Pacific
Northwest region would plan a return to renewable energy
sources for all its electrical needs. "Renewable energy"
refers to the use of solar radiation directly for thermal
energy supply, as in heating and cooling. It includes
indirect forms of solar energy, such as photovoltaic,
solar-thermal—electrlc, windpower, and biomass conversion.
Geothermal energy 'is classified as renewable, although
some forms are not. The dominant renewable form is hydro-
electric power which, until the 1970s, provided essentially
all electric power in the region. Since hydropower is so
important to the region, we will consider it separately.
Our energy sources will thus include (1) renewable--hydro-"
electric, (2) renewable--nonhydroelectric, (3) nonrenewable--
principally coal-fired and nuclear electrical generation,
and - (4) energy conservation, which is recognized throughout
this analysis as an energy resource.

Starting in 1971, when the first large regional coal
plant became operational, the energy resources underlying
the Northwest Power Grid began to swing away from the
traditional hydroelectric base and became increasingly de-
pendent on nonrenewable energy resources, principally coal
and uranium. This shift to thermal generation (coal or
nuclear based) was planned by the Bonneville Power
Administration-and the region's electric utilities in what
was designated "the Hydro-Thermal Power Program." This
policy set examines how rapidly, by what means, and with
what impacts this recent, but rapid, turning away from
renewable energy resources could be reversed, so that at
some point in the future the region could return to a
renewable-based electrical system. This goal of electrical
self—reliance;-hecessarily based on conservation and re-
newable energy, is intended to illustrate application of
several national energy principles, 1nc1ud1ng (1) restraint
of demand through conservation, (2} vigorous expansion on
nonconventional energy sources, (3) protection Of the
environment, and (4) reduced vulnerablllty to supply
1nterrupt10ns.

Our strateqy is to achieve this’ transition by
implementing conservation as rapidly ‘as possible consistent
with cost-effective economic' criteria. Conservation, by
reducing the 51gn1f1cant energy ‘waste which now occurs,
would permit the region to minimize new investménts in
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conventional thermal plants and instead wait for commercial-
ization of the more promising renewable energy technologies.
These technologies--including photovoltaic, solar-thermal-
electric, biomass conversion, wind energy, new hydro, and
geothermal-—could then begin to pick up the new enerqy loads
which would be inevitable with population increases and
industrial growth. .

Since this policy set would carry only through the
year 2000, its differential costs and impacts would be
dominated by conservation as an alternative to thermal power,
rather than by renewable energy supplies. .Several promising
renewable technologies would be commercially competitive
within 5 to 15 years and would capture most of the new plant
orders soon thereafter. However, thermal plants now under
construction or already operating would continue to supply
energy until they were decommissioned, starting around the
year 2000. In order to see the ultimate effects of this
renewable transition, one can look ahead into cthe next
century, when self-reliance, based on indigenous renewable
energy sources, would reemerge as an enviable regional
strength.

‘SUMMARY OF ADVANTAGES AND DISADVANTAGES -

The principal advantage of the renewable/. _ansition
policy set . is that regionwide it would provide the cheapest,
safest, most resource conserving electrical energy system.
Furthermore, this policy set would make the most far-
sighted use of the unique regional resqQurce: .the Federal
Columbia River Power System. In addition, it would:

~-Be the most equitable to the. rest of the country and
to future generatxons.‘ :

--Demonstrate to the United States the fea31b111ty of
returning to more permapent (renewable), clean,
benign, and indigenous (self-reliant) energy sources.

--Show an advantage (over the other policy sets} in
compliance with. the national ‘energy pr1nc1ples and
other relevant cr1ter1a. ; . .

The prrnc1pal dIsadvantage of the renewable/transition
policy set is that it 'likely would be opposed by most of
the region's utilities and energy intensive industries. The
renewable policy set would requlre massive investment in
energy efficiency 'in all consuming sectorsi’throughout the
region. Regional utilities and industries would not see as
rapid growth as their plans called for, hence their .likely
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hostility. They might have the political power to foreclose
this policy option.

Furthermore, this policy set would involve a mechanism
common in other areas of commerce and industry but new to
regulated monopolies, i.e,, replacement cost pricing.
Replacement cost pricing would greatly increasé power rates
to electricity consumers. Electricity prices in the region
are presently based on average costs rather than replacement
costs. The difference between averade costs and replacement
costs runs from 15 to 20 mills per kilowatt-hour for industry
served directly by BPA. For a commercial owner or homeowner
gerved by an investor-owned utility, the difference is
about 10 to 15 mills per kilowatt-hour. All other customers
fall somewhere in between.

LOADS AND RESOURCES

The region's basic electric lcad in the renewable/
transition policy set would be the same as in the other two
pelicy sets. In this policy set vigorous conservation
programs, including better insulation and more efficient
heating equipment in residences and- commercial establishments
and more efficient equipment and processes in industries,
would provide significant reductions in forecast load growth.
By the year 2000 these would amount to about 33 percent of
the moderate-growth forecast, or 32 percent of the high-
growth case. In the moderate-growth case with these conser-
vation programs, the load growth would be insufficient in
the early years to absorb all the generation existing or
under construction. Specifically, over 8,000 average
megawatts of excess thermal generation would be available
in 1985, thereby placing an economic burden of some
3700 million per year on the region if the surplus could
not be sold. By the year 2000 over 4,000 average megawatts
of new renewable energy would be available and would be
cheaper than new coal and nuclear plants. Conseguently,
no further nonrenewable plants would. be needed beyond those
now operating or under construction.

In the high-growth case 4,000 average megawatts of
new (nonhydroelectric) renewable generation would be re-
quired by 2000, plus 1,100 average megawatts of new hydro-
electric energy. Additionally, 6,800 average megawatts of
new nuclear and coal generation capability would be needed,
in addition to that already licensed for construction.

Figures III.l and III.2 show the total loads in the
high- and moderate-growth .cases, along with components
of supply used to meet them. As shown in 'the figures, energy
supplies would come from a variety of sources. Hydropower
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FIGURE IIL.1

RENEWABLE/TRANSITION POLICY SET a
MODERATE GROWTH (2.7 PERCENT)

TOTAL CUMULATIVE
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a/ THis POLICY SET HAS THE CAPABILITY OF 4,000 MW IN THE YEAR
2000 FROM RENEWABLE NONHYDROPOWER:SOURCES, BUT BE-
CAUSE THE LOAD COULD BE MET BY THE LESS-EXPENSIVE
CONSERVATION, THOSE SOURCES WERE NOT USED.
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FIGURE IT1.2

RENEWABLE/TRANSITION POLICY SET
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would make up most of the total early in the time period,

but is assumed to have limited growth potential, in terms of
annual energy. Under moderate growth reduced energy waste
(i.e., energy conservation) would handle most of the growth
needs into the late 1990s, when renewable technologies would
begin to phase in. 1In the high-growth baseline, some )
additional nonrenewable plants would be needed, as described
above,

The renewable resources assumed for this policy set
were mostly central station units, although some wind and
solar generation was considered to be decentralized, .i. €.y
located at the load. The decentralization question does
not need resolution in this analysis. It will become a
critical policy question soon, however, and must be care~ '
fully and comprehensively analyzed at that time.

OBJECTIVES AND GENERAL CRITERIA

The primary policy objective of the renewable/transition
policy set is to focus on energy conservation through adoption
of policies which are economically optimum for the region. A
secondary objective is to introduce renewable energy tech-
nologies as soon as they become commercially competitive. As
the economics of renewable technologies, such as wind and
solar generators, began to approach the breakeven point with
conventional nonrenewable technologies, primarily coal and
nuclear, the crossing of the cost ‘curbs would be anticipated
and orders for generating units would be placed. This
anticipatory approach would assure that the operational date
of the renewable generators would correspond as closely as
possible to the first date of their commercial advantage.

If they were to be optimal for the.region, all decisions
on the feasibility of alternative power supply ‘sources would
have to be based on- replacement cost pricing of electricity.
This pollcy set would require immediate introduction of
energy prices more closely approximating replacement costs
than the average costs presently used by BPA and electric
utilities generally. Economic analyses based on replacement
cost pricing would make it clear that conservation improve- .
ments were dgenerally more cost effectlve than 1nvestments T
in new generating plants. \

Conservation (energy-efflclency) 1nvestment would be
stimulated with grants which would be only partlally repald
through long-term/préferred interest rate loans and with .
comprehens1ve technical assistance. The conservation pro-—., .
grams in each sector would be funded through energy sur— ’
charges specific to that sector, thus yielding a side
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venefit: economic optimality through (approximately)
replacement cost pricing.

Policy intervention to reduce risks. would assure the
rapid integration of commercially competitive renewable
technologies. This would require the Government to absorb
any unusual financial and technological risks inherent in
new technologies so that regional utilities would have an
indifferent investment choice between renewable technologies
and conventional nonrenewable technology. This policy
recognizes that utilities would not risk takers and that
they would otherwise oppose introduction of new renewable
technologies into the power grid, which would make grid
operations more complex and might force their thermal
plants into intermediate load status. This policy set's
objective is to achieve a return to renewable resources
.with maximum reliance on the market's signaling capa-
bilities. Note that the surcharge revenues would never
leave the sector from which collected. Economic in-
centives, plus information and technological assistance,
would be the primary tools of change. Reliance on man-
datory controls would be minimized. In no case would
power curtailments or rationing be required.

, This policy set focu<es on adjustments which would
(1) reduce the energy use. in delivering goods, services,
and a comfortable standard oi llv1ng to increasing numbers
of people and (2) return the region to an electrical
energy system that ‘would be more permanent and reliable,
i.e., would be based on renewable and indigenous energy
resources. All investments in conservation programs or
renewable energy projects would be more cost effective
(or, at worst, as cost effective) as a comparable in-
vestment in conventional coal and nuclear generating
fac111t1es.

POLICY MECHANISMS AND INFRASTRUCTURE CHANGES

~ Since energy conservation can be significantly more
cost effective than building new thermal powerplants and
since an electrical system based on.indigenous renewable
energy sources would have the obvious advantages of
environmental soundness, reduced health and safety risk,
and protection against supply interruptions (plus re=
leasiné coal and uranium for the rest of the Nation), it
is reasonable to ask why any policy mechanlsms and infra-
structure changes would be required. To answer that
guestion, we should determine how conservation invest-
ments look from an'individual's perspective and a regional
perspective; why people ignore energy conservation
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opportunities which would be beneficial to them; and why,
when they invest in conservation, they do so at levels
well below those necessary to maxlmlze thelr economlc
benefits.

It is important to realize that these phenomena  are
present in all sectors, industrial, commercial, and resi-
dential. Homeowners, apartment and commercial building
owners, and industries—-particularly medium- and small-sized
industries—-ignore significant savings attainable through
energy conservation. investments, or they do not invest in
conservation, but inadequately to maximize economic benefits.
Some of the reasons for this behavior are as follows:

--Investors contemplating energy conscious projects are
deterred from making conservation investments by
average-cost-based prices, which are substantlally
below current energy costs.

--Financing rates and terms for conservation invest-

ments in the private sector are significantly
inferior to those typically obtained in Federal
f1nanc1ng and electrlc ut111ty borrowlng.

--"First cost" domlnates buying dec151ons in all
sectors. This reflects a de facto discount rate
much higher than those assumed in rational invest-
ment analyses. Furthermore, industry typically

. requires 'a higher rate of return on cost .improve-
ment investments, such as energy conservation
projects, than on plant construction or expansion.
In home purchasing lenders do not use the total
cost (utility bills plus principal, interest,
taxes,and insurance) in qualifying the home
purchaser. Thus builders have no incentive to
consider life cycle costs when deciding how much
energy eff1c1ency to build into new homes. :

——Unawareness of the energy ‘situation in general and_.
energy conservation opportunities in particular is:
common. Consumers get a mixed signal from:energy
suppliers, . which vocally support conservation while -
promoting their energy sales. A recent study on
public awareness of energy problems revealed. that

.only 48 percent of adult Americans know that the;: :-
United States. imports oil. Unawareness of energy
conservation opportunities and how to capitalize.on
them is just as widespread. This lack of knowledge .-
is prevalent in medium and small businesses as well ' -
as in the residential sector.. It is typical of.
apartment owners. -
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--With the exception of electroprocessors, such as
primary metal and chemical manufacturers,
electricity costs in industry are normally less
than' 3 percent of total product costs. Because
industry management typically focuses on the larger
cost items, energy.efficiency improvements and
energy conservation do not receive much attention,
Furthermore, it often takes significant capital
to make energy-efficiency investments, which .could
involve the addition of new equipment and early
retirement of inefficient equipment.. Industry is
typically concerned about assuring future energy
supplies, but often ignores significant cost
savings through energy conservation.

Policy mechanisms

The renewable/transition policy set was designed to
assure that at all points in time the most cost beneficial
energy investments would be made. The desirability of
alternative investments was viewed from the perspective of
maximum benefit to the region as a whole. Investments in
energy conservation were considered viable alternatives to
investments in new energy supplles, whether renewable or
nonrenewable.

Because the high payoff conservation opportunities
would be taken first and less desirable opportunities later,
over a period of time the average cost of saving energy
through conservation would.rise until at some point it
would equal the cost of energy from new powerplants, which
is also escalating. For the purposes of this policy set,
we ‘assumed that renewable technologies would become com-
petitive with thermal generatlon sometime between 1985
and 1995.'

In addition to these dynamics of generating cost, the
renewable policy set assumes that replacement cost would
be the basis for electricity pricing. This assumption is
necessary to assure that the optimum economic investments
would be made. Replacement or marginal cost pricing is a
natural consequence of competltlve enterprise.

Energy conservation 1nvestments would be catalyzed by -
making grants in all consuming sectors.: Only partial.re-
payment would -be required, and that on very favorable terms.
Repayment periods would be much longer than present com-
mercial practice in order to be more consistent with the
effective life of the investment. Furthermore, extensive
technical expertise would be developed and made available to
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consumers in ‘all sectors, particularly to small- and
medium-sized apartment, commercial, and industrial owhers
and managers. These services would be funded through a
sector-by-sector surcharge, collected by the electric
utilities. These surcharges, when added to customers'
electric bills, would approximate replacement cost pricing
and thus make the utility bill transmit true economic
signals. This is a far cry from today's low average cost
pricing, which inhibits optimal investment allocation in
~conservation and renewable technologies. Equity is main-
tained by prov1d1ng all funds needed for conservatlon in
a given sector through that sector's surcharge.

An additional policy mechanlsm would be required to
promote the rapid integration of newly competitive renew-
able energy technologies. Without new policy mechanisms,
the region's utilities would have no inducement to com-
plicate their operations with new technologies, particu-
larly with those involving a variable energy source, such
as the sun. This would not be true of all renewable
technologies, but it would be true of photovoltaic and
solar-thermal-electric, and it would be true of wind-
electric conversion. Since utilities seek to minimize
their technological and financial risks, it would be
necessary to backstop the utilities so that their unusual
risk in introducing new renewable technologies would be
no greater than in building coal or hydroelectric
facilities. 1In this way the utilities would be indifferent
to the nature of the technology and would be able to
select new supply sources on the basis of economic analysis.

Policies to buffer the risks of new technologies
would be especially important. in the renewable/transition
policy set because it seeks to apply the renewable tech-
nologies as soon as they are competitive. This would mean
making a commitment to assume the risks of building re-
newable energy plants while the technology was still in
the development and demonstration stage. This approach
would signify, in effect, that the Pacific Northwest was
prepared to be a demonstration or pllot region for the
Nation with respect to renewablé energy development., It
would be an appropriate role, since the vast and flexible
storage capabilities of the Federal Columbia River Power
System provide the perfect buffer between the variable
power supplies from renewable technologles and the varying
load requlrements w1th1n the region.
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It would be unwise to think of economic incentives as
the only useful policy mechanisms. Information programs,
particularly. competent and accessible technological assistance
options, would also play a useful supporting role. For
example, an energy extension service paralleling the agri-
cultural extension service could take its place within the
region to facilitate conservation actions by medium- and
small-sized commercial and industrial owners, apartment
owners, and homeowners. By assuring that the technological
assistance was provided at no direct ‘charge (it would be fun-
ded from the energy surcharge), the energy extension service
would eliminate much of the inertia which now plagues volun—
tary conservation programs. The extension service has been
very effective in agricultural applications and is badly
needed to develop an ihcreased‘energy awareness. It would
be highly competent and résponsive regionwide and would
set a new standard for this type of technologlcal assistance.
Special training programs would be offered to increase
regional competence in the skills relevant to energy con-
servation. Such competence is thinly spread today.

Mandatory policy mechanisms would play a minor role but
should not be ignored. Policies oriented toward economic
mechanisms and technological assistance would be much more
popular, much easier to promote, and less intrusive. However,
we already are accustomed to and comfortable with many
regulatory reéquirements, such as building codes., Oregon is
beginning to make its residential blilding codes somewhat
more responsive to escalating electricity and other fuel
prices. This approach could be spread to all sectors and
to other States in the region. Given ‘the long-expected life-
times of residential and commercial buildings, it is neces-
sary to insure that, the energy-efficiency standards built
in minimize the fiull life cycle cost of heating, cooling,
and lighting the buildings.

It is always more cost effective to build right in the
first place than to remodel later. 'In many cases, however,
corrections can be made by retrofitting existing structures.
To encourage such. improvements, insulation standards might
be appliéd with the transfer of any improved real property.
At a minimom, a statement would be prepared at time of sale
to disclose annual energy use., It might be possible to
require sellers to bring their. homes or commercial buildings
up to reglonal eff1c1ency standards at the time of sale
when the financing of such improvements id most attract1ve.
Improved efficiency standards could also be applied to
conversions from fossil fuel to electricity. This would be
especially important in the case of conversions from fossil
fuel heating systems to electric resistive heating, since
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electric resistive heating is a relatively inefficient
appllcatlon of energy. Heat pumps are available which
require half or less the annual energy of a resistive
heating system and, in areas where they are cost effective,
should perhaps be made a prerequisite in any conversion

to electric heating.

Appliance labeling would be required so that regional
consumers could make informed decisions as to the energy
efficiency of the appliances they were purchasing. It
would also be appropriate to establish some equipment label-
ing in the commercial/industrial sector. Minimum efficiency
standards should be adopted, as has been done in California
for certain selected household appliances. California stan-
dards could be adopted, thus making it easier for appliance
manufacturers to comply. Policies such as this, of course,
would be opposed by most of -the home appliance industry.
However, the situation in California revealed that at least
one corporation was routinely producing appliances which
already met California's new standards, while the rest of
the home appliance industry was complaining of 1nab111ty
to meet them.

Infrastructure ghanges

At present the functions of policymaking and planning
are carried out by the region's electric utilities; BPA;
and BPA's direct service customers, especially the prlmary
aluminum industry. Thus we have supply-domlnated energy
policymaking. This would have to be changed if the renewable/
transition policy set were to evolve. The citizens of the
Pacific Northwest are increasingly indicating their desire
to (1) develop new policies in energy conservation and
{(2) opt for renewable energy technoclogies in the future.
Most enerqgy suppliers, on the other hand, deny the public a
role in the power-planning process. They plan to meet growing
electrical requirements through additional supplies--that is,
more thermal generating plants, although conservation is
more economical. This is understandable since it maximizes
the growth rate in utility assets, but it denies present and
future citizens of the region access to the full range of
energy alternatives, specifically the most economical,
most environmentally sensitive, and most benign options.

Some new institutional mechanisms would be required
which would allow those involved in the technology of supply
to begin to function as total energy utilities, rather than
merely suppliers of thermal power, and at the same time
would open the process to the public in an ant1c1patory,
policy-planning mode. This would provide more balance in
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analysis of tradeoffs between the need for new power supplies
and economic, environmental, health/safety, and equity con-
siderations.

Energy policy should seek -that level of consumption
where the energy-related benefits outweigh the social,
economic, and environmental costs of providing and using that
energy. The public must play the central role in making
such decisions.

One approach would be to establish a regional board
made up of ‘a broad cross section of the citizenry of the
reglon but excluding the energy suppliers. This board
would have a permanent staff responsible to it which would
prepare locad forecasts, analyze alternative energy options,
and select the options to pursue. The board would be respon-
sible directly to the citizens within the region. Its mem-
bers could be chosen in direct election or perhaps be
appointed by local officials. Most importantly, the board
would have accountability at the grass roots level within
the region. It would be important for the board to have
a permanent staff with adequate capability to inform the
public on the issues and alternatives, as well as the
impacts of each alternative. The public could register its
support or displeasure directly through its own board and
could inspect in a relatively unobstructed manner the full
range of options and impacts that are available. This
would greatly depart from the present situation, where the
public is often informed by the energy suppliers after impor-
tant decisions have been reached. The California Energy
Resources Conservation and Development Commission, with a
well-funded staff, prov1des a good model of this institu-
tional role.

For the Federal Columpia River Power System to play
its pivotal role in promoting the renewable technologies,
BPA or some Federal agency with regional jurisdiction must
be- given an expanded capability to develop and operate
the grid, made more complex through the introduction of
renewable resources and technologies. The most direct way
to do this would be to expand the charter of BPA to allow
direct financial and technical participation in energy con-
servation and in the development, financing, construction,
and integration of renewable energy technologies.

Since public and investor-owned utilities in the region
have shown the ability to finance, build, and operate new
thermal powerplants, the construction of thermal powerplants
should be left to the utilities. BPA or any Federal entity
responsible for the development of a conservation and
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renewable energy strategy would be barred from part1c1pat1ng
in the financing and construction of new thermal plants.

If the region s utilities attempted to preembt energy
pelicy decisions by pushlng ahead aggre351vely with thermal
plant construction when, in the opinion of the board based
on findings of its own staff, such plants were inappropriate
(i.e., were using the. wrong technology and/or resource)
or premature, the board would point out in all relevant
proceedlngs and in other forums the reasons these projects
were not in the best interests of.the region. It would be
difficult for the utilities to prevall over the board except
by a thorough and open examination of the options and their
impacts. This would elevate reglonal power planning to the
level called for by the problems and opportunities of transi-
tion. It would bring the dialog out into the public¢c domain
where the public would be represented by competent, independ-
ent analysis, funded on a longer term and chartered with a
broader view of social goals than the utilities, BPA,.and
the direct service customers have yet demonstrated.

LIFESTYLE UNDER THE .RENEWABLE/
TRANSITION POLICY SET .

In order to comprehend the lifestyle under this policy
set, it is critically.important to understand that energy
conservation means ellmlnat1ng energy waste, that is, getting
the same benefits or products from less electrical energy.
Conservation does not mean curtallment rationing, rolling
blackouts, belt tightening, and .other ways of descrlblng
what results from breakdowns in planning and policymaking.
Investlng in energy conservation has been likened to puttlng
a plug in the bathtub rather than trylng to f111 it by pouring
water. in faster. . . .

Some energy savings in this pollcy set would come
from diversification in the industrial sector and some from
behavioral changes, such as reducing thermostat settings
and turning out lights when they are not needed.  However, ..
the bulk of the energy saved by conservatlon would result :
from new, more efficient production, equ1pment- better, 1nsula—
tion in homes; more efficient appllances, and 51m11ar S
changes which, once. made, would- requlre llttle further atten—
tion. Consequently, the llfestyle in this. pollcy set would
be the same as it would be under the other two... ) )

There would .be some exceptlonsQ A better 1nsu1ated .
home with storm windows would not only. be ea51er to keep _
warm, but it could be kept comfortable with lower thermostat
settings because the inside surfaces of walls and windows
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would be warmer and would allow a more favorable radiant heat
exchange between the inhabitants and the dwelling. In addi-
tion, the well-insulated and storm-proofed house or commercial
building would be quieter and less drafty. Comfort would

be increased with lower thermostat settings and sharply
reduced heating energy requirements.

The future lifestyle under this policy set was well
described by Fortune Magazine in May 1977:

"* % * jt would be a tightly organized capital
intensive society whose hallmark would be meticulous
engineering. In the interim a lot of resources
would have to be redirected. Building an energy
efficient society would mean altering or retiring
a considerable portion of the capital and
consumer goods that were designed for an era when
energy was cheap and plentiful. A $500 billion
.capital goods boom: but change of course is what
industry is all about. Contrary to businessmen's
fear of wrenching decline, constructing that
society and its accoutrements represents a

seldom matched opportunity to devise and market

a vast array of brand new goods. This
opportunity comes at a-time when slowing
population growth and saturating consumer

markets are making a lot of business lives

either boringly routine or bruisingly over-
competitive, * * * far from taking us

-back to Walden Pond, conservation could open

up a great many economic opportunities.”

As the same article later pointed ocut and as our policy

sets illustrate, the cost of conservation would be consider-
able. But it would be much less than the cost of trying

to meet the energy need with new supply investments, at
least to the ‘end of the century. L ‘

The outstanding characteristic of lifestyle differences
between the traditional/thermal, the intermediate, and the
renewable/transition policy sets is that they are so imper-
ceptible. Homes would be more comfortable, quieter, and
healthier because of more even temperatures and reduced
drafts. More appliances would proliferate, but they would
be much more efficient. By the year 2000 solar systems
for water and space-heating purposes in the residential
and commercial sectors would not be dominant but very
obvious., It would be very unusual for a new home not be-
have a solar water-heating unit. A higher percentage of
people would be living in multifamily units, which they
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might own (i.e., condominiums), thus capitalizing on the
energy efficiency of common wall construction. This would
be a result of economic trends, perhaps enhanced by regional
energy policy.

The commercial sector would appear little different
from today. Lighting standards and ventilation standards
would probably resemble those prevalent in the immediate
postwar years. Because of the energy savings possible by
reducing ventilation requirements in commercial buildings
(and because of health reasons), it might be very common to
have. large no—smoklng sections in all buildings. =F

The 1ndustr1al sector would be more diverse than it is
today. A better balanced mix of industries would give the
region an economic ‘stability it has lacked. Enérgy intensive
industries would still be present, but they would be more
energy efficient as would all industrial processes. The
industrial sector would be more tightly organized, taking
advantage of .more cogeneration and more cascading of energy
uses. Most of today's energy-inefficient processes and equip-
ment would have been replaced by the end of the century,
There would be less heat leakage and fewer hotspots, and the
typical industrial workplace thus would feature a safer,
more comfortable work environment.

Under the renewable/transition policy set, lifestyle
differences would be fewer and very subtle and mostly
positive. There would be more individual choice in energy"
use, modest decentralization of the electrical energy supplies,
and more comfortable homes and workplaces. Because the indi-
vidual consumer would be less reliant on the central power
grid, there might be a greater feeling of self-reliance.
Environmental gquality and human health and safety condi-
tions would be slightly worse than today but decisively
better than under the thermal/traditional policy set and
slightly better than under the intermediate policy set. The
region's people would sense that they had a greater degree’
‘of control over their futures and were leaving a better
legacy for their children than today, because they and their
representatlves actively. would participate in eénergy plan-
nlng and pollcymaklng.

The Pacific Northwest would be shared by many more )
people. It would still be a good place to live. - There would
be levels of responsibility, self-reliance, and integration
greater than now exist. The region could return to a pattern
of environmentally sound economic growth and electrical
self~-sufficiency.
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IMPACTS OF THE POLICY SET

Costs of production and conservation

By the.year 2000 the annual systemwide cost of renewable/
transition policy set would be less than the annual costs of
the traditional/thermal and the intermediate policy sets.
Figure III.3 shows the. total annual cost of electric energy
and conservation from 1977 through 2000. .In the initial-
years the renewable transition policy set would cost about
the same as the intermediate policy set. . (See table IV.3
and IV.4.) This would occur partly because, according to
our analytical ground rules, conservation would be achieved
as rapidly as possible even though it was not 1mmed1ate1y
needed because of overbuilding of thermal plants in the recent
past, The full impact of this overbuilding would not be
felt until the thermal plants now under construction were
brought on line. Also cost reductions were not assumed for
the sale of surplus power. As a result, the cost burden
of the renewable/transition policy set would be artifi-
cially high. The systemwide electrical supply.cost would be
significantly less in the: renewable/transition policy set
than in the other. policy sets. Power consumption would be
reduced by conservation, but power rates in mills/kilowatt-
hour would be higher due to energy surcharges which would
approach replacement cost pricing and generate surplus
revenues for financing conservationm programs and renewable
energy developments..

Environmental'effeéts

The environmental effects of the renewable transition
policy set would in general be less adverse than those of
the other two policy sets. The environmental impacts of
conservation would be much less severe than generating the-
equivalent amounts .of energy. The renewable energy techno-
logies would have more impact on land use, and might have
more visual impact for the same reason; although those .impacts
would occur in remote areas. However, in terms of environ--
mental pollution, ecosystem functioning, and resource deple--
tion, the renewable technologies would be clearly superior.
Furthermore, the health and safety risks, some of the more
intrusive restrictions on individual freedom, as well as the
threats of terrorism and sabotage inherent in nuclear
technology, would be greatly reduced in the renewable/
tran51t10n policy set. : .
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FIGURE III.3

TOTAL ANNUAL COST OF ELECTRIC ENERGY AND
CONSE RVATION—RENEWABLE/TRANSITION POLICY SET
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Equity considerations

The equity question 'is multidimensional: There are many
ways in which equity can be assessed, An apparent inequity
in the renewable transition policy set would be the energy
surcharge which would raise electricity prices toward replace-
ment cost levels. Equity would be preserved, however, by
earmarking the surcharge revenues and feeding them back into
the same consuming sectors (e.g., industrial, commercial,
residential, and agricultural), in the form of either con-
servation investment incentives, technical assistance, or
tax relief.

The policy set's increasing reliance on renewable re-
gional resources and corresponding reduction in use of fossil
fuels would be clearly more equitable than the other two
policy sets to future generations both within and outside
the region. '

Regional econcmy and employment |

The three policy sets were designed so that regional
employment and regional economic output would not be disrupted.
However, there would be some differences between the moderate-
growth and the high-growth projections. These are imponder-
ables, mainly beyond the direct control of the region's
policymakers, and for the three policy sets they would be
identical.

The nature of the employment mix and the composition
of the commercial/industrial sectors could be slightly
different in each policy set. A better balance and greater
diversification in the renewable/transition policy set
could lead to less vulnerability and greater economic
stability.

Risk and. impact of shortfall or idle capacity

The most obvious conclusion in this aspect is that
there would be problems either way, that is, with shortfall
risk or idle capacity stemming from overconstruction.
However, there would be no inherent difference between the
three policy sets on balance. The threat of shortfall or
idle capacity would be shared in all three policy sets,
although more idle capacity would be manifest in the renew-
able/transition moderate-growth case.
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If the moderate~growth case should materialize rather
than the high-growth case, an aggressive conservation pro-
gram would produce substantial amounts of idle capacity.
In this situation the utilities might seek to promote the
increased use of electricity in order to put their idle
capacity to work. One of the region's gas utilities, :
given new supplies of Canadian natural gas, recently applied
to the public utility commission in its State to allow pro-
motional advertising, that is, to promote the sale of more
gas. This situation could be repeated for electricity if
the moderate-growth forecast materialized. In such cases
thermal plants now under construction would be revealed
as the offspring of exaggerated load forecasts..
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LOADS, RESOURCES, AND COSTS

ELECTRIC ENERGY LOADS

The Pacific Northwest area selected for study included
the States of Oregon, Washington, Idaho, and Montana west of
the Continental-Divide, Loads, resources, and total system
costs were examined.

Two load forecasts were examined, a higher level and
a somewhat'lower forecast, or mode. ate level. The higher
forecast was based on the "Pacific Northwest Utility Con-
ference Committee West Group Forecast," dated February 17,
1977, as extended by the "Long Range Projection of Power Loads
and Resources for Thermal Planning, West Group Area,” dated
April 30, 1977. These loads were modified by adding Montana
Power Company loads west of the Continental Divide in Mon-
tana, all the Idaho Power Company loads, and Utah Power and
Light Company locads in Idaho. Estimated firm exports out
of the area are included as part of the firm lcad. This
adjusted forecast, representing annual load growth of about
4.8 percent, was selected as the higher load level. The fore-
cast approximates the higher load level in the Northwest
Energy Policy Project draft report. Table IV.l shows the
high basic energy load forecast in average annual megawatts.
Conservation in the intermediate policy set and the renewable/
‘transition policy set would reduce the load to be served
below the high basic load forecast.

"The lower, or moderate—load, analysis was based on the
moderate forecast of electrical requirements in the NEPP
draft report "Module II," dated May 1977. This forecast
was also modified in several respects. First, the forecasted
loads were increased to include the Montana Power Company
and BPA loads in western Montana. Second, since the actual
1976 load was higher than the forecast for that year, the
actual 1976 load was used as the starting point and the
initial year of 1977 load was adjusted accordingly. Third,
the NEPP forecast was increased by 8 percent-—-the estimated
transmission losses--to represent the loads at point of
generation rather than of the load location. Fourth,
using the adjusted load for the year 1977 and the adjusted
forecast for the year 2000, we interpolated forecasts for
the intervening years 1980, 1985, 1990, and 1995.

The moderate basic leoad, excluding reserve requirements,
would increase at about 2.7 percent annually from 1977 through
2000. The loads in average megawatts are shown in table IV.2.
As in the high-load estimate, conservation in the intermediate
policy set and the renewable/transition policy set would
reduce the energy to be served by various amounts during
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the 23-year period. The estimated amounts of conservation
in the high- and moderate-growth modes are shown in average
annual megawatts in tables IV.l and 1IV.2, respectively.

In all instances secondary energy loads were initially
excluded to provide the firm energy load to be served under
critical water conditions. Por determining annual power
costs under average water conditions, it was assumed that
the secondary energy loads would be served before displacing
the higher cost fuel generation. Since the effect of
meeting the secondary energy loads does not significantly
change costs ‘and is the same in each policy set, only the
use of additional surplus secondary for fuel displacement
and export was inc¢luded.

Load 1evels——thermal/traditional

High-load forecast

The energy load level in this policy set represents a
continuation of conditions currently being experienced in
the area. Load growth would amount to about 4.8 percent
annually during the 23-year period starting in the year 1977
and ending in the year 2000. The initial year's firm energy
load would be 15,160 average megawatts., By the year 2000
the annual load would increase to 44,930 average megawatts.
The loads are shown in average megawatts on table IV.1A.

The load growth alone during the 23-year period would amount
to 29,770 average megawatts.

Moderate-load forecast

A moderate-load- level was adopted for study based on the
area conditions assumed in the NEPP draft report. The 1n1t1al
firm energy load, the same in all policy sets, would be
15,160 average megawatts. The firm energy load for the year
2000 would be 28,060 average megawatts, an increase of 12,900
average megawatts during the 23-year period, representing
an annual load growth rate of about 2.7 percent. The load
would be insufficient in the early years to absorb all’ the
generation existing or under construction. However, by the
year 2000, added resources would be. requlred

Load levels-—lntermedlate

High-lcad forecast

The area's basic load in the intermediate policy set
would be the same as in the thermal/traditional policy set;’
however, it was assumed that conservation efforts at resi-
dences, commercial establishments, and industries would
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provide some load reductions. The amount of conservation is
shown .in average megawatts on table IV.1B. Conservation
opportunities would be much greater with high-lcad growth
than with the moderate-load growth, and the amount of con-
servation achieved would therefore be larger, Conservation
efforts amounting to 10,270 megawatt-years in this policy
set would reduce the basic load in the year 2000 by about

23 percent. ‘

Moderate-load forecast

Under the moderate-load forecast conservation opportuni-
ties would be more limited. Although somewhat smaller than in
the high-load forecast, important amourits of conservation
would be accomplished to reduce load requirements. The total
estimated amount that conservation could achieve under these
circumstances is shown on tables IV.2 and IV.2B, The total
amount includes conservation achievable at residences, com—-
mercial businesses, and industries. In the year 2000 the
locad reduction due to conservation would be about 22 percent
and would amount to 6,210 megawatt-years.

Load leveéls--renewable/transition

ﬂigﬁ*léad forecast

Under this policy set efforts would be made to achieve
maximum energy conservation and pollution reduction. The
reduction computed for the year 2000 as a result of conser-
vation would nearly equal the current, or 1977, load level.
The amount of conservation, i.e., -load reduction for each
of the years studied, beginning in 198¢, . is shown on table
IV.1C. - The load reduction in this policy set due to con-
servation in the year 2000 would amount to 14,540 megawatt-
years, .or about 32 percent of the basic load forecast.

- Moderate-load level .

Although the energy load for this level would not
present the same opportunities for conservation as the high-
load level, a considerable amount of conservation would be
indicated under the all-out effort assumed for this policy
set. The estimated load reduction due to conservation in the
year 2000 would be about one~-third of the load that could
otherwise be expected in that year. The smaller increments
that would occur in earlier years would reduce the loads in
1980, 1985, and 1990 to below the current, or 1977 level.
This would make existing and under-construction resources
more than sufficient to meet all loads through those years
and extending through 2000, The magnitude of the conservation
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effort in terms of thousands is shown in table 1V.2C. The
percentage of load reduction -due to conservation in the year
2000 would amount’ to 9, 350 megawatt-years, or 33 percent

of the basic load. . '

Demand growth reduced by conservation

Throughout this analysis we treated electricity saved
through conservation as a resource which could be used to
‘meet future demand growth. By doing so we were empha5121ng
‘the importance of energy conservatlon as an economical .
alternative to the construction of new generating plants.
The schedule below shows how the conservation savings pro-
jected for each policy set would impact on the need for addi-
tional generation. :

Power supply source-— Average annual
- years 1977 and 2000 . growth rates
Demand level/ 1977 2000 Total
pelicy set Generation Conservation . Generation demand Generation
. . i (note a) only -
—(MHy)-—==m——mmmm—————— (percent)
High growth:
Thermal/
traditional 15,160 ’ - 44,930 - 4.8 4.8
Intermediate 15,160 10,270 34,660 4.8 3.7
Renewable/ . . ) L
transition 15,160 ‘ a 14,540 _ 30,790 4.8 3.1
Mcderate growth: l
Thermal/ : . )
traditional 15,160 - ) - © 28,060 2.7 2.7
Intermediate. 15,160 ‘ 6,210 - ;. 21,850 2.7 1.6
Renewable/ ] '
transition 1%,160 9,350 18,710 "2.7 "9

,_/In 1977 total regional electrical demand was 15,160 MWy. ‘
In the year 2000 it is projected at 44,930 MWy (hlgh growth) . and
28 060 MWy (moderate growth). .

'SUPPLY ALTERNATIVES

- The amounts of conventional resources expected to be
available were obtained from the "Long-Range Projections
of Power Loads and Resources for Thermal Planning, West
Group Area, 1977-78 through 1996-97,". dated April 20,
1977, prepared by PNUCC. Some 1976-77 data was also obtained
from the April 16, 1976, issue of.that report.
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Resource data from these West Group Area reports was
modified by adding the generation planned by the Idaho Power
Company, the Utah Power and Light Company to serve its
load in Idaho, and the Montana Power Company to serve its
load west of the divide in Montana. These added amounts
were derived from information in "Summary of Estimated
Loads and Resources," Western Systems Coordinating Council,
January 1, 1977, as supplemented by information from BPA,
Branch of Power Resources. Thus the planned generation
was obtained for loads in the Pacific Northwest area of
study which includes Washington, Oregon, Idaho, and Montana
west of the Continental Divide.

The following power supply criteria were applied in
developing the amounts of resources of each type available,’
planned, and needed to serve load for each year of study in
the policy set.

From a firm energy generation standpoint, practically
all the planned hydroelectric capability has been installed.
All existing, under-construction, and planned hydroelectric
plant units were assumed available to serve load on scheduled
completion. :

Coal-fired and nuclear plants were assumed completed
by the probable energy date if needed to serve load. When.
additional thermal plants were needed beyond those scheduled.
it was assumed that energy would be provided equally from
coal-fired and nuclear plants.

Completion of scheduled coal-fired and nuclear plants
was delayed if not immediately needed to serve lcad. However,
those coal-fired plants scheduled for completion in 1980
and 1981, Boardman and Colstrip Numbers 3 and 4, were assumed
completed by 1%85 even though not needed under the moderate-—
load forecast. Similarly, nuclear plants having construction
permits WNP 2 and 1 were assumed completed on:'schedule, 1980
and 1981, respectively, even though they might not be imme-
diately needed in some policy sets. Jim Bridger Number 4
was assumed completed on schedule in 1979, Combustion
turbine generation was assumed available on schedule,

The amounts of energy generation in average megawatts
considered available from existing, licensed-for-construction,
and planned resources are shown for each policy set, high and
moderate loads, in tables IV.1l and IV.2. The various
classes of resources are successively balanced against
load to obtain a resource surplus or deficit.
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Supply alternatives—--thermal/traditional

Resources were confined to conventional hydroelectric,
coal-fired, nuclear, combustion turbine, and miscellaneous
older small thermal plants. No significant amounts of renew-

able resources, e.g., new hydro, blomass/cogeneratlon, wind,
or solar installations, were assumed available.

Tables 1V.1A and IV.2A show the amounts of generation
available, planned, and needed from each type of resource
under the above criteria.

High-load forecast

With high-load growth all scheduled resources would
be required. Additional modest amounts above those sched-
uled would be needed in 1980 and 1985. (See table IV.]A.)

In 1980 under critical water conditions, it would be
necessary to operate combustion turbine and miscellaneous
small thermal plants more than normally desirable using
expensive gas or oil fuel. For years after 1980 more peaking
operation of combustion turbines was assumed, since substan-
tial amounts of energy would be needed above that provided
by scheduled resources. In all cases the fuel for the :
combustion turbines plus some for coal-fired plants could
be saved in an average water year by curtailing those
plants and substituting hydrogeneration.

Substantial additional amounts above scheduled coal-
fired and nuclear generation would be needed in 1990, 1995,
and 2000. These additional amounts are shown as ‘deficits
at the bottom of table Iv.1lA.

Moderate—load'forecast

With moderate-load growth, completion of resources on
schedule would produce significant surpluses of capablllty
in 1985 and 1990. However, additional thermal plants
beyond those presently planned would be required in the year
2000, - (See table IV.2A.) Within the criteria applied to.all
policy sets as previously described, it would be possible
to delay scheduled thermal generation in 1985, 1990, and
1995, However, with these delays of large nuclear plants,
it would be necessary to operate combustion turbines to
generate reasonable amounts of energy during critical water
years. :
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Supply alternatives-—intermediate

The amount of energy required from conventional resources
for either high- or moderate-load growth would be less-than
in the thermal/traditional policy set because conservation
would reduce load requirements and a modest buildup of
renewable type resources was also assumed to occur. (See
tables IV,1B and IV.2B.,) .

The renewable resources assumed for this policy set
were mostly central-station-type generation. However,
about one-third of the wind and solar. generation was con-
sidered to be decentralized, i.e., located at the load.,
Decentralized sources were combined with.centralized and
would have little effect. upon the amounts of transmission
and distribution required because conventional generation
backup would be necessary.

High—ioad forecast

. With high-load growth conventional resources beyond
those scheduled would be required in years..1995 and 2000. -
(See def1c1ts on bottom of table IV.1B.) . However, as. _ .
indicated by surpluses in 1985 ‘and 1990, 1t would be p0551b1e
to delay scheduled nuclear plants not hav1ng construction
permits and still meet the 1985 and 1990 loads.

Moderate-load forecast

. With moderate-load growth, no additional conventional
resources beyond those .scheduled would. be requ1red, in fact,
about five of the scheduled nuclear plants could be delayed
through the year 2000. (See table IV.2B, which shows a
4,690-average-megawatt surplus at that time.) Even if-
coal fired and nuclear plants were delayed to a maximum
extent within the criteria previously described, large
amounts of unused capablllty above that needed for enerqgy ..
reserve would be available in 1985, 1990, and 1995. -

Supgly alternatlves--renewablg/trans1t10n

ThlS pollcy set includes relatlvely large amounts of
planned conservation and renewable resources. The need. for
conventional resources would be reduced substantially below
those now scheduled. (See tables IV.1C and 1IV.2C.) »

High—-load forecast

Even with high—load growth, scheduled conventional
resources would handle the load through year 2000. Large
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amounts of unused capability would exist - in 1985 and 1990
(see table IV.1C}, and conventional generation could be
delayed to a maximum extent within the previously described
criteria.-

Moderate—-load forecast

Under moderate-load growth conditions, very large sur-—
pluses would occur in all years if scheduled conventional
resources were installed. {See table IV.2C.) With maximum
delay of these resources under previously described criteria,
very large amounts of unused conventional capability would
result in 1980, 1985, 1990, and 1995, Under the renewable/
transition policy set and moderate—~load conditions, thermal
plants existing and having construction permits would be
sufficient to meet year 2000 load if they were aided in that

year by about 700 average megawatts of new hydro resources.

If additional renewable resources had been assumed
installed in this policy set under moderate-load growth,
as shown in figure 6.3 on page 6.15, the unused conventional
capability would be increased by comparable amounts. However,
installation of renewable resources would be economically
unsound at the assumed estimated costs. The unit costs
of energy from additional renewable resources, such as
wind, solar, and biomass, would generally exceed the con-
ventional thermal fuel cost that might be saved. Further-
more, such savings could be achieved only in low water years,
since under better water conditions additional hydroenergy
would be available for fuel savings.

POWER SYSTEM AND CONSERVATION COSTS

The total cost of providing electric energy and conser-
vation to the Pacific Northwest is one of the major determi-
nants of the economic desirability of any policy set. The -
total annual cost (in 1976 dollars) was estimated for high-
and moderate-load growth under the three policy sets during’
1977, 1980, 1985, 1990, 1995, and 2000. These total annual
costs for an average water year are shown in flgure IV 1
and in tables 1IV.3 and IV 4.

The total annual electric energy cost was determined
from the estimated cost of power resources, including
conservation, transmission, and distribution elements of
the power system under the conditions assumed for each
policy set and load level. The unit costs used were those
immediately available that appeared reasonable and were
agreed to by our representatlves and the team of energy
consultants.
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The total annual conservation cost included the estimated
cost of residential, commercial, and industr;al conservation.

Power system costs

The total annual power cost was compiled on the basis
of the system required to meet load during critically low
water conditions on the hydroelectric system. The cost was
then adjusted by the savings in thermal plant fuel that
would be achieved during an average water year. Thus
the final total annual power cost recordad is that which
would occur during an average water year.

Power resource coOS ts

Resource costs were split into two categories, "resources
used" and "resources unused." "Rescurces used" includes the
total cost, i.e., fixed and variable, of operating the
resources to meet load. "Resources unused" includes the fixed
charge of surplus capability, or if no surplus is available,
it includes the minimum required to provide energy reserves,

Generally resources were selected to meet load at lowest
cost. Each year all the hydroelectric energy was used.
Since coal-fired generation plus transmission from coal mine-
mouth plants is about the same cost as nuclear generation,
the amount from each type was prorated proportionally to
the amounts scheduled to be available. If additional amounts
were required, they were provided by half nuclear and half
coal-fired generation. Combustion turbines were operated
as a peaking energy resource only if more than the scheduled
amounts of coal-fired and nuclear power were needed. Renew-
able resources were operated to meet load when they delayed
or displaced the construction of conventional thermal plants
or when the modest amount scheduled would not significantly
increase the total cost. However, when assumed load growth
was small and would be met by existing or soon-to-be-
completed resources, renewable generating units were listed -
but not added to the total cost.

When load‘requirements allowed conventional thermal
plants to be delayed, the interest on sunk cost was neglected;
however, as discussed later, fixed costs were increased
to cover potential technological improvements that might
be required by the date of initial operatlon.
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Hydroelectric rescources, existing,
under construction, and planned

The Federal Columbia River Power System fiscal 1976
production cost was $102,252,000. 1/ On the basis of critical
water year generation, this amounts to 1.5 mills per kilowatt-
hour for about 65 percent of the total Pacific Northwest
hydro generation. The dverage cost of investor-owned hydro
production was estimated at 2.5.mills per kilowatt-hour for
24 percent of the total and publicly owned at 2 mills per
kilowatt-hour for 15 percent of the total.

The weighted averagé cost of Pacific Northwest hydro
production is about 1.8 mills per kilowatt-hour. This unit
cost in 1976 dollars is expected to remain essentially
constant since under-construction and planned additions
to the system are relatively small compared with exlstlng
1nstallat1ons.

Coal-fired thermal resources

The annual cost of existing coal plants, Centralla, Jim
Bridger, and Colstrip, were estimated from 1976 Federal
Power Commission Form ' l, construction and variable cost data.
The welghted average annual costs are $67 per kilowatt fixed
cost and 6.3 mills per kilowatt—-hour variable cost for a total
of 17.2 mills perhkllowatt-hour at-70 percent capacity factor.

For plants completed subsequent to 1977, an investment
cost was derived from the average public-private Washington-
Oregon cost given in BPA environmental impact statement
table V-14 for 1976. This amount of $526 per kilowatt for
1976 was increased each year to plant completion by $13 per
kilowatt, tapering to zero 'in 1990. The adjustment accounts
for potential costs of environmental and technological plant
improvements. An average publlcly_owned/lnvestor—owned
fixed cost ratio of '0.15 was applied to the investment cost
to derive the annual fixed cost, including fixed operating
and maintenance expenses. Variable costs were assumed to
remain constant in 1976 dollars at 11.4 mills per kilowatt-
hour, the average. for publicly owned/investor-owned plants
in Washington and Oregon from EIS table V-14, 1In any partic-
ular year the cost of coal-fired thermal energy was computed
as the weighted average cost of all completed coal-fired
plants operating at 70 percent capacity factor. When it was
. necessary to use scheduled imports to meet load, such 1mports
were costed as coal-fired thermal energy.

1/BPA, "Summary of Financial Data," June 30, 1976, table 6.
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Nuclear thermal resources

The annual cost of the Trojan Nuclear Plant was derived
from 1976 public-private cost in BPA Role EIS table V-16,
obtaining $85 per kilowatt-year plus 4.8 mills per kilowatt-
hour, which, at the 64-percent capacity factor assumed,
totals 20 mills per kilowatt-hour. Hanford atomic generation
costs were assumed to be 7 mills per kilowatt-hour in 1976- 77
and 10 mills per kilowatt-hour in 1979-80.

The fixed cost of\generation from nuclear plants coming
into operation after 1977 was based upon a capital cost in
197¢ dollars of $716 per kilowatt. 1/ This cost was increased
each year to plant completion by an amount starting at $§31
per kilowatt in 1977 and tapering to zero in 1990, The
increase was intended to cover the cost of technological
improvements required. An average annual fixed-charge ratio
amounting to 0.143 for publicly owned/investor-owned plants
in Washington and Oregon was derived from BPA Role EIS ‘table
V-16, This ratio was applied to the investment cost to obtain
the annual fixed cost, including fixed operation and main-
tenance expense. A publicly owned/investor-owned average
variable cost of 4.9 mills per kilowatt-hour from EIS table
V-14 was combined with the fixed cost applicable to the plant
completion year to obtain the total annual cost of that plant.
The weighted average fixed and total costs of power from all
completed nuclear plants were used in determining the nuclear
generation cost in a particular year.

Combustion turbine and
miscellanecous resources

The cost of generation from Beaver's combustion turbines
was. derived from 1976 Federal Power Commission formal informa-
tion: the fixed cost was $23 per kilowatt-year, and the
variable cost was 40 mills per kilowatt-hour. These unit
costs were used for all combustion turbine generation and
for the miscellaneous older small thermal plants.

New renewable resources

 Generally the intermediate and renewable/transition
policy sets are designed to include in later years progres-
sively larger amounts of cost-competitive new renewable

1/NEPP Study Module III-A, table V-11, ERDA 76-141, average
light water reactor amounts escalated 12.1 percent to
1976 dollars.
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resources to displace the construction of coal-fired and
. nuclear plants.

For purposes of this report, the following unit costs
were utilized: ‘

Renewable energy resources . Mills per kWh

Hydroelectric ' . 21 .
Solar-thermal 34
Solar-photovoltaic--centralized - 28
--decentralized 22,
Wind--centralized 22.5
: --decentralized . . 22
Biomass/cogeneration 25

Centralized and decentfalized resource costs were combined
to obtain weighted average costs used. in the power cost
tables,

_ -The_schedulé below shows the cumulative total costs
which would be required for the new renewable energy sources
planned for the intermediate and renewable/transition policy
sets. )

Cumulative total costs in

Policy set | 1980 1985 - 1990 1995 2000
| mmm———— (000,000 omitted)——=————-
Intermediate: A
High . $ - $ 60 $ 269§ 720 '$1,578
Moderate - - 60 269 720 1,578
Renewable: , l. A o
High - 208 1,066 3,200 7,397
Moderate .- .- - - 326

Transmission costs

The BPA power transmission cost for energy handled in
1976 amounted to 1.14 mills per kilowatt-hour. 1/ -A private
utility transmission cost of 1.37 mills per kilowatt-hour.
was derived from supporting data to the BPA EIS. These were
combined 80 percent BPA and 20 percent private to obtain a
base Pacific Northwest transmission system cost estimate .of
1.2 mills per kilowatt-hour. The amount of non-Federal public

l/BPA} “éummary Financial Data," table 7, June 30, 1976.
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system transmission in the Pacific Northwest is relatively
small and would not materially affect, the base system cost.
It was assumed that the base system cost in 1976 dollars
would remain relatively constant as system loads grew,
provided the pattern of load and generation location were
not substantially altered. The location of planned nuclear
plants would not modify the pattern. However, additional
coal-fired generation located in Montaha and Wyoming would
tend to increase the system transmission cost. It has been
estimated that the transmission cost from such plants to
Hanford, Washington, would range from'3.:65 to 4.65 mills
per kilowatt-hour, according to the amount of power and’
number of lines required. As Montana and Wyoming coal plants
were added to the system to meet load, the base transmission
system cost of 1.2 mills per kilowatt-hour was accordingly
increased. The transm1551on cost was applled to the total
system load.

Distribution costs

The welghted average public and private. system distri-
bution costs in 1976 were estimated at 6.6 mills per kilowatt-
hour. This amount was derived from econometric study data ~
used for the BPA EIS. Historically the distribution cost per
kilowatt-hour hag trended downward, primarily because
increased use per customer and. technological progress. has
;balanced inflation. However, in recent years the increased
use of underground distribution’ and higher land costs have:
tended to increase distribution costs. These counterbalancing
trends are expected to continue. For purposes of this study,
the distribution cost per kilowatt-hour {(in 1976 dollars) was
assumed to remain constant regardless of the policy set
conditions or rate of load growth. Distribution costs were
assessed on the total system locad less large direct service
industrial loads.

Conservation costs

Estimated energy savings achieved through conservation
investments in. the intermediate and renewable/transition
policy set, as well as the estimated cost of various conser-
vation investments, are summarized in appendix V. Using
the..data summarized in that appendix, ‘we ‘developed the
cumulative total costs of conservation (fixed and varlable
costs) for the’ years 1980 through 2000, as follows-
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Cumulative total costs in 1976 dollars

Policy set . 1980 . 1985 1990 1995 2000
' SO (000,000 L T p—
Intermediate: :
" High ' . $156 $1,073-  $2,577 $4,432 % 6,610
Moderate 100 639 1,557 2,759 4,231
Renewable: _
High 4 ' 311 1,881 4,354 7,463 11,127
Moderate 262 ‘1,526 3,568 6,131 8,994

Annual conservatlon .costs consistent with appendix V. and
with the de51gn of the 1ntermed1ate and renewable/tran31tlon
policy sets are shown in tables IV.3B, V, 3C, IvV.48, and IV.4C.

Total system COSts

Total annual costs, including conservation, range from
$1.5 billion in 1977 to a possible high of $10.8 billion in
the year 2000, The schedule below shows -the total annual
power, costs for each of the pOllCY sets and growth rates.

Total annual cost, including
. , . conservation, in 1976 dollars
Demand level/policy set 1977 1980 1990 2000

High-demand growth (4.8 percent):

Thermal/traditional $

| 1.5  $2.2  $5.5  $10.8
Intermediate o : 1.5 2.0 4.3 . 8.0
Renewable/transition - : 1.5 2.0 3.8 6.8
Moderate-demand growth (2.7 per- .
cent): . RS i

Thermal/traditional 1.5 1.7 2.8 5.4
Intermediate ' 1.5 l.v 2.4 3.7

1.5 1.6 2.4 3.0

.Renewable/transition.

Cumulative total costs and capital requirements for the
period 1977-2000 are presented in tables IV.5° and IV 6, :
respectively. .

Average annual costs for the regional péwer éystem in
terms of mills per kilowatt-hour are shown in figure IV.1.
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FIGURE IV¥.1

TOTAL ANNUAL COST OF ELECTRIC
ENERGY AND CONSERVATION
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TABLE IV.l

Summary of Loads and Resources--High-Demand Growth

(Year JuIy—June) Energy in Average Megawatts (Rounded to 10sj

1977 1980 1985 1990

Load:
Firm load 15,160 18,620 22,990 28,540
Reserves 390 410 500 630

Total

Resources:

Total existing and licensed 17,020 18,200 20,700 20,010
Surplus or deficit (=) 1,470 -830 -2,790 -9,160
Thermal/Traditional -Policy Set

Planned conservation - - - -
Planned renewable resources - - - -
Planned thermal resources - - 2,420 6,690
‘Surplus or deficit (-) 1,470 -830 -370 -2,470

Intermediate Policy Set
Planned conservation - 1,520 3,130 4,720
: Surplus or deficit (-) - 690 340 -4,440
Planned renewable resources - - 130 280
Surplus or deficit (-} - 690 470 -~4,160
Planned thermal resources - - 2,420 6,690
Surplus or deficit (-) 1,470 690 2,890 2,530
Renewable/Transition Policy Set

Planned conservation - 2,290 4,670 6,890
) Surplus or deficit (-) - 1,460 1,880 =2,270
Planned renewable resources - - 410 1,250
"~ Surplus or deéeficit (=) - 1,460 2,290 -1,020
Planned thermal resources - - 2,420 6,690
Surplus or deficit (-) 1,470 1,460 4,710 . 5,670

15,550 15,030 23,730 29,170

010

1995

35,680
800

’

19,530
16,950

6,690
10,260

6,970
-9,980
' 580
-9,400

6,690
-2,710

10,290
-6,600
2,800
-3,860
6,690
2,830

2000

44,930
1,000

r

19,480
~26,450

6,690
~19,760

10,270
-16,180

1,080

6,690
-8,410

14,540
-11,910
5,100
-6,810
6,690
-120
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TABLE 1IV.,1A

Thermal/Tfadgtional Policy Set--High-Demand Growth
(Year July-June) Energy in Average Megawatts (Rounded to 10s)

1977 1980 1985 1990

1995
Load: A
Firm load 15,160 18,620 22,990 28,540 35,680
Reserves 390 410 500 . 630 800
Total 15,550 19,030 323,490 729,170 "
Resources: :
Existing and licensed for construction:
Hydro 12,940 13,020 13,090 13,060 13,060
Coal - 2,920 3,620 4,860 4,200 3,720
Nuclear , 1,040 1,420 ° 2,610 2,610 2,610
Combustion turbine and miscellaneous 120 140 140 140 140
Total . [J ' Zﬁljﬁu ZU,UIU r
Surplus or deficit (-) 1,470 -830 -2,790 -9,160 -16,950
Planned energy conservation - . = - - -
Surplus or deficit (-) 1,470 -830 -2,790 -9,160 -16,950
Planned renewable resources:
HBydro - - - - -
Biomass/cogeneration - - - - -
Wind. R - - . - - -
Solar el ’ - - - - -
Total - - - - -
Surplus or deficit (-) 1,470 -830¢ -2,790 -9,160 -10,950
Planned thermal resources: )
Coal. - - - 70 70
Nuclear - - 2,420 6,620 6,620
Total ) - - . . »
Surplus or deficit (-) 1,470 . -830 ~-370 -2,470 -10,260

44,930

70
6,620

6,690
-19,760

Al XIAN3ddV

Al XIANSddav



8T°AI

TABLE IV.1B

Intermediate Pollcy Set--High-Demand Growth

: (Yeat July-JuneT Energy in Average Megawatts (Rounded to 10s)

1977 1980 1985 1990 1995 2000
Load: ' L L . - "
Firm: load 15,160 18,620 22,990 28,540 35,680 44,930
Reserves 390 410 500 630 800 1,000
TOtal-’“"‘ L. ’ ’ :3,190 ’ ’ - r
Resources-~ ‘ . TeFTTen
Existing and 11censed for constructlon.
Hydro - :- e 12,940 13,020 13,090 13,060 13,060 -13,060
- Coal~- T B 2,920 3,620 4,860 4,200 3,720 3,670
Nuclear 1,040 1,420 2,610 2,610 2,610 2,610
Combustion turbine:and miscellaneous 120 140 140 140 . 140 140
Total 17,020 18,200 B 15,530 19,480
- "Surplus-or defic¢it "(-) 1,470 -830 ~2,790 -9,1§0 -16,950 -26,450
Planned energy conservation - 1,520 3,130 4,720 6,970 10,270
- Burplus or deficit (-) 1,470 690 340 -4,440 -9,980 -16,180
"Planned renewable resources:
Hydro . - - 50 100 200 400
Biomass/cogeneration - - 50 100 200 300
Wind - - - - 30 80
Solar - - 30 80 150 300
Total = - I30 — 280 T80 I,080
Surplus or deficit (-) 1,470 .. 690 470 -4,160 -9,400 -15,100
Planned thermal resources:
Coal - - . - 70 70 70
Nuclear - - = 2,420 6,620 6 620 6,620
Total - o= : - ' ’ r 3'350
Surplus or deficit (-) 1,470 . 690 2,890 2,530 —2,710 -8,410

AT XIAN3dd¥
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TABLE IV.1C

~ Renewable/Transition Polic
{Year July-June) Energy in Average Megawatts (Rounde

Set--H

igh-Demand Growth -
ded to 10s)

Load:
Firm load
Reserves
- Total

Resources.
Existing and l1censed for construction:
Hydro ' = : .
"Coal L -
Nuclear :
Combustion and miscellaneous:
" Total
Surplus or::deficit (-)-
Planned energy conservation
Surplus or def1c1t ( )

Planned renewable resources.
Hydro
Biomass/cogeneration

- - Wind
-~ Solar
Total
Surplus or deficit (-)

Planned thermal resources-
Coal
Nuclear
Total
Surplus or deficit (-)

1985

1977 1980 1990

15,160 18,620 22,990 28,540
390 410 500 630

r r r r
12,940 13,020 13,090 13,060
2,920 3,620 4,860 4,200
1,040 1,420 2,610 2,610
120 140 140 . 140
s 0 20,010
;,410 -§30 ~2,790 -9,160
- 2,290 4,670 6,890
‘1,470 1,460 1,880 -2,270
- - 200 400
- - 100 200
- - .30 300
= - 80 350
= = 10 "I,250
- - - 70
- - 2,420 6,620

- - . ’ r
1,470 - 1,460 4,710 5,670

1995 2000
35,680 44,930
800 1,000

’, .l‘\
13,060 13,060
3,720 3,670
2,610 2,610
140 .- 140
» 530 0
-16,950 -26,450
10,290 14,540
~6,660 —11,910
700 1, 100
400 600
750 1,500
950 1,900

2,800 .
70 70
6,620 6,620
2830 Z120
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TABLE 1v.2

Summary of Loads and Resources--Moderate-Demand Growth

(Year July-June) Energy 1in Average Megawatts IRounded to 10s) -

Load.. . e
Firm load
Reserves: .

Total-ﬂ

Resources-" .

Total ex1st1ng ‘and licensed
Surplus or deficit (-)

conservation
renevwable resources
thermal resources

Planned
Planned
Planned

conservation :
Surplus or deficit (-)
renewable resources
Surplus or deficit (-)
thermal resources
Surplus or deficit (-)

Blanﬁéd“
Planned

Planned

Planned conservation

renewable resources
Surplus or deficit (-)
thermal resources
Surplus or deficit (-)

Planned

Planned

Surplus or deficit (- S

Surplus or deficit (-)

1977 1940 1985 - - 1999
15,160 15,960 17,590 20,110
390 . 390 410 . 470
15,550 16,350 18,656 70,550
17,020 18,200 20,700 20,010
1,470 1,850 2,700 -570°
Therﬁal/Traditional Policy -Set
e = Teavl2,4200 6,690
1,470 . 1,840 5,120 6,120
Intermediate Policy Set ‘
- 3, 110 5,030 2,750
- .o .. 130. 280
- 3 110 “5'16‘0 3’030
.- ' ‘2,420 6,690
1,470 . 3, 110 . 7,580 -. 9,720
.jRenewable/Transition Policy Set -
-~ . .. 2,100 3,600 5,390
= 3,940 6,300 4,820
- - . 410 1,250
- - 2,420 6,690
1,470 3,940 9,130 12,760

1995

23,390

560"

23,950

.19,530

-4,420

6,690.

2,270

4,480
60
580
640
6,690
7,330

6,840
2,420
2,800
5,220
6,690
11,910

2000

28,060

- 710
28,770

19,480
~9,290

6,690

6,210
-3,080
1,080
-2,000
6,690
4,690

9,350

5,100
5,160
6,690
11,850

Al XI1IAN3d4dVY
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TABLE IV.2A

Thermal/Traditional Policy Set--Moderate-Demand Growth

(Year July-June) Energy in Average Megawatts (Rounded to 10s)

Load: ]
"~ Firm load
Energy reserve
Total requxrements

Resources. - '
Exlstlng and llcensed for constructlon
Hydro
Coal
Nuclear
Combustion turblne an mzscellaneous
‘Total " ’
Surplus or “deficit (-)
Planned energy conservation
Surplus or deficit (-}

Planned renewable resources
_Hydro .
B1omass/cogenerat1on

“Wind
Solar
" Total
'Surplus or deficit (-)

Planned thermal resources-
Coal
Nuclear
Total
Surplus or deficit (-)

1980 1985
15,960 17,590
390 - 410

r
13,020 - 13,090
3,620 ° 4.860
1,420 2,610
- 7140 .. . 140

. \
1,850 2,700
1,850 2,700
1,850 2,700
2,420
850 5,120

11990 1995
20,110 23,390
470 560

r P)
13,060 13,060
4,200 3,720
2,610 2,610
140 - .140
15530
1570  -4.420
_570 4,420
-570 -—4,420
70 70
6,620 6,620
6,120  2.270

2000

28,060

710

r

13,060
3,670

2 610

140

-9,290

-9,290

AT XIAN3ddv,
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TABLE IV.2B

Intermediate Policy Set--Moderate-Demand Growth
(Year July-June Energy in Average Megawatts (Rounded to 10s)

1977 1980 1985 1990 1995 2000
Load: 4 . -
) Firm load . . | ; ‘ : ' 15,160. 15,960 17,590 20,110 23,390 28,060
Energy reserve. . - — . 390 390 410 470 560 710
- . Total requirements -T5,550 716,350 718,000 20,580 323,350 28,770
Resources.
Existing and llcensed for construct1on- . A :
Hydro . .. . .. - 12,940 13,020 13,090 13,060 13,060 13,060
.Coal . R - 2,920 3,620 4,860 4,200 3,720 3,670
Nuclear . ' 1,040 1,420 2,610 2,610 2,610 _2,610
Combustion turbine and mlscellaneous . 120 140 - 1440 140 140 ‘140
Total = - . . & > - ;010 13,570 193,450
Surplus or. def1c1t ( } 1,470 1,850- 2,700 -570 4,420 -9,290
Planned energy conservation - ‘. - o= - 1,270 2,330 3,320 4,480 6,210
: Surplus or deficit (- ) 1,470 3,120 - 5,030 2,750 60 -3,080"
Planned renewable resources- )
Hydro - - 50 100 200 400
onmass/cogenerat1on - - - 50 100 200 300
Wind = = - = 30 80
Sclar ) - - 30 80 150 - 300 °
Total - - : 130 280 580 1,080
‘Surplus or deficit (-) , 1,470 3,120 5,160 . 3,030 640 -2,000 -
Planned thermal resources: .
Coal : ' - = - 70 70 70
Nuclear : - N 2,420 6,620 6,620 6,620
Total o B - - 2;126 g;ggﬁ ’ gpggﬁ
Surplus or deficit (-) 1,470 3,120 7,580 9,720 7,330 4,690

AT XIAN3ddV

AT XIQN3Bd3Y



€2 AT

TABLE 1IV. 2C

e

Renewable/Tran51t10n Policy Set-—Moderate- Demand Growth

" (Year July-June) Energy in Average Megawatts (Rounded to IOS)

P

Load:
Firm load
Energy- reserve
) Total requ1rements

Resources' L
Exlstlng and’ 11censed for constructlon-
Hydro . .
Coal o
~ Nuclear’
Combustion. turblne and mlscellaneous
Total
Surplus or. deficit (=) .

[

L

Plannad:energy conservation
;. Surplus or deficit (-)

- Planned renewable resources:
"2 Hydro
Blomass/cogeneratlon
. Wind
v Solar
Y Total
Surplus or deficit (-)
Planned thermal resources-
Coal .
Nuclear
Total

Surplus or deficit (-)

1977 1980 1985 1990 1995 2000
15,160 15,960 17,590 20,110 23,390 28,060
390 390 410 470 560 710
15,550 716,350 18,000 20,580 23,950 28,770
12,940 13,020 13,090 13,060 13,060 13,060
2,920° 3,620. 4,860 4,200, 3,720 3,670
1,040 1,420 2,610 2,610 2,610 2,610
120, -140. . 140 140 . 140 . 140
17,02C. IF‘Iﬁﬁ "‘TUB 2 - 15,530 19,480
1,470 1,850 2,700, -570, 4,420 -9,290
.27 2,100 3,600 5,390 6,840 9,350
1,470 3,950 6,300 4,820. 2,420 60
- - 200 400 700 1,100
- .o~ o .-100. 200 400 600
= - 30 300. 750 1,500
- _ -~ 80 350 950 1,900
= - 410 1:256 20300 ¢ 0
1,470 3,950 6,710 6,070 5,220 5,160
- - - 70 70 70
- - 2,420 6,620 6,620 6,620

= ' - r ’ ’
1,470 3,950 9,130 12,760 11,910 11,850

Al XIANSddY
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TABLE IV.3

Averége‘Costs of Power Used and Conserved
H1gh-Deman3 Growth

————

. 1977 1980 1985 . 1990 - 1995 2000

]

'“;’"; . I. = (in mills per kwWh)

Average cost of power, 1nc1udlng
conservation (mllls/kWh of
energy- used and conserved):

“Phermal/traditional 132.5 14.3 19.9 . 23.9 27.1 29.8
. Intermediate o ' 12.5 13.1 16.0 18.8 20.8 22.0

Renewable/transition : 12.5 13.1 15.7 16.6 17.8 18.7

Average grid cost--generation,
transmission, and distribution
(mills/kWh of energy used): : : :
Thermal/traditional - 12,5 14.3 ~19.9 23.9 27.1 29.8

Intermediate - 12,5 ° 13.5 “16.9 - 20.1 24.1 26.8
Renewable/transition ) 12.5 13.4 - 16,8 -7 18.7 ©21.7 24.4

Al XIAN3ddv
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TABLE IV.3A

Annual Power Costs
Thermal/Traditional Policy Set--High-~Demand Growth

1977 1980 1985 1990 . 1995 2000
(millions of 1976 dollars)

Resources used: ; ) . . ) i
Hydro : o ) $ . 204 8 205 § 206 3 206 $ " 206 $ 206
Coal’ - Y238 609 929 1,015 1,778 2,840
Nuclear - ' 7125 179 1,131 2,436 3,388 4,567
Combustion turbine and mlscellaneous - 229 80 - 80 80 80
Lonservation. . . - - - - - -
New. hydro. i - - - - -
Blomass/cogeneratlon - - - - -

Wind - - ~ - - -
Solar . . - - ~ - —~ =
Total 565 1,222 2,346 3,737 5,452 7,603

Resources needed.or available but unused: o . AR A B
Coal. - = - R ‘ 93 21 29 39 51 ] 65
Nuclear " 8 32 47 62 ' 80 101
“Combust1on turblne and mlscellaneous . 31 - - - - -

- Total (cr1t1ca1 water year) 137 ° 53 76 101 - 131 166
Transmission . 159 196 296 380 541 701
Distribution . e 731 918 1,151 1,459 . 1,865 . 2,39a
Total - ) 830 1,114 1,337 1,839 2,406 3,
Average hydro fuel savings ) - =67 -236 -181 . -176 - -18S5 c =181 -

Total costs {average water year) $1,525 % 2,153 ¢ 3,688 $ 5,501 §$ 7,804 10,773

Total firm load (MWY) . . 15,160 ' 18,620 22,990 28,540 35,680 44,930

Transmission and dlStflbUtlon losses at Y S : '

8 percent ) 1,213 1,490 1,839 2,282 2,854 3,594
Load delivered to customers - 13,947 17,130 21,151 76,257 32,826 31,33%
Average -cost of power, including con-
servation (mills/kWh of energy used
and conserved) 12.5 14.3 19.9 23.9 27.1 . 29.8

Average grid cost-generation, transmis- )
sion, and distribution (mills/kWwh of
energy used) 12.5 14.3 19.3 23.9 27.1 29.8

AI XIAN3Iddv¥
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- " °  TABLE 1V.3B

Annual Power Costs

" Intermediate Policy Set--High-Demand.Growth

AT XION3Bddv

1977 1980 1985 19%0 1995 2000
—{millions of 1976 dollars)}—0+—
Resdurces ‘lised: - ~° ° - o , , ‘ , o
:Hydro : :* - R " $ 204§ 205 % 206 $ 206 $ 206 $ 206
Coal ) -236 472 - - ‘768 . 808 924 -1,528
iNuclear ~ : ’ ' - 125 173 479 - 1,434 2,462 "3,164
Combustlon turblne and mxscellane0us = .- .. 80 ‘80 .-80 . - 80
Conservatidn . 104 263 339 - 403 468
New :hydrgo = :-17% o - 8 - 19 D38 74
Biomassi/congereration - - 10 23 " 45 65
Wind ) L - - - . 4 =16
Solar “ -‘.""-'_:. { B .:) .‘. o h"j‘ i'j': :" ) . = - "6 - 18 - 34 " 68
Total R “: T : 65 954 1,820 2,927 4,196 5,669
Resources needed or avallable but unused.( .
COFL e ey g e TTETE S 98 42 56 36 49 62
Nuclear ' - 8 - .o 61 - 80 -101
Combustion: turbine and miscellaneous 31" 33 o o= LR Tz
‘Total {critical water year) 137 75 56, 97 : 129 - -163
TransmisSion iieiiET o 159 180 263 300 365 507
Distribution 731 B30 " 970. 1,186 1,468 1,800
Total- - ~ ~- 890 1,01Q - 1,233 1,486 1,833 2,307
Average ‘hydro- fuel savings -: -~ -0 -67 ~77. . ~147 . -176 +185 -181
Total costs/‘(average water year) $l1, 525 $1 962°° $2,962 $4,334 $5,973 $7,958
Total firm load (MWy). 15}160 "18,620 22,990 28,540 35,680 44,930
Transmission” and distribution losses : - :
at 8 percent . 1,213 1,490 . 1,839 2,283 . 2,854 3,594
Load delivered to customers 13,947 17,130 - 21,151 26,257 32,826 41,336
Average cost of power including
conservation {(mills/kWh. of energy . o : :
used and energy conserved)’ T 1255 13,1 16.0 18.8 20.8 22.0
Average grid cost-generation, -
transmission, and distribution
cost (mills/kWh of energy used) 12.5 13.5 16.9 20.1 24.1 26.8
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TABLE IV.3C

Annual Power Costs

Renewable Transition Policy Set--HJgh Demand Growth

Rescurces used:
Bydro
Coal
Nuclear
Combustion turbine ‘and miscellaneous
Conservation
New hydro
onmass/Cogeneratlon
" Wind
Solar
" Total

Resources needed or avaxlable but unused.
Coal
Nuclear '
Combustion turblne and mlscellaneous
-Total (critical water year)-

Transmission

Distribution

T Total |

Avérage hydro fuel savings
Total costs [average water year)

Total firm load (MWy)
Transmission and distribution losses at
8 percent
Load de11vered to customers.

.Average cost of power, including con-

servation (mills/kWh of energy used
and energy conserved) :

Average grid cost-generation, .transmis-
sion and distribution cost (mills/kWh
of energy used)

1977 1980 1985 1990 1995 2000
{millions of 1976 dollars}
$ 204§ 205§ 206$ 206 § 206 § 206
236 . 384 507 808 717 708
125 163 433 . 653 1,328 2,013
- . - - 80 80 80
- 207 421 568 ‘676 790
‘- - 38 74 128 202
- - 23 a5 88 . 132
- - -4 58 - 147 292
- - -’18 - B4 - 7230 460
565 959. "I,650 ~Z,576 3,600 4,883
98" 96 . 167 - 36 46 57 -
8 - T 32 57 78 99
31. 33 - 33 - - -

137 128" 232 33 iZd ~ 158
159 172 246 271 309 362
731 786 876 1,060 1,276  1,552°

890. 958 ~1,122 1,337  T1,58% I,§I?

~67 =77 -97 -176 -185 . -181
§$ 1,525 $°1,969 $ 2,907 $ 3,824 $ 5,124 S5 6,772
15,160 13.520 22,990 28,54, 35,680 . 44,930
. 1,213 ,490 1,839 ne. 2,854 3,594

13 §I‘ 17‘13 21,151 53‘13. 32,826 ’

12.5  13.1 15.7 16.6 17.8 18.7
12.5 13.4 16.8 18.7 21.7 24.4

XTIAN 344V
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TABLE 1IV.4

Average Cost of Power 'Used and Conserved

Average cost of power, including
conservation (mills/kWh.of
energy “used--and conserved}):

Thermal/traditional
- Intermediate
Renewable/transition

Average grid cost--generation,
transmission, and distribution
{mills/kWh of energy used}:

Thermal/traditional
Intermediate -
Renewable/transition

Moderate~Demand Growth

1977 1980

. 12.5 13.1 -
12.5 12.7.
12.5 12,2
12.5 13.1
12.5 13.2
12.5  .°12.5

1990

(in mills

1985 1995 2000
per Kkwh) '

'16.2 - 17.2-  20.7  23.7
. 15.2 ° 14.9  14.2  16.2
15.5  14.6  13.7  13.1
16.2  17.2  20.7  23.7
16.3  16.2  15.9  19.0
16.5 15.9  15.3 15,6
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" TABLE IV.4A

Annual Power Costs

Thermal/Traditional Policy Set--Moderate-Demand Growth

1977 1980 1985 1990 1995 2000
(millions of 1976 dollars)
Resources used:
Hydro s 204 3 205 § 206 $ 206 S 206 § 206
Cecal . | _ - . o 236 329 . 523 .. B1S 724 921
Nuclear . 125 158 = 353 * 578 1 520 2 462
" Combustion turbine and mlscellaneous . - ' - C - ‘80 80 80
_Conservatlon " t - - - T - -
New hydro =~ -~ . ' - - - - - -
’BlomaSS/cogeneratlon:n T - - - - - -
Wind. . o e - - - - - -
Solar . , - - - - - -
Total ‘ ' 565 692 1,082 1,679 2,530 3,669
Resources needed ‘or available but unused: - _ s
‘ Coal ~ -5 98 99 " 166 - - - 41
" Nuclear "™ i LT 8 -~ 95 59 117 - 71
~Combust1on turblne and. m1sce11aneous 31 - - 33 33 - - -
71 - Totaly (cr1t1ca1 water year) . 132 294 59 117 112
“fransmission’ "~ ’ ' 159 168 185 255 .. 289 352
Distribution ' ‘ 731 765 839 971 1,154 1,418
Total - - 890 933 1,024 "1,226 - 1,333 -°I,770
Average hydro fuel savxngs ' _ =67 =72 -108" -176 -185 -181
Total costs.(average water year) 0 8 I.5§5 $-1,685 $ 2,292 5 .2,788 § 3,905 $ 5,370
__ = o  eslimme—s
‘Total firm load (MWy) ~ . . 15,160. 15,960 17,590 20,110 23,390 28,060
Transmission and distribution 1osses at - a7 h S -
8 percent 1,213 1,277 1,407 1,609 1,871 2,245
Load delivered to customer's I ¥ ¥ ’ 16,183 18,501 . 25,815
Average cost of power, including con-
servation (mills/kWh of energy used
and energy conserved) 12.5 13.1 16.2 17.2 20.7 23.7
Average grid cost——generatlon, transmis-—
sion, and distribution cost (mxlls/kWh :
of energy used} 12.5 13.1 16.2 17.2 20.7 23.7
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TABLE IV.4B

' Annual Power Costs
Intermediate Policy Set--Moderate-Demand Growth

1977 1980 - 1985 ° 1990 1995 2000

{millions of 1976 dollars)

Resources used: :
‘Hydro $ 204 s 205 § 206 § 206 $ 206 $ 206

Coal 236 186 - 237 ~393 571 . . 689
Nuclear - ' . 125 - - 45. . 160 - .286 462 . 893
Combustion turbine’ and mzscellaneous - - - - - =
Conservation = T .87 - 149 2218 2613 326
New. hydro - - 8 19 38 74

- Biomass/cogeneration - - © 10 23 .45 65
Wind - - - - . 4 le
Solar - R - - 6 _ 18 34 68

' .TotaI' b - o . 565 503 776 1,163 1,623 2,337
Resources needed or ava1lab1e but unused: < ' - : »

" Coal 7 98 226 334 215 59 -
Nuclear 8 - 96 248 148 8 152
Combustion turbine and mxscellaneous 31 33 33 33 33 33

‘Total (critical water year) 137 355 615 3% 100 185
Transmission 159 154 ‘160 177 199 245
Distribution ) 731 691 704 781 897 1,052

Total T 890 ~ 845 “B64 958 1,096 1,297
~Average hydro fuel savings ~67 -71 ~103 -104 -139 -147

Total costs (average water year) $§ 1,525 § 1,632 $_2,152 $ 2,413 $_2,680 $ 3,672
Total firm load (MWy) 15,160 15,960 17,590 20,110 23,390 28,060
Transmission and distribution losses at :

8 percent 1,213 1,277 1,407 1,609 1,871 2,245

Load delivered to customers 13,937 7T4,683 716,183 18,501 2I,513 25,815

Aver age cost of power, including con-
servation (mills/kWh of energy used , _
and energy conserved) 12.5 12.7 15.2 14.9 14.2 . 16.2

Average grid cost--generation, transmis-
sion, and distribution cost (mills/kWh
of energy used) 12.5 13.2 16.3 l6.2 15.9 19.0
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TABLE_IV. 4C

Annual Power Costs

Renewable/Transition Policy Set--Moderate-Demand Growth

\ 1977 1980 1985 1990 1995 2000
(millions of 1976 dollars)
Rescurces used:
Hydro $ 204 $ 205 § 206 § 206 S 206 5 206
Coal 236 52 165 191 374 . 527
Nuclear 125 45 73 138 310 440
Combustion turbine and miscellaneous - -~ = _ - - -
Conservation - 175 331 486 539 606
New hydro’ - - - - C - 130
Biomass/cogeneration - - ~ - - -
Wind . - - - - - -
Solar - - - . - - -
" Total’ " 565 77 715 "1,02I I,¥29 1,309
Resources needed or avallable but unused: :
Coal 98 287 412 327 169 60
Nuclear 8 28 319 266 128 25
Combustion turbine and miscellaneous 31 33 33 33 33 33
"Total (critical water year) 348 764 626
Transmission -~ -~ 159 146 147 155 174 197
Distribution 731 642 638 661 759 ' __ 877 -
' Total" : 890 788 785 816 933 1,074
Average hydro fuel sav1ngs v - -67 -42 =92 ~92 ~111 -147
Total costs (average water year) $ 1,525 $ 1,571 $ 2,172 $ 2,371 $ 2,581 § 3,954
Total firm loan (MWy) 15,160 15,960 17,590 20,110 -23,390 .28,060.
Transmission and distribution losses at ,
8 percent 1,213 1,277 1,407 1,609 1,871 2,245
Load delivered to customers 13,947 14,683 16,183 18,501 ’ 25,815
Average cost of power, including con-
servation (mills/kWh of energy used
and energy conserved) 12.5 12_._2 15.5 14.6 13.7 13.1
Average grid cost--generation, transmis-
sion, and distribution cost (mills/kWh -
12.5 12.5 16.5 15.9 15.3 15.6

of energy used)
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TABLE IV.5

Total Fixed and Variable Costs
Through 2000 (note a)

High-demand growth {4.8%) Moder ate-demand growth (2.7%)
Thermal Intermediate Renewable Thermal Intermediate Renewable

{billions of 1976 dollars)

Thermal generation:

Coal $ 29.5 $19.7 $15.7 . $15.B . $1l2.¢9 $11.2
Nuclear 48.14 31.6 19.0 20.8 10.0 7.8
" Combustion turbine 2.4 1.6 1.3 1.3 0.7 0.7
Totall . Bﬁ.i 5Z2.0 36.1 37.9 23.7 19.8
Conservation - 6.6 11.1 ‘ - 4.2 9.0
Rénewabié sources:
Existing hydro 4.7 4.7 4.7 4.7 4.7 4.7
New renewables - 1.6 7.4 - 1.6 0.3
Total . 1.7 6.3 T2.1 ) 6.3 5.0
Transmission and distribution 42.0 33.9 30.1 28.0 22.6 19.8
Total costs (note a) $127.0 - $99.7 $89.4 $70.6 $56.8 $53.6
f ——— f~———1

a/Total costs include capital costs, interest expense; fixed and variable operation and mainte-
nance costs; and where appropriate, fuel costs. The totals exclude small credits (less than
5 percent) for the differences hetween critical water years and average water years.
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TABLE 1IV.6

Estimated Electric Power and Conservation
Capital Requirements, 1977 Through 2000

High-demand growth (4.8%) Moder ate-demand growth (2.7%)

Thermal Intermediate Renewable Thermal Intermediate Renewable

(billions of 1976 dollars)

Thermal generation:

Coal $ 9.4 $ 4.5 $ 1.5 $ 2.1 $ 0.9 $
Nuclear 26.3 . 18.2 11.5 13.9 5.6
Total thermal {note a) 357 22.7 13.0 15.0 6.5
Conservation - 3.5 5.8 - 2.4

Renewable energy sources

(note c) 0.1 1.4 7.3 0.1 1.5 - b/
Transmission, and distribution 15.7 10.1 7.3 6.2 2.9

Total ‘capital requirements $51.5 $37.7 $33.4 $22.3 $13.3 $

a/Includes trace amounts of capital for combustion turbines.

b/Conservation would be suff1c1ent under this scenario that full investment in nonhydropower
renewable resources would not be requ1red.

¢/Excludes present Federal and electric utility plans to invest about $3 billion in new hydro
capacity for peaking and secondary energy production.
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ESTIMATED’ELECTRICITY CONSERVATION SAVINGS

"Energy conservation savings" are defined in this study
as a reduction in energy demand below that which would ’
be projected on the basis of past tendencies and energy
use patterns. Enerxrgy conservation savings can arise from
several very diverse types of actions or measures. One very
important category of conservation measures is investments
in more energy efficient items of equipment or facilities,
Examples that fall into this category are improved insulation
in buildings, more efficient heating and air-conditioning
equipment, and more efficient industrial process equipment.
The second major type of energy conservation action is
simply to curb the demand for energy by measures such as
reducing the temperature setting in residences and commercial
buildings or lowering the level of ventilation and lighting
in commercial or public buildings.

There is an impressively long- list of measures that
might bé employed to reduce energy consumption. A recent
study for the Northwest Energy Policy Project identified
and evaluated the potential for savings through 19 prin-
cipal measures for reduc1ng energy consumption. 1/ Some

of these, such as improving the efficiency of operation
of conventional fuel-burning heating systems, have no direct
effect on electric energy consumption, Even so, in that
study it was estimated that electricity consumption in the
Pacific Northwest by the year 2000 could be reduced by 40
percent if all these conservation measures were fully imple-
mented by all potential adopters.

Although it is true that all energy users can adopt the
technically feasible conservation measures, in actuality
many are not likely to do so because they lack, to some
degree, the necessary inducement. The level of adoption
that is actually realized will depend on the level of induce-
ments or incentives and on the responsiveness of the adopters.
These both will vary from measure to measure. Placing
insulation in an uninsulated attic space is one measure to
which homeowners tend to be fairly responsive; and the incen-
tive for adopting this measure is very high. Thus one
would expect that this is one measure that will be widely
adopted without the necessity of particularly strong policy

1/Walter R. Butcher and George W. Hinman, “Energy Conservation

T Policy--Opportunities and Associated Impacts, Study Module
1-A," final report to the Northwest Enerqgy Policy Project,
Portland, Oregon, 1977.
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measures., .On the other hand, presently. known systems to.
collect and reuse powerplant waste heat appear to be lacklng
in practicality for the heat user,, and thus it is likely

that there will be very little adoption of this measure. unless
there are very high inducements applled ) .

In. the sectlon that, follows, there is a brief discussion.
of the conservation measures that were incorporated into the
estimate of conservation savings associated with intermediate.
and renewable policy sets. The actual estimates of conser-
vation savings, item by item, are presented in table V.l and
table V,2. - - S : :

RESIDENTIAL SECTOR R

In the residential sector, electricity consumption is
attributed approximately one~fourth to space heating, one-
‘fourth to water heating, and one-half to various electrical
appllances and lights. Progectlons anticipate a more rapid
growth in these other uses than in space heat1ng. Thus
it is important to look for conservation in home uses other
than space heating, especially in the long run. Fortunately
prospects are good for more efficient appliance models and
more careful patterns of use., 1In addition, some of the
projected great increase in appliance use of electricity
(year 2000 rates per household are more than double those .
of 1975) may be avoided by simply .curbing some of the implied
increase in household appliances. We estimated that savings
in the year 2000 under the intearmediate policy set conditions
would be 2,600 annual megawatt-years if moderate growth '
materlallzed and 4,100 annual megawatt-years if general growth
were more rapid. Under the renewable policy set, savings in
thls category would be about 20. percent higher.

Energy sav1ngs in electrlc space ‘heating may be obtained
by lowering thermostats,.adoptlng 1nsulat10n and other :
weatherization measures, and by. subst1tut1ng heat pumps or
solar devices to offset resistence, heatlng requirements.

The potential for savings is limited since indications are
that many Pacific Northwest homes have already lowered thermo-
"stats and electrically heated homes are generally insulated,
at least to some extent.  The, economics of heat pumps and
solar substltutes is not hlghly favorable at this time, so
adoption may be 11m1ted. Nevertheless, it is estimated that
conservation savings amounting to about 18 percent of pro-
jected space heat demands under the’ 1ntermed1ate policy set
and 25 percent under the renewable policy set might be
achieved by the year 2000. About two-thirds of this expected -
savings is attributable to building more energy efficiency into
new residential construction and thereby reducing average
electricity requirement pér residence.

V.zl s
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COMMERCIAL SECTOR

In the commercial: sector electric space heating is not
as widespread nor as great a consumer of electricity as in
the residential sector. Conservation savings of electricity
are mostly realizable in this sector through better control of
ventilation and lighting and through appliance and equip-
ment savings similar to those available for residences.
Overall these measures could lead to significant savings of
electric energy in this sector. But the more visible adjust-
ments, such as turning off external lighting, have mostly
symbolic importance, With moderate growth the sector savings
could run to 1,200 annual megawatt-years in the year 2000
and about one-third higher if there were more rapld general
growth.

INDUSTRIAL SECTOR

In the industrial sector the opportunities for energy
conservation' are as different as the.widely different systems
of energy use, Most industrial plants make use of heat and
power in a variety of ways. Many of these operations are
subject to efficiency 1mprovements by cutting equipment
operation to the necessary minimum, reducing heat loss from
installations such as steam lines: and furnaces, tightly:
scheduling and controlling heat delivery, etc. These measures
are commonly referred to as energy housekeeping. -Because
almost every installation is a unique case, it is difficult
to specify what could be done in general for the entire
industrial sector. Surveys have indicated that the potential
savings, in the long run, could probably be 15 percent to
20 percent of ‘industrial. energy use. But additional savings,
beyond what has already been achieved since 1974, would be .
difficult to obtain without stronger incentives for the
industries. We estimated that savings in electricity under
the intermediate policy set would be 460 annual megawatt-—
years, or about 4 percent of total industrial electricity
use projected for the year 2000. Under the renéewable policy
set, the conservation savings would be "an estimated 16 percent
larger in the moderate-growth case.

In addition to housekeeping measures, there is a possi-
bility that certain sectors can save even more energy by
making major process changes. That possibility is particular-
ly important for the aluminum industry, which accounted for
37 percent of all industrial use of firm electrical energy
in 1975 in the Pacific Northwest., A study by Charles Rivers
Associates indicates that a savings of one-fourth in electri-
cal energy use could be achieved by modernizing Pacific North-
west aluminum plants so that they equaled the most energy
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efficient of the new plants just now coming on line., Somewhat
. greater savings than these could be gained if the new "ALCOA"
process'were substituted (assuming that the process proved
out in production) for the standard Hall process now used.

In our conservation analysis, weé assumed a pricing policy

in the intermediate policy set that would induce all plants
to modernize by about 1990 and to make no capacity expansion
beyond that time. The savings would amount to 700 annual
megawatt-years by 2000 compared with the moderate-growth
forecast and 1,000 annual megawatt-years compared with the
high-growth forecast. ~Under the renewable policy set with
replacement cost pricing, the industry would respond more
swiftly, seek evenh greater efficiency, and top out capacity
expansion at a lower level. Savings by 2000 under the
renewable policy set would be an estimated 1,270 annual
megawatt-years for the moderate-growth forecast and 1,550
annual megawatt-years for the high-growth forecast.

The wood preoducts industry is also a large user of
electricity. Projections that are ‘based on industry following
past patterns of change and response to energy prices show
very large increases in electricity used in the pulp and
paper industry, even though ocutput growth is expected to
be slowed due to limitations on raw material supplies.
Because of these diverging trends, electricity use per
employee or per dollar of value added is projected to
increase severalfold by 2000. We surmised that whatever
process changes are leading to this digression could pos-
sibly be dampened, so that electricity use in the industry
would grow no more rapidly than value added (the inter-
mediate policy set) or employment (the renewable policy
set). These patterns would yield much lower projected
growth and a substantial "savings" under either growth
projection.
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Item

. Residentialz:

Space heat (18-percent
base rate)

Appliances (4l-percent
base rate) :

Total residential

Commercial

Industrial:

Aluminum (£firm)
Pulp and paper
Housekeeping

Total industrial

Total savings

TABLE V.1 -

Projected Conservation Savings--
Intermediate Policy Set
(annual average MW x 103)..

200

Moderate growth __ High gfowth
T980 1985 1990 1995 7000 1986 1385 139 1395 2000

.66

.24 .317 .39 .41 .43 .40 .50. .61 .64
.72 1.18. 1.54 2.08 2.62 _.77. 1.40 1.97 2.94 _4.05
.96 1.49 1.93 2.49 3.05 1.17 1.90_ 2.58 3.58° 4.71
18 .47 .70 .94 1.21.. .22 .54° .77 1.14 '1.59
- L .23 .40 <.52. .70 - .50 .66 .81 - .98
-t .05 ~.25 .79 - 7 °.04° .42 1.06 2.32°
13 .14 .24 .28 .46 .13 _.15 _.29 .38 __.67
13 .37 .69..1.05 1.95 7 .13 .63 1.37 2.25- 3.97
1.27 2.33 3.32 4.48 6.21 1,52 3.13 4.72 6.97° 10.27

e — . ————
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Item

Residential: .
Space heat
ApPliances-

;.Tétél residential

' Commeicial

Industrial: . ,
Aluminum (firm)

-'Pulp and paper .
Housekeeping

~ Total. industrial .

Total.savings. .

Projected Conservation Savings--

TABLE V.2

HRenewable Policy Set

(annual average MW x 103)

Moderate growth High growth

I3EﬁT‘Iﬁﬁ?“Iﬁ?%"I?ﬁ?"iﬁﬁﬁ I?Eﬁ“I?EE‘f%?@% 15952000
.40 .50 .61 .64 .66 .48 - .57 ' .66 .78 .87
~* 86 1.41 1.85 2.50 3.14 .92 1.68 2.36 3.53 4.86
01.26 1.91 2.46 3.14 3.80 1.40 2.25 3.02 4.31 5.73
.18 - .47 .70 .94 1.21 .22 .54 .77 1.14 1.59
- .51 .97 1.09 1.27 - .78 1.23 1.38 1.55
- - -05 -25 -19 -__- 004 042 1.06 2-32
.66 .71 1.21 1.42 2.28 .67 1.06 1.45 _2.40 3.35
.66 1.22 2.23 2.76 4.34 .67 1.88 3.10 .84 7.22
2.10 3.60 5.39 6.84 9.35 .2.29 4.67. 6.89 .10.29 14.54
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TABLE V.3

Potential Conservation Investments
Year 2000--Moderate Growth

. - Policy set
Residential sector ’ Intermediate Renewable
. . e . Percent  Total Percent Total
R o S "adopt ~  cost adopt . . cost
o {millions) .. (millions)
Item déscfiption‘and' ’ . l .
ugeful life {in. years) ; ] . I S s —
Temperature reduction, time . o ) . : L ' .
thermostat: . . ' . .
.Retrofit (15} 835,000 electric, heat units @ 580 eac 5 $ 3.5 10 $ 7
New (15) 788,000 units e 50 " 10 4 20 8
‘Retrofit ceilin§ insuiation: - - -
Uninsulated units (20) 84,000 " ‘ e 315 " 70 18.5 90 24
Partially insulated (30) 501,000 = : s @ 160 " .25 - 26 . 90 - 72
Retrofit other: L - - :
Walls”(30) 334,000 " g 435 *° T 45 65 ' 90 130
"Floors (30). 334,000 " - 8 360 " + 45 - 54 . 90 108
Windows.and doors (15) 501,000 . @ 670 " 45 151 90 302
Weatherstrip {5) 501,000 " e 180 " 45 41 90 81
New construction (40) @ 4000 ™. 65 . 205 95~ 300
Heating units ‘(new resi-
dences) 1980-2000: . T -
Beat pumps (20) 788,000 new electric heat . 81,500 " 5 59 ’ 20 236
Solar system (20) 788,000 - | * "o 5,100 - " .5 20 - 10 400
Passive solar (40) 788,000 " "o " e 500 " 20 79 50 . 197
Appliances: -
Energy-efficient models
(15) 3,755 households @ 100 " 75 141 90 169
No-frills models (15} @ -50 " L e
Sector totals . $861 $2.034
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) . - ’ - . Policy set
5 . ) Intermedxate Renewable
PR Commercizal sector T Percent  Total Percent Total
." _ . (millions) ~ (millions)
" Item descrlptxg; and -
useful lee (1n 1ears)
Temperature control - = } -
Ventllatlon and 11ght : 1;; 5 t;i- - | |
Retrofit (20) 10255 %.10 LxWh'@ $0.08/kWh _' - 10§ 84 15 §.126
, New construct:on : .‘é E;; fr— o ' . . ;
Total ehergy systems (20) : L ) 5. 100 10 200
' ' Sector totals ' . ) ' 184 ' 326
. ) : _ Industrial sector ‘
~Aluminum (20} .. v i;S-miliion-toh capacity @ $1,700/ton ‘ Sd‘ 1,303 75 1,955
Pulp and paper ' No added capital (note a) l '
Housekeépihg {15) 20 percent 100 x 109 kWwh @ $0.0425/kWh saved 7 60 20 _170
éectpr totals . . ‘1,363 _ 2,125
Total, all sectors A o '53_322‘ $4,485

&/Energy conservation investments are progected to be a natural part of the pulp and paper industry's
growth process during the period of our policy sets. No special conservation investments are con-
sidered necessary to achxeve enerqgy savxngs.
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REGIONAL ECONOMY,AND EMPLOYMENT

Regional energy pollcy could impact on reg1ona1 economic
growth and employment in several ways.

--Directed allocations with forced curtailment of
"energy use could ‘retard growth or even force contrac-
tlons. : :

--Increased charges for energy and outlays for conserva-
tion could raise costs and could decrease the indus-
try's ability to compete with firms in other locations
or with other products vying for the consumer's
dollar.

~-Reduction in the quality of service (increased
probability of temporary outages) could reduce -
production (output, income, employment) in the short
run.. In the long run the effect could be mostly
to increase the cost of production as industry
adjusted through higher capacity, standby energy
supplles, etc,

-~-Increased costs of'energy could require consumers
to divert expenditures from commercial/industrial -
products. -

—-=Changes could occur in output and employment of the
energy industries and of suppliers of substitutes.

THERMAL/TRADITIONAL POLICY: SET

1. Direct allocations: These would be charged only
to BPA's direct service customers. Contracts are available
at average cost rates, which although higher than past
rates, are still advantageous to those industries in the
region, BPA's projections of power demand anticipate that
sales to aluminum companies will increase by 1980 to 30
percent above the 1974 level. About‘one-half of that increase
is due to projected sales to a new aluminum plant. .After
1980, the projections call for further incredsing power sales
to direct service customers by about 1 percent per year.
By the year 2000 this would yield an 'additional increase in
power sales of about 30 percent over the 1980 level.
Aluminum industry output would probably. grow. by about 50
percent during the 1980-2000 perlod due in. part to increases
in efficiency. : -

1
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.. 2. Higher rates: Inevitably factoring in high-cost
thermal power would cause industrial rates to grow sub-
stantially. The average rate for industry in 2000 is
projected to be 1.3 cents/kilowatt-hour for the intermediate
policy set, which is nearly 190 percent above the average
1976 rate of 0.45 cents/kilowatt-hour. Even so, electricity
costs would still be a very small fraction of total costs
for all except the electroprocess industries, where they
would rise to nearly 25 percent of total production costs,
Regional power rates under this policy set would still be
well below rates -charged industrial and commercial customers
in any other region. Therefore, there would be no incentive
for industries :to relocate.. :

3. Quality of service: The thermal/traditional policy
set anticipates maintaining an adequate reserve margin to
assure conventional levels of reliability. The cost. of
reserve margins would be included in the cost of power.

4. Consumer retrenchment: The total residential
electric bill, assuming high growth, would increase in 1976
dollars from $500 million in 1974 to $3,000 million in
2000. However, population growth alone would increase it
to $810 million. Household increases (by factor of 2.1}
would increase the residential electric bill to $1,050
million. The average residential electric bill would grow
~from $220/year in 1974 to $625/year in 2000 due to higher
prices and increased usage. The increase would be partly
offset (about $100) by reduced oil bills due to substitution
of electric space heat. The remaining increase would be
small relative to projected increases in income from about
$4,000/capita in 1974 to $9,000/capita in 2000 ($12,000/
household to $22,500/household). Such a relatively small
increase in expernise of one item would be widely dispersed
among many other consumption items. and would generally
be overwhelmed by the projected income increases.

H

5. Energy supply industries: There would be substan-
tial growth in the electrical industry. Construction

of thermal plants and transmission facilities would require
approximately $2 billion investment per year and employ
many construction workers. OQperations and maintenance would
require additional effort, and .expenditure.

INTERMEDIATE POLICY. .SET

) 1. Direct allocations: These would not be employed,
except that explicit requirements would be employed. to

induce the aluminum industry to improve its energy efficiency
to the best attainable by Hall process in 1976. Indications

vI.2
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are that the industry could be induced to do this, if
required, w1thout cha51ng capacity to other reglons.

2. Lower rates: Since demand would ‘be reduced through
conservation, the requirement for high-cost thermal power
"would be much less and average costs that must be recovered
in rates would be considerably less than under. the thermal/
traditional policy set. However, rate ‘schedules could. be
raised so that effective rates more nearly ‘approached
thermal levels; any surplus would be used to finance conserva-
tion or give "hardship" rebates. Conservation ‘costs would
generally run well below energy costs when calculated on
a longrun social cost basis. Total costs to industry and
commerce would be well below thermal/traditional policy set
levels. This should- provide some stimulation to economic
growth, : ‘ " -

H

3.- Quality of service: There would be no perceptible
difference from the thermal/traditional policy set.

4, Costs to customers: This would be even less of a
factor than under the thermal policy set due to less demand
growth and possibility of covering costs w1th lower (more
hydro determined) rates. -

_ 5. Energy supply industries: There would be léss growth
than under the thermal/traditional policy set, which would
be reflected in reduced costs to businesses~and-households.

RENEWABLE/TRANSITION POLICY SET

1. Direct allocations: Mandatory cutbacks-would not
be used in any situation. 'Conservation.measures may be
. required, but energy would be available at whatever demand
level resulted. Pricing energy at replacement cost would
eliminate that need for allocations to direct service indus-
trial customers.

2. -Higher rates to industry: Pricing -at replacement
coest would mean substantially higher:rates, especially to
industry and most especially to direct service industrial
customers and irrigators. Most industry could: absorb-the.
increase without feeling any significant pressure on total
costs or competitive p051t10n. Exceptions would be the
electroprocess metals and chemicals, mainly -aluminum and
phosphorus. The aluminum industry would probably reduce
regional production somewhat rather than continue to expand.
Efficiency would also be improved. Employment-in aluminum
would be down slightly from present'levels. The phosphorus.
industry would also be affected but m1ght respond with more
process. changes. N
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3. Quality of service: A high fraction of
unconventional energy sources .under heavy rellance on
unproven prlce response and conservation could lead to
reduction in the reliability of service under this pollcy
set. :

4. Costs to.consumers: These costs would be minimized-
by aggressive emphasis of conservation as a means of meeting
new power needs. Bills, however, would be much higher due
to use of an energy surcharge to implement replacement cost
pricing and to finance a grant and locan fund for conservation
programs and renewable energy projects.

5. Energy supply industries: Growth would be slowed
and resources would be redirected to investment opportunities
in energy conservation and renewable energy sources. . JInvest-
ment strategies for decentralized energy projects_would'bg'
developed. , : _ .
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ENVIRONMENTAL QUALITY AND THE

ELECTRICITY SUPPLY SYSTEM

The generation of electricity in the Pacific Northwest
will produce side effects which are damaging, or at least
offensive, to many people. The specific effects experienced
will depend on the types of powerplants being used. These
effects will range from the direct and obviocus, such as
lung irritation produced by air pollutants, to the indirect
and subtle, such as the exercise of police power to prevent
theft of nuclear materials. A summary of the types of
environmental impacts associated with the major enerqgy
sources is presented below.

HYDROELECTRIC GENERATION
—?recreational benefits and problems
--esthetic effects
--fish and wildlife changes

The adverse environmental impacts of new hydroelectric
power will generally be related to the welfare of fish and
wildlife, the loss of the use of land that will be inundated,
the loss of free-flowing streams, and other esthetic changes
and recreational problems. New energy capability that comes
about as a result of installing more generators in existing
dams can be expected to be, on the average, less disruptive
than energy produced by raising existing dams or by construct-
ing new dams. Past experience indicates that residents in
the Northwest place a high value on the preservation of
natural conditions in the vicinities of most of the undammed
sections of streams and rivers in the region. Furthermore,
the benefits of further dam construction to navigation,
irrigation, and flood control seem minimal. Therefore,
in most cases the environmental impacts of raising QXlStlng
dams or building new dams on flowing streams will be nega-
tive, but the addition of generating capacity at existing
dams may or may not be, depending on circumstances.

COAL FUEL CYCLE

——air pollution effects of powerplants and coal trans-
port

--land disruption from mining and solid waste disposal

--occupational hazards of deep mining
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--water pollution from mine drainage, coal and ash
piles, and settling ponds

--acid rain damage

--possible global heating from combustion and édded
carbon dioxide in the atmosphere

Coal-fired plants will add particulates (sulfur dioxide,
nitrogen oxides, and hydrocarbons) to the air in their vi-
cinity, and the plumes can be expected to produce effects
on health, esthetics, and property. Some appreciation for the
seriousness of the impacts can be achieved by comparing coal
plant air emissions with emissions resulting from the end
uses (home heating, automobile operation, etc.) of fuels
in the region. The thermal/traditional policy set moderate-
growth conditions were assumed for purposes of calculating
the table entries.  The average megawatts of coal-fired
generation were assumed to be 1,170 megawatts in 1980, 2,290
megawatts in 1990, and 4,400 megawatts in 2000,

Air emissions (thousands tons/yr.)

Pacific Northwest 1980 1990 — 2000
Particulates:
End uses (note a) 140 240 370
Coal plants (note b) 4.8 _ 9.4 18
Sulfur dioxide:
End uses (note a) 160 260 450
Coal plants (ncte b) ‘
(with BACT) (note c¢) 24 46 89
(with NSPS) (note.d) 170 320 630
Nitrogen oxides: .
End uses (note a) 345 370 _ 515
Coal plants {note b) 43 84 160

a/Emissions take place wherever fuels are burned, thus
largely in urban areas.

b/Emissions take place at coal plants.
¢/BACT is Best Available Control Technology, 90 perceﬁt
removal of sulfur' dioxide from 0.7 percent sulfur contact

assumed.

d/NSPS is New Source Performance Standard, 1.2 of sulfur
dioxide emitted per million Btus of fuel burned.
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These numbers show that the coal plant emissions range
from 4 percent to 30 percent of the end use values. In
terms of effects, the percentages would be much smaller,
probably ranging from 0.2 percent to 1.5 percent, because of
the remote locations of the coal plants and the great
heights above ground level at which their pollutants were
emitted. Some additional air pollution, primarily partic-
ulates, would result from rail transport of coal to the
Boardman, Oregon, plant. An important factor in controlling
air pollution from coal plants is the use of best available
control technology, assumed in these estimates.

The preceding paragraph has provided some indication
of the relative magnitudes of impacts of air pollutants
from end uses of fuels and from coal-fired powerplants.
Other measures of relative magnitudes are the concentrations
of pollutants normally found at ground level,  The table
below shows annual average concentration of particulates and
sulfur dioxide at several points in the region along with
approximate values to be expected from a coal-fired power-
plant.
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: Total suspended
Location Time particulates Sulfur dioxide
(micrograms/cubic meter)

Boise, Idaho - = 1/62-12/62 o 13
1/57-12/72 ¢ - 92 '
Moscow, Idaho "1/72-12/72 ' 108
Kellogg, Idaho 1970-72°  100-130
S - 1975 ' 160-180
Downtown Seattle, 1971-75 ' ‘40-60 .
Wash. 1975 7 12=30
Tolt River ' 1970-75 - © o+ '10-20
Watershed . ' -
(near Joy,
Wash\ Y _
Downtown ' 1970-73 " ‘65-100
Portland, Oreg. 1972-73 CE 15-30
Downtown St. ’
Helens, Oreg. 1972-75 = - 25 40
500 MW coal-fired a/O 1-0.5. a/0.2-1.,0
powerplant '

located in flat
country with
scrubbers and
electrostatic
precipitators,
burning low-
sulfur coal and
using Best Avail-
able Control
Technology

[T .t s c-d

500 MW coal-fired ' " - "a/0.1-0.5 a/l.4-7.0
powerplant as
above, except
using New Source N
Performance
Standards L .
a/Maximum concentratlon, generally occurrlng about 5 miles
from plant.

1 A

. o e
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The numbers indicate that the annual average
concentrations of particulates and sulfur dioxide produced
by a coal-fired powerplant.in its vicinity are small
compared with levels in typical locations in the Northwest.
However, it should be noted that the maximum short-term
concentrations from a powerplant will be higher than the
annual average values, and furthermore the size distribu-
tion and composition of the coal plant particulates may
lead to greater damage per ton emitted than is the case for
other particulates, such as wind-raised dirt. Also the
sulfur dioxide concentrations in rural areas away from
industrial and automcbile sources will be lower than the
values in the tables, probably in the range 1-3 micrograms
per cubic meter. :

Land disturbances associated with -the coal plants .
come about as a result of coal mining and solid waste
disposal., Except for the Centralia, Washington, plant the
coal mining will take place outside the Pacific Northwest,
but solid waste disposal (ashes and chemicals) will pre-
sumably be inside the region. Restoration of strip-mined
lands is a somewhat uncertain matter but appears to be fea-
sible in much of the area in the Rocky Mountain States.

A closely related effect is the interruption of aquifers
during mining. The changes in ground water quality and
avallabilty can be serious depending on local circum-
stances. - -

NUCLEAR FUEL CYCLE

--possible terrorism and extortion following theft
of nuclear materials

--possible widespread contamination from leaking
radicactive waste storage

-—-possible contamination from reactor accidents and
sabotage

--routine exposure of workers and the public to
radiation

-—expansion of number of nations with nuclear wéapbns
{nuclear proliferation) .

The principal environmental -effects of nuclear power
arise from uncertalnty about the ability, of government
regulatory agencies and the nuclear 1ndustry to prevent
catastrophic¢ consequences of malfunctions and mlsappllcations
of the technology. A derivative concern is that covert

i
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investigations, invasions of privacy, and massive exercise
of police power in an emergency may be necessary to prevent
the diversion of nuclear weapons grade material in a nuclear
economy employing spent fuel processing and plutonium separ—
ation. There will also be some effects on health that arise
from routine plant operation, but they will be small.

The determination of nuclear environmental effects is
an exercise in evaluating the significance of catastrophies
of low probability. Events leading to enormous disasters
can be conceived, but the likelihood of their occurrence is
estimated by most (but not all) analysts to be infinitesimally
small. The average effect can be found by multiplying the
"infinite" effect by the "zero" probability of occurrence, a
very uncertain business. However, the average is not the
quantity that establishes most people'’s reactions to nuclear
side effects. One faction focuses on the major consequences
of a reactor core meltdown, nuclear blackmail of a major
city, or contamination of a regional water supply by a leaking
radioactive waste disposal site. The opposite faction
emphasizes redundant safety features, elaborate security
measures, and stable geologic formations., The first side
fears the complex nuclear technology and mistrusts the Govern-—
ment security that surrounds it. The second side sees
few problems with either. :

In view of this broad range of uncertainty, the impact
of nuclear power in the policy sets is simply described in
terms of the level of potential effects as it is determined
by the number of nuclear reactors in the region. In a some-
what arbitrary way, a qualitative distinction is made
between having fewer than 5 nuclear reacters, 5 to 20, or
more than 20 in the Pacific Northwest. Fewer than five are
regarded as manageable on-an individual basis. If there
were from 5 to 20, all.the risks and hazards of nuclear
power would be present to a significant degree and must be
dealt with on a regional as well as an individual basis.

In this range the problens. would.be much the same regard-
less of number of plants. If there were beyond 20 plants,
the actual and potential 1mpacts would again rise as the
technology spread.. .

BIOMASS AND COGENERATION

Biomass and cogeneration contribute residuals charac-—
teristic of wood fuels. 1In the table below, tons of resid-
uals produced in this wa. Are compared to end use residuals
for the intermediate policy set under moderate-dgrowth
conditions. ... :
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Source - . Air emissions (l0 tons/year)
(Pacific Northwest) -+ 1980 - 1990 2000
Particulates: - . et X

End use 140.:- - ‘ L2400 - - 370
Wood plants _ - T 1.1 - ¢ 3.5
Sulfur dioxide: ‘ .
End use : < lé0 e 260 . . 450
Wood plants S - R Y S 1.2
Nitrogen oxides: < o L )
End use © 17345 -t 370 1 515,
Wood plants o - L 6.8 - 20
Hydrocarbons: ‘ R : ,
End’ use Sty 3260 -0 3060 - 381
Wood plants - - v 1.4 .4

£, Lor e ]

The schedule shows that ‘wood wastes generate air resid-
uals in amounts up to 4 percent of those produced by end-
use applications in the region.,” The effects of the wood
plant emissions will, however, probably not be over 0.5
percent of the end-use effects because of .the remote loca-
tions of the plants and the height above ground of the
emissions.

SOLAR AND WIND ENERGY

--land use
—-=-visual impacts

——electromagnetlc dlsturbances :
. MY : T

The principal 1mpacts of solar and w1nd units appear
to be commitments of land. " Land -occupied:by central station
solar power is 1-2 square miles per .100 megawatts. For wind
the commitment is 0.4~.8 square miles per 100 megawatts.
Using these numbers we computed the land area committed to
these renewables in the renewable/tran51t10n’pollcy set’
under moderate growth as follows:: : e

Resource Land commitment (square‘miles)

(Pacific Northwest) 1980 1990 2000
Solar ~ 1 4-8
Wind S 0TE1N5 T 4-8

Lot
- i

These are larger land commitméents than' are required by
thermal plants but are rather comparable 'to- the land commit-
ments involved in transmitting the power from the generating
stations to the power markets.
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The visual impact of these units is uncertain, but it
might be quite different from the visual impact of thermal
powerplants because the technologies involved represent a
very different approach to energy supply. The disruption
of television service in the vicinity of “large wind turbines
would be very objectionable.to many nearby residents. How-
. ever, the effect would be local and should be correctable

through use of cable receptlon. :

The 1mpacts descr1bed here are llmlted to those associ-
ated with central station powerplants; distributed (i.e.,
 decentralized)- systems are not included because the acquisi-
tion of such units is voluntary to the user and the 1mpacts
appear to be small and w1dely dlspersed. CL s

The severlty of the 1mpacts for each pollcy set is

" summarized in the table below.. A dlstlnctlon is made between
local impacts (subscript L) near the plant, regional impacts
(R) extending over the Northwest, and global impacts (G).
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TABLE VII.1l

summary of Environmental Impacts

-~ Degree and location of impacts’
- for each policy set and demand level.

Thermal . Intermediate ., Renewable

Technology and impacts Moderate High 'Moderate High Moderate High

Coal-fired powerplants:: i e T
Air pollution oM M : L& . T L. -
. L, L., L .., L. L
Land disruption’ M M L M L
CE 'L L L | L L
Ecosystem threats ) N | N U L
L R L R L
Water pollution L ;.. L. L - L L -
R R ., R R R
Occupatlonal hazards T R M Mo M
| RS LRI L L L REN#
Heat balance UIEEEN § R g U ) L
. G G G G G
Esthetic M M L M L
' L L L ‘L L
Land use L L L L L
L L L L L
Ruclear powerplants:
Routine radiation L L. L L L
exposure . L L L L L
Radiation exposure L L L L L
of workers L L L L L
Accidents--primarily U u L U ' L
reactor L L L L L
Sabotage-—-primarily M M M M L
reactor - L L ’ L L L
Diversion impacts:
Terrorism U U U U 4]
G G G G G
Extortion U u U u U
G G G G G
Repressive and )
obtrusive police U U U 4] U
power G G G G. G
Waste disposal problems U U U u L
' R R R R R
Land use L L L L L
L L L L ' L
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Degree and location of impacts
for .each policy set and demand level
Thermal " Intermediate Renewable
Technology and impacts Moderate ~High Moderate High Maderate High

Bydroelectric (operations ' :
and extensions):

Loss of fish and M M . M M M M
wildlife . R R - R R R ° R
Esthetic N M M M M M
t. R : R R R R R
Recreation M M M M M M
- R R R R R R
Solar:’ ' .
Land use . L - L - L L - L L
t . - ! L . .L L.‘.._ i L ) L R LL L
Visual impact L L. . L L L L
.o L L L L L L
Wind: ) . )
Land use L L L : L L L
L A L L L L
Visual impact - - L L L M, M M
: L . . L L L L L
Electromagnetic L ' L - L M M M
S A SRS PR L L ‘L L
Transmission lines:
Esthetic M M M M M M
R R R R R R
Land use L L L L L L
B R R - R R R- R

Degrees of adverse impact"

H--High adverse impact; objectlonable to most people.
M--Medium adverse impact; objeéctionablé to some people.
L--Low adverse impact; objectionable to a few people.
U--Uncertain but -possibly damaging impact; of concern to many people.
V--Uncertain but 90551ble damaging impact; of concern to only a
few people. . ;

~ N " - PO

Subscripts

L--Refers to local area around plant. :
R--Refers to regional impacts extendlng beyond local area.
G--Refers to global 1mpacts. o
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EQUITY CONSIDERATIONS

The terms "equity" and "fairness" are not sufficiently
precise to be operational as measures by which alternative
energy polices can be judged. More specific aspects of
equity that can be considered are: :

--Individuals' share of‘costs'ought to be equal to
the costs caused by their actions (i.e., no free
riders, no windfalls or profiteers).

--The burden and/or sacrifice associated with expanding
alternative energy supplies or achieving conserva-
tion ought. to be levied on enetgy users in propor-
tion to their opportunity for recouping their costs
through subsequent energy savings and on their ability
to bear the initial cost without undue hardship.

--PooOr pecople, laégihg redipns, and struggling indus-
tries ought to be protected, insofar . as possible,
from any increases in their costs.

THERMAL/TRADITIONAL

Charges equaling costs: Mediocre. .Costs of expanding
the conventional: system would be spread over all users
rather than paid by the specific users that required the
expanded output. However, the shifting would be "close"--
partly just among units by a given customer.

Charge the most able: Mediocre. Rates conventionally
would be set on the basis of willingness to pay, with a
strong tendency to give lowest rates to customers with
‘greatest opportunity to 1nst1tute conservation or switch
to nonelectric energy sources.

Spare the poor -and needy: Mediocre. ‘No special provi-
sions would be made to protect the needy from continuing
rate increases. :

INTERMEDIATE

Charges equaling costs: Mediocre. Costs of expanding
the conventional system would be spread over all users. Some
conservation costs would be subsidized by tax funds, but
benefits (energy savings) would be realized by the users.

Charge the most able: Good to mediocre. Universal
availability of subsidy and low-interest loans would mean
that even those who benefited greatly would get public as-~’
sistance on the conservation programs.
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Spare the needy: Good. Conservation programs which
included financial and other assistance would help the needy
take advantage of opportunities for investments that would
yield good payback in the form of reduced energy bills.
Special provisions- (larger refunds, free services, etc.)
could be easily included to further a551st needy individuals,
areas, and industries. :

RENEWABLE/TRANSITION

‘Charges equaling costs: Good. Pricing at replacement
cost with possibility of low rates on initial residential
block' and indirect return of "hydro dividend” would give
‘excellent charge—to-cost matchup. However, for industry
the connection would not be as good.

Charge the most able: Good. Mandatory features would .
require those who could benefit to adopt the measure at their
own expense, Incentives would be necessary. They might be
reserved .only for the most needy of the customers or those
that had least opportunlty to recoup losses.

Spare the needy: Good to excellent. Low front—-end
rates would help the poor as would the disbursement of excess
revenues used to subsidize energy conservation, provide
tax rebates, etc. '
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RISK AND IMPACT OF SHORTFALL OR SURPLUS CAPACITY

‘VISUALIZING AN ELECTRICAL ENERGY SHORTFALL

. This section concerns. itself with an energy shortfall,
ranging from several days to 2 or 3 years. We are not con-
cerned specifically with short-term forced outages in which
service would be restored within a matter of hours, or at
most a few days. The reason is that the economic employ-
ment and perhaps environmental impact of the short-term
forced outage is not severe. Our concern is specifically
with the differences in risk and impact of shortfall .or idle
capacity due to the policy set differences that we have de-
fined. For each of the three policy sets under examination
in this study, the conventional utility grid reliability.
criteria of 1 day's outage in 10 years, or 1 day's outage
in 20 years, was adopted and applies equally to each of the
three policy sets. Thus there is no difference between them.

Strictly speaking, an energy shortfall would be impos-
sible, because the electricity generated either would be
consumed or would appear as losses somewhere through the grid
or distribution system. We used the somewhat broader defini-
tion of "shortfall"™ as meaning a negative difference between
the generation and the demand that would occur given no
constraints other than economic ones. .

In the minds of many people, shortfall conjures up an
image like the New York blackout. This is clearly unrealistic.
There would be warning for most types of shortfall as we
have defined it, and measures could be taken, In fact,
an entire series of graduated responses would be undertaken
as the potential shortfall developed. This sequence is
indicated by the tabulation of assessment criteria shown
in table IX.1.

The first sign of difficulty would occur when construc-
tion or installation of generating facilities or conservation
improvements began to fall behind schedule. This could occur
because of serious cost overruns; scarcities of skilled
workers or capital; inadequate public support, which would
show up in the form of increased opposition in siting hearings;
or in work interruptions through peaceful site demonstra-
tions. 1Inadequate public support could also show up in the
form of failure to enact necessary legislative and executive
programs to implement conservation. Other factors would
include an inadequate research; development; and, particularly,
demonstration program in government and industry, such that
the expected technological and .economic improvements did
not occur far enough ahead of time for plant construction.
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The next phase where an impending shortfall would
manifest itself would be in the below~design performance
levels of new supply technologies or conservation improve-
ments. Three different facets of this type of low performance:
are indicated in table IX.1l under "early warning capability."
The first would be the existence of a plant which systematic—
ally performed well below others of the same class. The
second would be development of a sudden failure, such as
a generic design failure, which appeared in a number of
plants of the same type and which would require the redesign
and repair of a given class of plants. Finally, there would
be the possibility of a performance degradation with the age
of the plant . as, for example, in the later years of operation
of a nuclear plant. Maintenance difficulties might rise
drastically as the plant itself became more irradiated and
the time for routine maintenance became correspondingly
larger due to the limited dosage that maintenance persconnel
could absorb in a given period of time. The corresponding
possibility in the case of conservation would be deterioration,
perhaps from moisture, of insulation in the structure of
commercial and residential buildings,

It should be noted that with concentrations, in terms
of either very few technologies or very few plants, the sys-
tem becomes more vulnerable to performance degradations
and thus jeopardizes the regional supply due to the greater
possibility of unavoidable shortfall. 1In energy. networks,
as in all other systems, stability and diversity are cor-
related. The popular expression is "don't put all of your
eggs in one basket.”

On the demand side, shortfall can evolve due to an
economic boom. In an economic boom, demand for the region's
output is suddenly increased over the long—-term trend level,
thus causing need for additional energy, and it is in the
crest of the economic wave that shortfall is most likely
to occur, This will be discussed in more detail later.,

This all raises the question of what would occur in
real life given a developing shortfall situationi

For an immediate crisis which would occur when one or
more large generators suddenly failed or were required to
be derated or shut down, a very rapid, although temporary, _
response could be obtained through voluntary belt tightening.
I1f the public perceived that a crisis was real and immediate,
they would respond, as they always have, and a 10- to 20-
percent reduction in energy consumption could be achieved
virtually overnight. The key is that the crisis must be
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uniformly perceived and it must be real. This sort of

a 10- to 20-percent buffer would not last for long. For
example, the 55-mile-an-hour speed limit was almost uniformly
adhered to at the time of the gas shortage following the

0il embargo imposed in 1973 by the Organization of Petroleum
Exporting Countries. As the crisis was resolved, things
returned to normal and driving speeds moved upward again

to the level that they had been previously. This may be
deplorable, but it is human nature. At least we can take
comfort in the fact that we have a reserve which can be
tapped for a short time in the event of an immediate c¢risis.

Belt tightening, however, is a temporary measure with
temporary results, For a shortfall situation of more than
a few months, more permanent measures would be reguired.
A sequence of fallback positions actually exists, and although
the sequence would vary from region to region, it would go
something like this: First, surplus power would be sought
from all standby generators within the region and probably
from secondary markets outside the region, If the shortage
were due to an economic boom, there would not be surplus
electricity available for sale inside or outside the region,
but if it were due to local factors, then help could be
received from outside the region.

Voluntary cutbacks would be asked for by the existing
political leadership, but it would probably try to achieve
cutbacks of a more permanent nature rather than those men-
tioned above. 1If the crisis began to develop and deepen,
the next fallback position would be a crash investment
program in conservation. Conservation measures would be
taken with State or Federal Governments, or both, meeting
most of the costs in order to start conservatlon projects
rapidly and on a w1despread basis.

The next step, perhaps simultaneous with the last,
would be conversion, perhaps temporarily, to other energy
forms or sources. Some conversions are relatively capital
free, and these would presumably be made. '

The next step would be to impose penalties on those
customers who did not cut back. This was done, for 1nstance,
in Los Angeles and was highly successful.  Significant
cutbacks were achieved very, very quickly with the threat of
a fine, and in fact, very few fines had to be levied. 1In this
case, each customer would be given some schedule, perhaps
based on the size of the operation of the structure, perhaps
based on a percentage cutback, or maybe a combination of
each. Under any circumstances, the fine would be levied,
probably a very severe one if customers did not stay within
their energy budgets.
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The next fallback position would be the cutoff of
nonessential uses altogether. Such things as outdoor
advertising could be eliminated altogether for 1 or 2
years without significant economic damage to the region.
Other measures would be explored, of course. If these
actions were agreed on in advance, the response in time of
emergency could be quick and without rancor.

The final step, of course, would be cuttlng off customers
for several hours. per day. This could be achieved by instal-
ling interruptible service such that during the peak hours
of the day, a hard limit would be imposed. It could be
done with a utility-controlled switching device outside the
structure in such a way that a positive control would be
achieved. If necessary, this control would be used to imple-
ment a rolllng blackout. Such a blackout would be well.
publicized in advance so that customers would know which
days they would not have electricity. Presumably this would
be done in the industrial/commercial and commercial sectors
first, because a total cutoff of electricity--even for a
day--could be serious in the residential sector.

Needless to say, critical services would be provided
for at all times. Such things as hospitals, essential
public services, and the like would be provided for, although
each would have a standby generator for handling the load
during peak periods when the system generatlng capacity
would be inadequate.

The purpose of this description of the sequence of |
fallback positions is. to show that a graduated response
is available even for a greatly protracted energy shortfall
situation. Regardless of the pollcy set under examina-
tion, the graduated response would necessarily focus on the
demand side. A vast array of energy efficiency improvements
are available which are never treated in the analysis of
"normal" conservation programs, because they seem a little
too novel or because they would require some unusual atten-
tion on the part of the homeowner or the business or factory
owner to make them effective. These measures, of course,
in time of emergency would qu1ckly be pressed into service.
and could in fact become part of the permanent operation
without disruption. _Night window shutters for commercial
and residential buildings.are a good example. These could
be quickly fabricated and installed. and are quite effective.
They would result in saving much more energy than a complete
storm window installation throughout the region, at much less
cost. They would enable windows on the east, south, and west
to be used judiciously during the day for their solar gain
but closed in order to prevent heat loss-during dark days
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and the night hours. The only behavioral change required
would be a few minutes added to the daily routine in the
morning and evening.

The timing of an energy shortfall was mentioned pre-
viously. A shortfall situation is most likely to occur during
the crest of an economic boom. The effect of such a short-
fall, provided it was not too severe, would be merely to clip
the crest of the boom and in terms of employment would
probably result in preventing unemployment from ever dropping
below 3 to 4 percent, unless the boom persisted for several
years.

The severity and duration of the shortfall and hence
the significance of the negative impact would be a function
of the rate at which the problem developed, the existence
of adequate warning signals, and the timeliness of preventive
or corrective measures.

SHORTFALL RISK ASSESSMENT

This section contains an item-by-item evaluation of
each of the policy sets against the criteria for assessment
of comparative risk of shortfall. (Surplus capacity will
be discussed in a subsequent section utilizing the same
assessment criteria.)

This discussion will focus on table I¥X.1. The ratings
against each criteria follow the format of L, M, and H for
low, medium, and high risk. Each criterion is construed in
such a way that H in all cases means the greatest vulner-
ability to shortfall risk; L means the safest or the least
vulnerable to shortfall. All ratings are on a comparative
scale between policy sets. No attempt is made to establish
an absolute rating system., Slmllarly no attempt is made to
weigh the different criteria in order to allow a single
number index to be derived for each pollcy set for an absolute
comparlson.

In table IX.1l, which summarizes these risks, each policy
set is evaluated for each of the two basic growth assumptions:
moderate growth, which corresponds to the NEPP moderate growth
projection, and high growth, which corresponds to the PNUCC
forecast, Bach criterion will first be dlscussed and then
the evaluatlon ranking explained. '

Ability to meet construction schedule

A serious cost overrun could result in delay or trunca-
tion of the construction schedule, thus increasing the risk
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of shortfall. The risk for the traditional policy set was
assessed at medium due to the high reliance on new thermal

- generating capacity, which has shown a consistent cost escal-
"ation through the years without any sign of slowing. This
could result in attempts at cost cutting which would reduce
the reliability and performance of plants critical to the
traditional policy set. . The renewable/transition policy set,
on the other hand, would rely chiefly on conservation with

a minor reliance for new capacity toward the end of the
century from renewable technologies., There is an uncertainty
in the ultimate:cost of conservation improvements because it
has been less studied, so it was assigned a medium ranking.
For the hlgh—growth case, where the renewable technologies
would be required..in some intensity toward the end of the
century, the vast uncertainty with respect to the cost of
power from these new technologies caused a high ranking.

- The intermediate pOlle set would take the most cost effec-
tive conservation in a somewhat milder degree than the
renewable policy set and thus would have the best of both
worlds. It would require less addition of thermal plants

and therefore is less vulnerable to serious cost overruns,
hence the low ranking in terms. of shortfall risk.

‘Under the criterion of scarcity of skilled workers,
the high~growth assumption under the traditional policy
set would have the highest vulnerability since it would
require large numbers of the superskilled workers. Conser-
vation requires the least skilled workers and therefore
would be least vulnerable, hence the low-risk rating for the
moderate~growth case of the intermediate and the renewable/-
transition policy sets. The intermediate policy set; given
the high-growth assumption relies significantly on thermal
plant construction and therefore got a medium rating, the
.same as for the traditional moderate growth and for the
renewable/transition high~-growth. case. In the latter case
some skilled labor would be required for the renewable
technologies, a greater skill level than that required
for conservation.

Scarcity of capital could also lead to shortfalls.,
The traditional policy set would require the most capital
since it would have the highest reliance on thermal energy.
The renewable/transition policy set would require the least
because it would have the most emphasis on conservation,
which is purchased whenever it is more cost effective,.
This assumes that the renewable/transition policy set would
not employ conservation indiscriminately if it meant burdening
the region with a large surplus capacity. It is realistic
to suppose that conservation programs would be slowed until
it was clear .that the generating plants already under con-
struction would not be made to stand idle by conservation.
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Public support would be critical to both the traditional
and the renewable/transition policy sets but for different
reasons. Public support, which the power  industry has been
trying very hard to win, would be critical to the thermal
construction program of the traditional policy set, especially
in view of the rapidly escalating price of nuclear techno-
logy, which at one time had been felt would be the answer to
inexpensive power. MNow it can be seen that power would not
be inexpensive under any. supply technology except hydro-
electric, and no significant expansion of that is likely.
Furthermore, with the public increasingly alarmed about the
dangers of various aspects of the nuclear power program (both
here and abroad), siting proceedings, both at the State and
Federal level, are becoming' more hotly. contested. -Increasing
demands are being made that the public be included@ in the
planning process, and it is quite c¢lear that many people
want to study the alternatives to new thermal plants,
particularly nuclear, plants.

Corresponding to this is the need. for public support
to promote and implement adequate and systematic energy
conservation programs.. .Since the primary policy device of
the renewable/transition policy set would be to use replace-
ment cost pricing as a.means of promoting cost-effective
conservation, it is easy to imagine the public turning
against conservation if it meant higher electric bills. The
reality--as shown in figure IV.l--is that the total energy
cost would be less for the renewable/transition policy set,
but public recognition of this fact would call, for a level
of sophistication in the public's comprehension that is so
far not evident. The difficulties encountered by the pre-
sent administration in.getting its energy message through to
the Congress testify to this difficulty. 1If the public
could be made to understand that the increased electricity
prices would be used to promote conservation and that sur-
charge revenues would be fed back directly to the same sector
where. the surplus revenues had initially  been generated, then
it could be a popular program. However, because it would be
novel and require a .long-term perspectlve, we classified the
renewable/transition pollcy set. in - the hlgh-rlsk category for
public support. . . .

) ! Coha . o

The intermediate policy set was assigned either a low
or moderate risk, depending on the load growth assumption,
on the basis of the fact that’it would be more conservation
oriented but would stop short of moving to replacement cost
pricing. Thus it would yield much lower costs than the tradi-
tional policy set without the innovative pricing mechanisms
intrinsic in the renewable/transition policy set.

IX'. 7



" APPENDIX IX APPENDIX IX

Limited Government research, development, and
demonstration funding for conservation and solar energy would
result in progressively higher risks as we look from the
traditional policy set across to renewable/transition policy
set. The Government has been generous in its development
and transfer of the necessary technology to support a nuclear
power industry, but has.yet to devote equal resources to
conservation and solar energy. The trend of. the most recent
years since 1974 has been more encouraging, and indications
are that the public will demand that conservation and solar
energy move to some type of parity with nuclear power research
throughout the next 20 years. But there is no assurance
of that and, as a.result, for those policy sets which would
rely 1ncreas1ngly on conservation and renewable.technology,
we assigned a higher risk of shortfall.

Threatened access to basic resources would create
the highest vulnerability for the traditional policy set
due to its emphasis on new thermal generation. Since
the basic construction resources are least demanded for
conservation and next lowest for renewable technologies,
these were given correspondingly lower risk values.

Diversity of generation/conservation

Diversity has several dimensions--diversity by type
and newness of technologies, by size of a typical installa-
tion, and by geographical concentration. Since the thermal/
traditional policy set would involve the highest concentra-
tion in all cases and since the renewable/trans1t10n policy
set would have the lowest concentration, this would corres-
pond to the high and the low risk of shortfall, respectively.
The intermediate policy set would lie in between these
two with respect to shortfall risk.

~ The integration of newest technology needs some explana-
tion. There would be a technological diversity inherent in
the renewable transition policy set because its conservatlon
program would involve small . increments of investment for
a new technology, . whlch could be integrated at once. At a
given time, one would be .dealing with a very diverse techno-
logy, which might span .several decades. Storm window design.
may have been standard f6r the last 30 years, whereas a new
type of cellulose insulation was introduced within the last
year. This ‘type - of technologlcal diversity is a protection
against failure in performance, and this reduces the risk
of shortfall. .In contrast, to bring a nuclear plant in line
in 1990, proceedings must begin roughly 10 years before in
1980, and in order to expedite the design and certification
phase, there must be a design freeze so that design of several
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years before, say 1975, would ultimately find its way into

a plant coming on line for the first time in 1990. There is
not the diversity in nuclear technology that one finds in
consexrvation technology or will find in the renewable tech-~
nologies with their shorter leadtimes.

Early warning capabilfty

An early warning system must be in place in order to alert
power suppliers and consumers and provide time for protec-
tive or preventive actions. Because it is inherently easier
to monitor the overall performance of a thermal-energy or
central-station-based system, low vulnerability rankihgs
were given in the thermal/traditional and intermediate policy
sets with respect to the data base and data collection
system requirement, For the conservation-oriented renewable/
transition policy set, an adequate data base does not now
exist, The ranking was only moderate vulnerability, however,
because such a data colléction system could be designed
and put in place with modern solid-state electronics.

The large thermal generators characterizing the thermal/
traditional policy set bring on line suddenly a generating
increment ranging from 500 megawatts for a new coal unit
to 1,250 megawatts for a new nuclear unit. These large,. :
discrete, and incremental developments make predictions
very uncertain, although reliable predictions are the heart
of an early warning capability.. The conservation-based .
renewable/tranSLtlon policy set would feature a near continuous
"development since each installation in itself would be gquite
small. A continuous program like this would offer a predict-
ability that is unigue and would deserve a low vulnerability
ranking. The intermediate pollcy set falls in between the
other two. ‘

The final category has to do with the drop in perfor-
mance with age of any energy installation, be it conservation
or new supply. We have become ‘accustomed to a performance
degradation which varies with the age of thermal plants and,
particularly, nuclear plants because of the increased irradia-
tion of the plants. As plant irradiation increases, the
maintenance calls not only are more frequent,; but take much
longer to carry out, due to dosage limitations for the main-
tenance workforce. However, the key here is the predictability,
and if a performance degradation with age were assigned ‘
to thermal plants and if this were maintained reliably and
predictably, it would not increase the risk of shortfall.
Correspondlngly, there can be performance dropoff with age
in conservation, through deterioration from moisture and
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recycling of insulation in commercial and residential
buildings. 1Insulation may also deteriorate around key ele-
ments in industrial process design., Very little is known
about the maturity and the performance degradation factor

in most of the cqnservation technologies. In summary,

it seems that there is a rough balance of risk between the
policy sets, and a medlum vulnerablllty was assigned therefore
to each.

Ability to respond to warning signal

The long construction and regulatory leadtimes typical
of thermal plant construction processes, particularly nuclear
plants, forced a high rating of shortfall risk for the
traditional policy set. "Short leadtimes with no regulatory
lag characterize conservation programs and. indicate little
vulnerability in the renewable/transition policy set. The
intermediate policy set falls ‘in between these two.

In all cases the potential for temporary belt tightening,
as discussed earlier, would be ample at about the level of a
10- or 20-percent reduction, provided that the ¢risis was
apparent and imminent. At first glance it might appear that
the renewable/transition policy set and, to a lesser degree,
"the intermediate policy set would have less potential for
temporary belt tightening. That would not be the case since
the belt tightening involves behavioral changes different
from energy efficiencies and technological changes that were
considered as conservation throughout this analysis. Further-
more, if a conservation ethic were developed, it would make
an additional increment of savings more readily available
at a time of temporary crisis.

Summary of comparative risk of shortfall

Table IX.l reveals what could be described best as
mixed reviews. "It is impossible to conclude that there
would be any clear advantage to any of the three policy
sets with respect to the risk of shortfall. We hope the
previous discussion and the summary table communicate
how complex and how frequently nonintuitive or counter-
intuitive this consideration is.

It is poszible to say that there would be a much higher
risk of shortfall should the high-growth baseline develop,
but this would be a function of factors over which we would
have 'little or no ‘control, such as population growth, average
per capita income; labor force participation; strength
of the external market -for the Northwest economic cutput;
and many, many other factors:. Should the underlying
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determinants of demand produce a growth rate similar to the
high-growth projection, there would be an extremely high
vulnerability to shortfall. If the moderate-growth or'
anything less prevailed; the risk of shortfall would be
correspondingly less, : .

There would be no net balance with respect to risk of
shortfall between the thermal/traditional, the intermediate,
and the renewable/transition policy sets. Those are the
policy sets illustrating policy decisions over which we do
not have control. After analyzing the situation, however,
we concluded that the risk of shortfall would be rather
indifferent to our pollcy ch01ces._

Should .a shortfall 31tuat1on ‘develop, the impact would
be less in terms of severity. and duration under the renewable/
transition policy set than under the intermediate and less
under the intermediate under the thermal/traditional policy
set. This-would be due to the improved early warning capa-
bility and flexibility inherent in the continuous development
characterizing the conservation-oriented renewable/transition
policy set and to a lesser degree the intermediate policy
set. -

In the conservation-oriented policy sets there would
be a much lower vulnerability to the sudden failure of a
large energy resource or systematic derating of several.
generators of a given class. Purthermore, the response time
would be shorter, and the flexibility of response would be
greater. . : .

RISK OF SURPLUS ELECTRICAL
GENERATING CAPACITY

The risk of excess capacity is the opposite side of
the coin to the risk of shortfall. There is one lack of
symmetry: Whereas consumption plus losses equals generation
and by definition cannot exceed generating. capacity, consump- -
tion plus losses can be considerably short of generating >
capacity, resulting in idle capacity, plant shutdown, and-
an overall economic burden to the region,

It is not necessary to recite again all the steps
which can be- taken in response to electrical energy sur-
pluses or shortfall. .Suffice to say that a number. of fall-
back positions exist for coping with the risk of excess
capacity. It should be noted, however, -that excess capacity
can be a serious problem and must be carefully considered.
For the renewable/transition policy set, moderate-growth
case, a Serious excess capacity problem would threaten for
the mid-1980s and early 1990s.

IX.11



APPENDIX IX APPENDIX IX

As an excess capacity situation evolved, a series of
responses might be developed as follows: First, the surplus
power might be sold to the Pacific Southwest or sold to
utility grids to the east of the region. However, if excess
capacity developed when it was most likely to occur--in the
trough of an economic recession--it is unlikely that a
secondary market would be available since the same conditions
would probably be experiénced elsewhere. 1In this case the
generating facilities with the highest variable cost would
be shut down. These would be shut down in roughly the fol-
lowing order: oil generators, ‘combustion turbines, coal-
fired thermal plants, and nuclear plants. . Then, depending
on the operating and maintenance costs, either the renewable
generators using solar, wind, or biomass would be shut down
or the hydroelectric facilities would be forced to spill
water.

If the surplus persisted, the next step would be to
allow electric utilities to undertake promotional advertising.
At first this would probably be restricted to use of offpeak
power, either daily or seasonal,., However, it might ultimately
expand into all uses. Perhaps suggestions would be made
and financial inducements offered to convert oil and gas
users more quickly to electricity, although it is anticipated
in all the policy sets that such a conversion would occur
steadily through the remainder of the century for space
heating. Volume purchasing at discount (declining block
rates) would be reinstituted, and any hope of evolving a
conservation ethic would be effectively destroyed, rather
than let the generators stand idle.

As in the case of shortfall, the severity and duration
of excess capacity problems would be a function of the rate
at which the problems developed the precision and the time-
liness of the early warning signals; and, of course, the
timeliness of corrective measures.

Comparative fiSk'of'surplué capacity

To establish the comparative risk of excess capacity,
the reader can refer to table IX.l and notice the footnoted
items. The assessment criteria where the footnote appears
are the same for rlsk of shortfall or risk of surplus, and
the rankings are 'the, same as can be verified by examining
each one carefully. It is not necessary to reiterate the
rationale for each since this deals with risk of excess
capacity. rather than the impact. The risk rankings are
the same as those for the risk of shortfall,

"
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Assuming as before that a monitoring or data collection
system would be instituted, then the renewable/transition
policy set would be preferred to the intermediate and the
intermediate preferred to the thermal/traditional policy set
with respect to the comparative risk of excess capacity.
Excess capacity would ‘be most likely to occur under the
thermal/traditional policy set and least likely to occur
under the renewable/transition policy set.

Because of the early warning capability inherent in the
continuous development of the conservation-oriented policy
set and the rigidity inherent in the long construction and
regulatory leadtimes in the traditional policy set, the region
would be impacted more severely by the development of excess
capacity under the thermal/traditional policy set.

CONCLUSTONS REGARDING RISK OF
SHORTFALLS QR SURPLUSES

--The likelihood that a shortfall 51tuat10n'would
develop would be essentlally the same for each of the
three policy sets.

--Should a shortfall develop, then the impact would
be more severe under the thermal/tradltlonal pollcy
set than it would be under the ‘intermediate policy set
and would be more severe under the intermediate
policy set than under. the renewable/tran51t10n policy
set.

--The likelihood of the development of excess generating
capacity would be slightly greater under the thermal/
traditional policy -set than under the intermediate
pollcy set and greatér under the intermediate policy
set than under the renewable/tran51t10n policy set,

--8hould excess capacity develop, its impact would
be most severe under the thermal/traditional policy
set and least severe under the renewable/trans1t10n
policy set.

--shortfall is most likely to ‘occur during the crest
on an economic boom, when it could be most easily
tolerated; excess capac1ty would most likely occur in
the trough of an economic rece551on, when it would be
least tolerable. )

L . - -

-—The 1mpact on the region of ‘a shortfall situation
might not be significantly more damaging than the
development of excess capacity.
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TABLE IX.]l

Comparative Likelihood of
Shortfall or Excess Capacity

Pofigy set/growth assumption
: Thermal/traditional Intermediate Renewable/transition
Assessment criteria Moderate - High Mcderate High Mcderate High

Ability to meet construction
and operation schedule:
Costs may ser1ously exceed

prOJect1ons M M L L M H
Scarcity of skilled workers M H L M L M
Scarcity of capital H H M H L M
Inadequate public support H H L M H H
Inadequate Government/ , :

industrial research,

, development, and demon-

stration funding L L M M H
Threatened access to hasic .

resources H H M H L L

Diversity of generation/
conservation:
Narrow spectrum of

technologies "H H. M M L L
Few large installations H H M M L L
Geographically concentrated

installations H H. Kl M L L
Inability to integrate newest ’

technology "H H M M L L

Early warning capability:
Historical and relative data

unobtainable {(note a) L L L L M M
Discrete versus continuous

deployment (note a) H H M M L L
"Lemon" potential/offdesign

performance M H L L L M
Possibility of sudden failure

or derating H H M M L L
Possibility of performance

drop with age M M M M M M
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- Policy set/gqrowth assumption ]
Thermal/traditional .Intermediate Renewable/transiticn
Assessment criteria Moderate’ High Moderate High Moderate High

Ability to respond to warning
signal; to prevent/attenuate
shortfall or idle capacity:

Long construction leadtimes

{(note a) H H M M L L
Long regulatory leadtimes
(note a) H H M M L L
Inadequate public support
(note a) ' H H M M L L
Unresponsive support systems:
Technical M M L L L L
Political (note a) M a/H(L) M a/H(L) M a/H{L)
Lack of surplus or markets
outside region (note a) M H M H M H
No potential for temporary
belt tightening L L L L L L
Correlation to economic
cycles (note a) M M M M M H
Definition of comparative rankings:
H = Highest likelihood of shortfall (excess capacity (note a)}
occurrence .
M = Intermediate likelihood of shortfall (excess capacity (hnote a))
occurrence
L = Lowest likelihood of shortfall (excess capacity {note a)}
occurrence

'E/Also applies to likelihood of excess capacity. The comparative likelihood
ranking is the same as the likelihood of shortfall, except where parentheses
indicate otherwise.
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BASELINE ENERGY DEMAND FORECASTS

There is no shortage of electricity demand forecasts,
but there is a serious lack of agreement among the fore-
casts as to the expectable rate of growth in demand during
the next 20 to 25 years. Among the annual average growth
rates suggested for firm load power demands are:

7.2 percent The historical growth Tate
until, starting in 1973, it
began to slow.

4.5 percent The rate of growth in PNUCC's
most recent (1976) West Group
forecast. Related to the NERA
econometric forecast.

4.4 percent Northwest Energy Policy Project
high-demand forecast.

2.9 percent NEPP moderate- or most-likely
demand forecast.

1.8 percent NEPP low-growth forecast.

0 Goal of various scenarios,

such as NRDC Alternative
Scenario and Ford Foundation
Energy Policy Project's Zero
Growth Scenario.

It is very difficult to foresee which of the above rates
of growth does in fact, most accurately predict the growth
that will actually occur. The difficulty arises because
actual energy demand results from a complicated aggregation
of many different components and determinants, most of which
are themselves subject to somewhat unpredictable variation
over time. For example, population levels and appliance use
per household are both important determinants of future
electricity use levels, but no one knows for sure what
population or lifestyles will be 15 or 20 years from now.

In the end the forecaster must inevitably face the fact that
the final result is subject to uncertainty. Recognizing
this, we have used two baseline energy demand forecasts,
each based on plausible assumptions, to reflect part of

the possible range of future demand growth.
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The two alternative baseline forecasts we used--4.8
percent and 2.7 percent--approximate regional utilities!
{PNUCC's) projection of loads and resources and NEPP's
moderate— or most-likely~-demand projection. These are not
the most extreme forecasts that .can be proposed and de-
fended as having some likelihood of realization, but they
do bracket a range that includes several of the more well-
accepted points of view on future growth of regional
electricity demand.

A set of underlying assumptions that is consistent
with these two forecasts is shown in table X.l. The
assumptions associated with the high forecast were taken
from NEPP high-growth projection. The NEPP assumptions
were used because the PNUCC forecast does not have an
explicit set of underlying assumptions associated with
it. However, the NEPP high and the PNUCC electricity pro- .
jections are quite similar, so it is reasonable to use
the NEPP high-growth assumptions as a plausible set of
assumptions for the PNUCC forecasts as well. The NEPP
moderate-growth assumptions were used directly with the
lower electricity demand growth forecasts used in this
study.

The principal factors that lead to electricity de-
mand growth in the NEPP projections are growth of pop-
ulation, households and income, and growth of employ-
ment and economic activity. The moderate-growth as-
sumptions foresee the Northwest's population growing
slightly more rapidly than that of the Nation as a whole
due to net migration to the region of about 125,000
persons per year. The number of persons per household
would be expected to fall to an average of only 2,5
in 2000, so the number of households would increase
almost 50 percent more rapidly than population. The
added households would lead to a proportionate increase
in residential demands for energy.

Real income per person is expected to continue to in-
crease., In the NEPP moderate-growth projection, the
expected rate of income gain would be 2.6 percent per
year. Income growth is important in the NEPP econometric
model because the past association between income growth
and energy use is assumed to.continue into the future.
This results in a forecast of very significant growth in
"other" or miscellaneous residential use of electricity,
following energy use/income trends that existed during the
1950s, 1960s, and early 1970s. These trends suggest that
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TABLE X.1

Alternatives Growth Projections, Pacific Northwest (note a)

JTtem Units
Population . 1,000
Households : 1,000
Income. $/person
Gross regional product ' 1,000
Total employment $1,000,000
Employ in energy intensive
industry (note d4) : 1,000

Labor productivity index

Base
{1975)

6,802
2,353
4,300
2,721
49,000

67
100

a/Washington, Oregdn, Idaho, and western Montana.

b/Taken from NEPP, Medium Energy Growth Projeéctions.

characterized as the most likely.

c/Taken from NEPP, High Energy Growth Projection.
comparable to those in PNUCC load forecasts.

d/Primary metals, pulp and paper, and chemicals.

Medium projection

(2000) average rate

{note b)
9,356 1.3%/yr.
3,755 1.9%/yr.
8,300 2.7%/yr.
4,350 1.9% /yr.
127,000 3.9%/vyr.
82 0.8%/yr.
209 3.0%/yr.

High projection
(2000) average rate

{note c)
11,245 | 2.0%/yr.
4,900 3.0%/yr.
9,500 3.2%/yr.
4,965 2.4%/yr.
175,000  5.2%/yr.
97 1.5%/yr.
236 3.5%/yr.

The medium projection is

The High Growth has growth rates

X XIANdgav

X XIANAddAVY



APPENDIX X APPENDIX X

electricity use per- person for functions other than space
and water heating would be far above present levels-by the
year 2000. - That can only come about through much higher
energy consumption in basic appliances and widespread
adoption of several new appliances.:that use energy at
rates comparable w1th those used by water heaters, refri-
gerators, etc. = . L .

Industrial use of electricity in the NEPP projections
is based on projected employment and labor productivity in
the various industrial sectors. These factors, also taken
from BPA base economic projections, are consistent with the
population and income projections. The moderate—-growth
projections do imply that average electricity use per in-
dustrial employee would increase by about one-fourth be-
tween 1974 and 2000. This average increase would be due
mostly to projected very large increases in electr1c1ty use
in the pulp and paper industty.

The primary aluminum industry is treated as a special
case in these projections, as it is in most. Consumption
of firm power by the aluminum industry is projected to be
up substantially in 1980, compared to its actual 1974 level
as the plants are expected to be operated at closer to
capacity and a new plant (Alumax) is projected to be on
line., From that point on, demand by 2000 is projected at
about 30 percent above the projected 1980 level and nearly
65 percent above actual 1974 use by the industry.

The high-demand forecasts in the NEPP study are at-
tributed mostly to an assumption that there would be more
rapid rates of growth in population and economic pro-
ductivity. Employment would be higher than in the medium~
growth forecast since there would be a larger work force
and, it is assumed, that a higher percentage of the work
force would be gainfully employed. Worker productivity is
assumed to rise more rapidly than in the medium forecast
and, therefore, industrial output and energy requirements
for the industrial sector would rise even more rapidly
than employment. Higher productivity would mean larger
personal incomes per worker and per person. This, in
turn, would result in higher levels of personal consump-
tion, including direct consumption of energy by house-
holds.

As a consequence of the various assumptions of high-
growth factors, the overall rate of growth of electricity
demand would be approximately 50 percent higher under the
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high-growth demand forecast. (See table X.2.) Thus

there is a plausible set of assumptions that could lead

to growth rates comparable to those forecasted by PNUCC.
Alternatively, one might imagine that basic growth factors
Would not accelerate quite as much but energy use in resi-
dences and businesses would become considerably higher -
relative to industrial output, population, and income,.
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Elactricity Use Projections--Without Conservation

TABLE X.2

Item

Residential:
Space heat
Water heat
Other
Total residential

Commercial

Industrial:
Aluminum
Pulp and paper
Chemicals
Other manufacturing
and residual
Total industrial

Total demand

Source:

{annual average MW x 103)

Moderate growth

High growth

Base Rate . Rate
(1974) 1980 1990 2000 (percent} 1980 1990 2000  (percent)
.96 1.60 2,24 2.42 3.6 1.65 2,13 2.82 4.2
.95 1.05 1.28 1.50 1.8 1.12 1.50 1.99 2.9
2.16 2.78 _4.06 _7.12 4.7 3.02 5.32  11.27 6.6
2,07 5.43 _7.58 11.04 3.9 5.79 "8.95 16.08 5.4
2.0 2,14 _2.68 _3.48 2.2 2.26 3.05 4.57 g;é
1.86 2.34 2,74 3.04 1.9 2.34 3.00 3.32 2.3
.83 .91 1.43  3.87 6.1 1.04, 2.19 5.30 7.4
.62 .80 .93 1.16 2.4 .76 .91 1.42 3.2
3.32 3.64 _4.05 _4.29 1.0 3.75 4.74 7.66 3.3
6.563 7.69 _9.15 12.36 2.4 7.89 10.84 I17.70 3.9

12.70 -15.26 19.41 26.82 2.9 15.94 22,84  38.35 4.3
— T—— _— .

NEPP data adjusted to include BPA industrial sales in Montana.
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GAOQO ENERGY CONSULTANTS

Walter R. Butcher, Professor of Agricultural Economics,
Washington State University; participated in NEPP
conservation study and. in Pacific Northwest Regional
Commission energy study; member of steering committee,
Washington Energy Research Center and Washington Water
Research Center; participated in studies dealing with
water resource development and use.

Harry W. Garretson, private consultant; retired from
BPA Division of Power Management; directly involved
with Hydro-Thermal Power Program and Pacific Northwest-
Southwest Intertie. :

George W. Hinman, Director, Environmental Research
Center, Washington State University; participated in
NEPP conservation study and in Pacific Northwest
Regional Commission energy study; participant in
energy impact assessments for U.S. Department of
Energy; member of several Washington State energy
advisory committees. ,

Joel Johanson, private consultant; retlred from
service with the Office of Management and ‘Budget
and U.S. Geological Survey.

Henderson MclIntyre, private consultant; retired from
BPA Division of Power Management; participated in
development of Hydro-Thermal Program, United States-
Canadian Columbia River Treaty, and other regional
power-planning programs.

Robert Murray, private consultant; participated in
developing the NRDC alternative scenario; also
contributed to the Skidmore, Owings and Merrill
conservation, Oregon transition, and Seattle-
Energy 1990 studies, '
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Department of Eﬁefgy - : L .
Washington, D.C. 20545 . . .

May 1}. 1978

Mr. Monte Canfield, Jr.

Director, Energy and Minerals
Division

U. S. General Accounting Office

Washington, D. C. 20548

Dear Mr. Canfield:

We have reviewed the draft report entitled "Electric Energy Options
for the Pacific Northwest," transmitted to the Secretary by your
letter of March 27, 1978,

The GAO has done an excellent job of assembling a variety of data
on the energy situation in the Pacific Northwest. The study should
be useful to the Department of Energy, regional leaders, and the

U. S. Congress in understanding the various energy options and de-
veloping those most appropriate to the region.

Enclosed are comments and suggestions about specific parts of the
report. Because of the volume of technical detail, and the absence
of supporting data for some of the conclusions of the report, we
have not been able to respond as comprehensively as we would have
preferred had we more than the 30 days allotted. Representatives
of the Department met with GAO representatives at Portland, Oregon,
to discuss the report in more detail. Additional discussions be-
tween GAO and DOE staff may be useful in assuring greater accuracy
of the data in the report and strengthened support for the conclu-
sions reached by the GAO team.

The enclosed comments are limited to the discussion in the draft re-
port of the situation in the Pacific Northwest and the conclusions
reached by GAO. With respect to the recommendations to the Congress,
we would suggest that these be reviewed in light of the passage of
PL 95-91 on August 4, 1977, establishing the Department of Energy.
Under this Act, the Congress has charged the new Department with re-
sponsibility for assuring coordinated and effective administration of
Federal energy policy and programs. ' We expect that within the broad =
energy missions of the Department, the energy problems-of the Pacific
Northwest as well as the rest of the nation will be addressed. Se:-
tion 102 of the Department of Energy Organization Act details the
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Mr. Monte Canfield, Jr. -2 -

purposes of the Act. It is the intent of the Department to follow
these Congressional guidelines as fully as possible.  'In so doing,.
many of the problems identified by GAO will be remedied. Some of
the proposals by the GAO Involve actions that are highly sensitive
and controversial and will require careful study by DOE and coordi-
nation with all interested parties. Where current legislative
restrictions may serve to inhibit the Department from effectively
carrying out the purposes of PL 95-91, it would be appropriate for
GAO to clearly identify these areas so that the Congress can take
corrective action.

Ihank you for the opportunity to review this proposed report.

Sincerely,

Enclosure: [See- GAO note.]
"As stated . )

SN S Lo
' AT o .
GAO note: The enclosure is not included here but
. was considered in this report.

LR L
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APPENDIX XIII

PRINCIPAL OFFICIALS

APPENDIX XIII

RESPONSIBLE FOR THE ADMINISTRATION

OF ACTIVITIES DISCUSSED IN THIS REPORT (note a)

- Tenure of office

From

DEPARTMENT: OF ENERGY

SECRETARY OF ENERGY:
James R. Schlesinger Oct.

ASSISTANT SECRETARY FOR RESOURCE
" APPLICATIONS:
George Mclsaac o Oct.

ADMINISTRATOR, BONNEVILLE POWER

ADMINISTRATION:
Sterling Munro Jan.
bonald P. Hodel - Dec,
Henry R. Richmond _ Sept.

' DEPARTMENT OF THE INTERIOR

SECRETARY OF THE INTERIOR:

Cecil D. Andrus k Jan.
Thomas S. Kleppe Oct,
Kent Frizzell {acting) July
Stanley X. Hathaway June
Kent Frizzell {acting) ’ May
Rogers C. B. Morton Jan,

ASSISTANT SECRETARY OF THE
INTERIOR-—-ENERGY AND MINERALS:

Joan M. Davenport Apr.,
William D. Bettenberg (acting) Jan.
William G. Fischer (acting) Jan.
Jack W. Carlson Aug.
King Mallory (acting) May
Stephen A. Wakefield ‘ Mar.
John B. Rigg (note b) Jan.
Hollis M. Dole Mar.

a/The Bonneville Power Administration was

transferred from

1977

1977

1978
1972
1967

1977
1975
1975
1975
1975
1971

1977
1977
1976
1974
1974
1973
1973
1969

Present

Present

Present

Dec. 1977
Dec. 1572
Present

Jan. . 1977
Oct. 1975
July 1975
June 1975
May 1975
Present

Apr. 1977
Jan. 1977
Jan. 1976
July 1974
Apr. 1974
Mar. 1973
Jan. 1973

Department of the Interlor to Department of Energy on

October 1,-1977.
b/Deputy Assistant Secretery in Cﬁarée.
(00866)
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Single copies of GAO reports are available
free of charge. Requests (except by Members
of Congress) for additional quantities should
be accompanied by payment of $1.00 per
copy.

Requests for single copies (without charge)
should be sent to:

U.S. General Accounting Office
Distribution Section, Room 1518
441 G Street, NW.

Washington, DC 20548

Requests for multiple copies should be sent
with checks or money orders to:

U.S. General Accounting Office
Distribution Section

P.O. Box 1020

Washington, DC 20013

Checks or money orders should be made
payable to the U.S. General Accounting Of-
fice. NOTE: Stamps or Superintendent of
Documents coupons will not be accepted.

PLEASE DO NOT SEND CASH

To expedite filling your order, use the re-
port number and date in the lower right
corner of the front cover.

GAO reports are now available on micro-
fiche. If such copies will meet your needs,
be sure to specify that you want microfiche
copies.






