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Mobius Strip

If you make a Mdbius strip from a piece of paper and then
use a Pencil to draw a continuous line along the surface
yoP discover that the strip never runs out. We chose thel
Mobius strip as the symbol for the Alternative Energy
Resources Conference because it is renewable and never

ending, just as the resources are.
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SECOND ANNUAL PACIFIC NORTHWEST

Alternative and Renewable
Energy Resources Conference

Purpose:

To solicit regional cooperation in promoting the near-term development of such alternative and
renewable energy resources in the Pacific Northwest as:

® Cogeneration B Wind m Solar End-use Applications

B Biomass ® Small Hydro ® Geothermal Direct Heat Utilization

Participants:

This conference was planned for the directors, managers, and power planners of public and
private utilities, industries, state, Federal and local agencies, and others interested in energy
development in the Pacific Northwest.

Objectives:

1. Identify alternative and renewable energy resources which can make an impact in the 1980’s
in the Pacific Northwest.

2. Give utilities and other interested parties who wish to invest in alternative and renewable
resources a chance to learn first hand from those who have already done so.

3. Determine how these alternative and renewable resources can be developed in the most
expeditious manner.

4. Give all parties who are interested in the development of alternative and renewable energy
resources an opportunity to become aware of each other and the incentives and constraints
associated with commercial development.

Questions which were addressed.:

® Which renewable energy resources can make an impact in the 1980's?

® How do you develop alternative and renewable energy resources from the initial planning
stages to the actual installation; what are the costs involved and what sources of financing are
available?

®m What can we learn from existing alternative and renewable energy resource installations in
the Pacific Northwest?

® What are the incentives and constraints?

® What are the roles and responsibilities of utilities, industries and Federal, state, and local
governments?

®m What Federal and state legislation has been proposed or passed, and what needs to be done by
the legislatures and why?

Presentations addressing these questions were interdisciplinary, including viewpoints from
Federal, state, utility, engineering, research, legal and legislative speakers.

Ample opportunity was given to question the speakers either at the end of the sessions, atthe
breaks, or at special functions during the day in the exhibit center.
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Jack G. Hornor, Conference Chairman
Assistant Director for Power Resources Division
Bonneville Power Administration

Donald J. Davey, Conference Coordinator
Project Leader for Outreach, Education and
Internal Conservation in Energy Conservation
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'HE SOLAR TOUR

On Sunday, October 26, Gene Ferguson of the Portland
Area Office, with assistance from Grant Vincent of the
Conservation Division, led a Solar Tour which was
designed to familiarize participants with various kinds of
solar energy designs. The tour featured commercial and
residential buildings which used solar to supply some
share of their total energy needs. The need for visits to
sites where people have successfully integrated the use
of solar energy was confirmed by the enthusiastic
response demonstrated by those who took part in this
tour. Approximately sixty people showed up on this less
than sunny Sunday to dodge raindrops and mud puddles
in order to see these examples of working solar buildings
and to hear the architects, designers and homeowners
describe their systems and discuss their experience with
solar energy.

The first site visited was the International Wood
Workers Council Building in Gladstone. The architect,
Howard Glazer, met us there and explained how the solar
assisted heal pump system, in the building which he
designed, worked to reduce heating requirements.

The next stop was at the Pioneer Masonary Co. Bldg.
on S.E. Belmont. The architect, Jerry Brewster, led us
through the building. Jerry pointed out how this building
remained one of the few hot spots in the neighborhood
during last year’s ice storm. “"People came from other
buildings in the block,” Jerry said, “in order to stay warm
when the power failed in their buildings, leaving their
offices cold and deserted.”

The next stop was the Steve and Janet Steven's

residence, where the tour had an opportunity to see a
house remodeled for passive solar. This stop also fea-
tured a coffee and tea break. Cakes and refreshments
were provided by Gene's wife Toni. Janet and Steve
helped Toni serve the tour members. During this break
people found an opportunity to exchange ideas and ask
questions. Bruce Bolme, who did the solar design
engineering, was there to answer questions.

The final site was at Ann Wikman and David Knep-
per's residence. Ann and David were site sponsors for a
solar water heating workshop conducted by Portland
SUN, a local non-profit solar educational group. Ann and
David took turns recounting their experiences with the
workshop. Ann and David are happy with the perform-
ance of their system.

“With tax credits and the savings from installing the
system ourselves,” says David, "we will be getting years
of reduced utility bills. The system will pay for itself in
less than five years.”

The solar tour was an exciting opportunity to get a feel
for what is going on in solar energy in the Portland area.
A side benefit was the opportunity for the many people
who went on the tour to exchange ideas, talk about solar
and exchange information on what they and their
organizations were doing to plan for the energy future.
The tour members returned to the Red Lion ready for the
next two days of conference activities having seen for
themselves something of what renewable energy is all
about. i




GOODNOE HILLS FIELD TRIP

Over 150 conference participants went by bus along the
Columbia Gorge to view the three 2.5 MW each wind
turbines under construction outside Goldendale,
Washington. The Boeing Engineering and Construction
Company provided background information and slides
at the Klickitat PUD. The participants were also able to
see from the bus two small (2kW) wind machines which

were operating that day. Along the entire route there
were opportunities to observe many energy-related and
natural features of the the Gorge.

To conclude the trip, Representative Al Ullman of
Oregon addressed the group at a dinner in the town of
Hood River. i




THE SPEAKERS

An Energy Future
We Can Count Upon

As I contemplated my message today on alternative and
renewable energy resource development, I was remin-
ded of the man of the cloth with the reputation not only
for holiness and wisdom, but also for great diplomacy.
He was often sought out by people with problems. One
day he was approached by two fellows in heated debate.
After they had explained what they were arguing about,
he turned to the first fellow and said: “Tell me your side
of the story.”

Upon hearing the fellow’s reasoning, the wise and
diplomatic man of the cloth replied with earnestness,
“You know, you're right.”

He turned to the other fellow and, when he had heard
the other side of the argument, said with equal earnest-
ness: “You know, you're right.”

Meanwhile, a bystander observing all this was
perplexed and, after the two debaters went off each
convinced of his rightness, demanded to know from the
man of the cloth: "How could you do that? Here these two
fellows took opposite sides of the argument, and you told
them they both were right. They both can't be right.”

Reflecting for a moment, the wise and diplomatic man
ofthe cloth looked the bystander in the eye and told him,
with all earnestness, “You know, you're right.”

Well, as I stand up here and tell you that we in this
region are going to lead the nation in accomplishing
conservation and renewable resource development, I'm
also going to tell you: You know, Munro's right about that.

And as I stand up here and tell you that we’re going to
have a hard time getting a significant amount of
conservation and renewable resource development ac-
complished in this region in the next few years, I'm also
going to tell you: Y'know, Munro's right about that.

But if you try to convince me—Ilike that bystander
tried to convince that man of the cloth—that I cannot be
right on both counts, I will not respond in the fashion of
the story and tell you that you're right. No, I will insist
that Munro is right on both counts. We can accomplish a
lot! Tt will not be easy!

We will be able to accomplish a lot because of the
growing determination of the people in this room ... and
the growing determination of the region’s Congressional
delegation, Governors and other state officials ... and
the growing determination of the region’s utilities .. .. and

he growing determination of the region’s ratepayers
and the public at large.

We will accomplish so very much because it appears
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Sterling Munro

Administrator, Bonneville Power Administration
P.O. Box 3621
Portland, OR 97208

(503) 234-3361

Sterling Munro, appointed Administrator of Bonneville

Power Administration in 1978, earned a degree in political
science and journalism at George Washington University in
Washington, D.C. and completed two years of study at its law school.

After one term on the staff of the Washington State Legislature, Mr.

Munro moved to Washington, D.C. and served in staff capacities with
the Library of Congress and the U.S. House of Representatives. In
1953 he joined the office of Senator Henry M. Jackson as an
administrative assistant, involved in conservation and natural re-
source legislation. Mr. Munro serves on the Board of Directors of the
Electric Power Research Institute (EPRI).

certain that the Congress is about to give Bonneville the
authority to invest heavily—on behalf of the entire
region—in conservation, and heavily in renewable
resources, as well. We will be able not only to acquire the
output of renewable resource projects, but we will be
able to provide the upfront money for feasibility studies
and preliminary engineering of potentially worthwhile
renewables.

1 speak only of renewable resources in detail because
it and not conservation is the principal subject of today’s
conference. It will be difficult to complete construction of
any appreciable amount of renewable resource de-
velopment in the next few years. There are several
reasons why this is so. One is planning time. Another is
licensing time. A third is that because renewable
resource projects typically are small in size it will take
many successful individual projects to add up to one
Bonneville Dam, or one Trojan nuclear project, or one
Centralia coal project, not to mention one Grand Coulee
Dam.

As for planning, we will soon have a new Regional
Council to assess the region’s power requirements and
develop a plan for meeting the needs. The plan must give
priority to renewable resources as well as to conserva-
tion. But the governors of the four states will have six
months in which to appoint the council, and the council




will have two years after formation in which to assemble
a staff and hold the public hearings and develop and
adopt a plan. After the plan is in effect, BPA may acquire
only such new resources as are consistent with the plan,
unless otherwise specifically authorized by Congress.

But the region will not have to wait for adoption of the
plan to move ahead in the development of renewable
resources, and BPA will not have to wait for adoption of
the plan, either, to help the region get going on renewa-
ble resource projects of 50 megawatts or less. Not only
will BPA not have to wait to make such contribution as it
can to small renewable resource development, the Act
will direct BPA to move forward immediately with
whatever il can help accomplish in the way of the priority
options—conservation and renewable resources—
prior to development and adoption of a plan. These
include consumer-installed individual applications of
renewables such as solar hot water heaters and family-
sized windmills that either produce electricity or sub-
stitute for it. The Congress will not say that we may do
this. It will say that BPA shall do this. The Congress, of
course, will require BPA to follow normal budget proce-
dures. We are self-financed, as you know, but we still
must present our proposed expenditures to the Office of
Management and Budget and to the congressional
appropriations committees before we can expend funds
for these worthwhile purposes. But we are preparing to
fast-track our conservation and renewables efforts just
as the new law will require.

In that vein, I want you to know that we have already
written letters to all of BPAs utility customers, and to
each of the governors of the four Northwest States,
inviting their recommendations as to what should be
included in the way of conservation and renewable
resource project funds in the budget amendments for
Fiscal Year 1981 which we are now preparing—
assuming the bill passes next month—and what might
be included in our Fiscal 1982 budget, as well. If we are
going to spend funds in this Fiscal Year, the latest time at
which amendments to our budget can be submitted is in
January, less than three full months away. I hope others
will start planning immediately, too, for what they will
recommend to the Regional Council.

Itis absolutely necessary for BPA to work closely with
all interested parties in the region if we are to help get
new renewable resources projects built. For the Act will
not allow BPA to undertake renewable resource projects
or any other generating projects on its own. Just like BPA
conservation programs must be accomplished by work-
ing through our utility customers, renewable resource
projects must be built by others. The Act will not
authorize Bonneville to build or operate or own any
power generating resources. For renewables, we can
provide upfront money for potentially cost-effective
projects, and this is likely to be our very important
contribution in the first several years—money for pre-
liminary site analysis, feasibility studies and pre-
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construction investigations. To the extent that projects
utilizing renewable resources reach culmination, we will
purchase the capability of the projects built by others.
But, as is the case now, we will not be allowed to
construct or own any projects ourselves.

Now, I don't want to appear a pessimist, but Imustbe a
realist, and the big map behind me tells the real story on
renewables in our region at the moment. Renewable
resources projects already in existence, other than the
Federal and non-Federal hydro projects large and
small—the original great renewables—add up to only
about 200 megawatts of average energy. That's not a
whole lot either in terms of the region’s present total
resources of 16,000 average megawatts or forecasted
needs of double that, about 32,000 average megawatts,
by the year 2000.

In any event, the map shows only renewable resources
projects including small hydro under 50 average
megawatts that are under construction or in various
stages of planning— and only to the extent we have been
able to learn from others what they presently have in the
works. There may be more going on than we know about,
and if so, we’'d like to know about it. On the other side of
the coin, it is not at all certain that all of these projects
will actually get built. Nevertheless, the map shows

‘eight small hydro projects under construction and 64 in

one or another stage of planning. If all those under
construction and planned are, in fact, completed, they
will add 560 megawatts to the region’s hydro
capacity—about the same capacity as the second pow-
erhouse at Bonneville Dam or the new Boardman
coal-fired project. The energy from these small hydro
projects will be less than half their contribution to
peaking capacity because there simply will not be
enough steady streamflow behind them to produce
energy more than 50 percent of the time, as a general
rule, and often no more than 30 or 40 percent of the time.

I am comparing the output of these renewable re-
sources to some large existing projects only to em-
phasize my earlier point that it takes a large number of
individual small renewable projects to make a dent in
overcoming the shortages in the decade ahead, which
could range from equivalent of two to four large thermal
plants. And, of course, we all know that you can't start
one new thermal project of that size now and expect to
get it on line in this decade. We have to do the job in this
decade with the means available in this decade—and
that means mainly conservation and renewables in
addition to completing as rapidly as possible the large
thermal projects under construction or scheduled.

The map shows one cogeneration project under con-
struction and 24 planned. If all those under construction
and planned are completed, they will add to the region's
supply capacity equivalent to a little more than a
Boardman coal project or the second powerhouse at
Bonneville. The fall-off between capacity and energy is
not so great with cogeneration as with small hydro. We



expect about 75 percent plant factor from cogeneration,
so the cogeneration projects shown on the map, if all are

in fact completed, could add as much energy, too, as the
Boardman coal plant.

And so it goes. All of the renewable resource projects
shown on the map, if completed, will add about 1,250
average megawatts of capacity to the region’s supply and
about 700 average megawatts of energy. We need three
to six times that much in this decade to head off the
projected deficits.

In the past year, not one new small hydro project has
been completed in the region, but one retired small
hydro plant has been reactivated with capacity of
three—-count ‘'em: one, two, three—megawatts. Since
we met a year ago, actual construction has begun on
three—count ‘'em: one, two, three—average megawatts
worth of large and small wind projects, including the
three MOD-2 windmills at Goodnoe Hills. Their 2%
megawatts capacity each make them the world's largest
windmills ever. But the available wind —the most favor-
able wind conditions in our region—will allow them to
operate only about 35 percent of the time. Hence only
about one average megawatt of energy for each 2%z
megawatts of capacity. We know of only two other
windmill projects totalling eight megawatts of capacity

which construction has been started within the past
year, and only one wind project with one-half of one
megawatt of potential on which the site-specific licens-

ing process has begun.

Bonneville's resource assessment. people tell me there
may be no more than five renewable resource projects of
any kind—other than individual homeowner
applications—that are far enough along in development
so that Bonneville might actually be able to acquire their
capability in the next 12 months. That's renewable
resource projects of all types—wind, solar, small hydro,
biomass, cogeneration, geothermal, whatever—that
might add one megawatt or more to the region’s supply.

So it goes. High hopes. Low numbers.

In the case of geothermal, in our region there is not a
single commercial geothermal electric generating pro-
ject built or planned. The main reason is that the
hardware for producing electricity from geothermal
resources has been built for higher temperature geoth-
ermal resources than those so far identified in our
region. We have no known geothermal resources that
can be put to work producing electricity with available
technology. So the one geothermal electric project
underway in our region is a research project in Idaho,
sponsored by the Raft River Co-op with participation by
DOE and others. Its purpose is to develop technology
that can produce electricity utilizing the moderate-to-hot
thermal reservoirs in our region. Of course, there are
other applications of geothermal that may prove to be
energy-efficient, but BPAs involvement is limited to
electricity.



Development of commercial geotherfnal projects in
this region faces other problems, as well. One is the
difficulty for developers to obtain leases on Federal land.
Anotheris waterrights. Geothermal does not conform to
either water or mineral definitions. As a consequence,
several states have elected to treat it as a water resource.
In this region, where water is so important to agricul-
ture, many water rights already exist and the present
holders of those rights want to hold onto them. Inasmuch
as the Rafl River pilot plant is recocgnized as a research
project, it has avoided the water rights issues a commer-
cial plant would have to face up to. For example, the
Idaho Department of Water Resources decided to allow
an agricultural water right to be applied to this 5-
megawatt pilot plant. However, under the agreement, if
the plant were to be used for commercial operations, a
change in the water agreement would be required. And
just recently, the Supreme Court ruled that anyone
entering into a change-in-use agreement will lose those
water rights.

Each renewable resource has its own peculiar problem
or sct of problems when it comes to translating electric
energy potential into reality. We must not let that deter
us, but neither can we afford to duck the problems and
talk only about the potential. What we need in the region
is energy resources we can count upon. The starting
point is to identify and investigate all the potential and
get cracking on what can be developed. The ability that
the new law will give BPA to provide upfront money
should assure the necessary studies getting underway,
and the authority the new law will give us to acquire
renewable resources should assure renewable resources
projects actually getting built that otherwise—because
of the risk—might never get built.

So, while only a handful of renewable resource
projects may be available in the near-term for acquisition
by BPA under the new law, we expect to be doing other
things in the coming year to help others move more
projects to the acquisition stages once we hear back from
the Governors and the region'’s utilities—things like
funding preliminary siting analyses and feasibility
studies and other preconstruction-preacquisition ac-
tivities.

There are other hoops to test us on the way to
acquisition of renewable resource projects. Under the
forthcoming Act, BPA not only must identify the spon-
sors of potential projects, but we must make some
preliminary findings that each proposed resource would
likely meet the standards of the Act—that is, that they
would be cost-effective, needed, compatible with our
existing system, etc.

Unless BPA can make an initial determination that
there is no way there could be a significant environmen-
tal impact, an environmental assessment leading to
either a Finding of No Significant Impact (FONSI) or an
EIS must be prepared. Now, I am not talking about a
one-time assessment or a one-time EIS. I am talking

about assessments for project after project, even the
smallest of them, over and over again—adding up not to
tens or twenties, but literally hundreds of
assessments—no matter what the renewable resourci
might be or how many projects of that type might
previously have been approved. This is because the
impacts on air, water and land must be judged on a
site-specific basis.

And if you think winning all the necessary approvals
will be easy, you haven't been reading the same news-
paper headlines I have. Here are a few headlines from
just the past month or two: “Rexburg Geothermal
Drilling Terminated,” “Dam Would Hurt Eagles, City
Light Studies Show,” “"Montana Rejects Kootenai Dam
Application,” “Goods for Energy Conservation Hard to
Find,” “Building Codes Slow Solar and Windmill Plans.”
Well ... that’s just a few.

Each assessment for renewable resource projects
proposed for BPA acquisition is expected to take some-
where between a few weeks and a few months. An EIS
likely would take an additional 6 months to 12 months,
depending on complexity and controversy, possibly
longer, and would include a hearings process. Even with
a FONSI—a Finding of No Significant Impact—we
might decide we need to hold a hearing in the community
most immediately impacted before finally deciding.

Subject, then, to a letter of intent, we would make a
purchase by contract and at the same time complete the
record of the decision. This record would be subject to
judicial review. It would have to establish that the
acquisition met the standards of the Act and other
applicable laws. The acquisition would have to be
cost-effective. It would have to be compatible with the
environment. It would have to take into account fish and
wildlife protection, mitigation and enhancement. It
would have to be compatible with our system. And so on.

There are variations on this acquisition theme. An
experimental, pilot or demonstration project would not
have to be cost-effective. Though the technology would
have to have the potential for eventual cost-effective-
ness, there are certain kinds of direct application renew-
ables for which we could give grants and make loans
without going through the long process I have just
described. I'm now speaking of the kind of renewables
that can reduce electric demand in a residence or
commercial establishment. We also will be able to give
billing credits to a utility which on its own undertakes
and utilizes a resource that reduces the demand on BPA
for supply.

After the regional plan is in effect, the test of
consistency is with the plan, which would tend to
simplify the findings respecting need and cost-
effectiveness.

But none of this will be easy.

And yet it must be done. There is no higher purpose t
be served in our area of human endeavor—electric
energy supply—than to put conservation and renewable



resources to work in ways that will provide the people of
our region with an energy future they can count upon.

If I have sounded pessimistic, it is only because I have

ed to be realistic about the size and difficulty of the job
ahead, and am trying to encourage energy people to get
going. Obviously, nothing gets done unless somebody
does it. There are some things we at Bonneville can do.
There are some things others must do. There is a lot for
all of us to do.

I am confident that knowledge exchanged here today
and tomorrow will make it easier for us all to get the job
done.

Iam confident that Munro will be proved right on both
counts—not only that it will be difficult to get any
appreciable amount of renewable resource development
achieved in the next few years, but also that we in this
region will lead the nation in the application of conser-
vation and renewable resources. In the process we will
give the people of our region an electric energy future
they can count upon. [

Renewable Energy Resources:
Boon or Boondoggle?

Assembled here for the next two days are some of
America’s leading authorities on renewable resources;
wind and solar enthusiasts; water and wood experts;
geothermal and biomass technologists; conservation
and cogeneration proponents. The question I would like
to puse is whether renewable resources are the boon of
our society or the boondoggle of our decade?

To avoid any misunderstanding, this question does not
minimize the importance of the energy problem we face
today or the importance of the role that renewable
energy resources will have to play in solving that
problem. So that we are speaking in common terms, let
me take a moment to review our current situation and
the outlook for the next several decades.

Energy Outlook

Currently the U.S. is using 79 quads of energy per year
(a quad is 10*° Btu or roughly a rate of 40 million barrels
of oil per day). Nearly three-quarters of this energy is
fueled by oil or gas. Coal contributes about twenty
percent and hydro and nuclear about 4 percent each.
Solar, wood, and geothermal in total represent just over
1/10 of a percent. Recycled wastes, primarily in the
paper, oil, and steel industries contribute less than 1
percent.

The energy mix in the Northwest is now considerably
different than that of the nation as a whole. This region
has been blessed with abundant hydro resources. How-
ever, additional energy will have to be drawn from the
same stock as the rest of the country now that most
acceptable hydro sites have been used.

In the next two decades energy use will increase, most
people would agree, at a substantially slower rate thanin
the past. Forecasts of energy use in the year 2000 tend to

Qnd the region between 100 and 120 quads, although

e can find a few quite a bit lower and some a bit higher.

However, there is no disagreement that oil and gas will
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play a diminishing role because we are beginning to
reach the bottom of the well. That is being reflected in
ever increasing prices for these resources. Coal is
counted on to fill part of the gap. But it too is a limited
resource and intensive use of coal will not be easy for all
kinds of reasons. Nuclear energy will have to play an
important role, especially if energy demands turn out at
the high end of the forecast. While with the breeder
uranium and thorium can be made to yield substantially



more energy than from a once-through cycle, these fuels
are also finite.

Conservation—or more correctly, increased efficient
use of resources—will have to play an important role in
controlling our appetite for raw fuels. All current
forecasts of energy use reflect substantial improvement
in the efficiency with which we use energy. We can see
this process taking place all around us now: purchase of
smaller automobiles, use of increased insulation, de-
velopment of more efficient appliances.

But, even more important, we must begin to develop a
long-term balance between our resource endowment
and the rate at which we use it. This emphasizes the
potential role for renewable energy resources.

Renewable Energy Resources—Defined

What are the renewable eneryy resources? Virtually
all fuels arc renewable; oil, gas, and coal are being
formed right now. Yet these are not usually considered
renewable since our rate of use is many times the rate at
which they are being formed. Wood, in this country, is
usually thought of as renewable. In parts of India and
Africa, however, wood resources for fuel are being
depleted more rapidly than nature can produce it, a
situation which parallels the early industrial develop-
ment years in Europe. In such economies, substitution of
other fuels for wood is as important as our getting free of
our oil dependence. Even water and solar energy re-
sources can be utilized more intensively than their rate of
availability. We are now close to that point with water
resources but solar energy is far from its maximum
potential.

The essence of the definition of “renewable” then has
to be the balance between utilization and availability of
the resource. A number of energy resources have much
greater availability than their current or prospective use.
We usually term these as renewable resources: direct
solar forms—active and passive thermal solar systems
and photovoltaic devices. Also included are indirect solar
forms—wind, water, ocean thermal gradient, biomass.
Other renewables include geothermal, biological wastes
and garbage. Except for the direct solar sources and
possibly geothermal sources (if we include systems
beyond the reach of today's technology), none of these
resources could alone replace oil and gas energy sources.
And even solar and geothermal, under the most op-
timistic scenarios are unlikely to replace even a major
fraction of such scarce energy sources for many decades,
if ever.

Renewable energy resources, or any energy source for
that matter, cannot be meaningfully assessed on the
basis of whether it can carry the whole energy load on its
own. The important issue is long-run energy sustaina-
bility. This means a transition to a balanced mix of
energy resources used at a rate that avoids rapid
depletion.

On this basis it is clear that we have a major

opportunity in the U.S. and, more specifically, here in the
Northwest to develop a number of energy resources
which are far from being utilized at their replacemer
rate. These could play an important role first in di-
minishing the rate at which we are using depletable
resources and second, in arriving at a long-term sustain-
able energy system. It is in this sense that I think we
should be focussing on renewable energy resources.

Renewable Energy Resources—Issues

Today, our economy is recognizing the importance of
making a transition from the fuels which appeared
abundant in the past and on which we became depen-
dent. The price we are paying for not having accepted
this fact sooner is soaring energy prices fueling a general
inflation and economic stagnation. If economic growth is
to continue and if a global conflicl over dwindling
resources is to be avoided, then we must promptly begin
to move toward a sustainable energy system.

Why then are there such problems in getting renewa-
ble energy resources readily accepted? Why is there a
need for this conference if everyone agrees on the
importance of this transition? I would like to suggest that
there are four principal issues involved.

The first issue is what I call “*Cost and Metrics.” Onthe
cost side, most renewable energy resources turn out to
be more expensive than traditional energy resources
when measured in conventional ways. There are im-
portant exceptions: certain geothermal applications, the
use of wastes, some solar applications, etc. But there are
many more that are far from ready to compete with the
traditional alternatives, even with oil at $30 a barrel.

In part, the problem is the metric we use to measure
costs. The system we use has built in a structure of tax
laws, calculations of future values, averaging of old and
new costs which favors existing processes over new
ones. It is important, therefore, thal in making decisions
on renewable energy resources we identify and adjust
our metric to assure an unbiased evaluation.

The second issue is what I call "Change and Institu-
tions.” Our economic system is set up to favor existing
ways of doing things. This has lots of advantages such as
providing continuity, assuring that investments will
continue to have value over their physical life, and
avoiding excursions into unproductive byways. But it
also has some major disadvantages. Change, when it is
necessary, is harder to effect. New institutions are
difficult to bring into being and remain viable.

For renewable energy resources to make a significant
contribution, we are going to have to find efficient ways
to change our habits. These changes run the gamut from
the type of heating system we install in a new house to
the type of generating facilities considered in utility
plans. As well, institutional habits of who furnishes what
will have to be remolded to fit the new energy system
For example, how can we assure the maximum use ¢.
waste material from a paper plant or who should service




homeowners’ more complex energy systems?

The third issue is one of technical development. New
--stems are competing with mature, reliable, cost-

‘ective, traditional systems. Part of technical develop-
ment is the invention and proof of scientific feasibility.
While we can always use more scientific progress, we
are making good headway now in this area of developing
renewable energy resources. But the next step, applica-
tion and trial of new systems is the area in which our
progress has been less than ideal. For example, we have
installed nearly 100,000 solar collectors in the U.S. But
the feedback system on cost of operation and mainte-
nance, performance characteristics, and reliability is still
not in place. The valuable lessons we should be learning
to assure that the next generation is even better are not
being collected. In our enthusiasm to utilize renewable
resources we are locking into a first generation technol-
ogy.

The fourth issue is one of “information dissemina-
tion.” In part this relies on the information we have not
been getting from the demonstration process. Informa-
tion which the general public, manufacturers, utilities,
and government units need to make informed judg-
ments. But there is more than mere technical perfor-
mance characteristics which need to be conveyed. The
public needs to know, understand, and believe what is at
stake in their energy future.We have been so busy
blaming the oil companies, OPEC, the federal govern-
ment, or whatever favorite boogeyman that we have
confused the issue. Similarly, some of us have become so
enthusiastic over a favorite technology that we have
misled others as to the difficulty of achieving the
transition.

I am always perplexed when I consider how efficiently
our existing market system introduces new ideas. We
differentiate, where little difference exists, between
soaps, cereals, cigarettes, and cars. A new product gains
national attention and acceptance, if it meets with public
taste. Somehow, we seem to believe that introduction of
a new energy system will need less product push, less
marketing muscle than other goods and services.

These issues imply that renewable energy resources
will have to compete just like any other commodity
looking for its share of the consumer’s preference. The
competition must come on price, even if we have to
calculate costs more completely than we have in the past.
The product will have to overcome the inertia toward
change and we will have to build or adapt existing
institutions to deliver and service the product. Technical
development, particularly the trial and error of applica-
tion, will have to be orchestrated to assure the rapid
transition we are looking for. Finally, the consumer will
have to be informed and convinced of the rightness of his
choice.

Qles for Various Institutions
In this period of change there are obligations and

opportunities to go around. Federal, state, and local
governments have to take on the responsibility that
renewable energy resources can be utilized. This means
assuring that regulations, laws, and administrative
process do not create impediments. For some govern-
ment units, this also means getting involved in the
development of the technologies to assure their availa-
bility as rapidly as possible. Whether enough has or is
being done in these areas is a value judgment which
needs review. I would like to focus on two areas where I
believe enough has not been done.

The first area is one of clearing impediments from
existing legislation, regulation, and tradition. By this I
mean such as reconsideration of utility regulation,
zoning ordinances, environmental regulations, and
building standards as to how they effect the adoption of
renewable energy resources. For example, could a utility
owned, garbage fueled, cogeneration plant be built in
your city? If not, should it be possible to do so?

The second area is one of assuring commercial
adoption of new renewable energy systems. This is
particularly acute for government developed
technologies. It is my bias that most renewable energy
systems will eventually have to be viable as privately
developed and privately owned systems. There are
significant exceptions, as is, for example, most of the
development of hydro resources here in the Northwest.
But, it seems to me that solar collectors, waste-using
systems will do best if they can be part of the commercial
economy. This transfer from public sector development
to private sector deployment has always been a difficult
step.

The next set of actors in the renewable resource game
are the research community, the entrepreneurs, and the
manufacturers. Their combined role is to identify the
energy opportunities and develop them from laboratory
to market place.

It is my impression that in our complex and highly
automated economy that the most efficient development,
production and delivery of goods occurs in large, cen-
tralized facilities. It is for this reason that I see a good
sign in a number of the U.S.’s largest firms investing in
the solar business. But the very nature of most renewa-
ble energy resources, implies local application, whether
on a roof top, at a cement plant, or in the center of a city.

Itis the connection to every customer which identifies
the possible role for utilities. Not only are they an
institution with a contract with every user, but also with
the technical capability to provide the installation and
maintenance of such systems. In any case, by most state
laws, they also must stand ready to provide the back-up
reliability. Not only are these opportunities for utilities
but also problems on the questions of fair pricing of
services. Unfortunately, this option is limited by federal
law.

Finally, there is a role for the public to become
informed on both the issues involved and the options




that exist. In this context the media has an important
obligation to inform and educate. With all the conflicting
arguments, with all the difficulties of separating fact
from fiction, it will not be an easy role. Moreover, since
the outcome of the transition from our present energy
system to a sustainable one will occur only slowly, there
will be little opportunity to check guideposts along the
way. It's not like reporting on a sports season which ends
with the World Series or the Super-Bowl Game. If we do
not adequately plan for future energy sources, the need
will not be apparent for a decade. If we do not shiftto a
sustainable mix, the consequences may not be clear for
several decades. But just like the sports team that does
not assemble and apply the best players, our economy
will not be able to compete if we do not develop a
sustainable energy system while other economies do.

Caveats and Cajolings

The answer to my original question, as to whether this
conference is the subject of a boon or boondoggle, should
be clear. The need for a transition to a long term
sustainable energy system is very great. Renewable
energy resources (those resources not being used as
intensively as they ocurr) are one important element in
this transition. But there are a number of issues to be
faced.

Now that we are all convinced that we are working on

the boon to our society, it is equally important that we not
get carried away with our mission. Enthusiasm for our
particular endeavor is needed to overcome the diffict”
ties, disappointments, and set-backs which will inevit
bly occur. However, the enthusiasm must be tempered by
realism. In the long run, the consumer is going to
demand the most cost-effective system based on his
metric. If we can't deliver, he will ignore our advocacy.

We are in a period of change. The Cassandras have
always lorecast the future as a linear extrapolation of the
past. Clearly, a continued dependence on oil and gas to
meet future energy requirements would spell disaster.
Equally clear, renewable resources provide the oppor-
tunity of contributing to an energy future which is
sustainable.

In the past in such periods of transition, it has been
man’s ability to think, to innovate, to grapple with his
problems that have led to new pcriods of growth and
success. You have the solution to part of our energy
problem within your grasp. But it will take the applica-
tion of your mind and the sweat of your brow to translate
these opportunities into realities. [

Collecting Energy End-use Data:
an Overview '

After many decades of stable energy supplies, the
country has entered a period of instability of supply.
Energy stability depends upon an assured fuel supply
and equally upon areliable energy production, transmis-
sion and distribution system. A transition to energy
stability is a transition to a sustainable energy system. In
all likelihood, a sustainable energy resource base will be
composed in large part of renewable energy sources
converted by application of small-scale technology de-
ployed in a relatively decentralized infrastructure.

Assuming the transition to a sustainable energy
system is called for, attempts to achieve the transition
will be less than optimal. Many mistakes and failures are
probable. Consequently, conservation of the existing
stock of non-renewable fuels is essential. Because con-
servation can significantly decrease the demand for
energy, freeing energy for new demand, conservation
may also be treated as a supply source. Numerous
economic analyses conclude that most conservation is
substantially cheaper than any new energy conversion
facility.

Traditionally, power planning by electric utilities and
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other electric power supply agencies and firms focu
exclusively upon bringing new generation on line to
meet projected demand. In so far as the projected




demand for energy is demand for electricity, planning for
new generation required little or no data about specific
anergy use within the service area. Because the suc-

ssful application of conservation measures and non-
electric renewable energy systems generally requires a
specific thermodynamic match between the energy
demanded and energy supplied, traditional power sup-
ply planning methodologies are not adequate. Planning
for the implementation of conservation and renewables
requires a fairly sophisticated energy-use data base.

Simply stated, the rationale for obtaining energy
end-use data is to enable the utility or power planning
agency to obtain an accurate assessment of both the
renewable energy potential and conservation potential
in the service area. For power planning purposes, this
assessment is useful only if it specifies the opportunities
available at specific times, specific costs, and specific
locations. Determining the conservation and renewable
energy potential is a prerequisite for planning for
systematic implementation of conservation measures
and renewable energy systems.

There are two major considerations involved when
obtaining cnd-use data: the type of dala Lo be collected

and the method of collection. Experience in collecting
end-use data is limited. Methodologies developed at
laboratories such as Oak Ridge to collect data at the
national level are of limited value to planners at the local,
state, or even regional level. During the past few years,
some utilities, energy consulting firms and public power
agencies have initiated energy end-use data collection
efforts in Northwest service areas. As a result of these
initial efforts, valuable experience has been gained
which enables ongoing refinement of data collection
methodology.

The following papers discuss methodological consid-
erations when obtaining end-use data in the residential,
commercial and industrial sectors. These papers reveal
that data gathering techniques appropriate to one sector
are not necessarily appropriate to another another
sector. Moreover, although some methodological consid-
erations apply to each sector, there are some unique to
each sector. i

Development of the
PNW Residential Energy Survey

Somewhat over two years ago, several utilities with a
common problem banded together under the auspices of
the Pacific Northwest Utilities Conference Committee to
form what is now called the End-Use Data Subcommit-
tee. "End-use data” is what is referred to among energy
analysts as information about how energy is used at the
point of actual consumption. That is, it is concerned at
the most minute scale about where the electricity
ultimately goes, and how much of it goes there, and at
what time it goes there. Of course, electricity in today's
society is an all-pervading energy source, to be found
just about everywhere, so developing this “end-use
data” was, and is, a very large undertaking.

It is my purpose here to describe some of the
experiences that this group has had in developing this
data base, because what we have learned can, I think, be
applied generally to any new information or data
gathering system. I have generalized the lessons we
have learned into eight rules, which are described later.

PNW Residential Energy Survey
As every energy analyst is aware, more is known
about how energy is used in the residential sector than in
Qe other sectors (commercial, industrial and agricul-
ral). For one thing, we all have personal experience
with how energy is used in the home.
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All households have to be concerned with providing
some heat to the living space, and heating water, and
refrigerating and cooking food, and so on. In the other
sectors, that is generally not true. There are very large
aspects of energy use in the commercial and industrial
sectors that are very diverse and with which we are not
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familiar. So knowing this, it is easy to pick which sector
we tackled first: the residential sector. It may sound
anomalous that we began with the sector about which
we knew the most, but it is also the sector that was the
center of attention for a wide variety of decisionmakers.
All kinds of questions were being asked about residen-
tial energy use, and we didn't have the answers to those
questions. To develop those answers, we decided that
we needed to develop a new detailed data base by
conducting a household survey. The PNW Residential
Energy Survey turned out to be a personal interview
survey of 4,030 households in the four-state region of
Oregon, Washington, Idaho, and Montana. This sample
size permitted data tabulations not only for the entire
region, but also for the four states individually and for
four climatic zones that we defined based on heating and
cooling degree days. The sample was taken from the
customer records of electric utilities. This sampling
frame is ideal since it is complete (virtually every
household has electricity) and up-to-date (demolitions
and new constructions are almost immediately reflected
in those customer records). Thirty-seven utilities in the
region participated in drawing the sample.

The questionnaire we ultimately developed after
several drafts was quite lengthy; it had 105 questions,
some with several sub-parts, and the average interview
lasted about 45 minutes. The subject areas covered in
the interview included dwelling characteristics,
appliance ownership, economic and demographic fac-
tors, conservation practices, and household energy con-
sumption and cost. The last item was obtained by
gaining the household’s permission to go to the fuel
suppliers directly (electric and natural gas utilities and
fuel oil companies) in order to obtain that information.

That is a very brief background on the survey;
additional information can be obtained from the Execu-
tive Summary which has now been published. I think you
will find the results extremely interesting, since there is
something for everyone in there.

The Eight Rules of New Data Systems

As mentioned previously, the experiences we have
gained from this survey, and from talking to others who
have also conducted similar surveys, has led me to
develop a list of eight general rules that can be applied to
the subject of this panel discussion: establishing an
energy end-use data base to determine conservation and
renewable energy potential in an electric utility’s service
area. Data has never had a very good reputation. Two
quotations from about one hundred years ago serve to
illustrate this. The first one is well-known from Mark
Twain, who said, “"There are three kinds of lies: lies,
damned lies, and statistics.” The other one is from an
Englishman, Sir Josiah Stamp, who said, “The govern-
ment is very keen on amassing statistics. They collect
them, add them, raise them to the nth power, take the
cube root, and prepare wonderful diagrams. But you
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must never forget that everyone of those figures comes
in the first instance from the village watchman, who just
puts down what he damn pleases.” I'm afraid that mo—
people’s opinions about statistics haven't changed mu
since then, and so our job is clearly laid out for us in
developing our end-use energy data base to avoid those
pitfalls. Now, I'd like to get into those eight rules I
mentioned previously.

1. The Rule of Purposes— The most important rule of
allis this first rule: it is absolutely necessary that there is
aclearidea of what the data is going to be used for. As we
approach the 21st century, it is clear that we are now well
into the Age of Information. We gather all kinds of
detailed data on all possible subjects. Yet amidst this
great blossoming of knowledge, there is a sign of
discontent, primarily among those who have to provide
that data in the first place. You see increasing resent-
ment against filling out government forms, for example.
People are apparently beginning to wonder why all that
information is needed, and whether it is really being
used in important ways. Therefore, the first job in
developing a new information system is to clearly define
its purpose—what is it trying to accomplish—and the
definition should be in as much detail as possible. These
purposes must be defined at two levels. At a very broad
level, you must ask yourself why you are collecting the
data in the first place. In our survey, we had several
purposes: We wanted to be able to determine the
potential for energy conservation in the residential
sector. We wanted the data to permit us to evaluate
which conservation programs will be most effective. As
with conservation, we wanted to determine whal the
potential is for renewable energy sources. the data
should contribute to regional forecasting efforts, and we
wanted to be able to evaluate potential load manage
ment programs. That was a pretty large order, and we
found that we had to make occasional sacrifices in that
list. At a more detailed level, it is necessary that you
define the purpose of each and every question that you
might include in a survey. If something doesn't have a
clear and direct application, don't include it. Too often we
are tempted to include a question that sounds generally
interesting; as a general rule, don't.

2. The Rule of Limits —In the first step of defining our
purpose, we essentially laid out our list of wants.
However, the rule of limits says that we can't have
everything that we want, and we'll have to be con-
strained. There are basically four kinds of limits. First is
money; everyone is familiar with that. You will be
interested in knowing that a personal interview survey
will cost about $50 to $70 per completed interview; a
telephone survey will cost somewhere around $5 per
completed interview; while a mail survey can cost as
little as $1. You will have to compare the tradeoffs of tl__
increased data reliability you gain from personal inter-



views against the lower costs of telephone or mail
surveys. A second limit may be manpower: in-the-home
interviews or telephone interviews are more labor

tensive than mail surveys. A third limit is time or
space: In our case, we felt that 45 minutes was close to
the limit of toleration for most respondents, and while
we could ask a lot of questions in that time, we still had to
pare our entire wish list down in order to fit into that time
limit. Mail surveys have space limits: If the question-
naire runs too many pages, the first reaction of most
people will probably be to chuck it in the waste basket.
The fourth limit may be physical constraints. For our
survey, we were very interested in getting as reliable
data as was possible. For example, we did not entirely
trust the average homeowner to know what levels of
insulation they had in their attic or crawl space, and so
we wanted our interviewers to physically inspect those
areas for insulation. The rule of limits restricted our
ability to do that, though. Twenty percent of the respon-
dents told us that no access to their attics existed, and
another thirty percent could not provide our interview-
ers with a ladder to climb up into the attic. We wound up
having to ask these people for that information.

3. The Rule of Involvement— If other people might be
interested in or affected by the survey, it is best that
those people become involved in it at an early stage. You
will find that whatever data is collected will have a much
higher probability of being used, and there will be a
lower probability that the data you are collecting hasn't
already been collected by somebody else. At the local
utility level, this means that the office developing the
survey consult with other offices that might be in-
terested: I know of more than one instance where, for
example, the conservation office planned and im-
plemented a survey without ever talking to the rates
people or the forecasting people. Some utilities are small
enough that all of those functions are performed by one
person, but for all the rest, be sure to talk to each other. In
our case, we wanted to get historical energy consump-
tion data from the natural gas and fuel oil companies, so
we made sure to involve representatives of those inter-
ests at an early stage.

4. Rule Four is to Be Like a Child— That is, ask lots of
questions and don‘t assume you know anything. Think-
ing things through will save you from making mistakes.
In one case, the people who were putting the question-
naire together wanted to know about daily patterns of
energy use, and how lifestyle might affect the amount of
energy consumption. So they included a question about
whether anyone was home during the daytime. It was
the secretary who was typing the draft that pointed out
that many people might be reluctant to answer such a
.,uestion, since they might figure they will be setting

emselves up for a daytime robbery. Every question you
want to ask should be similarly examined to see what

might lie hidden below the surface.

5. The Rule of Complexity— Nothing complicated
works. Simplifying things will greatly increase the
chances of success. This especially pertains to the ways
in which questions are worded. If there is any possible
way that a question can be misinterpreted, it is amazing
how people will figure that way out.

6. The Rule of Thumb— Related to the previous rule is
the rule of thumb: If the data are thicker than your
thumb, they are not likely to be comprehensible to very
many people. For our survey, we really didn't adhere
strictly to this rule. With that many questions, we can
compile the data into a million different ways. But we did
keep the summary volume down to a manageable size,
and I hope that people’s interests are stimulated by the
information gathered there; if a question is of particular
interest, then the backup information is available. But
for the general audience, keep the size of the report
down.

7. The Rule of Anticipated Anguish— Also known as
Murphy's Law, we know that most of the things that can
go wrong will. This means in practical terms that you
should prepare for the worst, and schedule more time for
the project than you might first think you need. In
retrospect, [ think our survey went amazingly well, but it
did have its problems. For example, the cover on the
Executive Summary is dated July 1980, but actually it
didn‘t come out of the printshop until the first of October.

8. The Rule of The Known Evil— The eighth rule
applies when the information finally becomes available,
which is the rule of the known evil. People are used to
working with what they have, however inadequate or
limited that might be. They know what fudge factors
need to be applied to a particular problem. When your
new data becomes available, they will have to reestimate
all those relationships under a new information system,
and because of that, the new data may be met with some
resistance or skepticism. I don’t want to play this rule up,
because if the previous seven rules were followed, there
shouldn't be many problems in having the data become
quickly adopted, and probably by more people than were
originally anticipated. End-use energy information is
really scarce at this time, and we have found a great deal
of interest in it. One source of interest that we didn‘t
expect, for example, was a state welfare agency, which
wanted to know how much money poor people are
spending on energy. In another case, there is a Ph.D.
candidate in economics that will be using the data base
in the development of his dissertation.

It is clear from this list of eight rules that there are
many hazards involved in developing utility-specific
end-use information. I certainly hope that it doesn't scare
you away, because I think you will find from the
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discussions during the second panel this morning that
the uses of end-use data are very important.

In order to assist utilities and governments that might
be interested in developing their own survey of residen-
tial customers, the End-Use Data Subcommittee has had
developed a 16-page Mail Survey Manual. It provides
step-by-step instructions on how to select a sample, on
preparing the survey materials, handling the mailing,
and tabulating the results. Perhaps the most important
part of the Manual is an example of a two-page
guestionnaire that can be adopted wholesale by an

interested utility, or perhaps be used as the basis for your
own questionnaire. It was designed to be both effective
in soliciting a high return rate and to be compatible wit"
the region-wide personal interview survey. If you are
interested in getting a copy, they are available at all the
local BPA Area and District offices, or you can write to me
directly. I think you will find it very useful. [

Industrial Energy
End-use Data Acquisition

The ease of acquiring industrial energy end-use data
spans the continuum from extremely tedious to com-
paratively simple. This range of effort may be experi-
enced within a single plant, as well as from plant to
plant. A number of factors contribute to this observation,
including the type and level of detail of data being
sought, industry attitudes, individual management
practices and policies, and past and present industrial
design practices. Other factors often involved are plant
age, past and present plant experience with providing
data to outsiders, the prevailing regulatory environment
including pending legislation, data acquisition planning,
personnel background/training, level of plant participa-
tion, plant operation cycles including planned and un-
planned events, and others.

‘T'his commentary represents a compendium of ex-
periences resulting from on-site surveys of 150 indust-
rial plants in the Pacific Northwest conducted by Rocket
Research Company and several university subcontrac-
tors. The work was sponsored by the Pacific Northwest
Regional Commission (PNRC) and Bonneville Power
Administration (BPA) in two interrelated studies. The
PNRC study evaluated the potential for recovering
industrial waste heat and utilizing it in the surrounding
communities. The BPA-sponsored study assessed the
Pacific Northwest industrial cogeneration potential.

DATA ACQUISITION METHODOLOGY

The overall plant data acquisition process may be
characterized by the following basic steps:

a. Data acquisition planning

b. On-site data acquisition

c. Data analysis and storage

Both technical and nontechnical aspects must be
considered in each step, as may be inferred from the
aforementioned factors. The impact of these factors will
be discussed following a brief review of the basic data
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acquisition process.
Data Acquisition Planning

Data Acquisition planning begins with development
of an understanding of the plant processes. This under-
standing must be sufficiently complete to identify the
data required for the analysis being performed. At the
same time, criteria are developed which fix the study
boundaries and which establish the internal consistency
for the subsequent analysis. A data-logging format is
necessary to ensure complete and efficient data collec-
tion, and to provide consistency in multiple-plant sur-
veys. The selection and training of field personnel in this
step is of paramount importance to establish credibilitv
with plant management and engineering contacts, as
well as to instill the discipline of the study.

Nontechnical preparations proceed in parallel with the



technical preparations. A critical element of the entire
process is securing plant permission for the survey.
"elephone contact with senior plant or corporation

1anagement, followed by a letter request, is sufficientin
many cases. In other cases, a presentation to the same
management level may be necessary to secure the
required permission. Where the energy manager can be
identified, contact should be made. A brochure describ-
ing the project is a useful, and perhaps necessary,
enclosure to the letter.

On-Site Data Acquisition

On-site data acquisition is frequently frustrated by
lack of available information at the unit process level, or
even at the level of major plant subdivisions. The most
accessible plant energy information is the monthly
overall plant utility bills, sometimes available for indi-
vidually metered plant elements. Information on stack
flows is also generally available due, in part, to air
quality monitoring requirements. Data on plant opera-
tional cycles usually can be obtained at a gross level, i.e.,
planned shutdowns for vacations and maintenance, but
is often affected by market factors and other unplanned
events which are difficult at best to forecast. Many times,
the only clues to a unit process energy flow are indirect,
such as nameplate or burner ratings and material flows.

Data Analysis and Storage

Analysis of raw data to derive the required energy
information will make use of the criteria determined at
the beginning of the study to provide internally consis-
tent results. The volume of raw and derived data
obtained from a broadbased survey may be expected to
require some form of automated handling for ready
storage and retrieval. This will also facilitate develop-
ment of data summaries and parametric information.

FACTORS AFFECTING DATA ACQUISITION

Perhaps as important as the basic methodology, is an
awareness and appreciation of the impact of factors
affecting the data acquisition process. Not all factors
noted are present at each plantsite, and each will assume
a different significance from plant to plant. The general
nature of their affect, however, can be described.

Type and Level of Detail
The type and level of detail of data being sought will
influence the ease with which it is obtained. For exam-
ple, technical data which does not infringe on propriet-
ary information is more readily determined than finan-
cial data. Even energy cost information may be consi-
dered sensitive in certain highly competitive industries.
For a variety of reasons, energy flow information is
usually unavailable at the unit process level. An excep-
tion to this is high demand equipment, such as an arc
furnace or boiler, which may be individually metered.
.lerall plant energy consumption for each type of fuel is
sually readily available through the medium of monthly
utility bills. Other purchased fuel data, such as for coal or

hog fuel, are also usually available. Internally generated
fuels, such as hog fuel or refinery gas, however, may be
more difficult to assess.

Industry Attitudes

Attitudes within a given industry may also influence
the ease of data collection. Plants within industries that
are highly competitive may find it difficult to cooperate
with data collection unless some assurance of anonymity
is provided. One way of accomplishing this is to aggre-
gate the data so that individual plant identities are
protected. Of course, when working on behalf of an
individual plant on an internal study, such a concern
should not apply. Industry attitudes may also be affected
by the current public relations, political or regulatory
environment which in turn may inhibit individual plant
involvement in energy analyses that are to be made
public.

Management Policies

Individual management practices and policies may
similarly prevent a plant from cooperating in a study of
energy utilization. Such policies may result from
industry-level considerations as mentioned above, or
from past experiences, legal factors, or proprietary
considerations. Individually owned or closely held cor-
porations may also be less willing to participate in
energy studies than widely held corporations accus-
tomed to operating under public scrutiny.

Plant Design

With some exceptions, industrial design practices of
the past have not included lavish plant instrumentation.
In certain industries, this may be true even of newly
designed installations. Notable exceptions to this prac-
tice are boiler-room installations and refinery operations
where process control and automation are the rule rather
than the exception. In tracing plant energy flows and
deriving energy balances, it will often be found that
either special instrumentation must be installed for
critical measurements or the data must be derived by
indirect means.

Plant Age

Plant age may be a factor in some cases in obtaining
the desired data. Older plants, in general, will have less
installed instrumentation and metering than plants of
newer design. Also in older plants, design records of
individual process installations may be incomplete or
unavailable, thus requiring extraordinary means of
securing the desired information. Plant age may influ-
ence the willingness of the industrial organization to
become involved in a survey if the plant closure is an
active consideration.

Past Survey Experience

Past plant experience with providing data to outsiders
may or may not have been successful. In some cases
data, provided in good faith and in a more relaxed
regulatory climate than prevails today, have been used in
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a punitive context from the plant’s point of view to
develop new restricting regulations. The net effect of
these regulations usually has been to add cost to the
plant operations and to deprive the plant ownership of
certain control of its operation. Where such has beenthe
prior experience or where the threat of such an action
pertains, obtaining data may be extremely difficult.

Regulatory Environment

The prevailing regulatory environment will influence
data acquisition in several ways. Where an industry is
under considerable demand to provide information to a
multiplicity of agencies, their willingness to provide yet
another set of data may be at a minimum. Pending
legislation may cause the plant to take a wait-and-see
attitude during the time period in which the desired data
are needed. Overall, current regulations and new legis-
lation being contemplated are having the effect of
requiring industrial plants to become morc energy
conscious. Rising energy costs are having a similar
effect. At the same time, these same forces are acting to
increase the sensitivity of plant management to outside
influences on their operations. These outside influences
are not generally perceived as either desirable or '
productive and may act in some cases to inhibit a plant or
a corporation’s willingness to cooperate.

Data Acquisition Planning

The old adage of “"There is no substitute for good
planning,” is certainly true of the data acquisition
process. Highlights of these planning effects were noted
in the preceding section. A major effect of good planning
will be to economize on the time required by both plant
and survey personnel, a fact which has been found to be
important to the plant operations management. De-
velopment of a basic understanding of the plant proces-
ses prior to an on-site survey has also been found tobe a
much appreciated factor which together with
economizing on the plant’s time, will maximize their
willingness to cooperate.

Survey Personnel Selection and Training

The selection and training of field or on-site survey
personnel is particularly important. Eliciting a plant’s
permission to participate in an energy survey is quite
literally a technical sales job. Relating to the plant
operations personnel in the data acquisition process
requires elements of both process design and human
relations. The background and supplemental training of
selected personnel must therefore be carefully examined
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to assure that these elements can be properly satisfied in
order to maximize the data obtained and its reliability.

Plant Participation

Plant personnel will normally know and understand
the operation and idiosyncrasies of their facility better
than the survey personnel. The depth of insight that a
surveyor may have on individual or generic processes
cannot be allowed to obscure the objective statements
that the plant personnel may make regarding the plant
operations. While there may be exceptions in certain
plants and industries, in general, the best data will be
obtained where the level of participation of plant per-
sonnel is a maximum.

Plant Operating Cycles

The determination of plant operating cycles often
presents a dilemma and can have a significant influence
on derived energy flow data. Planned events such as
plant shutdowns for vacation and maintenance are
straight-forward considerations. Unplanned events of
widely varying impact, such as market vagaries,
weather influences, strikes and equipment breakdowns,
are effects that are only semipredictable. Determination
of what constitutes “normal” operations may thus be
difficult where a series of such unplanned events has
occurred in recent years.

Summary

The factors reviewed in this section must be consi-
dered an inherent part of the data acquisition process in
the “real world.” Ignorance of these factors can ad-
versely affect the data obtained and its reliability.
Conversely, when proper attention is paid to these and
any other site specific factors which can be identified, a
successful data acquisition experience can be expected
and confidence can be placed in the information ob-
tained.

CONCLUSION

In summary, every plantsite is unique and will present
a challenge to surveyor and analyst alike. Considerable
planning and analysis is required to secure the desired
data acquisition result. Even the best of these efforts will
frequently be complicated by lack of accurate raw data,
but thorough planning, trained personnel, persistance
and an understanding of the pitfalls of the process will
aid in producing a successful result. I



Establishing a
Commercial End-use Data Base

This paper deals with the establishment of a commercial
end-use data base. It reflects the present experience of
Portland General Electric Company in this type of
endeavor. To be consistent with the stated topic of
interest, this paper will concentrate on methodological
and data collection issues. Some findings from analyzing
available data are included to highlight possible appli-
cations.

End-use analyses are not new to Portland General
Electric Company. For the last several years, PGE's
official load forecast has consisted of an end-use ap-
proach for the residential sector. Comparatively, an
econometric approach has been used in the forecast of
the commercial and industrial sectors. One major benefit
of the end-use methodology is that it has facilitated the
assessment of residential conservation potential. The
impact of such programs as appliance efficiency stan-
dards, building codes, home weatherization, and solar
space and water heating applications can be more
readily determined.

Sectoral Analysis

As afirst step to analyzing commercial end-uses, PGE
undertook a special project this last summer. The
primary objective of the project was to explore different
methodologies and applications of end-use analyses.
This included a search for any existing data and an effort
to acquire additional data where easily available. The
project did not attempt to establish a comprehensive
commercial data base. PGE is presently involved in a
couple of survey efforts which will yield considerable
end-use information when completed. These will be
discussed later on in the paper.

Before attempting to identify specific end-uses, some
basic questions first need to be answered. They are:

1. How much homogeneity exists
within the commercial sector?

2. What information is critical in de-
termining a particular building’s
energy consumption?

To answer these questions, PGE commercial accounts
were disaggregated by major group category. PGE’s
definition of major groups closely parallels the Standard
Industrial Classification (SIC) categories. There is only

Q:e major difference: PGE has added a classification
titled Office Buildings where a building is occupied by
more than one firm's offices. With this disaggregation
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available, the summer project proceeded with special
attention given to the groups which were prime energy
CONsSumers.

Seven major groups, which account for about 40% of
total commercial consumption, were selected for exami-
nation. They are:

Food Stores 8.9%
Educational 6.6%
Eating and Drinking 6.1%
Office Buildings 5.8%
Hotels and Lodging 5.1%
General Merchandise 4.1%
Government 3.5%
Total 40.1%

The disaggregation of commercial accounts into these
groups was done using the coding from the Company's
computer customer master file. Before simply proceed-
ing with an analysis of this data, a necessary preliminary
step was to verify its accuracy. Consequently, a sample
was drawn from each group and the recorded coding
checked. Generally, the results were positive. The accu-
racy ranged from 83% to 99% for these seven groups.
This included a weighting given to each account corre-
sponding to its level of energy consumption. In every
major group category, the percentage of accounts accu-
rately coded was greater for the higher use accounts.

As a side note, in the process of performing this check,
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the wide distribution of energy consumption in the
commercial sector became highly apparent. For in-
stance, approximately one-half of PGE's commercial
accounts consume less than 1,000 kWh per month and
result in 3% of total commercial consumption. Com-
paratively, 14% of the customers, with monthly con-
sumption in excess of 7,000 kWh, consume 80% of total
commercial load. Consequently, one evident conclusion
is that any conservation program will need to focus on
high use customers if it is to have any appreciable
impact.

After testing for accuracy, the next step was to
determine the level of homogeneity within these groups
and to identify the factors most affecting individual
energy usage traits. This was done via a regression
analysis on a sample selected from these groups. To
date, this regression has only been done on the educa-
tional and office building categories. The other groups
will be similarly analyzed within a couple of months
upon the completion of a short survey of about 200 PGE
accounts. This survey consists of a mail questionnaire
with potentially two follow-up contacts.

The educational sample consisted of 19 all-electric
schools (schools with electric heat) which had previously
participated in an end-use submetering study (this study
will be discussed later in the paper). Subsequent
analysis indicated a strong similarity in total energy
consumption when viewed in relation to each school’s
floor space. Simply regressing total consumption versus
square footage alone yielded a 98% coefficient of
determination (R?). This indicates that for all-electric
schools, square footage is a good predictor of total
energy consumption. Included as Graph 1 is a plot of the
actual data values and predicted values from the regres-
sion equation. As illustrated, in general the large schools
used more on a per square footage basis.
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Figure 1: Energy Consumption in Educational Buildings

The office building sample consisted of 20 buildings in
the Portland downtown area. Data on these offices was
obtained from the Building Owners and Managers
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Association (BOMA), as well as from a few brief
customer interviews. Once again, a very strong correla-
tion existed between the size of the building and energ—
consumption. The best-fit equation contained only twi
independent variables—square footage and heat type.
With these two variables, a correlation of 99% was
obtained. Of the two variables, square footage had the
primary impact. A correlation of 96% was obtained with
square footage as the only independent variable. Similar
to the schools, predicted use per square foot increases in
relation with the size of the building. A plot of the
regression of total energy consumption versus square
footage is shown as Graph 2.
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Figure 2: Energy Consumption in Office Buildings

The results from these two samples were enlighten-
ing. At a glance, it appears that there is considerable
diversity within the commercial sector. Structural
characteristics, space conditioning systems, and lighting
levels were considerably—at least in relationship to the
degree of variety in the residential sector. This perspec-
tive has previously lead analysts to feel more comforta-
ble in dealing with the residential sector. The results of
this analysis, however, indicate that in fact, from a
statistical perspective, there is significant similarity
within major commercial groups—at least for the edu-
cational and office building categories. This degree of
homogeneity in energy consumption should enhance the
value of future end-use analyses.

In comparison, statistically there is actually greater
diversity in thn residential sector; yet it is this sector
where historically most end-use analyses have been
aimed. To identify the degree of homogeneity in resi-
dential energy consumption, a similar regression
analysis using a sample of 380 PGE electric heat
residential customers was performed. It did not yield
nearly the same degree of correlation. In the regressio .
analysis, there were three significant variables which




entered the equation:

» Square footage
* Household size
* Income level

The correlation (R?) was only 43% —much lower than
for the two commercial categories.

End Use Analysis

Once having gained confidence that sufficient
homogeneity exists in the commercial sector, it is
possible to progress to the actual collection of end-use
data. There are two fundamental approaches to gather-
ing this data. The first is essentially a quantitative
approach utilizing submetering. It involves selecting a
sample of accounts and installing special metering
equipment on a customer’s premises to record actual
energy consumption from different types of end-use
equipment.

Some PGE data is presently available from past load
research activities. Several years ago, PGE submetered
19 all-electric schools (the same ones discussed previ-
ously). Of these, 11 were elementary schools and 8 were
secondary schools. Unfortunately, the aggregation of
end-uses in the submetering varied considerably be-
tween schools. In each case, the HVAC (heating, ven-
tilating, air conditioning) system and lighting usage
were separately metered. In some cases, the cooking,
water heating, and various components of the HVAC
system were split out as well. Because of the overlap in
metering, it is difficult to draw any precise conclusions
from the data. The data does indicate, however, that
about 60% of the usage in these schools went toward
space conditioning (HVAC), while about 30% was con-
sumed by lighting. Elementary and secondary schools
had similar proportions of end-use consumption, al-
though the secondary schools generally consumed more
per square foot.

This kind of data is not currently available for any
other sectors. A main deterrent to undertaking addi-
tional submetering is the cost. It is estimated that the
installed cost of the submetering equipment alone would
be about $3,000 to $5,000 per site. In addition, there
would be meter reading and processing expenses. To
submeter a sample of about 200 accounts would result in
capital costs alone of $600,000 to $1,000,000. Because
of the high cost and budgetary constraints, PGE is not
presently planning to undertake a major submetering
program. Within a couple of years, however, once
sufficient data has been collected to satisfy initial PURPA
(Public Utility Regulatory Policies Act) load research
requirements, PGE may begin to do some limited
end-use submetering.

This method is the most accurate means of measuring
q::i-use consumption. Because of the variety of equip-

ent used in the operation of commercial buildings, it is
very difficult to estimate end-use consumption without

actually metering. The drawback of simply relying on
submetering, however, is that it cannot identify the
conservation potential. Energy consumption is simply
measured without any knowledge of building or equip-
ment characteristics and how they can be modified to
conserve energy.

There is a second fundamental approach which can be
used. It is more qualitative in nature. This consists of
conducting building surveys. In this process, a question-
naire is used to identify major end-uses and activities.
The questionnaire can be administered through the mail
or in person. Particular items of interest might include:

¢ Structural characteristics

* Hours of operation

* Number of occupants

* Lighting characteristics

* Type and operation of HVAC
equipment.

With this type of information, an estimate of the
end-use consumption can be constructed with the con-
servation potential also identified.

PGE is presently participating in a federal DOE/BPA
pilot project of this nature. Information is being gathered
using a detailed questionnaire. The questionnaire is
about 40 pages long and has approximately 200 ques-
tions. Interviews are conducted in person, typically with
the building manager. There are 400 sites in the PGE
service territory which are included in the project.
Following the initial interviews, 100 of these buildings
will be selected to receive an engineering audit. This
audit will test the veracity of the data obtained in the
interviews. Similar interviews are also being conducted
in the Seattle, Tri-Cities, and Boston communities, as
well as other parts of the Portland SMSA area outside the
PGE service territory.

Two procedures are being used to select survey sites.
One, draws the sample from the utility’s customer
master file and then attempts to find the corresponding
physical building. The other procedure does the inverse.
It selects physical buildings from partitioned geographi-
cal areas and then attempts to find the matching utility
accounts. In each procedure, utility records are needed
to obtain energy consumption figures. One problem
prevalent to both procedures is that utility accounts do
not always correspond to actual building structures.
Frequently, there is more than one account for a particu-
lar building. In addition, some accounts are not actually
buildings but, instead, provide service to telephone
booths, outdoor area lighting, or some other activity.
Consequently, this problem slows down the data collec-
tion process and requires careful scrutiny to ensure that
the energy consumption figures obtained from the utility
precisely correspond to the building surveyed.

The disadvantage of this type of approach is that it is
only an estimating procedure. It cannot measure actual
end-use energy consumption. This approach, however,
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has one distinct advantage. It can identify specific
conservation actions for the buildings surveyed. This
information is valuable, assuming that the sampled
buildings are representative of the general population.

An action with considerable promise would be to
pursue these two approaches—surveying and
submetering—in conjunction. For instance, submeter-
ing a subset of the 400 interviewed buildings in the
DOE/BPA project would provide a cross-check to the
survey estimating procedures. The ability to estimate
end-use consumption and identify conservation poten-
tial would therefore be enhanced.

Summary
In summary, preliminary analysis indicates that sig-

nificant homgeneity exists within commercial major
groups. The similarity in energy consumption traits is
sufficient to justify pursuing the development of an
end-use data base.

There are two basic approaches which can be used in
gathering end-use data. The first consists of end-use
submetering and measures actual consumption. The
second utilizes a questionnaire to identify major uses of
energy. An effective alternative in establishing a data
base would be to undertake these two approaches
jointly. |

The Consumer-Based
Planning Approach to
Data Development

for Renewable

Energy Supply Options

The purpose of this paper is to present a conceptual
framework for the systematic collection of data in
support of the Consumer-Based Planning Approach to
renewable energy supply options. Traditional energy
distribution data bases do not include renewable energy
considerations. Although renewable energy
technologies have an early history, the 20th Century has
witnessed technological innovations in the petro-
chemical industry, which has produced a downward
trend in the price of fossil fuel forms, thereby, effectively
squeezing renewable energy supply options out of the
market. In the past decade there has been a reversal of
this trend leading to a re-emerging public acceptance of
renewable energy technologies. This earlier concentra-
tion in the use of fossil fuel forms has resulted in a void in
information on the extent of renewable energy installa-
tions, the reliability of the systems, and the capital and
maintenance costs of the current technologies.

Data development in support of the renewable energy
supply options is needed. This data is needed to provide
the foundation for the planning of new applications of an
old energy form within the confines of an established
economic and political system. The Consumer-Based
Planning Approach is a good tool to employ in the
development of a data base for renewable energy forms.

Consumer-Based Planning Approach
Consumer-Based Planning is a concept being de-
veloped and advocated in this paper as an alternative
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approach to energy distribution which has as its basis a
consideration of the energy needs and demand of the
consumer. Consumer-Based Planning is comprehensive
problem oriented approach to analyzing, implementing.
and evaluating specific energy demands of a target
group. The concept has its origin in work done on
population-based planning for addressing health needs




of a community.* This paper will adapt and modify these
concepts as they apply to the distribution of energy
—~eeds.

Planning functions in the United States requiring a
substantial and viable data foundation are a fairly recent
development. The 1970 saw Lhe advent of the large
scale data bases. Substantial data development has
occurred in the public sector; however, perceived need
for reliable data has been predominant in the private
sectors of the economy. The private sector has as its goal
a profit motive, and as such requires accurate assess-
ment ot market potcentials. The public sector has an
equal need for accurate data, however, placing its
emphasis on providing a social good, not strictly limited
by cost effectiveness measures. This has resulted in
decisions being made which are non-quantitative and/or
political in nature.

Planning directed toward meeting private and public
goals has been traditionally of a resource-hased ap-
proach. Resource-Based Planning considers the supply
of a service to be homogenous in nature and can be
equally demanded by all consumers. Given this
homogenous supply, Resuurce-Based Planning examines
the past and present energy demands and projects
future demand of existing and potential consumers.
Energy generation and distribution systems are then
modified to meet the projected requirements. The
explicit needs of a target population and the matching of
service delivery to meet these needs are not directly
addressed by a Resovurce-Based Planning approach.
Consumer-Based Planning is a conceptual approach
directed o this end.

Consumer-Based Planning (See Chart A) begins with
the consideration of a specific energy related problem.
Such problems would include supply distribution limita-
tions the requirement of non-interruptable load, and the
relatively high cost of convention fuel forms. Few energy
problems have the same degree of impact to all seg-
ments of the consumer population. A determination
must be made as to which segments of the population
will be adversely effected by the problem. This sub-set
will be referred to as the Consumer Population.

The Consumer Population is composed of five sectors
of the economy. Included are the agricultural, commer-
cial, industrial, residential, and the transportation sec-
tors. For purposes of this paper, data development in
support of Consumer-Based Planning will address all but
the agricultural and transportation sectors. The Con-
sumer Population is the sector of the economy which is
presently effected by the problem and/or which has a
high probability of being effected by the problem in the
future, and can be thought of as a comprehensive

eference is made to work by: Tanner & Leibman (1978), Wennberg &
Gittelsohn (1973), Hutchinson (1978), and McCord (1980). Sitings to
these references will be supplied upon request.
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definition of the population of people effected by a
specific energy problem.

Data development (See Chart B) in support of
Consumer-Based Planning begins with the more refined
analysis of the consumer population which is referred to
as the Target Group. The Target Group is defined within
a specific geographical locality, such as a state, county, or
utility service area, as to the demographic characteris-
tics of the population of the locality. The demographic
characteristics on which data is analyzed is dependent
upon the specific energy problem, however, would
include elements of age and sex, household, size,
income, employment, and education level. The sector-
by-sector considerations of the target group requires
data elements which relate to economic and physical
characteristics. Considerations of the residential sector
pertain to water and space heating and cooling require-
ments. The physical data to be collected includes; the
single family/multi-family housing mix, the age and
density of housing, and the present fuel form used in
space and water heating. Energy considerations of the
commercial and industrial sectors includes space and
water heating and cooling requirements for their
employees. In addition, this sector will have varying
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Chart B: Taxonomies of a Data Base

energy requirements based upon their type of business
and operation. The data elements to be included are; the
number of employees, the square footage of work space
and some indicator of the use of the space such as
retail/service business or Standard Industrial Classifi-
cation (SIC) codes. The industrial sector in addition to
the commercial requirements considers the manufac-
turing processes and the application of industrial pro-
cess heat. The majority of data development will occur in
the Target Group definition phase of the Consumer-
Based Planning process.

The next step in the development of a Consumer-
Based Planning model is that of Distribution System
Analysis. In this step renewable energy forms are
introduced as alternatives for conventional fuel form
usage and can be analyzed by considering the cost,
reliability, and acceptability of the alternative energy
technologies. A systems approach is utilized in which the
need of the target group and the potential renewable
technologies are developed jointly through feedback
mechanisms. Considerations are included for the sub-
stitution of appropriate renewable energy technologies
for a portion of the conventional energy supplied in
existing grids. Such substitution is based upon the
contribution of the renewable energy technology and the
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benefits and costs of this energy form to the target
group.

Several data taxonomies can be developed in support
of planning for alternative energy technologies. Cost and
prices should be collected reflecting utility rates for
nalural gas and electricity and prices of other non-
renewable fuels. This taxonomy of data would also
include capital cost and maintenance cost of the renewa-
ble energy technologies, as well as loan interest rates
and the dollar value of various incentive programs. Data
in support of reliability addresses and details the
number of specific renewable technologies, including
active solar heating and cooling systems, passive solar
systems, solar hot water, windmills, small scale photo-
voltaic, and biomass systems. Renewable energy system
reliability also requires a consideration of climatic con-
ditions of the locality. A particular renewable energy
technology may prove very reliable in one locality,
however, given extreme conditions such as temperature
or low solar insolation, may prove unreliable in another
locality.

The next step in Consumer-Based Planning is the
Intervention Process. In the last step relevant renewab
energy technologies were analyzed in light of addressi
problems to specific target groups. In this step of



Consumer-Based Planning, those technologies which
were found reliable, acceptable, and cost effective to the
“-~—get group are implemented. Implementation can be

complished by providing appropriate marketing tools
to the private sector, information dissemination and
training programs, or through the use of incentives and
local regulations. Incentive programs can include
financing mechanisms such as low interest or no interest
loans, and property and income tax incentives. Regulat-
ory measures include solar access and energy zoning
enacted by local jurisdictions.

The final step in this process is the Distribution
System Evaluation. In the analysis phase of Consumer-
Based Planning, problems were identified specific to a
target group. Appropriate renewable technologies were
identified and various implementation strategies were
used in substituting alternatives to the traditional
energy distribution system. The last step in the process
is to evaluate the degree of effectiveness in reducing the
impact of the problem to the target group. The introduc-
tion of new technologies need the initial verification as to
benefits achieved. Existing distribution systems need
periodic monitoring to determine if they are still relevant
and still addressing the needs of the consumer popula-
tion. This evaluation process will identify problems
which have been reduced or solved. It further identifies
changes in the consumer population relating to specific
problems. A consideration of those elements will point to
the modification of existing, and contribute to overall
improvement of the energy distribution system.

Typical data bases in support of Consumer-Based
Planning would provide a foundation for various energy
related problems affecting different target groups. As an
example of a data development activity in support of a
specific target group, Western SUN has a project in
process which addresses the potential markets for
domestic solar hot water heating systems. The project
has been designed to provide a set of computer gener-
ated maps identifying the potential for solar hot water
installations on a county-by-county level for the 13-
Western states.

Data development for the solar hot waler mapping
project has been collected in support of one specific
project, however, it is illustrative of some of the data
elements necessary to undertake a Consumer-Based
Planning approach. A definition of the Target Group
requires considerations of geographic, demographic,
and economic sectors. The geographical region being
perused is the 13-Western states. Solar potential is being
developed and mapped individually for each state. The
analysis for each state will be further spacially investi-
gated at the county level, the smallest geographical area
being considered in this project. The target group

inition is the residential sector, and as such, the
mary demographic variable is income. Characteris-
tics of the residential sector for which data is being

collected includes existing housing units by own-
er/renter occupied, the density of housing units, and the
percentage located in urban areas, additions to the
housing stock obtained from building permit statistics,
and a percentage breakdown of existing water heaters
by fuel form.

An analysis of the distribution system requires addi-
tional data addressing the cost, reliability, and accepta-
bility of the alternative energy technology. To further
specify the analysis for solar water heating potential, the
technology has been described by defining five generic
types of systems consisting of; thermosyphon, recircu-
lation, drain-down, heat exchange/drain back, and air.
Cost/price and reliability data can then be developed
covering the generic types of systems. Such data files
include; installed equipment cost and annual mainte-
nance costs, a consideration of governmental and utility
incentive programs, and electric and natural gas prices
by utility service districts. Climate data has been de-
veloped on a regional basis providing information on
heating degree days, temperature, and solar insolation
for monitoring sites throughout the 13 states. Such data
will provide a constraining factor to the reliability of
particular generic types located in specific geographical
areas.

The data in support of this project, for the most part,
has been collected for one point in time. The factors
considered are representative of many of the considera-
tions using a Consumer-Based Planning approach. The
data development process, when completed, will pro-
vide a foundation for the analysis leading to the defini-
tion of area of high potential for solar hot water heating
systems, and will further provide the basis for a broader
data base development in support of other energy
related problems affecting other target groups.

Considerations in Data Base Development

A data base is a collection of stored operational data
which presents a picture of the past, present, and
perhaps the future of a subject area. The Consumer-
Based Planning Approach is being advocated in this
paper as a methodology for the conceptualization of
appropriate data base development for renewable
energy supply options. The measure of a well con-
structed data base to address the needs of renewable
energies lies in its appropriateness as a foundation for
analysis, planning, marketing, and evaluation. The
functional requirements of the data base define and limit
the categories of data to be collected.

An appropriately developed data base, while addres-
sing all phases of Consumer-Based Planning, should be
scaled to the level of analysis required. Given the large
spectrum of coverage, scaling considerations include the
definition of the geographical area to be covered and the
level of subregional analysis required. Resources de-
voted to data development are historically minimal. If a
larger geographical area, such as county level rather
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than census tract level, will be adequate for the level of
analysis the data base is designed to support, the
available resources can be devoted to an expansion of the
historical data or the number of variables collected.

A second consideration in the scaling of data collection
is the identification of the key elements which will be
used by various forms of analyses. To identify the key
datum, common requirements of the end-users of the
data are explored. Those requirements which reoccur
are established as a part of the data base. Identifying the
key elements is largely based upon those that have been
required for current forms of analysis. Consideration
should be given to data which not only meets current
requirements, but that which will also give some consid-
eration to potential future requirements. Data on sub-
stitution potentials must be gathered for analysis lead-
ing to long term solutions to energy problems.

Data in support of renewable energy analysis is a
sub-set of data development for total energy distribu-
tion. As such, the renewable energy data are nested in
data addressing overall supply and distribution of
energy by the public and private utilities and other fuel
form suppliers. Data for renewable energies is not
developed in isolation, but rather as an integration of
data development activities of traditional fuel forms.
The 1980's may be the decade of the gradual transition to
integrating renewable with non-renewable energy de-
livery schemes. The first step in such a transition is the
recognition of the appropriate data development scheme
to contribute to this end. i

The Analysis of End-Use Data
to Determine Conservation and
Renewable Energy Potential:
An Overview

The papers that will be presented in this panel are
concerned with current attempts to estimate the poten-
tial for cost-effective investments in conservation and
renewable energy within a specified geographic area.
While a number of such estimates have been made inthe
past, including some which have been prominent in
debates over the energy future of the Pacific Northwest,
the efforts you will hear described today differ in being
based upon an analysis of the ways energy is currently
being used and of the determinants of those use
patterns.

Why is there so much interest in the potential con-
tribution of conservation and renewables? There are at
least as many answers to this question as there are
participants in the debate. For example, consumers are
interested in the assurance of minimum cost, reliable,
future energy supplies. Utilities and other energy pro-
ducers and suppliers need to make profits, attract
capital, and satisfy their shareholders; they also must
satisfy the utility obligation to provide service. Citizen
groups, concerned with potential social and environ-
mental impacts, argue that new energy facilities would
not be needed if advantage were taken of conservation
opportunities. Siting agencies in examining alternatives
to proposed plants, must consider minimum impact,
including minimum cost. Public utility commissions have
a different regulatory responsibility to ensure the fiscal
health of the utility adequate for attraction of capital, and
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to ensure that rates charged to consumers are just and
fair.

In the past, confusion and disagreement over the
potential for conservation and renewable energy forms
to displace conventional energy supplies have charac-
terized the relationships between these interested par-
ties. Estimates of the size and cost of the potential hi
tended to be based on fairly broad, if reasonable,
assumptions, and the application of national estimates.




They tended to not be refutable, but neither were they
verifiable, conclusive, or implementable within specific
—2ographic service areas. The existence of commonly

cepted statistics, derived from the operation of a
commonly accepted, comprehensive, and detailed
methodology, would do much to reduce such conflicts.

The arguments in the past over the quantity and
implementability of conservation and renewables have
also to a large extent been misplaced, due to the focus on
(and overstatement of) areas of conflict among the
various parties, instead of the areas of mutual benefit. If
there are indeed sizable amounts of low-cost alterna-
tives to the construction of new, conventional energy
facilities, then it would be a misallocation of resources to
ignore them. The potential savings to society from not
misallocating resources represent a sizable incentive,
and part of the problem we face is making sure that the
proper incentives are present for all parties. These
incentives can be provided if the following four condi-
tions are met.

First, incremental pricing should be used to establish
the cost of conventional energy from new facilities as
well as the cost of energy saved through conservation
measures or produced via renewables. This would give
users the proper incentive to undertake conservation
measures and to gauge the desirability of their own use
of energy. While this would by no means assure the
immediate implementation of all cost-effective produc-
tion and conservation measures and the elimination of
all wasteful uses of electricity, it would put the cost of
failing to do so where it will have the greatest effect—on
the energy consumers. The Public Utilities Regulatory
Policy Act of 1978 (PURPA) requires Public Utility
Commissions to consider the implementation of rate
structures based on marginal cost, and it requires
unregulated utilities to consider them on their own.

The second condition involves making investment in
conservation and renewables as attractive as investment
in conventional facilities by allowing the inclusion of all
such investments in the rate base. This possibility is at
least permitted by the 1980 amendments to the National
Energy Conservation Policy Act (NECPA) of 1978.

In addition to these two conditions providing incen-
tives to consumers and energy companies, incentives
could be provided to other individuals and innovators in
the areas of conservation and renewables by requiring
energy companies to buy back energy at their avoided
cost. PURPA partially addresses this problem by requir-
ing utilities to buy electricity from certain types of
renewable facilities. The problem has not yet been
addressed with respect to other forms of energy and
conservation, but one can at least envision a solution
similar to the PURPA one.

The fourth condition concerns the need for adequate

leedge by all participants of their investment op-
rtunities, and it is this condition that is the topic of the
papers at this session.

If utilities are ever to have a good idea of the extent to
which they should be installing wind systems; if custom-
ers are ever to know which conservation and renewable
measures to install; if siting boards are ever to have a
firm handle on whether facility proposals represent the
minimum impact alternative; and if public utility com-
missions are ever to resolve fully the issue of whether
plants are used and useful for inclusion in the rate base,
then the issue of the amount of cost-effective investment
opportunities in conservation and renewable energy
must be satisfaclorily resolved.

The resolution of this question at a level of detail
sufficient to satisfy the needs of all interested parties
requires, first, that we know how energy is being used
currently, and what the determinants are of that use.
This question is the object of much attention, as you
heard in the first panel this morning. The residential
end-use data base gathered jointly by BPA and the
PNUCC is attracting interest from all over the country,
and work is under way on the other sectors in equivalent
detail. Given knowledge of how energy is used, we must
then know the cost and reliability of individual conser-
vation measures and individual renewable supply
technologies. We may then begin, by applying these
conservation measures to actual patterns of usage and
the actual stock of energy using structures and capital
equipment, to estimate supply curves for energy saved.
We may also estimate supply curves for renewable
technologies installed at optimal locations, using the
resources present at those locations. In addition to
estimating supply curves, which tell us how fast we use
up the lower cost vpportunities and proceed on to higher
cost ones, we must also be able to specify the timing, as
well as the location, of the various investment oppor-
tunities. Finally, we must be able to separate those
investments which are likely to be undertaken by
individually initiated action given current and likely
future incentive patterns, from those which will not be
taken advantage of even though they have been iden-
tified as being cost effective.

When we have accomplished this analysis, we will be
able to conduct the debate on the hest energy future for
the region on issues suitable for debate: questions of
policy rather than questions of fact. We will be able to
debate the appropriate levels of risk and reliability we
wish to have in our energy supply rather than energy to
be saved through insulation. We can debate the best role
of the state in the energy section rather than the Btu's
available in geothermal sources. We will be able to
debate the distributional issues of how the costs and
benefits of energy should be spread, having some idea
that we know what the minimum costs and maximum
benefit levels are. We won't have to waste our time
arguing over what is or is not of fact. [
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Modeling Annual
Energy Consumption™

by S.L. Schwartz and W.T. Ziemba, University of
British Columbia, delivered by W.T. Ziemba.

This paper reviews the strengths and weaknesses of
modeling energy consumption to facilitate the analysis
of conservation and renewable energy supply potential.
Recent trends in the GNP price deflator, oil prices,
growth rates in oil consumption and fuel shares for the
United States are reviewed. The possibility of substitu-
tion away from traditional fuel sources into renewables
and conservation is linked to the flexibility of substitu-
tion in the economy which may be measured by various
elasticities. Elasticity concepts and recent estimates are
reviewed. The paper concludes with a review of recent
energy demand projections for the period 1985-2030.

1. Background

Since 1973/74 when OPEC quintupled the price of oil
from $2.20 to $11.50 per barrel, there has been a deep
concern for the future economic development of the
developed and the under-developed nations of the
world. This concern has been fed by the apparent
relationship between GNP and energy utilization in the
near historic periods. For example Pindyck (1979a)
provides a chart of Btus/GNP for six major industrial
countries for 1960-75 which shows that this ratio is
virtually constant over this 15 year period. Canada had
the highest utilization averaging approximately 68
Thousand Btu/$ GNP,'followed bythe U.S.at 60,the U.K.
at 55, the Netherlands and West Germany at 50 and
France with 30. See also Pindyck (1979b) for an exten-
sive review and analysis of such data in many countries.

Energy demand modeling has enabled us to look
behind this apparent relationship and investigate the
causes. Since 1950 the price of petroleum (using Saudi
Arabia light as a base) declined in nominal terms
through the 1960's only reattaining the 1949 level in
1972, see Figure 1. During this period the GNP deflator
inthe U.S. increased slowly through the 1950's and early
1960’s and more rapidly in the late 1960’s; during the
entire period prices tripled. See Figure 2.

It was not surprising then that the total energy usage
and particularly petroleum products increased dramati-
cally from 1950-1973 and then tended to level off, see
Table 1. An indication of the United States’ heavy
dependence on oil largely through its inefficient trans-

*This research has been supported by the Department of Energy.
Mines and Resources, Canada.
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Table 1: Percentage Annual Growth in Oil Consumption
EIA (1979b; 15)

1950-1973 1973-1978
United States 4.3 1.5
Canada 7.9 -0.2
Japan 25.0 -0.4
Europe 12.3 -1.7
Developing Countries 6.1 2.0
OPEC 10.4 5.6
Free World T 0.6




Table 2: Energy Consumption in the U.S. by Fuel Type and Total 1950-1979 in Quads (10 Btu)

EIA (1979b; 6)

1950 1960 1965 1970 1973 1976 1979
Coal 12.9 10.1 11.9 12.7 13.3 13.7 '1-5.1
Natural Gas 6.0 12.4 15.8 22.8 22.5 20.4 19.9
Petroleum 13:3 19:9 23.2 29.5 34.8 35.2 37.0
Hydro 1.4 1.6 201 2.6 3.0 3.1 3.2
Nuclear & = - 0.2 0.9 2.1 2.8
TOTAL 33.6 44.0 53.0 b6.8 74.6 74.5 78.0

portation sector is that the relative share of energy usage
from oil continued to increase during 1973-1979, see
Figure 3 and Table 2.

In summary the period from WW IIto 1973 saw strong,
steady growth of energy demand, abundant supplies of
fossil fuels and a decline in the real price of energy of
30%. The reversal of relative energy price trends in the
mid 1970’'s with real energy prices increasing about 35%
inthe period 1973-77 led to a reassessment. If the future
were to mirror the past, disaster lay ahead. Predictions
about the future began to change based on energy
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.Figure 1: Price of Saudi Arabian Light Crude, U.S. $/Barrell,
1950-1980

demand analysis and these were borne out by the
subsequent drop in the rate of energy demand growth.
For example in Canada, the 1973 prediction based on
past growth was 5.8% per annum. Hopper's (1975)
estimate was in the range 3.7-4.8%. Two years later
Brooks (1977) was reporting estimates in the range
2-3%. Meanwhile the United States experienced a
decrease in energy usage of 2.5% and 2.8% in the
recession of 1974-75. This was followed by growth rates
of energy usage of 5.4%, 2.5%, 2.3% and -0.2% in
1976-79; see Energy Information Administration
(1979a). Europe also experienced negative growth in the
late 1970s. Setting the energy/GNP ratio at 100 in 1973,
then by 1979 the U.S. index stood at 91; the Western
European index at 93, and the Japanese index at 82
(Business Week, October 2, 1980).

Figure 2: U.S. GNP Price Deflator and
the Leal Price of Saudi Arabian Light Crude, 1950-1980
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Figure 3: Fuel Shares in U.S., 1950-1979
(Source: ElA, 1979 b, 6)

2. Elasticity Concepts

Implicit in the decline in energy/GNP ratios is a
flexibility in energy utilization. At issue is the degree
that the economy can substitute capital and labor for
energy to maintain current or provide for increasing
levels of GNP. Economists use various elaslicities to
measure the demand response to changing prices. The
price elasticity of demand for a given commodity is the
percentage change in quantity demanded divided by the
percentage change in the price of this commodity; this
and other elasticities are point estimates and are thus
defined for infinitesimal price changes. Price elasticities
are generally negative. Cross price elasticities provide
information on how adjustments are made; for example
the cross price elasticity between electricity and oil is the
percent change in the quantity of electricity demanded
divided by the percentage change in the price of oil. Such
elasticities may be positive in which case the two
commodities are considered to be substitutes or, nega-
tive when they are complements. Except in special
circumstances such elasticities are not symmetric: the
electricity-oil elasticity usually differs from the oil-
electricity elasticity. Elasticities may be aggregate deal-
ing say with total energy or fuel specific. The numerical
value of the different elasticities is crucial in the analysis
of various policy questions such as the assessment of the
impact of different energy taxes and energy technology
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modifications as well as forecasts of future energy
consumption. A formal model of these interactions
between energy and the economy is provided by the
Elephant-Rabbit Stew analogy, see Hogan and Manne
(1977). They utilize the elasticity of substitution
between energy and non eunergy outputs; for values
shares of cnergy about 4% as in the U.S. economy the
elasticity of substitution is very closely approximated by
the price elasticity. Cunsidering energy as an agqreqarea
the higher the price elasticity, the smaller will be the
impact on GNP of a given energy price increase and the
lower will be the estimate of future energy consumption
with higher energy prices.

For example for an energy usage drop of 40%, GNP
drops by 20% if the elasticity is 0.1, by 6% if the elasticity
is 0.2, by 4% for 0.3 and by 2% for 0.9. For a doubling of
energy prices, energy usage drops by 48% for elasticity
0.9, 19% for 0.3, 16% for 0.2 and 5% for 0.1; see Energy
Modeling Forum (1980) for graphs and more discus-
sions.

It is only in cases of extremely low energy price
elasticities that we need to place priority on the de-
velopment of new high cost energy sources and new
technologies. Instead the “burden” of transformation is
placed on alternative inputs such as labor, on the
development of new production processes, and on shifts
in the goods produced toward those requiring less
energy intensive methods.

Another important aspect is time. In the short run,
given fixed capital stocks, elasticities tend to be low and
changes in demand are slight. In the long run capital
equipment and production processes can be modified
and elasticities are much larger. On this basis some
argue, and it is current Canadian energy policy, that one
should shelter economies from the shock of a sudden
movement to the world price of oil by moving to the
world price in a series of known and gradual steps.

3. Elasticity Estimates

The economic literature contains a number of papers
that provide energy demand elasticities in a wide variety
of model situations. Recent reviews of some of these
models can be found in Energy Modeling Forum (1977,
1980), Hartman (1979), Pindyck (1979 a,b) and Ziemba,
Schwartz and Koenigsberg (1980). The estimates are
obtained from a variety of models including econometric
models of demand, engineering demand process models
and large scale integrative planning models. The
econometric models are based on an underlying
economic model of optimal economic behavior. A statis-
tical model is then derived from the optimizing condi-
tions relating independent and dependent variables.
The model’s parameters are then estimated using his-
torical data and consistent estimation procedures. Very
often models are estimated with weak theoretical foun
ations and investigators simply try to obtain the moc _.
that best fits the data. In the so-called engineering




Table 3: Secondary Demand Elasticity Estimates
(EME 1980)

Estimation Methodology

Econometric Engineering/Judgmental

Sectors Low High Low High
All Sectors -0.3 -0.7 -0.1 -0.6
Residential -0.5 -1.0 -0.4
Residential/Commercial 0.5 -0.8 -0.5
Commercial -0.5 -0.3 -0.4
Commercial/Industrial -0.3 -0:7 -0.1
Industrial -0.2 -0.5 -0.2 -0.7
All Transportation -0.2 -0.5 -0.4
Automobile Gasoline' with Efficiency Standards -0:1 -0.2 -

without Efficiency Standards -0.1 -0.5 -

approach to demand estimation, one simply adds up all

the energy “needed” for specific industrial, consumer,
residential, transportation, etc. uses to arrive at final
demands. Since the engineering approach provides
detail about actual end-uses and the economic approach
specifically considers price effects, combining them is

very desirable in many applications. At present little of

this is done; for more discussion see Berndt and Wood
(1979) and Ziemba and Schwartz (1980). In the integra-
tive models the elasticities either are indirectly esti-
mated from optimization over time of the interaction of
energy supply and demand or are input to the model in a
judgmental fashion; see the Energy Modeling Forum
(1980).

Caution is advised in comparing the results of various
energy elasticity studies as typically the time periods
used for estimation as well as the sectoral definitions
may vary. Time series studies often provide only short
run elasticity estimates as the data base is not suffi-
ciently lengthy to capture fuel adjustments. Cross sec-
tion and cross country estimates, being representative of
a wider range of price ratios, can more closely approxi-
mate long run elasticities; see Pindyck (1979a) and
Schwartz (1980) for more discussion. An important
consideration is the level of aggregation. The Energy
Modeling Forum'’s (1980) extensive study of energy
elasticities concluded that estimates based on primary
energy supplies are much less useful for planning
purposes than those based on secondary energy
supplies. Measurement at the point of source as is used
in the estimates of primary elasticities does not capture

te that the differences with and without efficiency standards are
misleading because the imposition of efficiency standards has
already captured some of the flexibility in energy use.

important behavioral incentives of energy demand at
point of use as is reflected in secondary energy elas-
ticities. These include transmission losses and choice of
fuel mixes, for example, in the case of electricity.

A summary of the ranges of elasticity estimates found
in the studies by the Energy Modeling Forum (1980) and
the Pindyck (1979a) and the Schwartz (1980) studies
appears in Tables 3 and 4, respectively.

As can be gleaned from Tables 3 and 4 the ranges of
elasticity estimates are quite wide. It is difficult to
provide single best estimates of particular elasticities.
This variability in the estimates of elasticities of demand
provides a focus on scenario development and investi-
gation of energy demands given economic characteris-
tics rather than a concern with fixed energy require-
ments. The individual estimates should be used in
similar contexts to those in the models from which they
were derived.

Table 4: Econometric Secondary Demand Estimates
(Pindyck 1979a, Schwartz, 1980)

Sector Low High
Residential -.12 -1.10
single country -.12 -.56
Cross country -.71 -1.10
Industrial
aggregate -.50 -.80
disaggregate -.30 -2.54
Transportation -.20 -1.0
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Table 5: Estimates of Agregate Primary Energy Consumption, Quads.

Model, year 1985 1990 1995 2000 2010 2025 2030
Energy Policy
Project, 1974* 93-115 100-185
PIES, 1974* 94-109
ERDA, 1975* 97-107 122-165
CONAES, 1977* 69-113 64-189
Pilot, 1977** 120-135 160-200 180-270
DRI-Brookhaven
1977%* 9b-120 115-170
Hnyilicza, 1977** 75-120 8L-180
Lovins, 1977 95 60
EIA, 1978%** 91-97
EIA, 1979*** 81-83 88-93 94-102 122-128
Manne, 1979 84-89 88-98 100-116 118-140 162-203
IES, 1979 68-83 49-108

Source as given except: *Just and Lave, 1979; **EME 1977; ***EIA, 1979b.

4. Aggregate Energy Consumption Forecasts
Aggregate energy demand forecasts are made with
the use of scenario analysis of various exogeneous model
parameters. Typically forecasters vary several of the key
parameters to obtain ranges for their estimates. The
resulting forecasts are closely linked to the model
structure including elasticity estimates as well as the
price and economic growth scenarios. The models are
referred to as partial equilibrium models if the GNP
growth rate is exogeneously specified and general
equilibrium if there is a two-way linkage between the
energy sector and the rest of the economy. In the latter
case the rate of GNP growth may be affected by rising
energy prices. A summary of several forecasts for the
period 1985-2030 appears in Table 5. In general the
more recent estimates point to a slower growth in energy
consumption than the earlier estimates. Two of the
studies (Lovins, 1977 and Institute for Energy Studies,
1979) give estimates that allow for a heavy dependence
on renewable energy forms and conservation. Generally
speaking the criterion for choice among fuels and,
ultimately, total consumption of energy is minimum
discounted cost, maximum discounted GNE or some
related concept. Consult the cited studies for estimates
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of fuel shares.

A major conclusion of several of the studies, see in
particular Manne (1979), is that conservation policies
will be difficult to implement unless the domestic price of
petroleum is allowed to rise to world level or energy-
standards are mandated. The effect of differing elasticity
of substitution estimates is clearly borne out in these
studies. This may be illustrated with results from Manne
(1979). With other things equal such as 4% real OPEC
price increase from 1980, one has a substantial drop in
energy consumption for € = -0.5 versus -0.3. For
example in 2000 with € = -0.5 primary energy con-
sumption in quads and electricity generation in trillion
kWh and 100.1 and 4.08, versus 115.0 and 4.49 with € =
-0.3. By 2030 the difference is even more significant with
€ = -0.5 one has 161.8 and 7.60 versus 201.7 and 9.41
with € = -0.3. This is still a substantial increase from the
1975 values of 70.6 and 1.98, respectively. Despite the
lower consumption of energy with € = -0.5, GNP is
substantially larger. Discounting at 5%, the difference in
cumulative aggregate GNP is $0.34 and $1.26 trillion by
2000 and 2030, respectively. Manne also provides
calculations concerned with the cost of a nuclear
moratorium. In this case the major differences, assuming




€ = -0.3, are a large drop in electricity generation (3.29
and 5.48 in 2000 and 2030 versus 4.49 and 9.41,
mespectively), a substantial drop in primary energy
onsumption (105.2 and 170.4 versus 115.0 and 201.7)
and a slightly lower GNP (-$0.04 and -$0.80 trillion by
2000 and 2030, respectively). The paper by Manne and
the other cited studies contain many analyses of these
and other important policy questions. An important
consideration is the believability of the results from
various model scenarios. In this light there has recently
been extensive study of model validation (does it do what
it is supposed to do?), verification (does it do what is
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Forecasting Energy Demand
by End-use

End-use demand forecasting is a method of estimating
future energy use by adding up the use by individual
energy-using devices. In principle end-use forecasting
can be done for any sector, but most work to date has
concentrated on the residential sector.

End-use Forecasting
Compared with Econometric Forecasting

It is useful to compare end-use forecasting to an
alternative forecasting technique, econometric demand
forecasting. Econometric energy demand forecasting is
widely used, and in many cases can provide an adequate
forecast. An econometric forecast for the residential
sector typically takes variables such as population, per
capital income, price of each energy source, and other
variables to explain total energy consumption. Using
past observations, equations are developed to estimate
consumption as a function of the chosen input variables.
Given forecasts of the input variables, a forecast of
energy consumption is developed. Such a forecast will
give useful information about future consumpton levels.
However, such a forecast is unsatisfactory in several
ways.

An econometric model gives little explanation of why
patterns of consumption change. There is a difference in
paradigms between aggregate econometric [orecasting
and end-use forecasting. An example comes from the
trend in Oregon residential natural gas consumption.
Oregon residential natural gas consumption has de-
clined by about twenty-five percent per customer since
1970. About a year ago, I talked to an economist at a gas
company, wondering if he had any explanation for this
decrease. His explanation was “price elasticity of de-
mand.” He pointed out that gas prices have risen
dramatically during the seventies, and due to price
elasticity, consumption per customer has declined. How-
ever, he was not at all sure how this reduction has been
achieved, whether through weatherization, thermostat
setback, better furnace maintenance, or other actions. It
is as though there is some abstract demand for natural
gas, and customers just decide to use less of it when the
price goes up. The end-use modeling pardigm argues
that people do not have a demand for natural gas,
electricity, or oil as such. A person gets no satisfaction
from the consumption of electricity. Instead, there is a
demand for things such as warm homes, refrigerated
food, lighting, hot water, and television. The demand for
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energy is a secondary demand due to these primary
demands. If I weatherize my home, it is because I can
satisfy my desire to stay warm at a lower cost; I am still
deriving the same amount of satisfaction. End-use
forecasting attempts to project the amount of activity
that uses energy, and total the energy used by these
activities.

In addition to an econometric model’s lack of explana-
tory power, there are some cases in which an economet-
ric model does not function well as a forecasting tool.
The effects of changes which are not reflected in the data
used to develop the econometric equations are hard to
forecast. For example, the effects of a new residential
code are hard to predict. Similar problems occur with
technology shifts to new methods of meeting energy
demand, such as solar or heat pump water heating. If the
demand for space and water heating are explicitly
modeled, the effects of such changes are easier to
estimate.

Developing an End-use Forecast

An end-use forecast is conceptually very simple:
determine for each future year how many of each kind of
appliance will exist and the average annual use of each
appliance. Adding the use by all the appliances gives
total demand. In practice, carrying out this process poses
formidable data requirements. It is necessary to have
data for some base year detailing number of homes h
structure type, insulation characteristics, and applianc
saturations. In addition, it is necessary to know the




energy use of each type of appliance. Some of this
information is available from the census, other govern-
—nent sources, and utilities, but gathering the necessary
.ata usually requires a survey. Periodically, additional
surveys are advisable to provide a check on the forecast.

The process of developing an end-use forecast is

outlined here. For each future year, the number of
appliances of each type is necessary. The number of
appliances can be forecasted by projecting the number of
households and the saturation (fraction of homes having
that appliance) of each appliance type. This poses the
problem of developing a housing forecast. Because
appliance ownership is different between housing types,
it is desirable to forecast the number of households by
structure type, rather than just the total number of
households. A reasonable way of projecting housing is to
use a relationship between total population and number
of housing units. In addition, the average use of each
individual appliance needs to be forecasted, including
any changes due to increased efficiency. Thus a possible
process of forecasting end-use demand may be sum-
marized as:

1. Get a population forecast.

2. Using the population forecast, derive a housing
forecast.

3. Forecast saturation of each appliance type by
housing type. Multiply the appliance saturation by
total homes to get the number of each appliance
type.

4. Project the average annual use of each appliance.
Multiply this use by total number of appliances, and
add the use by all appliance types to get total
demand.

Population forecasts can be developed by the forecas-
ter, or taken from the forecast of some other organiza-
tion. In Oregon, the Bonneville Power Administration
and Portland State University both make population
forecasts. In addition, other agencies and some private
firms forecast population. The Oregon Department of
Energy (ODOE) uses the BPA forecast.

The BPA population forecast includes a forecast of
number of households by age of the head of household.
Using data from the U.S. Census, the age of the head of
the household is used as a determinant of the type of
housing chosen. The age of the head of household is used
to represent differences in lifestyles, income, family size,
and other factors of housing choice. Past trends in
housing choice in the past are projected into the future
and multiplied by the BPA forecast of households, giving
number of housing units by dwelling type. This fore-
casting technique does not account for business and
interest rate cycles, but is assumed to represent long-
term trends.

. The saturation of each appliance type can be
orecasted by trending past saturations to some ultimate
saturation, or by econometric techniques if sufficient

data is available. In many cases, the saturation of an
appliance is known in only a few years. For several
appliances, the ODOE model assumes an ultimate
saturation for that appliance, and fits a logistic (S-
shaped) curve to the past data to forecast saturation. If
sufficient data is available, it might be appropriate to
forecast saturation econometrically; as a function of per
capita income, for example. However, if saturation of an
appliance is more of a market penetration phenomenon
than a function of income, a logistic fit may be quite
appropriate.

A different approach is taken with space and water
heating. In the case of many appliances, a household can
acquire the appliance at any time, and it is appropriate to
forecast the overall saturation. In the case of space
heating, the type of heating fuel is less easily changed
once the original choice is made. Thus, the variable
forecasted is the fraction of new homes connecting to
each heating fuel. In the ODOE model, the number of
new homes that have solar heating is also an input
variable.

Energy use by appliance in the base year can be
estimated from manufacturer data, metering analysis,
regression techniques on a sample of homes, or en-
gineering calculations (e.g., heat-loss equations). Sur-
veys can be valuable in estimating the consumption of
different appliances. Using a sample of homes with a
varied pattern of appliance ownership, statistical
techniques can be applied to consumption data from
each household to compute the average consumption for
each appliance. If more accuracy is necessary, appliances
can be individually metered. This may be desirable in
the case of new appliances that might not appear in a
general sample. Examples are metering of hot water
heat pumps, solar homes, and super-insulation homes.

For future years, the use per appliance may be
modified due to changes in appliance efficiency. In the
case of many appliances, reductions in use are

. forecasted because of federal appliance efficiency stan-

dards. Use for space heating changes as a result of
weatherization, solar retrofitting, or behavioral actions
such as lowered thermostat settings or more frequent
maintenance of furnaces. For new homes, code changes
cause changes in annual energy use. Estimates of
implementation rates of these actions must be made, as
well as estimates of the amount of energy saved by each
action. Similar estimates must be made for decreases in
energy use for heating water, because of solar or heat
pump water heaters.

Problems of an End-use Forecast

An end-use model is generally better suited than an
aggregate econometric model in forecasting changes
due to factors other than price. However, a disaggre-
gated model has the problem of accounting for price
changes that an econometric model easily takes into
account. For example, it is difficult to find data to use for
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forecasting the amount of weatherization done as a
function of the price of energy. Thus, forecasts of the
amount of weatherization done tend to depend on the
judgment of forecasters. This problem occurs with
weatherization, solarization, number of homes built
better than code requirements, and similar factors.
Thus, although an econometric forecast lacks explanat-
ory power, an end-use model poses the difficulty of
forecasting the explanatory variables.

Applications of an End-use Forecast

Possible uses of an end-use forecasting model are as
an aggregate demand forecasting method, or a policy
analysis tool.

Given a set of assumptions about future trends, an
end-use model will produce a forecast of total demand.
Sensitivity analyses can be done to test for the impor-
tance of various assumptions. For example, it might be
assumed in a forecast that twenty percent of single
family homes in the year 2000 have solar or heat pump
water heat. As a sensitivity analysis, the model could be
run using fifteen and twenty-five percent saturations,
and the change in total demand determined. In this
fashion, the end-use model is being used in manner
similar to an aggregate econometric demand model. The
total demand forecasted for future years can be used in

decision making: for example, in determining the need
for electricity generation.

An end-use forecast model is also a natural policy
analysis tool. When presented with a demand forecast
one of the first things that comes to mind is “what if”
type analyses. Scenarios may be projected by changing
the input assumptions to the model. The ODOE residen-
tial end-use model was used to do analyses for the
Oregon Alternate Energy Development Commission.
Scenarios included the potential impact of a new build-
ing code, full weatherization of existing stock, and a high
saturation of solar or heat pump water heating. The
model has also been used to estimate the impact of a ban
on electric resistance heating in new homes.

When used for scenario analysis, a forecasting model
incorporates a time dimension not present in, for exam-
ple, a simple calculation of total savings from solar or
heat pump water heaters in a large fraction of homes. A
reasonable implementation schedule must be included
in the scenario. When addressing the need for new
generation, the question of how soon savings will occur
is important. i

Calculating Annual Energy
Conservation Savings

I appreciate the opportunity to participate in this Second
Annual Pacific Northwest Alternative and Renewable
Energy Resources Conference and to share with you
some of my ideas concerning the estimation of conser-
vation savings. Rather than concentrating on a detailed
description of methods currently available for assessing
conservation potential, however, I will take this oppor-
tunity to share with you some of my perceptions with
regard to the problems of the major analytical
techniques and ideas that I have concerning the direc-
tion future research and analytical activities should take.
I hope that in presenting my ideas you can sympathize
with my interests which emanate from responsibilities I
have at Puget Power for designing research projects
which might, in part, provide the utility with a greater
understanding of conservation and the capability to use
alternative and renewable energy technologies as an
electricity resource. Throughout my presentation I will
use the term “conservation” as synonymous with alter-
native and renewable energy resources.

Having worked in the utility industry in the Pacific
Northwest for the last several years, I have been
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impressed with both the interest in and commitment to
conservation electrical utilities have made. Clearly, the
energy audit and weatherization services offered by
most major electrical utilities have provided their cus-
tomers with a substantial amount of support in their
conservation efforts. Further, it is not uncommon now to
find utilities with staff with specialized knowledge of
solar and other alternative energy resources and highly
motivated to see the proliferation of these technologies.

It is important to note, however, that utilities have r
been greatly rewarded for their interest and investmer
in conservation. Rather than resolving problems and




concerns utilities have had, their efforts have tended to
make conservation more problematic and difficult to
‘larness as a legitimate energy resource. Results, for

xample, of weatherization programs often vary widely
throughout the region, with one utility realizing only a 30
percent reduction in project consumption while another
realizes 130 percent reduction in projected consumption.
Utility power planners faced with providing energy in
future years justifiably pull out their hair when faced
with such potential variation because the consequences
of error may be power blackouts, radical increases in
rates, or both.

There are presently several efforts underway to make
regional assessments of the conservation potential we
have, but we should not delude ourselves into thinking
that the results of these studies will be definitive. During
the next fifteen months, there will be a preliminary
assessment of the conservation potential for residential
households performed by the Pacific Northwest Utilities
Conference Committee and this will be followed by a
more rigorous study in the Pacific Northwest funded
jointly by the PNUCC and Electric Power Research
Institute. Also, the PNUCC will be jointly funding
another assessment of the conservation potential in all
sectors with the Bonneville Power Administration and
several local utilities. Although these studies will be
based upon and should contribute significantly to the
advancement of state-of-the-art end-use and economet-
ric methodologies, there is a substantial amount of
behavioral phenomena that must be explored and better
understood before conservation can be harnessed as a
reliable alternative to traditional forms of electricity
generation.

It is useful to review some of the behavioral limitations
in existing models and techniques to better understand
the problems we will face in estimating conservation
potential. This brief review will focus on three of the
more prevalent techniques available to utility analysts:
statistical end-use and/or econometric models, struc-
tural models, and relatively simple before and after
measurements.

End-use and econometric models have been used with
a fair degree of success Lo stlalistically estimate
appliance utilization and price response phenomena.
When time series data is available, these models can be
particularly useful for estimating general trends. It is
interesting to note that models with both end-use and
econometric elements are becoming increasingly com-
mon and are more useful for measuring the sensitivity of
a wider range of conservation policy options. Still,
despite these improvements, these statistical models
require a substantial amount of data and still may not be
able to predict changes in consumption which may be
related to broad social or perceptual changes. For

ample, radical increases in the use of wood stoves
appear to be less related to price phenomena than to a
general social interest in self-sufficiency. These end-use

and econometric models may also be incapable of
detecting subtle differences in appliance energy usage
among central city, suburban and rural populations, yet
such social phenomena may intervene to depress or
increase the energy savings potential of different con-
servation and alternative resource actions.

Structural models can be very useful for estimating
potential energy savings, but can also yield problematic
results due to behavioral complications. Assuming a
utility can select and calibrate a realistic structural
model for its service area, it may still be impossible to
reliably predict energy savings related to weatherization
and other forms of conservation. Consider, for example,
a household that has kept its thermostat at 65° and then
substantially upgrades its insulation. The energy sav-
ings which might be realized can be estimated fairly
precisely with a good structural model, although the
savings may not be fully realized if the household
increases its thermostat setting to 68° or 70° or greater
savings may be realized if, for example, the household
later installs a wood stove also.

Finally, simple before and after comparisons of
weather-adjusted consumption can be made, although
the deviations frequently observed in such results tend
to raise more questions than are answered, especially
related to long-term behavioral phenomena.

To summarize to this point, it appears to me that
analysts are faced with three challenges in developing
an assessment of conservation potential which will be
useful to forecasters and planners in identifying future
electricity resource requirements. First, we must be
capable of estimating the reliability and stability of
various conservation actions, especially if conservation
is to be used instead of traditional forms of generation.
This will require the development of a typology to allow
us to distinguish among different conservation actions to
direct our research and analytical activities. I will discuss
one possible approach to such a typology in just a
moment.

Second, we must assess the acceptability of various
conservation actions and policies. If our focus is upon
alternative regional or even service area policies and
programs, we must identify differences among different
populations and social groups. Finally, we must explore
the interrelationships which exist among potential con-
servation actions so we can anticipate where counter-
vailing trends might serve to reduce consumption sav-
ings. For example, wood stoves may lead to a reduction
in electricity consumption for homes with electric heat,
but if homes with oil space heating acquire wood stoves
and additionally install electric baseboard units to heat
peripheral rooms, electricity requirements may actually
increase. Clearly, the interrelationships among many
potential actions need to be identified to assess the
conservation potential which exists.

As I have already indicated, I am of the opinion that a
great deal of basic behavioral research needs to be done
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Figure 1: Conservation Typology
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to develop realistic conservation assessments. To guide
these efforts and also better structure our models, a
basic typology is necessary to distinguish among qual-
itatively different kinds of conservation actions. In the
time remaining, I will outline one possible typology and
try to indicate some of the research, as well as model,
implications which follow from such a schema.

To begin, it appears as though when we discuss
conservation we may be referring to three qualitatively
different resources representing either permanent,
temporary, or uncertain energy savings. These pos-
sibilities are depicted in Figure 1 along with the basic
resource attributes of each. When we discuss permanent
conservation resources, we are generally referring to
long-term changes in the electrical energy and capacity
requirements of structures or appliances. Some exam-
ples of changes which would represent a net energy and
capacity gain are increased weatherization of an electri-
cally heated home or the replacement of an electric water
heater with a solar water heating system with an oil or
wood-fueled backup unit. Conversely, an example of a
permanent resource representing a net energy gain but
capacity loss for an electric utility would be a solar
system with an electric backup unit. In the Pacific
Northwest, solar systems could easily have this effect if
backup electrical units are used during periods of system
peak load, i.e., on the coldest and cloudiest days of the
year. Finally, examples of permanent resources which
might lead to net energy and capacity losses would be
additions of electric backup of peripheral room heaters
associated with the installation of solar or wood heating
systems in homes where these units replace gas or oil
space heating. Similarly, any electric space or water
heating conversions stimulated by householder desires
to take advantage of zero-interest or other weatheriza-
tion programs of electric utilities would also represent a
net capacity and energy loss. Please note that I do not
mean to suggest that solar and other weatherization or
conservation actions may necessarily have the attributes
I am describing; instead, I mean to suggest only that we
should identify what attributes these systems and ac-
tions may have to help us both better design conserva-
tion systems and programs and more appropriately
account for impacts of conservation in our resource
assessments.
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The second class of resources are temporary in nature
and these can either contribute to or detract from the
reliability of our electrical generating systems. Many of
the load management and typical wintertime conserva-
tion appeals of utilities can best be classified as yielding
temporary resources. It is important to note that these
are resources which may be tapped in an emergency or
to control loads during peak periods. These may range
from voluntary, short-term reductions (e.g., lighting
reductions or deferring the turning-on of self-cleaning
ovens to off-peak periods) to periodic controls, such as
the cycling of spare and water heating loads.

It is important to recognize, however, that temporary
resources represent “the first line of defense” for any
utility in the case of an emergency, such as the loss of a
generating unit or whole plant during a system peak
period. If temporary resources are used too often, the
utility runs the risk of inducing a permanent behavioral
change. While this may be desirable from the standpoint
of reducing overall capacity requirements, the conver-
sion of temporary resources to permanent resources may
create profound system instability resulting in rolling
outages or similar phenomena.

By identifying those temporary resources available to
utilities, these can be monitored and important be-
havioral trends and changes can be followed. This
should improve our ability to plan for emergencies and
may also enhance our ability to develop creative load
management and curtailment plans.

Finally, there are a whole set of uncertain resources
influenced by standards of creature comfort, social
change, economic and other factors. These factors tend
to be related to one another, but are most important
because they can influence gains and losses relative to
permanent and temporary resources. The kinds of
actions which might be considered to represent uncer-
tain resources are water and space heating thermostat
setbacks, flow restrictors, appliance efficiency standards
and possibly even the impact of wood and other alterna-
tive heating resources. These resources may be clas-
sified as uncertain when they rely in large part on a host
of behavioral changes which may be subject to reversal
at some future time.

Thermostat settings are creature-comfort depende...
and temperature requirements obviously change as




people develop from infancy through middle age to old
age. While these creature comfort standards may vary
vith the age of an individual, they may also vary with
hanges in the perceived efficiency of living structures,
and this variation may manifest itself as thermostat
increases following an upgrade in weatherization.

Social change-related phenomena may also manifest
itselfin a number of ways. In a global sense, society may
unilaterally decide some things are desirable, like in-
creases in appliance efficiency. Whether such policies
lead to energy savings or losses needs to be the subject of
future research. Whale increased efficicncies should
lead to savings, we should not forget our physics and the
fact that energy is ultimately converted to heat. In this
sense, savings of more efficient appliances could be
offset by increased space heating requirements. On a
more individual level, and keeping with the same
example, more efficient appliances may be used more
intensively by households.

Finally, economic factors may make some alternative
resources more uncertain. In this regard, a household
may obtain a wood stove and initially use wood scraps
from their yard. However, once the household must.
purchase wood and finds it more expensive than the
electricity for its central furnace, the wood stove may be
used substantially less, if at all.

The principal reason why a conservation typology is
useful is for revealing what it is that we need to measure
to assess the potential of any particular conservation
strategy. If we consider what it is that we need to
measure (see Figure 2), it becomes clear that permanent
resources are more amenable to direct physical mea-
surement, although there is still some behavioral com-
ponent that needs to be assessed even here. As we
advance to uncertain resources, the measurement of the
behavioral component becomes increasingly important,

Content of Messages

Measure
Impact of

@ Physical

@ Social

Measure
Direction(s)
Appeal of Response

. . W

though there are still some physical measurements to be
made. If we take a purely economic view, the resource
typology I am discussing captures long-term economic
phenomena in the permanent side of the resources
spectrum and short-term phenomena more in the un-
certain side. However, the point I am laboring to make is
that physical, economic, and behavioral phenomena all
need to be explored and understood to assess the
potential of conservation as an energy resource.

Uncertain
Resources

Temporary
Resources

Permanent
Resources

Physical
Measurement

Behavioral
Measurement

Figure 2: Measurement of Conservation Phenomena

To be even more exacting with the measurement
implications of the typology I am discussing, it is useful
to consider a very simplified conservation decision-
making model (see Figure 3). Any individual household
can be subjected to three kinds of messages, appealing
to physical, economic, or social interests. For example, a
utility can launch an advertising campaign appealing to
its customers to conserve, noting that they will (1) be
more comfortable (a physical appeal); (2) save money

Type of Response
Measure

Strength

of Response

Permanent

Figure 3: Content of Messages
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(an economic appeal); and/or (3) be better citizens (a
social appeal) if they conserve. Obviously, these mes-
sages need not emanate from a utility, but may be
experienced by a homeowner sitting in a drafty living
room on a winter night. The point is, the first step is to
measure the content and impact each of these different
messages may have.

Next we need to discern how households (or firms)
might respond to the messages and what the direction
and strength of each action might be. The conservation
typology may be particularly useful in making this
assessment. For example, a household reacting entirely
to physical discomfort in a drafty home may be led to
install weatherization and increase thermostat settings
simultaneously. Similarly, a person interested in becom-
ing more energy self-sufficient may be led to install a
wood stove, although without an immediate need to
actually be energy self-sufficient, the wood stove may be
improperly maintained and represent only a very un-
certain long-term resource.

Although there is room for differences of opinion
concerning the appropriateness of the conservation

typology I have suggested and the illustrations I have
employed, I believe the important point to be made is
that we must move to develop a way of classifying anc
distinguishing among qualitatively different forms of
conservation while at the same time expending a
significant effort to understand the underlying be-
havioral phenomena, including all the attitudes, opin-
ions, and beliefs that may apply, and influence how much
conservation can be reliably harnessed as a surrogate for
new generation. In making this appeal for more be-
havioral and social research, I do so in the hopes that our
conservation assessment efforts may be constructive
and more truly representative of what is possible. In
emphasizing the behavioral, I am taking my lead from
Alfred North Whitehead and I will leave you with his
admonition that “When one is lost, one should not ask
where one is but rather where the others are.” Thank
you. I

Evaluation of Renewable Energy
Sources in the Pacific Northwest

The Department of Energy and the Solar Energy Re-
search Institute are sponsoring a series of six regional
assessment studies (covering the entire country) aimed
at identifying both the potential for solar electric
technologies and applications that represent the best
potential markets with opportunities for early commer-
cialization. The objective of the studies is to identify
opportunities for demonstrations and follow-on large-
scale use of wind, photovoltaic, solar thermal, ocean
thermal, and biomass (direct combustion) in the 1980 to
2000 time period.

JBF Scientific conducted the study which analyzed the
potential for the above solar technologies in what was
defined as the Northwest Region of the United States:
North Dakota, South Dakota, Montana, Nebraska, Idaho,
Wyoming, Oregon, Washington, Alaska, and Hawaii.

This paper will focus on the central station analysis
and evaluation that was performed for utilities in the
Pacific Northwest only, that is: Oregon, Washington,
Montana, Idaho, and Wyoming.

The methodology, which was uniquely developed to
analyze the performance and economics of solar electric
generation for utilities whose capacity is predominantly
hydroelectric, will be described first. Following that, the

38

Martin K. Goldenblatt

J.B.F. Scientific Corporation
2 Jewel Drive
Wilmington, MA 01887

. As a staff engineer for JBF Scientific Corporation, Martin
Goldenblatt has responsibility for evaluating the impact of
dispersed and central station alternative energy sources on prospec-
tive users. He is project director for a study which has as an objective
determining the value of solar generation to Seattle City Light. Mr.
Goldenblatt also has project responsibility for determining the impact
frequency of wind speed data acquisition on the economic evaluation
of wind turbine units for utilities. Prior to joining JBE Mr. Goldenblatt
evaluated power plant dynamics by means of computer simulations
for Stone and Webster Engineering Corporation. He is the author of
several papers on wind energy systems and computer simulation. Mr.
Goldenblatt received his B.S. in mechanical engineering from the City
College of New York and his M.S. in mechanical engineering from

Northeastern University.

input data and the study results indicating the econorr
potential of central station solar electric generation tc
the year 2000 will be presented.
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Figure 1: Central Station Value Analysis Flow Diagram

METHOD OF ANALYSIS _

An overview of the methodology used to develop the
value.of solar electric systems for the utilities selected
for the analysis in the Northwest Region is shown in
Figure 1. The methodology is based on techniques used
in the utility industry to compare the relative economic
values of various alternatives for expanding generation
capacity to meet a growing demand for electricity. These
methods include computer programs which simulate the
dispatch of all sources on an economic basis to meet the
projected system load requirements.

Traditionally, the conventional generation sources
examined in this generation expansion process have
been load driven systems. These units can be dispatched
up to full capability to meet the load requirements of the
utility customers. Solar electric technologies such as
wind and photovoltaic systems are, on the other hand,
resource driven systems. Qutput at any instant of time is
dependent upon the resource at that moment and
indépendent of the load being served. This resource
dependency requires use of a modified approach to
develop the value of solar electric technologies to a
utility.

The modified approach used was to first determine -

what it costs (without solar electric machines) to produce
or purchase the electrical energy required for one year.
Then, solar electric machines were added to the system
and, again, a year's economic operation was simulated
ith a computer model. The reduction in utility produc-
costs that resulted from adding the solar electric
machines was an annual savings that was used to derive-
their value. Through application of an appropriate *

present-value analysis, a marginal breakeven value was
calculated which was defined as the amount that could
be paid for each machine such that there would be
neither loss nor gain over the machine’s life. This
breakeven value was then compared to projections of
estimated machine costs in order to estimate when the
machines might begin to be economically viable.

A salient feature of the methodology was that solar,
machine cost was not necessary in defining the value of a
solar electric option. As a consequence, it was not )
necessary to repeat the value analysis to see the effect
various cost incentives might have on a particular solar
electric device’s economic viability. '

The first step performed in the value methodology
was to calculate expected solar energy generation by
modeling the performance characteristics of the solar
electric devices. Figures 2 through 6 present schematics
of the systems analyzed for wind (WECS), photovoltaicsr
(PV), solar thermal (STEC), biomass (direct combustion)
and ocean thermal (OTEC) generating systems. )

These systems were modeled using hourly resource
data (wind speed, insolation, etc.) to define the expected
hourly electrical output of the solar electric systems. The
resulting solar electric generation was then used to’
modify expected utility loads in order to define the net
hourly load that had to be satisfied by conventional
utility generating equipment. Since solar electric gener-
ation was assumed to have zero incremental cost, it was
logically the first generating source used to meet load
requirements. Net loads were then applied to a produc-
tion cost model, which simulated the economical dis-
patch of utility generation, and computed the cost of

39



o
=3

40

oo OUTPUT TO
UTILITY
NETWORK

11

A.C. e OUTPUT
WIND Do GEARBOX GENERATOR|—] SUBSTATION — 10 USER
b
ROTOR

Figure 2: Wind Energy Conversion System Schematic

OUTPUT TO
uTILITY
NETWORK
PHOTOVOLTAIC
PANEL ARRAY
: : . > . g OUTPUT
NTR R INVERTER SUBSTATION: | ——pp . 0%
‘ co. OLLE s TOUSER
Figure 3: Photovoltaic System Schematic
INCIDENT INSOLATION
c ELECTRICAL POWER
RECEIVER TRANSMISSION
{BOILER) N NETWORK
SAAeredTeo A
\ INSOLATION Arower
' : STEAM ELECTRIC
TRACKING SUBSTATION
HELIOSTATS, + TURBINE [ |GENERATOR
<
; G
$ THERMAL )
$ STORAGE 3 | CONDENSE'}

- Figure 4: Solar- Thermal System Schematic




ELECTRICAL POWER .
TRANSMISSION
NETWORK

ELECTRO COMPATIBLE
STATIC DIRECT SUBSTATION
WET . PRECPITATOR | COMBUSTION

SCRUBBER

FURNACE STEAM
TURBINE

GENERATOR

STACK

CONDENSER

“COOLING
TOWER

A I\

BIOMASS SOURCE

STORAGE
FEED & PREPARATION

Figure 5: Direct Conversion-—Biomass System Schematic

N R HOT SIDE PUMP
C =
' WARM SEAWATER
Q, .
RN
EVAPORATOR
CONDENSATE PUMP
3 <« wp
Wy
TURBINE
' CONDENSER
J Oc
COOL SEAWATER
COLD SIDE PUMP .
tw
c
COLD WATER

Figure 6: Ocean Thermal System Schematic

41



€

satisfying load requirements.

In the Regional Assessment Study, the central station
value analyses were performed for the utilities that
comprise the West Group. The West Group .is a consor-
tium of utilities (Table 1), which voluntarily operate their
systems on a coordinated basis.. The area serviced by the
West Group can be seen in Figure 7. In performing the
analyses, JBF worked closely with the Pacific Northwest
Utility Conference Committee (PNUCC) in defining the

Table 1: West Group Member Utilities

'West Group Member Utilities Private Utilities
& Pacific Power and Light Company
® Portland General Electric Company
® Puget Sound Power and Light Company
= The Washington Water Power Company

. West Group Member Utilities Public Agencies
. ® City of Seattle, WA
® City of Tacoma, WA -
® City of Eugene, OR
® City of Forest Grove, OR
8 City of McMinnville, OR
® City of Milton-Freewater, OR
® The Montana Power Company
8 Central Lincoln People’s Utility District
a8 PU.D. No. 1 of:
Chelan County
Clallam County
Clark County
Cowlitz County
Douglas Countyv Klickitat County
Ferry County Snohomish County
® Washington Public Supply System

Franklin County
Grant County

Grays Harbor County
Kittitas County

S ——
\M-J\I WYOMING

/ ‘]’m‘um

Ll

Figure 7. West Group Service Area
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Figure 9: Typical Reduction in Thermal Dispatch Schedule
Resulting from Solar Generation

projected monthly dispatch schedule for the West ]
Group's thermal generation. Assuming that the hydro
systewn can follow variations in solar power, models were
used to determine the impact solar electric generation
would have on the monthly dispatch of the thermal units.
The resultant reduction in variable costs were calculated
and applied in defining the value of the solar generation.
(A schematic of this procedure can be seen in Figures 8

-and 9.)

Because of the variability in stream flow from year to
year, it is impossible to anticipate the amount of genera-
tion available for any specific year. Therefore, the -




Table 2: West Group Summary Data

1980 1990 2000
Capacity Energy Capacity .  Energy Capacity Energy
Load (MW) =~ ° 29500 40400 25600 57900 - 35700
Installed Resource (MW) 35700 48500 25600 57900 35700
Equipment Mix (%)
® Hydro . 82 64 50 54 35
® Nuclear o 3 25 37 21 31
® Coal S 6 8 9 13 17
® 0il/Gas , 5 2 1 ' 2 1
® Miscellaneous 4 2 3 10 16
(Including Purchase)
Incremental Energy Costs
(Amount Yr. $/ MWh)
8 Hydro — — —_
® Nuclear 2.6-6 8-22 16-42
m Coal 2.0-9 7-31 13-59
- @ Oil/Gas 53-73 101-140 121-250
® Miscellaneous 66 126 ) 225

thermal and hydro dispatch schedules specified were for
“good”, “average”, and “"below average” hydro years. In
performing the analysis, the necessity for seasonally
transferring the hydro resource as a consequence of
including solar generation in the utility mix was
examined, and, when necessary, available hydro gener-
ation was redistributed accordingly.

By comparing the cost of utility operation with and
without the availability of solar electric generation, the
reduction in West Group production costs, caused by
each solar option was determined. These savings were
then used to estimate the total savings that would be

generated over each solar electric option’s lifetime. This
analyses was performed for various levels of solar
penetration. Applying the total savings to a model which
calculated the value of these savings to the West Group,
each solar unit’s total life-cycle value was determined as
a function of penetration. Comparing these values to
projected system costs, the economic viability of each of
the solar options was determined.

Input Data

The West Group generation mix and fuel costs used as
inputs to the model are summarized in Table 2. The West
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WIND SPEED AT 10 M WIND POWER DENSITY (N/Mz)
CLASS M/SEC MPH 10 M 50 M
1 4.4 9.8 100 200
.2 4.4 - 5.1 9.8 - 11.5 100 - 150 200 - 300
3 5.2 - 5.6 11.6 - 12.5 150 - 200 300 - 400
4 5.7 - 6.0 12.6 - 13.4 200 - 250 400 - 500
5 6.1 - 6.4 13.5 - 14.3 250 - 300 500 - 600
. 6 6.5 -'7.0 14.4 15.3 300 - 400 600 - 800

Figure 10: Pacific Northwest Wind Speed Classes at: 10M

Source: Barchet, W.R., and Elliot, D.L., 1979 "Wind Energy Resource Atlas—Northwest.” Pacific Northwest Laboratories, Richland, Washington.

‘Group economic input parameters used are shown in
Table 3. It should be noted that because the West Group
comprises both municipal and private (investor-owned)
utilities, two sets of values were used for cost of capital
and effective income tax rate.

The wind resources in the Pacific Northwest vary
considerably over the region (Figure 10). For the North-
west study, Columbia Gorge winds were assumed to be
representative of the more superior wind resources that

“exist in the West Group service area. The solar insolation
resource is less variable than the wind resource (Figures
11 and 12) in the Northwest. Since the insolation
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resource is much greater east of the Cascade Mountain
Range, it was assumed that central station photovoltaic
and solar thermal plants would be located east of the
Cascades. (Their output could be wheeled through the
Bonneville Power Administration transmission system,
if necessary.) Table 4 summarizes the wind and insola-
tion resources used on the study. : .
The average temperature of the ocean surface water
during the summer in the Pacific Northwest does not
exceed 6°F within 100 miles of the Oregon and
Washington coasts. The ocean temperature at the 2500
to 3000 foot depths associated with an ocean thermal




Table 3: Nominal West Group Economic Parameters

Economic Parameter Value

Growth in Fuel Prices (%) 0.09

Overhead and Maintenance Costs Growth

.Rate (%) . 0.06
Undeveloped Land Growth Rate (%) 0.06
Interface Cost Growth Rate (%) 0.06
Developed Land Growth Rate (%) 0.06'
General Rate of Inflation (%) 0.06
Growh Rate in Local Taxes (%) 0.00
Cost of Capital (%) 6.06‘
Effective Income Tax Rate (%) 0.00*
Operating Life (Years) 30

Ratio of Annual Insurance Prerxiiums
to Capitalized Costs 2.5x10°7

Ratio of First Year O6&M Costs
to Capitalized Costs 0.03

Ratio of Property Taxes to Capitalized
Costs ) 0.02

*Assumed for a typical West Group municipal utility. For a typical
West Group private utility, cost of capital and effective income tax
rate were assumed to be 12% and 52%, respectively.

The wind turbiné modeled in the study was rep-
resentative of the Boeing MOD-2. The machine modeled

~ had apeak capacity of 2.5 MW, a cut-in wind speed of 14

mph, a rated wind speed of 28 mph, and a cut-out wind
speed of 53 mph. The central station photovoltaic and
solar thermal plants were modeled with capacities of 100
MW. The photovoltaic plant modeled had fixed axis
arrays and did not include storage. The solar thermal
plant modeled had a solar multiple of 1.67 and 6 hours of
low-quallty steam storage.

ANNUAL AVERAGE-DAY VALUES

plant is approximately 40°E Thus, in the Pacific North-
west, the temperature differential of approximately 40°F
that is necessary for an OTEC plant to be considered for
economic viability does not exist, and a value analysis
was not performed. '

-For the Northwest study, the direct combustion of
biomass was considered as an alternative fuel source to
coal or oil. Consequently, biomass was studied for its
resource potential and will not he reported on in this .

paper.

Figure 11: Solar Radiation Direct Normal Termm Annual
Average-Day Values kWh/m? Day

ANNUAL AVERAGE-DAY VALUES

anure 12: Solar Radiation Total Horizontal Annual Average-
Day Values kWh/m? Day

Table 4: Representative Resource Data Sets

Resource Resource Station Period of Record Average Annual Resource
Wind Columbia Gorge 1976-78 18.1 mph (hub height)
Insolation Omaha, NE T™MY
: ® Total Horizontal 4.21 (kWh/m?)
= Direct Normal 4.59 (kWh/m?)
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Figure 13: WECS Value to West Group (Private Utility) Assuming Critical Hydro Conditions
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Figure 14: WECS Value to West Group (Municipal Utility) Assuming Critical Hydro Conditions
~ .
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Figure 15: PV Value to West Group (Private (Utility) Assuming Critical Hydro Conditions
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Figure 16: PV Value to West Group (Municipal Utility) Assuming Critical Hydro Conditions
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Figure 17: STEC Value to West Group (Private Utility) Assuming Critical Hydro Condiﬁons
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Figure 18: STEC Value to West Group (Municipal Utility) Assuming Critical Hydro Gonditiuns
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Figure 19: WECS Value to West Group (Municipal Utility) Assuming Average Hydro Conditions
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Figure 20: WECS Value to West Group (Private Utility) Assuming Average Hydro Conditions
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Figure 21: WECS Value to West Group (Municipal Utility) Assuming Above Average Hydro Conditions
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Figure 22: WECS Value to West Group (Private Utility) Assuming Above Average Hydro Conditions -
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Table 5: Central Electric System Costs in 1980 $

System Type 1980 1990 2000

WECS 1600 860 860

PV — 1600 1000

STEC - 3400 2400

OTEC — 3200 2200
Results

Figures 13 through 18 show, as a function of penetra-
tion, the life-cycle value of central station WECS, PV, and
STEC systems to the West Group in the 1980 to 2000
timeframe. These results are shown for both represen-
tative municipal and investor-owned utilities, and are
based upon low (critical) hydro conditions.

Superimposing the Department of Energy projections
for central station costs shown in Table 5 upon the value
curves, an estimate of the timeframe in which central
station WECS, PV, and STEC will become economically
viable was established. As seen in Figure 13 for the
baseline assumptions made on the study, WECS
economic viability may occur sometime in the late 1990’s
for a representative West Group investor-owned utility.
By changing the financial parameters to reflect a rep-
resentative municipal utility (Figure 14), economic via-

bility can be accelerated to the late 1980's.
Photovoltaic economic viability occurs in the 1980-
2000 timeframe only for a municipal utility (Figure 16).

Solar thermal does not show any potential in the
1980-2000 timeframe primarily because of its high
projected costs.

To obtain an understanding of the sensitivity of
economic viability to hydro conditions, the value of
WECS was also conducted for average and above
average water conditions. These results can be seen in
Figures 19 through 22. As would be expected, increasing
the amount of available hydro generation decreases
WECS value, thereby delaying the period in which the
solar option would become economically viable.

In summary, for the parameters used on the study,
central station WECS showed the earliest potential in the
Pacific Northwest. This was primarily due to WECS’
relatively superior output performance and low cost, as
compared to central station photovoltaic and solar ther-
mal generation. Depending upon hydro conditions and
type of utility, WECS economic viability could occur as
early as the late 1980's to beyond the timeframe of the
study. Central station photovoltaics showed a potential
for becoming economically viable in the mid-to-late
1990's, while central station solar thermal did not show
any potential in the 1980 to 2000 timeframe. [

Luncheon Address

It is a distinct honor for me to join you here today at this
Second Annual Pacific Northwest Conference on Alter-
native and Renewable Energy Resources.

My congratulations and thanks go to Sterling Munro
and the people at Bonneville Power Administration. You
have obviously worked very hard to bring us a dynamic,
imaginative and—if you will, an ecumenical gathering
of energy expertise.

On behalf of my fellow Oregonians, I want to welcome
those of you from our sister states of Washington, Idaho
and Montana, and to extend our best wishes to our
guests from British Columbia.

We are very pleased to be your host state for this
conference. You have come to talk about and hear about
Id new ideas in developing sustainable energy re-

sources.

And you have come to the right place.

Governor Vic Atiyeh

Vic Atiyeh was elected governor of Oregon in 1978, after
representing Washington County in the Oregon Legisla-
ture for twenty years. His comprehensive conservation and alternate
energy proposal passed the 1979 session of the legislature nearly
intact. As a legislator, Mr. Atiyeh had an important part in drafting
much of Oregon’s landmark environmental legislation.

Governor Atiyeh is vice-chairman of the National Governor’s
Association’s Committee on Natural Resources and Environmental
Management, and a member of the association’s International Trade
and Foreign Relations Committee and of the Republican Governor’s
Association Finance Committee. He serves as the liaison representa-
tive between the Western Governor’s Conference and the Western
Interstate Commission for Higher Education.

Governor Atiyeh attended the University of Oregon.
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I am very proud—and very fortunate—to be gover-
nor of a state that is breaking away from some “great
American traditions”

I am talking about the tradition of wasting energy ...

-the tradition of wishing for easy answers instead of
tackling the tough problems and making the dif-
ficult decisions ... :

-the tradition of blaming “the Feds” or the OPEC
countries—or each other—as the ominous sounds
of the energy crunch get closer and closer ...

-and the tradition of hoping that somebody will do
something before it is too late.

Somebody does have to do something. And it might as
well be Oregon. After all, we have a head start. We have
already begun to design our transition from old energy
traditions to an era of new energy ethics.

It was just a year ago that this conference first
convened. And, it has been just a year and a day since
Oregon's Alternate Energy Development Commission
set about to find "new” energy from “old” resources.

The amazing amount of effort that the commission and
its task forces invested in this unprecedented assess-
ment of renewable resource potential has produced a
remarkable set of resource development strategies.

“Future Renewable; the commission’s report, addres-
ses squarely the intricate problems, issues and choices
that must be resolved today if our social and economic
systems are to be sustained and strengthened for
tomorrow.

The first question the task forces asked was “how
much?”

-How much energy can we get from conservation
and solar?

-How much from geothermal and wind?

-How much from small-scale hydro, alcohol fuels
and biomass?

The second question was “how do we get from here to
there?”

-What stands in the way of resource development?
How can we remove those barriers? What can we
do to mitigate the financial risks of exploration and
development? What is the best way to resolve the
inevitable policy conflicts between energy de-
velopment and natural resource management?

The task forces hammered out basic agreements on
resource potentials ... On identifying constraints and
barriers ... On the relative effectiveness of different
incentives ... And, when state government should step
in and push—as well as the point at which government
should step back and let free-market forces shape
resource development and use.

-Incidentally, by the time the six task forces were
ready to submit final reports and recommendations
to the commission, more than 1,000 Oregonians in
ten different communities had taken part in and, in
effect, endorsed the fundamental goal of energy
self-reliance.
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-That outpouring of public interest in and support
for the commission’s work erased any doubt that
energy “grown in Oregon” has a strong and
reliable constituency.

With the task force reports in hand, and after formal
public hearings on its own draft report, the commission
in July and August wrote a final report which was
submitted to me in September.

The report is an extraordinary document—far more
detailed and comprehensive than might otherwise be
produced in just eleven months.

As many of you know—because you have read
it—the commission’s final report is a meticulously
detailed, comprehensive and provocative document.

-Tt. tells us how much energy we can acquire from
conservation and renewable resources.

-Tt tells us what we have to do—and how much it
will cost—to get that energy.

-And, it tells us when it will be available.

The commission has recommended government ac-
tions which it believes will produce or conserve energy
equal to more than 10 percent of Oregon’s non-
transportation demand growth for the rest of this
century. How much more energy is produced beyond that
10 percent depends on actions by the private sector.

And, in describing costs, the commission pulled no
punches. The report said, and I quote:

“Developing these sustainable energy resources

will cost as much as or more than conventional

energy supplies”

“However, many of the resources can be developed

in the near-term—far sooner than some types of

conventional resources”’

Those points are important. The first says, in effect,
that we've simply run out of cheap energy.

The second says that the relatively short lead-time
required for conservation and renewables to make a
difference means we can trim the power deficits ex-
pected in the 1uid 1980%.

It does not say we can erase those deficits ... or that we
will not need new thermal generation to meet future
demand growth.

It simply says that the eggs in this basket will hatch
sooner than the eggs in that basket. And it also says
something about not putting all your eggs in one
basket ...

There were nearly 80 citizen volunteers on the
commission’s task forces who willingly contributed their
time and talent and expertise to this all-important effort.
I wish I could publicly acknowledge each and every one
of them by name here today. Obviously, there is not time
to do that.

But I am going to take the time now to offer my
personal thanks again to Chairman John Gray and the
other eight members of the Alternate Energy Develo;
ment Commission.

I asked John Gray to head the commission because he




is the busiest person I know. And, when there is a tough
job to do and not a lot of time to do it, the wise manager
iicks the busiest person in the shop.

John's diligence and even-handed helmsmanship
helped keep the ship on an even keel and a true course
through a long and difficult passage.

His crew included Dr. Grace Phinney, of Corvallis, who
represented the Alcohol Fuels Task Force ...

-Glen Andrews, of La Grande, the Wind Task
Force ...

-Don Hodel, of Portland, the Hydro Task Force ...

-Paul Lienau, of Klamath Falls, the Geothermal Task
Force ...

-John Reynolds, of Eugene, Solar/Conservation
Task Force ...

-Pete Schnell, of Oregon City, the Biomass Task
Force ...

-And, the commission’s “members-at-large;

Al Thompson, of Salem, and Burke Hayes, of
Corvallis.

To the commission and the task forces ... To all of you
and to each of you, I say: "Well Done!”

The ball is now in my court. And, over the past several
weeks I have spent many, many hours pulling together
the special energy program I will propose to the 1981
Legislature.

That package will give the Legislature an opportunity
to reaffirm their overwhelming endorsement of the
energy policies I pushed for and got in 1979 ... Policies
which consistently have and will continue to help
Oregonians achieve a higher level of energy self-reliance
... Policies which consistently have emphasized the need
for a diverse array of energy resources and policies
which consistently have refused to close the door on any
options.

The design of my 1981 Legislative Energy Program
involves unusually difficult decisions and choices.

1 will make those decisions and choices. And, when I
submit my energy program to the Legislature—and lay
out the equally difficult decisions and choices they must
make—my message will be urgent and direct:

“Let us reach as far as we can’

Oregon traditionally has upstaged the nation in
adopting effective energy-saving strategies. We are
second to none in conservation and that claim was
documented earlier this year in a 50-state survey by
Common Cause.

And, the programs we have in place for developing
renewable energy resource are unmatched anywhere
else ...

-Tax credits and low-interest loans for homeowners
who install alternate energy systems. By the end of
this year, the Oregon Department of Energy will
have certified more than 2,600 residential systems

. for tax credits ...
-Tax credits for commercial and industrial firms
which install waste heat recovery and renewable

energy systems. Almost $6 million has been in-
vested by the private sector under this program in
1980.

-A $300 million bonding program for long-term,
low interest loans for local, small-scale renewable
energy projects—a measure which won solid voter
approval in May of this year.

-Important financial and technical assistance to
promote cogeneration, geothermal heating dis-
tricts and research on the energy economics of
wood wastes.

All of these efforts are on-line now. Morcover, many of
the Alternate Energy Development Commission’s rec-
ommendations which require neither legislation nor
additional funding are being implemented by the State
Departments of Energy, Environmental Quality, Water
Resources, Land Use and Development, and others right
now.

We are moving ahead. We have achieved important
milestones. And, we have even more exciting oppor-
tunities to lay the foundations for a stable energy future.

Iam sure you have all heard the story about the fellow
who was up to “here” in alligators. It was awfully hard
for him to keep in mind that his original plan was to drain
the swamp.

It is vitally important that we never lose sight of why
we are pushing so hard for conservation and renewable
energy resources ...

-Or, why we believe the Pacific Northwest Power
Bill is an irreplaceable element of this region’s
future ...

-Or, why we as individuals and we as a nation must
come to grips with things as they are and will
be—not as things were or as we might wish them
to be.

Vulnerability is the handmaiden of dependency. The
fact that we rely so heavily on foreign oil imports that can
be cut off at any moment by war, terrorism or revolution
verges on suicidal.

Before this hour is up Americans will have spent
another $10 million for imported oil ... $10 million an
hour...everyhour...adds up to a $90 billion pricetag in
1980 alone.

If you owned all the assets of General Motors, Ford
and IBM —and cashed them in—you would not have
enough money to pay America’s bill for foreign oil this
year.

As a nation, Americans comprise just 6 percent of the
world's population. But, we account for 30 percent of the
world's energy consumption and we import about 20
percent of the energy we use. Simple arithmetic shows
that 94 percent of the world population shares the
remaining two-thirds of available energy ... and simple
logic raises the question of whether those relative shares
can be maintained.

Let me bring the issue into a sharper, closer-to-home
focus:
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There are good reasons why we in Oregon and the
Pacific Northwest must continue to challenge and
change some of our own “old traditions®

To a great extent, we are what we are because of cheap
and abundant federal hydro power. The hydropower
cornucopia gave us industry, jobs, and a quality of life
envied the world over. It also gave us a false sense of
security. But, with the federal hydro system fully de-
veloped and the power allocated by law to preference
customers, Oregon’s investor-owned utilities turned to
expensive new thermal generation to meet demand.

We were forced to acknowledge a new reality: there is
a practical limit on our capacity to produce energy from
even our most abundant renewable resource. And,
energy to meet demand above and beyond that capacity
simply cannot be produced as cheaply.

But, it costs less to save energy than it does to produce
it.

FEnergy conservation is the least expensive, quickest
and most benign way to improve our energy sccurity, to
save non-renewable resources, to strengthen our
economy and to reduce our public, corporate and per-
sonal energy costs.

Portland General Electric Company and Pacific Power
and Light can offer interest-free, deferred-payment
weatherization loans to their space heating customers
because it costs 12 to 18 mills to help customers save a
kilowatt hour of electricity and 40 to 60 mills per kilowatt
hour to build new thermal generation.

I would say that is a darned good “why” for energy
conservation.

Here is another: America imports nearly half of its
petroleum.

In Oregon, we import every drop that we use. But, do
we really need as much as the “old tradition” seemed to
indicate?

The fact is, we do not.

Beginning in May 1979, when the Iranian revolution
cut off about 5 percent of U.S. oil imports—and reduced
gasoline supplies by about the same amount— Oregon-
ians voluntarily reduced consumption by more than 7
percent for the remainder of the year.

We met that shortage calmly and effectively. No one hit
the panic button.

The shortage is long-since over. Now, we are almost
literally awash in gasoline. Prices have been inching
downward recently.

Nonetheless, the conservation trend established in
1979 and maintained throughout this year indicates that
Oregonians will use about 11 percent less gasoline in
1980 than in the peak consumption year of 1978.

That is a lot of gasoline saved—almost 160 million
gallons.

But the fact remains that prices are likely to never
return to those of “the good old days” and a sizeable
portion of our foreign supplies are in constant jeopardy.

That is looking at things as they are—and another
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good “why"” for conservation.

There is a score of good reasons why the Pacific
Northwest needs the Regional Power Bill and this
audience is well aware of them.

From an Oregonian’s stand-point—if I may be provin-
cial for a moment— passage of the regional bill is the
only guarantee we have that each of the member states
will be credited—not penalized for energy conserved
and energy produced from renewable resources.

In mid-November, Congress will begin a lame duck
session. The Regional Power Bill is high on the House
agenda and the Senate is ready Lo accept a House version
that is not radically different from the bill approved by
the Rules Committee.

But for the delaying tactics of a lone dissenter, the
regional bill could have been approved ten weeks ago.
And, each week that the bill has been delayed equals
about $1 million that will not be delivered to Oregon
ratepayers through rate reductions implemented
through the bill.

Our increasing awareness of and concern for energy-
related issues do not always reflect perfect consensus.
To almost every consumer—and to low-income families
and our elderly poor, in particular—the spiraling cost of
energy is a gnawing, persistent worry.

To others, availability and reliability of supply is a
matter of growing concern. Still others worry that
important social, economic and environmental values
will be compromised if we are ever tempted to rally
‘round the banner of those who would pursue “energy at
any cost”’

And, finally, there are those who stubbornly cling to
the misguided notion that we have all the energy we
need. All we have to do to survive is turn back the clock
150 years.

My firm belief is this ... and I want to make my
position very clear:

OREGON NEEDS ENERGY!

We can and we must put the brakes on demand growth
by using energy wisely and efficiently. And we can and
we must extract as much energy as is economically and
environmentally acceptable from sources that can never
be used up.

We must weigh and balance the need for long-range
energy security against short-range discomforts. And,
we must, above all, remember that the social and
economic costs— particularly for the elderly and the
poor—can and must be restrained.

If you perceive a sense of urgency in my words, you are
absolutely right.

We face decisions of unprecedented magnitude. I
believe we are in a far better position today to approach
those critical decision points with confidence and deter-
mination than we have ever been.

We cannot afford to wait.

Thank you. I




Resource Assessment:
A Report on the Oregon Alternate
Energy Development Commission

The Governor has introduced you to the Alternate
Energy Development Commission, the AEDC, and some
of its findings. Any of you who have tried to do a similar
kind of report know that it is close to impossible to
estimate how renewable resources will be used fifteen or
even five years from now. The Commission results
represent hours of work by Oregon experts in the
resources and a great deal of public review. We're
certainly comfortable with the belief that these esti-
mates are the best that are available.

I'm going to back into the subject of resource assess-
ment by showing you the Commission’s estimates of
resource availability and costs, by talking about some of
the constraints they identified for the resources, and
then by examining how improved resource assessment
would resolve those constraints. The AEDC has recom-
mended that some resource assessment can best be done
by government, but the utilities and the private sector
need to continue the work when government is through.

Table I shows the Commission’s theoretical develop-
ment schedule for renewable resource electrical gener-
ation. The task forces faced different problems in
preparing their estimates. For example, the Biomass
Task Force only predicted to 1990 feeling that they didn't
know how to estimate the competition for or supply of
wood after 1990. The year 2000 estimates here shown
for biomass assume no increase over the 1990 figures.
The Wind Task Force, on the other hand, felt that a major

Table 1: Theoretical Development Schedule for
Renewable Resource Electrical Generation

Average Megawatts (av MW)

Electric Power 1985 1990 2000
Wind 5 110 423
Geothermal 38 225 600
Hydro 102 205 410
Biomass 160 405 405
Displaceable MW

. (Conservation/Solar) 468 935 1870
TOTAL 773 1880 3708

Linda Craig

Biomass Specialist

Oregon Department of Energy

102 Labor & Industry Bldg. Room 111
Salem, OR 97310

(503) 378-5584
. Linda Craig is a biomass specialist, manager of the

Business Tax Credit Program with the Oregon Department
of Energy, and the department’s staff member to the citizen task force
on energy from biomass. Ms. Craig previously worked as a research
and planning consultant on biomass energy for the department, as
coordinator of the Pacific Northwest Bioconversion Workshop, and as
project monitor of the Pacific Northwest Regional Commission.

Before becoming an expert on biomass energy, Ms. Craig was an
educator. She was a research associate for the American College
Testing Program, an evaluation specialist for the Portland Public
Schools, and program manager for the education staff at the Oregon
Museum of Science and Industry.

Ms. Craig graduated from the University of Northern Iowa with a
B.A. in Mathematics, and received an M.A. in Psychology and Testing
from the University of Iowa.

constraint was the availability of machines, so their
estimate is based on slow growth until 1985 and much
more rapid growth after 1985.

By 1985, the Commission estimates 773 MW of
generated or displaced electricity could be available.
Hydroelectric accounts for 102 MW, 43 MW are wind or
geothermal, 160 MW is cogeneration with biomass fuels
and the bulk of the resource, 468 MW is conservation
and solar applications.

By 1930, 1880 MW of electricity from renewable
sources could be available. Conservation combined with
solar and biomass are still the largest resources, but by
2000, wind and geothermal electric could play large
roles in the electric supply picture. Table 1 shows no
contribution from solar photovoltaics.

Table 2 shows task force estimates of resources to be
used for thermal energy. These estimates will primarily
displace oil or natural gas, except that geothermal direct
uses do displace some electrical space heating. To put
these figures into perspective, it's helpful to know that

55



Oregon'’s 1980 energy requirements for all uses except
transportation totalled about 350 trillion Btu.

Table 2: Theoretical Development Schedule for
Renewable Resource Thermal Energy

Trillion BTU per year

Thermal Power 1985 1990 2000

Conservation/
Solar 20 40 80
Geothermal 6 33 46
Biomass 51 77 77
TOTAL 77 149 203

The next major question is, “"Will these resources be
cost competitive with coal?”

The task forces identified a likely range of costs for
each of the resources, a low estimate and a high
estimate. With the exception of some conservation
options, most of the resources were not less expensive
than a conventional coal plant, but most of them were not
more expensive either.

The right side and bottom of Table 3 is resources more
expensive than a 530 MW coal plant which would come
on line today at 42.1 mills/kWh. Photovoltaics and large
and small wind systems are in this category and are
estimated to cost 57 mills per kWh or greater. The
resources in the center may be more expensive or less
expensive than the coal reference. The resources in the
upper left are less expensive than coal. The Commission
report goes into much more detail on the actual costs and
assumptions they used to derive them. The result is that
if the actual costs are at the high end of the range, the
resources have the potential to cost-effectively provide
75% of projected energy demand between 1980 and
2000. If the low cost estimates are assumed, 100% of the
demand can be met cost-effectively by renewables.

Now let's turn to questions of resource assessment.
How is development of these resources constrained by
lack of resource data?

Hydro sites have been extensively inventoried and
work continues by the Army Corps and others to identify

the best potential sites. Development constraints are not
in identification of potential sites, so much as in planning
projects which will have minimal environmental impz
or where environmental impacts can be successfully
mitigated.

The resources identified in the Solar/Conservation
Task Force have also been identified by other reports.
Deciding who benefits from conservation and how the
beneficiaries can share the costs appears to be the major
constraint.

That leaves three resources where resource data play
a major role. Lack of sufficient information is seen as a
particular constraint for wind, geothermal and biomass
resources.

Studies done by Bonneville Power Administration,
Oregon State University and Battelle PNW Labs have
measured the wind resource at over 70 sites in Oregon.
Several prime potential wind farm sites have been
identified and measured. There are enouygh data at these
several locations to assure a minimal financial risk for
private developers to begin the long-term wind
monitoring necessary to site a wind farm. However, the
Wind Task Force and the Commission recommended that
government should continue to assess wind resources.
Although there may be enough data for private or utility
developers at a few sites, many sites where wind
potential may be great could be ignored unless more
complete assessments are developed for them. The
Commission has recommended that the State fund
continues assessments of wind resources. They have
also recommended a new State tax credit for wind
measuring equipment. The credit would be available for
residential or business investors. The data generated
would be accumulated by the State for public use.

The Biomass Task Force did not recommend new
State-sponsored resource assessment. Data on wood
volumes exist through several sources in quite a great
deal of detail. The Biomass Task Force report contains a
new estimate of forest residues prepared by Oregon
Department of Forestry. Also, the PNW Forest and Range
Experiment Station is currently engaged in a major
forest residue assessment in Washington, Oregon and
Idaho. Private parties are doing feasibility studies in-
cluding fuel supply assessments at many sites. The task
force and the Commission recommended instead that

Table 3: Costs for Conservation/Renewable Options

9.8 mills/kWh 37 mills/kWh

28 mills Coal Reference 68 mills

57 mills/kWh

Industrial Heat Recovery
Industrial Efficiency Improvements
Commercial Conservation
Residential Weatherization

Existing hydro Micro-hydro

v
42.1 mills
Residential Efficiency Improvements
Geothermal Electric
Biomass Congeneration

Photovoltaics
Wind Systems
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the State compile the result of private and publicly
funded assessments and make the resource data availa-

: to the public.

There are uncertainties about the availability of
biomass fuels, but those uncertainties are primarily the
result of the fuel being tied to the forest products
industry, which oscillates widely around the economy
and housing starts. Several utilities are successfully
negotiating for wood fuel-fired power plants but their
ability to do so hasn't depended on government-supplied
information.

Geothermal is our most uncertain resource. Estimates
of its potential for electrical generation in Oregon vary
from O to 7560 MW by the year 2000, the latter is the
recent theoretical estimate from BPA. Although no test
well has yet confirmed geothermal temperatures high
enough for electrical generation, some experts believe
Oregon has good potential for high temperature re-
sources. Resource assessment for geothermal is very
costly because well drilling is expensive; and private
developers are often reluctant to assume the financial
risks inherent in resource exploration and drilling prog-

rams. The Geothermal Task Force and the Commission
recommended that Oregon’s Department of Geology and
Mineral Industries (DOGAMI), be funded to drill test
wells, which will confirm the resource in the most
promising areas. Seven private companies are also
prospecting for electric quality resources in the State.

To conclude, if Commission recommendations are
funded by the Legislature, the State will be gathering
new resource information on wind and geothermal to
reduce the financial risk borne by private or utility
developers of those resources. It will also be compiling
data as it is available for biomass resources. However,
there isn't any reason for you to wait. We believe that
there are already sufficient data for the utilities to begin
work on developing at least 730 MW of renewable
resources and conservation which could be on line by
1985.

The Commission and Task Force reports are available
from the Oregon Department of Energy. [

(The text of Mr. Luboff's speech was not available at the
time the Proceedings were published. You may contact
him directly for information regarding it.)

Jay Luboff

State Solar Officer

Western SUN— Washington

c/o University of Washington FS-15
Seattle, WA 98195

(206) 543-1249

Jay Luboff is the Washington state coordinator for Western

SUN. He has been involved in renewable resource assess-
ment activities in Washinton since 1977, when he worked with the
Solar Planning Office-West in developing the “Washington State
Solar Plan” Subsequently, he worked on a project to assess the
potential for direct solar and conservation technologies in the state’s
residential, commercial, agricultural, and industrial sectors. He is
presently working with the Washington State Solar Advisory Group's
Economics Subcommittee on a study comparing the cost of energy
produced by conventional means to the produced by conservation
and renewable technologies for the residential sector.
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Montana’s Renewable Energy
Resources Assessment and
Implementation Plan

1. Introduction

Renewable energy development is being encouraged by
the Energy Division of the Montana Department of
Natural Resources and Conservation (DNRC). State laws
have been passed to encourage energy conservation and
renewable energy utilization. These include income tax
credit for renewable energy systems, ten year renewable
energy system property tax exemptions, tax deductions
for extra thermal insulation expenses, authorization of
solar easements, and reduced tax rates on gasohol fuels.
These laws help implement a state policy of encouraging
non-renewable energy conservation. Since government
policy represents deviation from free market economics,
there is always a danger of causing unforeseen damage
tothe economy. (This is not to say that free markets don't
injure the economy from time to time). To minimize this
danger while encouraging renewable energy use, DNRC
has initiated a Renewable Energy Viability (REV) proj-
ect.!

Objectives of the REV project include assembling
technical information relevant to Montana; assessing
opportunities in terms of economic, environmental, and
social effects; and identifying the most appropriate state
energy policy. Temporal focus will be from the present to
the end of the century. The project is to consist of several
elements including a resource assessment, technology
analysis, impact analysis, and a supply/demand
analysis. Federal and state grants are being sought to
fund the project. The purpose of this paper is to report
the proposed procedure for the resource assessment and
to discuss its function in the REV project.

II. Resource Assessment

Energy resources like coal, oil and natural gas may not
be strictly non-renewable; nature is probably producing
them at its own pace. That pace is so slow, however, that
we're using up those resources faster than they are
being produced. A resource is considered "non-
renewable” whenever it is used faster than nature
makes it available. Solar energy is renewable, because it
is replaced every day the sun shines. Wind energy is
simply solar energy converted to a kinetic energy form.
Hydropower resources are replaced on an annual basis if
properly managed. Since a forest can be replaced in a
few decades, wood can be managed as a renewable
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resource. Geothermal energy is not strictly renewable (it
originates from radioactive decay), but we don't appear
likely to come close to causing a global impact on this
vast heat reservoir. Thus, geothermal energy is taken as
renewable.

Non-renewable resources are being assessed by
DNRC. Only renewable resources will be assessed in the
REV project. In the following, the term “resource” will
mean“renewable energy resource.’ Resources to be
studied are classified as solar, wind, hydro, geothermal,
and biomass. The objectives of the project are:

1) to gather pertinent existing information on re-
sources in the state. This will include specification of key
parameters necessary to characterize each resource and
an estimation of the data accuracy;

2) to identify important gaps in the information, fill the
gaps and recommend procedures for data improvement
where necessary;

3) to put the information in a form suitable for defining
spatial and temporal resource distribution; and

4) to distribute the information to DNRC, other
interested government agencies, REV personnel and the
general public.

III. Methodology

Much of the necessary data have been obtained by
private, government and academic researchers. These
data will be gathered and put in a form useful to the REV
project. There are no plans for physical measurements in
this project.

A. Solar Energy

Until recently, there have been only three reliable solar
monitoring stations in Montana: Glasgow, Great Falls
and Summit. Data from these stations are available
through the National Oceanic and Atmospheric Ad-
ministration. Monitoring programs have been initiated




at two other sites. These are Butte (by the National
Center for Appropriate Technology) and Bozeman (by
* 3 Montana State University Engineering Experiment

ition). These five locations contribute sparse data for
such a large state. Recently, estimates of solar radiation
have been made using cloud cover data.? Cloud cover is
an hourly estimate made by a trained observer. Cloud
cover data are available from several airports. It is
proposed that cloud cover data be used to estimate solar
radiation. These estimates will be compared with actual
radiation data to validate and/or help refine the estima-
tion procedure. Then cloud cover data throughout the
state will be translated to solar data.

B. Wind Energy

Western Montana is characterized by low wind speeds
while eastern Montana is characterized by moderate
speeds. In between, on the east slope of the Rocky
Mountains, is a high speed zone. This zone will receive
the most detailed attention starting from the work of
Reed.? He lists monthly ranges (percent time wind speed
is in each specified range) for fourteen locations in
Montana. There are large variations in average wind
power over short distances. For example, wind power at
Great Falls International Airport exceeds wind power at
Malmstrom Air Force Base (ten miles away) by 80
percent. Effects of geomorphic characteristics on local
wind speed have been reported.* Methods reported by
Marwitz and Marrs® will be used in the REV project to
predict locations of intense and reliable wind power.
Predictions for the Livingston, Montana area will be
compared with Brelsford's® detailed wind power study
of that area to validate and/or refine the prediction
procedure.

C. Hydropower

Little needs to be done beyond collecting information
from the U.S. Geological Survey, Corps of Engineers,
Montana Power Company, and Montana DNRC. The
emphasis of this study will be directed toward extant
dams that could be retrofitted for electric power genera-
tion.

D. Geothermal

A project to explore the hot dry rock potential near
Marysville involved a 7000 foot test hole. The project
was abandoned when temperature at that depth turned
out to be only about 100°C. To justify the expense of more
test holes, an exceptional geothermal anomaly would be
required. Such an anomaly does not appear to exist.” The
REV task, therefore, will focus on wet stream and liquid
sources. None of these appears to be suitable for
electrical power generation, but many could be used for
space or process heat. Geothermal energy data are
available through the Montana Bureau of Mines, DNRC,
and U.S. Geological Survey and there appears to be

’000 acres of Federal land in the state that is geother-

ally valuable.? Future data could become available

with a change in oil lease agreements. The change would

require test holes to be logged for flow rates and
temperatures.’

E. Biomass

Animal and human wastes can produce pipeline
quality methane gas. Methane extraction might best be
performed in large scale plants, so the geographical
distribution of this resource is important. Large cattle
and hog feedlots will be located and characterized.
There are about 150 of these.? Those feedlots appear to
represent a methane resource for 22,000 MCF per day.

Combustible trash is generated in Montana at a rate of
nearly 400,000 tons per year.’® This resource, at 4000
Btu per pound, is equivalent to 47 million barrels of oil.
The geographical distribution of this resource should
automatically match the geographical distribution of
energy demand.

E Wood

There are over 20 million acres of forest in Montana.
Wood waste from logging, known as slash, is produced at
arate of 13 million tons per year.'! The energy content of
that combustible material is equivalent to over 30 million
barrels of oil. The annual production of dead timber by
nature will also be estimated from U.S. Forest Service
data. Sawdust and wood chip production will also be
estimated from mill industry data. The possibility of
managing selected forest areas as wood fuel “farms”
will be explored. The task of assessing environmental
impacts from increased wood burning is not part of the
resource assessment, but is part of the total REV project.

IV. Discussion of REV Project

Resource assessment, technology analysis, and sup-
ply/demand analysis will combine to form the technical
core of the REV project. The objectives of the technology
assessment task are to define non-renewable energy
conservation technologies, characterize their unit
energy savings, and estimate their initial and operating
costs. This information, together with the resource
assessment, will fuel a supply/demand analysis. The
demand side of this analysis will focus on end uses. The
supply/demand analysis will not be used just to attempt
to predict the future. Rather, it will be used to compare
the economic and social effects of various government
energy policy scenarios. Scenarios to be compared
include the following:

1. no government policy incentives for
conservation or renewable energy
use;

2. government energy policies to en-
courage only cost-effective conser-
vation and renewable energy use
strategies; and

3. government energy policies to
maximize the fraction of energy use
supplied by renewable resources.
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Other tasks in the REV project include Public Input,
Public Information Dissemination, Impact Analysis, and
a Transition Analysis. These tasks are included to help
avoid damage to the human environment that could
result from policies based on the purely technical tasks
discussed above. Part of the transition analysis includes
a model energy communities program. This program
will assist competitively selected communities in in-
stituting local policy to conserve energy. The program
has the added advantage of providing a real-life
“laboratory” for all personnel in the REV project to
discover the actual impact of the fruits of their labors. It
is hoped that the REV project can be adequately funded
and that those fruits will be largely nutritious. i
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Summary:
Idaho’s Activity in Renewables

Idaho’s activity conforms closely with what one would
expect, given the nature of the State and its people and
the nature of the renewable resources themselves.
Activity underway is very decentralized, often of a
do-it-yourself character, and subject to alternating cycles
of keen interest and boredom. Not surprisingly these
cycles tend to coincide with the degree of uncertainty as
to foreign fuel sources and the current visibility level of
federal subsidies for renewables. Must activity now
underway in Idaho has been taken without reference to
these cycles by small operators who know a good thing
when they see one and are willing to go out and make it
work on their own, without waiting for subsidies and
technical assistance.

Basic resource data and much specific resource as-
sessment has been carried out for all forms of renewable
energy. Predictions of actual resource potential are
admittedly shaky but feel they do indicate an order of
magnitude which offers really significant replacement of
non-renewable energy. (See Figures 1 and 2 for an
example)

The most significant questions for development of
renewable energy sources in Idaho concern institutional
matters like the stance of the federal government, the
regulators, and the financial community. As it appears to
me many of these renewables are economically viable
now; the rest may soon be with current growth rates of
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conventional fuel costs. If the resources are there, and
they are economically feasible now, why so little (com-
pared to what could be) progress?

Many developers, especially the larger ones who often
appear least in need of outside help, seem to be in &
holding pattern, waiting for new funds from the fede
money tree before committing resources to renewable



Figure 1: Idaho Direct Use Potential

Site Geothermal Energy Usage (Btu's per year) Source
1980 1990 2000

Weiser 2.1024x10" 8.4096x10" IOE estimate 1979—284°F, 1000GPM
Grandview .7x10” 2.1x10" IOE estimate 1980—170°F, 500GPM
Magic 2.19x10" 4.38x10" IOE estimate 1980—284°F, 500GPM
Hailey 3.67x10" 3.57x10" IOE estimate 1979—176°F, 2200GPM
Stanley .657x10" .657x10” 10E estimate 1979—167°E, 500GPM
Fairfield 1.25x10" 6.0x10" 10E estimate 1979—212°E 500GPM
Butte City .42x10" .84x10" JOE estimate 1979— 170°E 300GPM
Rexburg 1.30x10" 2.60x10" Rexburg PON estimate 1979
Idaho State Complex: IOE estimate based on actual

Capitol Mall .7848x10" .7848x10” fuel bills— 1978

Ag-Health .11x10” .20x10" .20x10" Actual fuel bills—1979

Ind. Admin. .1035x10" .1035x10" CH?M Hill estimate— 1979
Boise Boise Geothermal Energy Systems

Geothermal 13.1x10" 17.5x10” Plan estimate— 1979

TOTALS .11x10” 26.377x10" 47.149x10”

energy projects. These developers could go ahead, but
prefer to wait in hope that federal moneys may be used to
reduce risk and make potential projects more profitable
than they now are. Financial institutions especially in the
current recession, are even more cautious than normal in
lending money or credence to other than conventional
projects. Workshops and other information dissemina-
tion aimed at the financial community seems to have had
little impact so far.

At the state level the Idaho Office of Energy has done
much to provide information of different levels of detail
to different groups of decision makers who might
consider use of renewables. But the most positive sign of
commitment of renewables, couples with the power to
back it up, comes from the Idaho Public Utilities Com-
mission. PURPA hearings started in December of last
year were designed to consider very broadly all renewa-
bles in an attempt to “do all in our power as a regulatory
agency to remove institutional barriers and encourage
development of cogeneration and alternative energy
sources.” Preliminary findings issued in April are “that
these resources can make a significant contribution
toward meeting the energy demands of Idaho.”

Technically feasible and economically profitable proj-

ts based on renewable energy sources abound in

daho, yet very few of them get carried through to
completed facilities. I am impatient with the slow pace of

Figure 2: Idaho Electricity Generation Potential

Source: Geothermal Energy-in Idaho Site Data Base &
Development Status, O.L. T, Klamath Falls, July 1980

Geothermal Energy On Line (MW)

SITE 1980 1990 2000
Battle Creek 50
Big Creek 50
Biackfoot 50
Bonneville — — —
Crane Creek 100
Cove Creek 50
Indian Creek 50
Magic 50
Raft River 5 55 100
Roystone 50
Vulcan 50
White Licks 50
Weiser 50

TOTALS 5 305 450
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renewables. Market demonstration projects of inter-
mediate size represent the only way to quicken the

pace. [I

Regional Overview —
Resource Assessment

In addition to the resource assessment efforts being
conducted at the State level, regional resource assess-
ments are important. for regional power planning, sup-
porting and complementing State efforts, and providing
a common data base for comparatively analyzing re-
source alternatives, including their costs and their
impacts. The focus of this talk is on the regional
assessments for near-term alternatives that can make
some contribution during the 1980s in meeting electrical
energy needs through the production of electricity or
displacement of electrical demands. Technologies dis-
cussed are solar, biomass, small hydro, geothermal, and
wind. Examples of regional studies currently being
performed include inventories of (1) potential hydro
projects by the U.S. Army Corps of Engineers, Water
Resources Research Institute, and the Water and Power
Resources Service; (2) solar technologies by the Solar
Energy Research Institute; (3) direct-use renewables, a
joint effort by Pacific Northwest Utilities Conference
Committee, Washington Water Power, and Bonneville;
and (4) geothermal resources by the U.S. Geological
Survey.

The goal of Bonneville's resource assessments is to
compile results of assessment activities performed by
others and to prepare estimates of energy costs and
benefits, technical feasibility, operating characteristics,
fuel availability, and environmental impacts for each
near-term technology. The potentials are being expres-
sed both in terms of maximum or theoretical potential by
the year 2000 and as practical or achievable potential
considering economic, environmental, and institutional
factors. Bonneville activities this past year include
continuation and expansion of efforts to measure wind
and solar resources at several sites in the region;
developing processes, models and data inputs for in-
cluding renewables in system planning; assessing the
capability of the existing power system to integrate and
provide backup for renewable resources; and participa-
tion in pilot projects which demonstrate renewable
resource technologies.

At Bonneville, resource assessment efforts are being
carried out by two separate groups. One group is
assessing the electric energy contribution from the
larger-scale, utility-type projects such as cogeneration,
wood-fired plants, small hydro, large wind turbines, and
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geotherinal electric plants. Another group is analyzing
the potential for reducing electric energy requirements
through conservation measures and the direct use of
renewable resources, including active and passive solar
systems, small wind machines, and geothermal district
heating.

Following is a brief progress report summarizing
regional assessment activities. Much of what T will
report to you is based on preliminary findings. A great
deal of additional work is necessary to determine the
contribution renewable resources might make in meet-
ing the region’s energy needs.

Solar Energy

Today in the Pacific Northwest, there are numerous
examples of direct-use applications of solar energy,
especially residential space and water heating projects.
However, these operating systems are only making a
minor contribution to reducing regional electric energy
requirements. Bonneville is systematically appraising
the potential for reduction of regional energy require
ments which can be achieved through widespread
application of direct-use solar technologies. The recently




compiled end-use data base for the residential sector
(that was reported on this morning) is being used for this
—-1rpose.

The biggest task in this effort is first to isolate the
amount of potential contribution from solar technologies
which are included in the forecast of electric demand.
This is an important step to solve the double counting
errors prevalent in many estimates of potential (par-
ticularly for weatherization). Next, an analysis is per-
formed for each sector (residential, commercial, indust-
rial, and agricultural) for each appropriate solar technol-
ogy-

In the residential sector, residential water heating and
residential space heating is expected to be the largest
contributor. Solar industrial process heat technologies
are not expected to reduce electric loads in the industrial
sector.

If DOE’s goals are realized in the photovoltaic pro-
gram, solar irrigation is expected to be cost-effective by
the mid-1980s. Photovoltaics may also have significant
potential in the residential sector, particularly if the
waste heat is used for space and water heating.

Biomass

Bonneville’s efforts to assess biomass potential have
focused on applications which will likely add to the
electric generation supply. Potential fuel supplies in-
clude wood (forest and mill residues and energy farms),
agricultural residues, and municipal solid waste. Based
on a March 1980 report prepared by Bonneville, total
theoretical potential for electrical generation from forest
and mill residues is expected to be about 1,700 MW.
However, by the year 2000 this report assumes that due
to economics and other competing uses for wood fiber
only 25 percent can be considered as being practicably
harvested and used for electric generation. Energy
farms, on which biomass would be grown specifically for
energy production, are estimated to have a large
theoretical potential. However, how much could practic-
ably be developed is highly uncertain and needs further
investigation. Municipal solid waste could potentially
contribute additional generation in the region. Signific-
ant progress is being made in the Portland area on
proposals for municipal waste facilities which include
power production. However, development will be slow
until landfill disposal costs are higher and the cost of
energy increases. Also, the regulatory issues over land
fills and the scarcity of sites are making alternatives such
as waste burning more attractive. Agricultural residues
are not considered to contribute much to electrical
production in the region even if all are used for this
purpose.

Biomass utilization in the residential sector has also
been examined by Bonneville. This morning, Terry
gvelt reported on the survey conducted by Bonneville

d the Pacific Northwest Utilities Conference Commit-
tee to collect end-use data in the residential sector.

Results revealed a sharp increase in the use of wood for
home heating. It is expected that use of wood will
increase, but not as dramatically as it has over the past
few years.

Industrial Cogeneration

Biomass is also an important fuel for industrial
cogeneration. Eighty percent of the potential for cogen-
eration is in the forest products industry. To the extent
that cogeneration using wood fuel is developed, it will
decrease the fuel available for the wood-fired power
plants. Cogeneration applications are a more efficient
use of the wood energy and generally more cost effec-
tive. Rocket Research Company survey, dated January
1979, identifies the region’s potential for additional
industrial cogeneration as over 1,200 MW capacity. If
additional condensing cycle generation and other cogen-
eration cycles are considered, this technical potential
might increase by 15 percent to about 1,400 MW
capacity. There are many factors influencing the full
development of cogeneration including economics,
financing, fuel supply, regulations, and rates. Taking
these factors into account, about half the technical
potential could be achieved by the year 2000.

Small Hydro

The potential for small hydro development in the
region is the focus of several investigations underway
right now. The National Hydroelectric Study, done by the
Corps of Engineers, provides a start at examining the
potential at new and existing hydro sites. Since that
study began, howecver, new information on sites has
been acquired which has not yet been completely
assimulated into their study results. Preliminary results
published in July 1980, indicate that small hydro in the
range of .05 to 256 MW could add 310 MW average energy
to the region’s resource base from 107 sites at existing
dams, and 1,800 MW average energy from 195 unde-
veloped sites. This inventory represents the theoretical
potential for development. Detailed investigations of
these sites will be necessary to determine which are
practicably developable especially with respect to
economic and environmental feasibility.

The Water and Power Resources Service, in their July
1980 report titled “Small Hydroelectric Development at
Existing Facilities,” has identified 37 sites as economi-
cally feasible with no significant environmental and
social impacts. Eleven of these sites are in Oregon,
Washington, and Idaho with a projected total capacity of
over 60 MW.

As a part of a 2-year regional project conducted by the
State Water Resources Research Institutes, published in
September 1979, 67 sites were identified on irrigation
canals with varying flow durations. Examples are Sum-
mer Falls which has a theoretical capacity of 87 MW and
Dry Fall Dam, 18 MW. Many irrigation districts are
considering projects to generate power.
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A good indication of the region’s interest in hydro
development is the status of projects undergoing FERC
licensing. As of June 30, 1980, four licenses for small
hydro projects were issued, totaling 45 MW. Another
four applications totaling 33 MW are pending. The
number of preliminary permits issued for investigations
are also encouraging. Twelve have been issued repre-
senting 10 MW while another 10 permits are pending
totaling 89 MW.

Another plus for encouraging development at existing
dam sites are the loans for feasibility studies available
through the Department of Energy. The capital cost risk
of investigating a site is removed since the loan is
forgiven for sites found not feasible.

Development of hydro resources will depend on State
and local interest in projects, further investigations of
feasibility, and the impacts of project on fish and wildlife.

Geothermal

Through a contract with the Geo-Heat Utilization Center
at the Oregon Institute of Technology (OIT), Bonneville
is examining geothermal energy potential for direct heat
utilization and electric generation. Based on the infor-
mation on OIT's draft report, it is estimated that the
direct use of geothermal resources could displace ap-
proximately 530 MW of the electric load and that about
230 MW would likely be developed by the year 2000
based on population growth, local interest, legal, in-
stitutional, and environmental constraints, and retrofit
and new development costs. The use of geothermal
energy for residential space and water heating will be
the most technically feasible use of the resource by the
year 2000 and has the largest potential for development.
In OIT's final report, several pilot projects will be
recommended that would be appropriate to demonstrate
end-use geothermal technology.

The potential for geothermal electric development has
not been determined. Based on U.S. Geological Survey
Circular 790, 3,232 MW of electrical capacity is techni-
cally possible. This projection may be low since recent
exploration has identified additional reservoirs with
temperatures about 150°C. On the other hand, this
estimate may prove high if the Raft River demonstration
project shows the binary system to be uneconomical at
these temperatures. Bonneville has not estimated how
much geothermal energy can practically be developed
considering economic, environmental, and institutional
factors.

Wind

Bonneville has completed its assessment of large-
scale wind power potential. The assessment is based
largely on wind data collected by Oregon State Univer-
sity (OSU) for Bonneville. Resource estimates will con-
tinue to be refined as more data from more sites are
acquired. Bonneville has also issued a companion report
on the first phase of a study to describe the effects of
integrating large amounts of wind energy into the
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existing power system.

The maximum technical potential for the wind re-
source is not known due to a lack of basic wind data an<
to a fluctuating range of variables which define the
potential. However, based on limited site data, OSU has
postulated a wind network on the order of 3,000 MW
capacity. Since this network would utilize only six of the
prime potential sites in the Pacific Northwest, it can be
assumed that the maximum technical potential of wind
power is well above 3,000 MW. The practical potential of
the resource depends on many factors and has not yet
been estimated by Bonneville. Experience with the
MOD-2 demonstration facilities and the continued wind
monitoring programs will help refine these estimates.
Also, preliminary investigations which place the burden
of integration entirely on the Federal hydro system
suggest that 25 percent of the gross energy produced by
a windfarm network may not be available due to
operating difficulties (particularly scheduling) encoun-
tered because of the intermittent nature of the wind
resource.

Based on these studies, it is recommended that:

1. Wind data collection and monitoring programs be
continued and expanded in order to assess candi-
date sites for large wind turbines. It takes 3-5 years
of monitoring to prove these sites as having prime
wind potential. As the wind machines become
commercially available, it will be important to have
alarge inventory of promising sites to choose from,
especially since some won't make the selection
process because of environmental and land use
considerations.

2. Additional work needs to be carried out to investi-
gate problems with integrating wind energy and
other renewable resources with the existing power
system.

3. Siting procedures for renewable resources, similar
to those for the State of Oregon for its wind
resource, need to be developed in order to head off
potential conflicts when projects are proposed for
commercial development. Planning at all govern-
ment levels must also be taken into account.
Potential land use conflicts can preclude not only
wind resources projects, but other renewable
energy projects as well.

Small-scale wind systems are already commercially
available today. Systems of 10 kW or less can be
purchased and installed in two months. Although the
potential has not yet been determined accurately, we
estimate that the maximum regional potential is roughly
2 percent of the magnitude of the large-scale wind
projections. Bonneville is installing 12 small wind
machines at private residences and farms in Klickitat
County, Washington, to test the feasibility and cost
effectiveness of small wind generators. Experience
gained in this project will provide data on the cost-
effectiveness of wind-generated electricity. |



Overview for the Panel on
Technology Profile

The conference up to now has been devoted to the
esoterica of end-use data bases, the analysis of that data,
and resource assessment, all very necessary if we are to
fully comprehend and understand the many ramifica-
tions of alternative and renewable energy resources.
Lacking that full and complete understanding, our
collective efforts to further the use of the many forms of
alternative energy would be seriously impaired, if not
completely defeated. For that reason I commend to you
the ideas and information passed to you during the three
preceeding panel discussions.

Before we look at a technology profile of where we are
in the Northwest in some of the possible and existing
alternative energy forms, I would like Lo discuss with you
for a minute a question raised in another panel, quote,
“Is there really an energy crisis in the United States
today?” You heard that close analysis of our situation
today would indicate that maybe few if any crisis
situations really exist. You heard that any crisis situation
probably is one only of better distribution of existing
resources or simply putting to use any one of many other
forms of energy rather than those which have become in
short supply.

I wish to take issue with this thesis and point out to you
four crises which have and still do exist in our achieving a
more reliable, secure energy posture in the United
States.

Crisis No. 1—TIME: The amount of time required to
get new energy facilities on line has reached astronomi-
cal proportions; from 12 to 15 years for a new nuclear
power plant; from 8 to 10 years for a new refinery; from 5
to 10 years to open a new coal mine; from 5 to 6 years
simply to get a new pipeline approved for construction,
let alone build it; from 10 to 20 years to develop the
technology required to use solar capability to any
meaningful extent; all these are examples of why time is
so critical.

Crisis No. 2—PRICE: Increases in the cost of energy
which now, in many sections of the country result in the
cost of energy exceeding the cost of mortgage payments
for homeowners; a 40 percent increase in the cost of
natural gas in the Northwest; a quadrupling of the cost of

esel oil for ferry operations; increases in heating oil
wpiices to the point where low income and elderly in many
instances have to choose between heat and food; the
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ever-increasing costs of building new energy develop-
ment activities, from nuclear power plants to thermal
windows designed to save energy. All these and many
more examples of the impact of increasing costs of
energy are before us every day.

Crisis No. 3— CAPITAL: Since the Arab Embargo of
1973 and the quadrupling of crude oil prices following
that action, following in 1979 by another doubling of
prices, there has been the greatest movement of capital
out of the industrialized nations of the world that the
world has ever seen. This transfer of capital has created
deficit or adverse balance of payment conditions which
fuel the fires of inflation, created stagnation in the
availability of capital for expansion of the industrial
base, and sharply restricted the ability of countries still
developing to improve their standard of living. Only a
drastic reduction in the demand for foreign crude oil can
assist in solving this problem.

Crisis No. 4—SECURITY: With nearly 50 percent of
the crude oil required by the United States now being
imported, we must look seriously to where those imports
originate. Currently most of them come from the Persian
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Gulf, an area of tremendous uncertainty and volatility.
The current war there is an all too convincing indication
of how insecure that source of supply can be. We are
attempting to reduce that reliance on Persian Gulf crude
but this is a slow and tedious process.

How does all of this affect our deliberations on the use
of alternate energy forms? It simply re-emphasizes the
urgency of the situation we find ourselves in and dictates
that we do everything possible to speed the availability
of alternate forms which will permit a further reduction
in the demand for conventional energy sources such as
oil and natural gas.

Here in the Northwest we have been making progress
in adopting alternate energy forms and that is what we

want to discuss with you now. We will present material
on the state-of-the-art as we see it, where we are, and
where we think we will be able to go. Ourtime is limited
but we have five experts with us who will discuss in
order Solid Fuel and Biomass, Cogeneration, Wind-
Solar-Photovoltaics, Small-scale Hydro, and lastly,
Geothermal. You must realize that these presentations
are going to be pretty sketchy so we urge you to follow
them up with reading from the mass of material now
available on any of the subjects. Thank you. [

Active Biomass/Solid Fuel
Projects

For too long we have become too dependent upon oil and
petroleum products. Qil flows, it can be turned off—or
down—and easily controlled, stored and transported. In
short, we have become enslaved by its convenience.
Now we seek among all alternatives, of which Biomass is
in a minor role considering the enormous demand of,
particularly, portable liquid fuels.

Here in the Northwest we hear too often that
Biomass— Renewable Resources— Forest Wastes—
Agricultural Residues—is the obvious answer to our
increasing energy requirements with the attendant
decrease in oil and power supplies and increasing costs.
The ease with which the statement is made and repeated
makes the answer seem easy.

Firstlet us look at our Biomass resources, Figure 1, and
the current costs of these tuels as compared with other
fuels, Figure 2. Oregon’s 10 million tons of all residues
represent—on paper— 700,000,000 total gallons of oil.
In fact, the figure is 350,000,000 gallons of recoverable
residues or one-third of our State’s yearly use of oil
products.

Field or Agricultural Residues

We also can—at least figuratively—retrieve 500,000
tons of straw (field residues) from grass seed and small
grain croplands of the Willamette Valley—which would
theoretically convert to the energy equivalent of 50
million gallons of oil.

Sawmill Residues

A residue more easily retrieved and used is mill
refuse. With forest trim and slash we have to go afteritin
the woods or at the landing, and pay the cost—
somehow—of gathering, sorting, bundling, hauling—
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and dealing with the dirt and rocks that come with it.
Some of this can be left to form the humus for the
renewable forest tree seedbeds. What is brought to the
landing—the loading area in or near the timber—may
be more realistically brought out of the woods to an
energy center at a reasonable cost. But mill refuse—
both sawmill, plywood and pulp mill waste—is already
at an energy center, and its cost has been paid by the
logs, lumber, boards and chips from which this is the
residual matter.

The waste is “hogged” by a hammermill or knife hog,
producing a uniform mix of rot, bark and trims. Increas-
ingly mills are using this hogged fuel to supply part of
their own energy—dry kilns, steam and even power.
There is no need to legislate when the material is at hand
and the economics all point to this waste utilization
within a mill or lumber factory. The cost of Hog Fuel (HF)
in Eugene, for example, is presently $23/Unit—or the
equivalent of $1.30/MM Btu. This is a recent rapid
increase due to its current utilization value from
$7.00/Unit of 40°/MM Btu two years ago.




Alcohol from Crops
Oregon uses 2 billion gallons of petroleum of which 1.2

" illion is gasoline. If we extend this by 10%, it would take

1 the crop, grain and straw from 1/3 of the arable lands
in the State to make the needed 120 million gallons of
alcohol—or 14,000 gal/hr for every hour in the year.
That is, presuming we had invested in the large scale
alcohol production process to satisfy that requirement.

Animal Residues

Biogas is the biological conversion, by microbes, of
animal manures. Biogas is 60% methane and 40%
carbondioxide, and contains 600 Btu/ft?— as compared
with methane at 1,000 Btu/ft? It is a process that has not"
yet found a home in Oregon and is impractical except
with confined herds of 200 cows or more. It also requires
nearby needs for gaseous fuels. Monroe, Washington
has to date one of the very few operating methane
systems, funded amply by the Federal Government as a
Demonstration. We were engaged to investigate the
potential for another large dairy, chicken and egg
farm—Dbut the capital required in the present state of
development is too great for an individual farm, and
their real need is for portable liquid fuels.

To produce the Biogas energy equivalent of 1 gallon of
gasoline per day it requires:

7 dairy cows
or 50 pigs
or 500 chickens—in your backyard.

We recently completed a series of combustion test
firings of dried cow manure, concluding that fluidized
bed combustion or pelletizing and then gasifying are the
only two ways to burn this material.

/
Multifuel Comb'inations

One of the most promising energy sources and at a
reasonable cost, is to concentrate on stationary—not
transportable— fuels such as steam heat, hot water, and
warm air. Mills use their wood waste in this manner.
Other industries with combustible wastes are taking
similar steps. Rather than one single fuel providing all
the energy there are circumnstances where one fuel can
be used to extend another, often with beneficial gains in
reduced emissions, increased capacity and stabilizing
combustion.

Quinault-Pacific Corporation in Shelton, Washington
happens to have an excess supply of fuel wood—not
good for chips, but easily hogged for fuel. Shelton
Correction Center is only 5 miles away, has 3 boilers
making steam and hot water for its “residents” or
inmates. The institution normally operates its boilers on
Washington coal, bought on State contract, but was
willing to experiment. The Department of Energy,
Region X, was enthusiastic about helping to finance a
demonstration. We provided the know-how. Wood and
coal burn well together—that is, one above the other.
The supply of coal is not only extended but the actual
combustion is improved, capacity is increased and
cleaner emissions result from the combination of the
fuels. No drying or densification is necessary, helping to
reduce processing and thus costs. This idea is not
new—the techniques had to be retrieved from the days
of less convenience than we presently know. The
economics are there if you have all the right cir-
cumstances. One of the factors contributing to the
economy of direct fuel use is that you avoid densification

~ of wood, which requires grinding and drying prior to

TERAS 1Tera=1trillion BTU's=1x10'2. 1000 Teras =1 Quad.)
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N Electricity BIOMASS
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Figure 1: Northwest Energy: Uses and Sources (Oregon/Washington/Idaho)
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- Figure 2: COMPARATIVE FUEL AND ENERGY VALUES WITH COSTS

AS DELIVERED
Cost per
% Moisture Nominal Conversion 1000 Lb. Steam
Wet Basis Heat Value Cost MM Btu/Ton $/MM Btu Efficiency {1 MM Btu)
Bru/Lb. $/Ton
SOLID FUELS
$10.00/Grn Ton )
Sawmill Residue* 50% 4,500  or $20.00/Unit 9.0 $ 1.11 65% $ 1.70
Logging Residues™ 50% 4,500 $30.00/Grn Ton .9.0 3.32 65% 5.10
RDF (Refuse Derived Fuel 30% 5,500 7.50/Ton 11.0 .68 65% 1.04
from MSW) :
Coal 10% 11,000 50.00/Ton 22.0 2.27 80% : 2.83
Pelleted Wood 15% 8,500 42.00/Ton 17.0 2.47 78% 3.17
Straw 15% 7,500 45.00/Ton 15.0 3.00 75% 4.00
- Cord Wood at 1 Ton 20% ) 6,700 100.00/Ton 13.4 7.46 70% 10.60
“Firelog” (w/wax) 10%. 15,000 $430.00/Ton 30.0 $14.30 . 80% $17.85
NATURAL GAS  $/Therm
1,0/00
. Btu/CF
Industrial or $ 42 — $ 4.20 83% $ 5.06
100,000
Residential’ Btu/Th .52 — 5.20 83% 6.26
Btu/Gal. $/Gal.
“PORTABLE” FUELS
OIL .
Industrial Bunker C 150,000 $ .60 35.0 $ 4.00 80% . $ 5.00
PS-300 145,000 $ .80 35.0 5.51 80%  6.88
.Residential Heating 140,000 1.00 — 7.14 80% 8.90
Diesel Transportation 140,000 1.00 — 7.14 80% 8.90
Propane 91,500 .80 43.0 9.83 83% 11.84
Gasoline 120,000 1.30 43.0 10.82 — —_—
Gashohol (15% Ethanol) 113,000 1.40 40.5 12.38 — —
Meth’fin(..)l 57,100 .80 17.0 14.04 — —
Ethanol - 77,000 1.75 23.0 22.72 — —
L : Btu/kWh . $/kWh
ELECTRIC ENERGY (PNW Area) i ,
Electricity-Industrial + 3,400 $ .03 $ 8.82 .
Residential _ 3,400 .05 1470
Flashlight Battery** $100.00 $30,000.00

* 1 Unit of Green Wood Residue = approx. 4,000 Lb., or approx. 2,000 Lb. B.D. (Bone Dry)
+ 10 Lb. Steam (10,000 Btu) produces 1 kW
** Courtesy Battelle PNW LABORATORIES.
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Figure 3: Schematic of Boiler Installation, Shelton Correction Facility, Shelton Washington (5-1-80)
Thomas R. Miles, Consulting Design Engineers, Portland, Oregon

pelletizing. '

Figure 3 illustrates the existing boiler installation with
the simple addition of pneumatically fired wood fuels,
providing individually variable firing rates.

Whenever you look at a residue—the minute you have
to do something to it to use it—it costs money, increases
its own value, and thus of course it ceases to be aresidue.
The key is to derive the highest energy or heat (Btu)

value at the least cost or, in other words, with the least
amount of processing. By simply hogging and separately
introducing the hogged wood into the combustion area
above the burning coal bed, the high volatile wood burns
and reignites the coal gases that are rising. So, you get
more complete combustion, greater capacity and lower
emissions. Another advantage of burning a wood/coal

combination is the non-clinkering, friable ash resulting.
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Fuel Co;t As Fired, $/Ton
60 - . .
Note: A differencelin cost 8.4 # Steamn |:
of $0.25/1000 # Steam is /
equivalent t¢ $36,000/year. > 6.4 # Steam
50
/ R 5.6 # Steam
. bdy A
40 . QO\
Coal —4 /\”‘ d / 4.5 # Steam
o
Wood Pellet / 4.0 # Steam
%0 7 /
50% Wood : _ ,y/‘//’ /
(] el /’
20 67% Wood — ——2-3# Steanr |
78% Wood —= ——
10— Wood o= " # Steam/
/ # Mixed Fuel
0 ] | ] | ] | Y lv | | ] | ] ] ] ]
1.00 1.50 2.00 - 23 3.00 3.50 4.00
$/1000 # Steam

Figure 4: Fuel Alternatives and Costs at Shelton

Figure 4 tabulates our calculations of burning coal and
wood mixtures and the pounds of steam produced from
the mixed fuels. Test data substantiated these figures.
Note the increased cost of pelletized wood. '

People or Urban Residues

You cannot always arrange such optimum cir-
cumstances as the wood/coal combination firing. How-
ever, in general, where you need stationary heat you also
have people, and people make waste—at the rate of 5 to
7 pounds per person per day. Presorted, picked and
processed, the combustible fraction is known as Refuse
Derived Fuel (RDF). At the University of Oregon hog
fuel has produced steam and electricity for 30 years.
Eugene’s sawmills are now reducing production as.well
as using their own mill wastes as heat sources. The
University generates waste term papers, and Lane
County has a workable—if not presently working—
recovery plant. We are making plans in the very near
future for RDF combustion at the U of O Boiler Plant.

By improving the Resource Recovery Plant to produce
alow-ash RDF which we then cube to facilitate handling
and prevent carry-over, the recovered RDF .will be fired
approximately 50-50 with hog fuel—again COMBINA-
TIONS OF FUELS. : ‘

70

Residues in Our Future

In a quick scan of current and coming uses we now
have a good working agricultural residue furnace that
can provide heat from grain, hops and other agricultural
drying using as fuel the agricultural dry wastes such as
straws, stems, prunings and vines.

The Concentric Vortex Furnace concept was first
introduced in 1974 as an experimental field burning
machine, and we have developed it further, since 1976,
in stationary combustion trials. We designed one furnace
for Iowa State University to burn corn-stover to dry corn,
subsequently improved on that design and furnished
them our revisions, which they have built and operated
in the Agricultural Engineering Department. ISU has
passed the designs along to a local agricultural man-
ufacturing company, which is marketing it there locally.

Here in Oregon, meanwhile, we have continued
developing the furnace for agricultural processing, and
in our prototype we have successfully burned various
materials in addition to straw bales and cornstalks, such
as hop vines, with minimum emissions and no odor. We
have tried barnyard manure that is dirt laden and
recommend against its use in this furnace. We also ha
burned cotton gin waste, with the same negative

recommendation.




There are many opportunities for the small 5 million
Btu/Hr concentric vortex unit in agricultural processes

ch as crop drying, alcohol plants, and in small

lustries. We are about to fit it to a boiler for steam
production.

We have been retained to retrofit a cement plant in Fiji
with wood fuel locally available to replace up to 50% of
imported coal now being used, and which has become
very expensive. This is another COMBINATION FIRING
application. We are also looking at locally identifiable
residues for many other small industry installations. Not
the least of these is the ultimate goal to make the farm
energy self-sufficient with various combinations of fuels.

Conversion by Gasification

Gasification of biomass shows promise in directly
converting biomass into a useful gaseous fuel for
internal combustion engines to drive pumps and electric
generators. We have designed three operating feeders
for introducing biomass into gasifiers under pressure,
and are currently designing two more—one to operate

at 300 psi!
Precautions

There are certain fundamental concerns with most
biomass fuels that must be fully recognized in both the
design, fuel handling procedures and use:

1) Minimal turn-down in combustion rates.

2) Often seasonally produced, and usually requiring
storage as well as different handling systems. Wood
and RDF are at least year-round supplies as opposed
to seasonally occurring agricultural residues.

3) All biomass by its biological nature is subject to
biological destruction and must be protected from
weather.

4) Costis higher than you might think— each handling,
each processing increases the cost while it enhances
the value or conversion from a waste to a usable
material.

5) Most biomass residues must bear their own collec-
tion costs, etc. They are not "FREE"

6) All biomass fuels are dreadfully “inconvenient” to
use as compared with gas and oil.

VRV y Ve g
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Figure 5 [ Thomas R. Miles, Consulting Design Engineer
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Conclusions

Convenience of oil is a major difficulty to be overcome,
not only in respect to comparisons of cost and availability,
but also in terms of turn-down, flow, safety and ease of
use.

Suitability of the biomass fuel is important. For
example, biomass is best used as a stationary fuel to
produce heat, dry air and steam. It applies to farm
processes or to institutions better than to factories and to
homes. Suitability can be improved if a specific end use
justifies further processing, such as wood pellets for
domestic heating or for gasification. It is possible that
pellets may be useful to a small integrated community,
rather than for industries where other fibrous wastes
may be more appropriately directly fired.

It is important to do as little as possible to a residue
material in order to make it a fuel.

Combinations of fuels are often ignored, and probably
offer the best opportunitics to extend the use of coal, oil
or wood.

Safety is a major factor in dealing with any fuel.
Kerosene heaters are, for example, sold in Oregon but
their installation and use are violations of the building
code if they are unvented. Straws present a storage
hazard, both in fire safety and, if large stacks are stored,
they may tip and fall. Straw bales certainly provide safe
harbor for nesting rodents. Owls and hawks as well as

cats and skunks are, in this case, the farmer’s friends.

The cost of development of really good conversion
systems is sufficiently expensive, except in the case ~*
the small farm-use furnace system already develope
that biomass utilization will proceed most rapidly in the
hands of mature corporations already conversant with
fuel needs, handling and marketing. The return on
investment is too long-term, and/or cost is too high,
either for small entrepreneurs or for government to
support.

And of course we are still too willing to pay increasing
gas and oil costs to really seriously get at the develop-
ment of biomass systems.

Biomass must be developed slowly, with a lot of
inconvenience, a lot of dollars, a great deal of attention to
availability and suitability. It is not readily transported
any distance, and generally it does not make a transport
energy fuel. It is available in very small proportion to the
total energy resource need, but it can be used as one
small increment in the complex of all energy resources.

And finally, we will restate a favorite phrase: "Never
have so many had it so good, and for so long—and at so
little cost? i

Cogeneration

Cogeneration has been around for a long time in the
forest products industry. It was common practice years
ago for many lumber and paper mills to burn wood waste
products to produce steam and electricity for them-
selves. But the advent of cheap petroleum-based fuel
and hydroelectric power made cogeneration less attrac-
tive.

For cogeneration to be a profitable venture over time,
several special conditions must be met. There must be:

* A steady and continuous long-term need for steam and
electricity

A favorable heat balance (economic use for exhaust
steam)

A steady supply of low cost fuel

Physical space for equipment and safe fuel storage
Reasonable environmental requirements/regulations
*» Effluent

s Emissions/Dust

*» Noise

*» Vibration
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» Acceptable logistics (such as movement of vehicles
through community and on-site)

* Good contracts between parties involved (trust,
respect and commitment)

To understand how some of these conditions affect our
industry, the flow chart, Figure 1, shows how a typical
linerboard facility where wood chips are turned into rolls
of paper for making corrugated boxes and containers.

But as you can see from the flow chart, there are many
interactions in the process that must be taken into

Figure 1: Pulp and Paper-Making Process, “Unbleached Paper”

account if any one element is to be changed.

Itis interesting to note that we make more steam from
liquor burning than from hog fuel. One half the weight of
wood chip goes into pulp and the other half goes into
liquor burning. Our steam production is:

Liquor 39%
Hog Fuel 27%
Fossil Fuel 34%

100%
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Figure 3: COGENERATION SYSTEM:

Typical Pulp and Paper Mill System

energy
available
for power

Figure 2: Comparison of Energy Utilization in a Conventional Electric Power Plant and a Cogeneration Plant.
*From National Science Foundation, Energy Industrial Center Study, prepared by Dow Chemical et al, June 1975, Figure 34, p.103

Figure 2 shows the comparison of energy utilization in
a conventional electric power plant and a cogeneration
plant. Most utilities recover about 30% of the energy
content in their fuel for end-use compared to about 80%
recovery by an industrial cogeneration facility using
Lack pressurc generation. The electrical energy can be
produced for about 45 Btu/kW for the cogeneration plant
whereas it takes about 10,000 Btu/kW in a conventional
power plant.

Figure 3 shows how the heat energy is charged to the
process whereas Figure 4 shows how the waste heat
from a utility system goes to the atmosphere.

In our industry, cogeneration is an integral part of the
planning activity in any new facility or major modifica-
tion process. Planning means analyzing energy supply
and demand, and its impact on the profitability of the
process vver time. For example, in Figure 5 cogeneration
is a viable unit operation in the existing facility. However,
with the trend toward energy conservation, the future
configuration could reduce the total energy requirement
25-30%; and if the major reduction comes from conser-
vation of steam usage, then cogeneration may no longer
be viable.

One specific cogeneration operation worth menti
ing is that at Weyerhaeuser's Springfield, Oregon lir...
board plant. The large steam requirements of this plant
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BOILER
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made it a good candidate for cogeneration. A unique plan
was developed for the Weyerhaeuser plant to combine
rts with the local public utility to capture energy in
gh-pressure steam from boilers that would otherwise
be operated at lower pressure. The captured steam flows

Figure 5: Energy Supply & Demand — Linerboard Mill

GENERATOR

Figure 4: Cogeneration System— Industrial Back-Pressure Utility Condensing System

WOOD RESIDUALS BOILER LOSSES
SMELT & KILN
LIQUOR STEAM
SOLIDS TO
PROCESS
ELECTRIC POWER

through a turbine generator (owned by the public utility)
to produce electric energy. Then the steam returns at
lower pressure for process use by the plant.

The property is leased by EWEB. Weyerhaeuser owns
the boilers and accessories and EWEB owns the turbine
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generator and associated equipment. Figures 6 and 7, corporate styles and standards) to justify the venture.
show the steam generation before and after the joint The negotiations began late in 1974 and the plant
cogeneration effort with EWEB. A power sales agree- started up in the Fall of 19786.
ment was signed by EWEB and three cities in California: One interesting aspect of the negotiations involve:
Burbank, Glendale and Pasadena. contacting 17 private and public agencies and obtaining
The contract negotiations for the project took seven various contracts and documents from 13 different
months, until both parties were comfortable in the parties. The single most difficult hurdle was receiving
knowledge that there was sufficient present and long- approval from the EPA. Although we had State and
term benefit and cash flow (based on their different County approval, the EPA delayed our project by 4

RECOVERY
BOILER

(374,000 Ib/hr)

HOGGED-FUEL
BOILER

(400,000 Ib/hr)

RECOVERY
BOILER

(396,000 1b/hr)

Figure 6: BEFORE: Steam Generation Only

RECOVERY
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(374,000 1b/hr)

HOGGED-FUEL
BOILER

(100,000 1b/hr)

RECOVERY
BOILER
(396,000 Ib/hr)

Figure 7: AFTER: Cogeneration with EWEB




months. Our boiler was purchased for 400,000 lbs/hr at

875 psig, 825°F The EPA insisted in deaerating the

*-iler to 396,000 lbs/hr even though our stack was in
mpliance.

An operations committee has been established, com-
posed of two persons from each partner. It is responsible
for monitoring the project and making recommendations
on procedures, operations and maintenance. The com-
mitment to make it work on each side was strong and
was a vital component in the eventual success of the
project. The project received Power magazine's energy
conservation award in 1978.

There is much to be said for the present enthusiasm

over cogeneration, and especially for the creative ap-
proaches and mutual cooperation between energy users
and producers that we are currently witnessing. But
enthusiasm can be costly if misdirected or hastily
applied.

Only when the total system is examined can it provide
true benefits in cost and energy savings over time. In
those cases, both industry and society will reap the
rewards of sound, long-range planning. [

Views on the
Commercial Readiness of Some
Solar Technologies

1 was asked to present my views on the commercial
readiness of some solar technologies, but in the interest
of meeting a very tight speaker time schedule, it was
suggested that I present a few illustrative examples,
ratherthan try to rush a comprehensive overview. Itis in
this same spirit that I offer these views, rather than an
overview, in the following.

Wind-Electric

Another paper in this same conference (Robert Neil)
suggests that wind as an electric energy production
resource may be more competitive than radiant solar
energy beyond the year 2,000 for both public and private
utilities in the Northwest. It is indeed a major Northwest
resource! (It is helpful to note that a 25 mph wind carries
about the same energy density per square meter of
intercepted surface as the bright noonday sun).

Utility economics, in turn, would seem to favor the
purchase and construction of very large wind-electric
generators, to realize an economy of scale. This has been
the federal assumption, in placing its major emphasis on
demonstrating turbines that now range up to the 2.5 MW
rating of each of the three going up in the Columbia River
Gorge. But work in the private sector is leading to a new
appraisal of the relative merits of “wind farms; con-
structed of many smaller generators placed in favorable
wind regimes. The U.S. Windpower Company, for exam-
ple, is standardizing on about 50 kW rated machines,
that can be built from readily available machinery parts
and easily and inexpensively erected and maintained

chout major total energy output dislocations during
dividual machine downtime. An attractive proposal for
a pilot application of one of their farms on the Oregon
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coast is being pursued by this company.

This would seem to suggest that the smaller wind
machines may indeed play a major role in the U.S.
electric energy production future, and hence should not
be overlooked in our early government-assisted efforts.

*A joint program of the U.S. Dept. of Energy and the Western
States to further the public awareness and commercialization of
solar energy in Alaska, Arizona, California, Colorado, Hawaii,
Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington
and Wyoming.

Al



In addition, the small wind turbines (in the 25-200 kW
sizes), used individually, may provide only a small return
as measured by the displacement of nonrenewable
electric energy resources, but they may play a significant
role in the support of isolated communities, remote
communication and scientific sites, and self-sufficient
farming. The impact of these applications transcends
measurement in quads or dollars, and should also not be
underrated.

These few comments illustrate the thesis that we must
keep an open mind and balanced effort in our research
and pilot applications of wind turbines. I see the current
Federal preoccupation with the large machines as prob-
ably unrealistic.

The promotion of windpower commercialization need
not suggest primarily the promotion of the sale of wind
turbines. It can just as well suggest promoting the sale of
power from wind turbines. Long term leases by private
companies with utilities or municipalities for a guaran-
teed average annual kWh delivery can be more economi-
cally attractive for both the purchaser of the power and
the venture capital financing the construction ol
hardware under a long-term guaranteed payment
period. It can be a remarkably safe and very lucrative
investment.

Ibelieve that less effort should be expended in getting
utilities to buy wind machines than simply in facilitating
their ability to buy the power under reasonable multi-
year guarantees, in order to attract more private venture
capital into the field. The recently enacted Northwest
Power Bill should be very helpful in this regard.

Solar Thermal and Daylight

The key to achieving energy end-use efficiency is to
match the energy resource quality to the end-use need,
and to use all available useful characteristics of that
resource. This is particularly true when providing for
home and building thermal comfort. But how can this be
relevant to a conference focusing on electric energy?

It is important to note that about 35% of the nation's
consumption of energy in 1980 went to buildings, with
80% ofthat (or 28% of the nation’s total) to the combined
uses of heating, cooling and lighting (50% for heating,
and 15% each for cooling and lighting). Lighting and
cooling are provided by electric energy resources, and
heating is increasingly being transferred to electricity. In
commercial buildings, about half of the total building
energy use is for electric lighting.

But solar energy as a thermal resource is almost
precisely matched to the temperature regimes that are
needed to promote building thermal comfort and to yield
hot water at the desired end-use temperature. And solar
energy arrives in the form of light, converting to heat
upon absorption. As such, available solar energy may be
used directly to heat and light spaces: it may even be
used to promote cooling air circulation; and it certainly
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ought to be used as the standard approach to heating
water for domestic use. Whenever such use of solar
displaces electricity, it is fully equivalent, as far as the
rest of the electric grid is concerned, to the production
new electricity. The major commercial challenge in thus
area, then, lies in demonstrating the architectural and
mechanical ease with which these objectives may often
be met.

It is still the impression of most that to utilize solar
energy implies the use of “active” systems, in which a
fluid or air is pumped through externally-mounted solar
“collectors,” with the heat then stored and extracted for
building thermal comfort. This is indeed a powerful
method, with many specifically suitable applications,
offering a considerable flexibility in the collection and
use of solar energy [ur building climate control. And as a
form of heating water for domestic use, this is an
“off-the-shelf” technology.

And vyet this is not always a trouble-free approach.
Considerable work remains to be done in agreeing upon
suitable and helpful codes, standards, and consumer
assurance guarantees, and in promoting responsible and
experienced business and financial support. There is
also room for additional improvement in collector mate-
rials and design, but no longer in terms of offering
substantial performance gains, and in developing low-
cost mass production approaches, but also no longer
with substantial installed system price reduction ex-
pectations.

In view of this, the Federal government has partly
pulled the rug out from under the active solar business
areas, in part by the early funding of some extremely
unfortunate “demonstrations. and then by allowing the
government funding support for active systems to peak
in 1977 and decline after that, just as the need for
government assistance was clarified by experience and a
growing market interest.

More commercially accessible have been the “pas-
sive” approaches, where solar energy is utilized directly
upon receipt for home and building thermal comfort.
With new structures this hardly amounts to more than
sensible, properly-oriented architecture, judicious
choice of building materials, and the reapplication of
techniques that were widely used in this country as
“indigenous” design approaches for climate-responsive
structures, long before energy became so cheap and
abundant that wasteful mechanical systems were sub-
stituted for sensible architecture. And a surprisingly
large fraction (I estimate 50% or better) of all existing
homes and buildings in this country are potentially
suitable for some passive “retrofit” (conversion) appli-
cations, thus reducing their demand on regional energy
resources.

The location of the main Western SUN offices in
Portland, Oregon, offered an opportunity to demonstr;
the value of some of these concepts in a commercial
retrofit circumstance. If Western SUN had its central



Table 1: Measured Energy Use and Savings—Both Western SUN Floors (1980)

Average Energy Use Energy Used by Energy Saved by Totaled
Month of Office Floors Western SUN (kWh) Western SUN (kWh) Savings
6, 9 and 10 (kWh) @3¢/kWh
Floor 7 Floor 8 Floor 7 Floor 8
4,723 6,632
September 9,951 5,228 3,319 (=47%) (=67%) $341
5,943 6,613
October 9,375 3,423 2,762 (=63%) (=70.5%) $377

offices in Arizona, or New Mexico, no one would have
been surprised to see a solar-energy conversion of two
floors of a ten-story downtown office building to solar-
assisted heating, cooling and lighting. But to accomplish
a practical design goal of 70% annual energy savings
compared to the other floors of the same building by
these simple techniques, in rainy Portland, and only
utilizing the solar energy that was already impinging on
the building’s windows and building-standard venetian
blinds, is a worthy demonstration.

This has been described in some detail in an article in
the January 1981 issue of SOLAR AGE Magazine (the
journal of the American Section of the International
Solar Energy Society). Reprints of that article may be
obtained by writing Western SUN in Portland (715 SW
Morrison, Suite 800, Portland, Oregon 97205: attention,
Public Response Specialist). Additional articles will
appear in various professional trade journals in 1981. I
reproduce in the following the table from the Solar Age
manuscript, showing the results for the first two months
actually measured. (Only floor #8 was operated accord-
ing to the full design criteria during that period). All
building energy systems are electric powered, so the
shown energy savings are measured directly in kWh thus
made available for better uses in Portland.

Solar-Electric (Photovoltaics)

As recently as 1978 I was still predicting that photo-
voltaics would not make a meaningful market penetra-
tion, nor a significant energy contribution, much before

the year 2000. I couldn't have been more short-sighted!
The technical advances have been remarkable, and
private sector financial interest in furthering this
technology has been equally outstanding. In this area,
the support by the Department of Energy has been
exemplary, but not backed-up by a long-awaited Federal
commitment to a major photovoltaic acquisition program
to stimulate assembly-line price reductions.

There are really no significant technical barriers left,
although important technical advances will continue to
be made in improving efficiencies, reliability and
lifetime and in reducing costs with thin films, amorphous
crystals, and compound cells made from less exotic
materials. Technically this will be a straightforward
progression, spurred by real market activity, similar to
the development of the transistor and integrated circuit
technology. In the risk of again being short-sighted, I
would predict greater market success for thin film single
and amorphous crystals, with the residential sector
leading the way in commercial applications, rather than
with concentrating systems and compound crystals.

In the laboratory, thin film efficiencies have now
passed 10%, and in the field the conventional single-
crystal cut-wafer systems are achieving 13% to 16%
efficiencies. Compound cells have been manufactured in
the laboratory with greater than 36% measured efficien-
cies, and the theoretical target of better than 40%
probably will have been achieved (at Stanford Univer-
sity) by the time this conference Proceedings is pub-
lished.

The following two tables present the "Commercial
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Figure 2: DOE PHOTOVOLTAICS PROGRAM Commercial Readiness Price Goals (1980%)

Collector System Production User Energy
Application and Year Price (FOB) Prices™ Scale Price™*
($/WP) ($J'Wp) (MWplYear) (¢/kWh)
REMOTE STAND-ALONE 1982 =2.80 6-13
RESIDENTIAL 19886 =0.70 1.60-2.20 100-1000 5.0-9.0
INTERMEDIATE LOAD CENTER 1986 =0.70 1.60-2.60 100-1000 6.0-9.0
CENTRAL STATION 1980 0.15-0.40 1.10-1.80 500-2500 4.0-8.0

*System price correlates with production scale.
**User energy price range reflects variations in locale (insolation), system price and utility sellback arrangement.
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Figure 3: Collector/System Price Goals (1980%)
Source: DOE Photovoltaics Praogram
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Readiness Price Goals” and the “Collector/System Price
Goals” as currently accepted by the U.S. Department of
T nergy. An important distinction between the projected

)st of the crystal arrays ("collectors”) and the installed
system cost (up to turn-key operation condition) needs to
be noted: manufacturers are striving to lower the former,
while the user relates to the latter.

The charts demonstrate a fairly aggressive set of price
goals, but the private sector continues to exceed these
goals. For example, the 1982 collector price goal of $2.80
per peak watt ($/Wp) has been met in late 1980 by at
least one major manufacturer.

The 1986 goal of about $2.00 per peak watt installed
system cost will begin to make both central station and
intermediate load systems economically attractive by
normal market dynamics. For example, that cost will
come in lower than the marginal cost of 12 cents kWh for
coal-fired plants as experienced today by the Sac-
ramento Municipal Utility District. They (SMUD) are
therefore looking seriously toward 1986 grid-connected
photovoltaic array applications.

Even at $6.00 per peak watt installed system cost, the
California residential tax credits, Ltaken with the
“PURPA" legislation (Public Utility Regulatory Policy Act
of 1980), should begin to make grid-connected photo-
voltaic arrays on California residences economically
“viable” by possibly as early as 1984. “Viability” as used
here is Paul Maycock’s definition in which one's total
monthly bill for the array loan and maintenance will be
equaled or exceeded by the dollar return to the array
owner from the utility under the power-purchase re-
quirements of tlie PURPA legislation. This capitalizes the
entire array at no homeowner cost! "Lifetime costing” as
normally applied (misused, actually) for solar systems
will have no meaning whatsoever when the home energy
system begins to earn monthly checks from the local
utility company.

Architecturally the grid-connected photovoltaic sys-
tems will be sized to make maximum use of available
roof space, rather than sized according to normal
residence-load criteria, as with solar thermal systems.
Fortunately, the rather “soft” annual output curves for
photovoltaic arrays as a function of slope angle easily
adapt to conventional architecture, with the common
4:12 pitched roof almost the theoretical ideal for all U.S.
latitudes and most climate zones.

The private sector has responded to this rapidly
growing area by investing typically $2 for each $1 by the
Department of Energy in basic research. In actual
market development, about $200 million in venture
capital went into new photovoltaic manufacturing ac-
tivities in the 18 months from about mid-1979 to late
1980. And a six-year old photovoltaic cell manufacturing
company recently sold for $200 million!

In short, photovoltaic technology, Federal enabling
egislation, and Federal and State financial incentive
legislation will combine to trigger an impressive natural

momentum in the use of solar-derived electricity by
probably as early as 1985. It will impact utilities,
homeowners, and communities, and start a reshaping of
America’s electric energy grids, where users and pro-
ducers become one and the same. The load-leveling and
utility and homeowner economic benefits of this change
will start to be realized long before the actual solar-
produced electricity will be measurable in quads.
Finally, "hybrid” photovoltaic arrays, with the cells
serving as the surfaces for active solar thermal collectors
(which, in turn, help keep the arrays cool and hence
operating at higher efficiencies), may become the ar-
chitectural norm. This will cause us all to be sorry that
we sold active solar thermal systems short in the
enthusiasm for passive systems, for we’'ll have some
catch-up work to do. But then again thin photocell films
sandwiched in window glass (e.g., like auto safety glass
sandwiches) may allow us to collect a few hundred watts
off of each of our south-facing windows, with only a
nominal (perhaps 15%) reduction in light transmission
through the window, suggesting that passive solar
electric systems may not be left behind. Indeed, the
ultimate hybrid may combine passive and active solar
thermal, both supporting solar-electric generation, and
daylighting. The debate about which radiant solar
technology we should pursue will be long behind us. il
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Small-Scale Hydro:
A Profile of the Technology

Historically, water power was one of the first energy
sources to be exploited by mankind. Water wheels and
crude, wooden vertical-axis Norse or bucket turbines
have been in use in many parts of Europe and Asia since
long before the Industrial Revolution. By the time the
Industrial Revolution arrived, water wheel technology
had been developed to a fine art and efficiencies
approaching 70% were being achieved from the best
machines.

Improved metallurgy, the need for higher-speed de-
vices to generate electricity, and a better understanding
of fluid flow led to the development of turbines during
the 19th century. Up until the 1930’s, small water
turbines were used extensively in both the developed
and developing world to provide electrical power par-
ticularly where no electrical grid existed.

Development of extensive grids, and low cost of
electricity pushed hydroelectric technology develop-
ment toward large multi-megawatt systems. Most man-
ufacturers of small turbines, faced with a contracting
market, either closed operations or turned to other
products such as pumps.

The People's Republic of China is probably the most
impressive example of small-hydro development. Al-
though large grid-feeding hydro developments have
been implemented, the number of small hydro plants
grew from 50 (average power = 100kW) in 1949 to
60,000 plants (average power = 36kW) in 1973. Twenty
thousand plants were constructed in the Yangze River
basin alone.

Rapidly increasing fossil fuel costs, within the last six
years, have created a new interest in small hydro
equipment use and development. As a result, several
manufacturers have revived their lines of small hydro
equipment. Only a few of the large established man-
ufacturing companies produce turbines with capacities
smaller than 40kW. As a result, many new, very small
manufacturers have emerged who manufacture or as-
semble turbines or turbine-generator combinations with
capacities up to 25kW. Since fossil-fuel costs continue to
increase, one must assume that further development in
small hydro equipment will continue.

Small-scale, as used in describing a hydro installation,
implies a limitation in size or power. For the purposes of
this paper, 200kW will be adopted as an upper limit of
size.
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Available Hydraulic Turbines

Turbine designs generally fall into categories of head
high, medium, and low. Figure 1 shows the ranges of
head and output over which the various forms of
turbines have been historically been used. Each range
will be considered separately.

(High-Head Turbines 100>>feet)

Impulse (Pelton) and Francis turbines have been in a
high state of development for at least the past three
decades. The developmenl of multi-jet impulse turbines
has increased their speed and extended their range of
use down to as low as 20 feet for very small units (see
Figure 2). An impulse unit installation has the advantage
of the lowest cost in Civil construction. With high-speed
operation (=1800rpm) the new multi-jet small impulse
units can be directly connected to generators saving the
cost of gearing for speed increasers commonly found on
old units. These small, high-speed units take advantage
of progress in metallurgy for impeller, shaft, and bear-
ings. Whereas, old slow-turning impulse wheels com-
monly operated for decades with only minor mainte-
nance, the new small higher-speed units have not be
around long enough to prove their long-term reliabil
Francis units in sizes smaller than 100kW are available




as a non-embedded design (See Figure 3). These units
can be an economical choice in certain ranges and they
" ave proven reliability.

(Medium Head 100-50 feet, and Low Head, <50 feet)

Propeller, Kaplan, Bulb, Tube, Francis, and Banki
turbines can all be used in medium head installations
(See Figures 1 and 2). The choice is largely a matter of
unit availability or the least cost of the Civil works
required. Figure 4 shows a typical Propeller or Kaplan
installation. These units have the advantage of proven
reliability over many years. However, the complexity of
concrete forming, and the depth of excavation, some-
times makes a bulb or tube unit a more economical
choice. A tube unit (see Figure 5) provides a particularly
adaptable configuration for economy in concrete form-
ing. Tube units are available with both fixed and
adjustable runner blades making them adaptable to both
fixed and variable head installations.

Bulb turbines (Figure 6) have the particular advantage
that, for small units, complete assembly can be done in
the factory. Leroy-Somer, a firm in France, markets a
small bulb-type unit callad Hydrolec. Because the unit is

Figure 1: Ranges of head and power where various standard types of hydraulic turbines have typically been used.

self contained in sizes up to 60kW, it can be installed in a
variety of ways making it very versatile for small-scale
developments particularly where an old dam is being
retrofitted for power production (See Figure 7).

Hydroelectric Systems

Many small hydroelectric systems have been de-
veloped by small manufacturers. In general, the systems
are one of the following [uur types.

(Induction Generators)

Where a generator is connected directly to a grid, an
induction generator can be used without governing. As
long as the electrical inertia of the grid is large compared
to that of the generator-turbine, the speed of the
generator will be controlled by the grid. The frequency
of electricity generated will lag that of the grid by a
negligible angle. For cogeneration this is the most
economical scheme. However, if a large number of such
generators were hooked to the grid, a detectable effect
on the frequency could occur.

(D.C. Generators)
For an isolated system, a D.C. generator can be used
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Figure 2: Ranges of head, discharge and power where modern,
small, high-speed hydraulic turbines have been used.

without being concerned about speed control. The
generator is connected to a battery bank (usually 32 volt)
for storage of electricity. An invertor is then used to
convert D.C. from the generator and/or the battery bank
into 60 Hertz, 115/230 volt A.C. This system, available in
sizes up to approximately 8kW, can provide peak outputs
up to 12kW.

(Electronic Load Diverters)

Systems using electronic load diverters, utilize an
A.C. generator and a resistance bank. The system
generates a constant 60 Hertz, 115/230 volt A.C. vol-
tage. The electronic diverter “senses” the load require-
ment and diverts more or less of the generated electricity
to the resistance bank which is usually located in the
penstock or draft tube. Systems of this type are readily
available in sizes up to 50kW.

(Frequency Governed)

Systems which must provide 60 Hertz A.C. electricity
for instruments or appliances (such as television sets)
must have precise frequency-governing. In these sys-
tems, brushless alternators, can be used along with an
electronic speed contrel to maintain constant turbine
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Figure 3: Schematic illustration of a small Francis-type
turbine and generator.

Figure 4: Schematic illustration for a typical small propeller
or Kaplan-type turbine and generator.
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Figure 5: Schematic illustration for a small horizontal-axis
tube turbine and generator.

Figure 6: Schematic illustration for
bulb turbine-generator installation.

speed. These controllers usually sense changes in fre-

quency of generated electricity and respond by reducing
or increasing the rate of flow to the turbine. Sizes up to

25kW are readily available.

Sources of Hydraulic Turbines

d Hydroelectric Systems

Following is a list of manufacturers and/or marketers
of modern small-scale hydroelectric equipment. The

Figure 7: Schematic arrangements for a "Hydrolec” turbine-generator system.

author hopes that the list includes all firms, particularly
those in the Pacific Northwest. However, inclusion of a
name on the list is intended for information purposes
only and in no way constitutes an endorsement by the
author, the Washington Water Research Center or the
conference. The list considers only units smaller than
200kw. i
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Sources of Hydraulic Turbines
and Hydroelectric Systems

ey

. Allis Chalmers
Hydro-Turbine Division
Box 712
York, PA 17405

(Tube Turbines, Hydroelectric
systems, 30kW-100kW).

N

. James Leffel & Co.
Springfield, OH 45501

(Propeller and Francis turbines,
0.5kW-200kW).

w

. Karlstads Mekanista
Werkstad
Fack. 5-861 01
Kristinehamn, Sweden

(Horizontal and Vertical shaft
propeller turbines, 50kW-
1800kW).

'S

. Ossberger-Turbinenfabrik
D-8832 Weissenberg
Posttach 425
Bayern, West Germany

(Mitchell— Banke cross flow tur-
bines, 1kW-1000kW).

. Sorumsand Verksted A/S
N-1920
Sorumsand, Norway

(4}

(Francis and Tube Turbines,
100kW-10,000kW)

[=)]

. AB Bofors-Nohab
S-4601 Trollhattan
Sweden

(Horizontal and Vertical propeller
turbinc generator systems,
100kW-2000kW)

~

. Gilbert Gilkes and Gordon, (Impulse and Francis turbines,
Ltd. 10kW-50kW).
Kenda, Cumbria LA97B2
United Kingdom

[+4]

. Drees and Com, Gmbh.
4760 Werl/Westf.
Postfach 43
West Germany

(Kaplan, Francis and Pelton tur-
bine generator systems, 10kW-
5000kW).

©

. Maschinefabrik Kossler
Gmbh.
A-3151 St. Polten
St. Georgen, Austria

(Francis turbine generators,
12kW-1250kW).

16.

. Briau S.A.

B.P43
37009 Tours
Cedex, France

. Independent Power De-

velopers
Box 1467
Noxon, Montana 59853

. Small Hydroelectric Systems

PO. Box 124
Custer, WA 98240

. Northern Waterpower, Inc.

PO. Box 49
Harrisville, NH 03430

. Canyon Industries
5346 Mosquito Luke Road

Deming, WA 98244

. Small Hydroelectric Systems

and Equipment
15220 S.R. 530
Arlington, WA 98223

Short Stoppers Electric
Route 4, Box 471B
Coos Bay, OR 97420

. Little Spokane Hydro

Chattaroy, WA 99003

. GSA International Corp.

223 Katonah Avenue
Courtyard Building
Katonah, NY 10536

(Francis and Propeller turbine
generators, 4kW-50kW).

(Pelton and Propeller tur-
bines/turbine generator 0.1kW-
800kW).

(Pelton turbine generators,
5kW-25kW).

(Horizontal propeller turbine
generators, 20kW-300kW).

(Miniature, low-head turbine
generators, .05kW-0,75kW).

(Pelton turbine generators, up to
25kW)

(Pelton and Banki turbine
generators, up to 50kW)

(Pelton, Propeller, and Kaplan
turbines/turbine generators, up
to 50kW)

(Pelton, and modified Francis
turbine/turbine generators, up to
25kW)

(The text of Mr. Petterson’s speech was not available at
the time the Proceedings were published. You may
contact him directly for information regarding it.)

Carl Petterson

Supervisor

Northwest Geothermal Corporation




Financial Environment for
Entrepreneurial Development of
Small Hydroelectric and
Cogeneration Projects

Summary of Presentation

The entrepreneur and the utility approach potential
electric generation projects with very different orienta-
tions. The entrepreneur, whether a public or private
entity, values a potential project in “marginal value”
terms. The utility approaches the same transaction from
an “average cost” perspective. Resolution, of these
divergent starting points, is the first challenge to be met
in bringing an entrepreneurially sponsored project to
fruition.

Despite differences in orientation, identities of inter-
est far outnumber the areas of difference between the
entrepreneur and the utility.

Both the entrepreneur and the utility bring value to the
bargaining table. The utility brings its vast experience of
the project development process, its ability as an
operator, the potential to limit the risk of the entrep-
reneur and the resources to support a project through its
“seasoning stage”. The entrepreneur, in turn, can con-
tribute additional resources in time and talent to de-
velopment of new projects, capital resources often
outside those available to a utility and the potential for
“off balance sheet financing”. Recent PURPA regulations
have, in the case of investor owned utilities, removed
many of the historical differences relative to pricing
philosophy.

Differences have and will continue to exist. Generally
speaking, these differences focus around the specific
terms of the power sales contract and in most instances
they represent differences over degree rather than
direction. One additional complicating factor, in the
Pacific Northwest, is the distinction in power costs
between investor owner and publicly owned utilities.
The entrepreneur faces a very different set of needs

R. Scott Clements
Capital Financing Consultant
4920 S.W. Hewett Blvd.
Portland, OR 97221

(503) 297-3501

R. Scott Clements recently established a financial consult-

ing service to advise public and private agencies on
financial manag it gencrally as well as on financing for alterna-
tive energy, pollution control, and economic development projects.
Mr. Clements has seventeen years experience in commercial bank-
ing, with particular expertise in investment, hybrid financing, public
finance, and funds management. His last position was that of senior
vice-president and manager of the Bond Investment Department of
the First National Bank of Oregon. His previous positions were with
the Atlantic National Bank of Jacksonville and Hartford National
Bank and Trust Company. Mr. Clements received his B.A. in
economics from Dickinson College and his M.A. from Trinity College.
He also graduated from the Stonier Graduate School of Banking at
Rutgers University.

depending on which type of utility he is negotiating with.

Mutual understanding of each party’'s orientation and
needs, permit the development of accommodations
which, in short, allow the process to progress. The
non-utility entrepreneur is a fact of life in electric
production. The utility is the primary vehicle for mar-
keting available production. Acceptance of these
realities and mutual determination to develop pro-
ductive capacity are necessary ingredients in develop-
ment of alternative eneryy resources in the Pacific
Northwest. I
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(The text of Mr. Durham's speech was not available at the
time the Proceedings were published. You may contact
him directly for information regarding it.)
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James Durham is a senior vice-president, general counsel,

and secretary of Portland General Electric Company. He
was previously the senior chief counsel and deputy attorney general
of the state of Oregon. Mr. Durham serves on the Administrative Law
and Corporate Counsel Committees of the Oregon State Bar Associa-
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(The text of Mr. Johnson'’s speech was not available at the
time the Proceedings were published. You may contact
him directly for information regarding it.)

Lee Johnson
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(The text of Ms. Pilz’ speech was not available at the time
the Proceedings were published. You may contact her
directly for information regarding it.)

||

Laura Pilz

Assistant Vice President,
Utilities/ Telecommunications Systems,
Bank of America

Project Financing for
Alternate Energy Resources

Scarcity of oil has prompted a national effort to develop
alternative energy resources. Such resources are attrac-
tive because they are environmentally benign but they
present challenging financing problems.

The federal government is certain to continue its role
of encouraging alternative energy technologies but even
the government’s resources, though large, cannot pro-
vide all necessary capital to support a national alterna-
tive energy program. Ultimately, energy alternatives
which demonstrate economic feasibility must and should
be developed privately.

Hard-headed investors will not invest in alternative
energy technology, regardless how socially desirable,
unless prospective investment returns are commensu-
rate with risk undertaken. Since many such technologies
are in the experimental or developmental stage, without
any operating track record, corporations and munici-
palities will be reluctant to expose their financial credit
to such projects. Creative financing structures will be
necessary in many cases to make even the most promis-
ing alternative energy technologies financeable.

Typically, project financings run the gamut from
leveraged leases involving strong industrial credits and

Iting in financing costs significantly lower than the
cost of high quality debt, to oil and gas drilling programs
in which the risk of a dry hole is substantial and investors

Joanne E. Devlin

Senior Vice President
Donaldson, Lufkin & Jenrette
140 Broadway

New York, New York 10005

(212) 843-0300 (ext. 613)

Joanne E. Devlin is senior vice-president of the Public

Finance Department of Donaldson, Lufkin and Jenrette.
Her principal responsibility is energy project financing. She has
worked on public power issues for American Municipal Power-Ohio,
Platte River Power Authority, National Rural Utilities Cooperative
Finance Corporation, Piedmont Municipal Power Agency, and the
Piqua, Ohio District Heating Project. Miss Devlin is a co-author of the
article, "Geometric Debt Service.” She received her B.A. in medieval
history from Swarthmore and her M.B.A. from Columbia University.

must be highly compensated.

The sponsors of any alternative energy project will
experience the same stages of development as a com-
pany moving from the initial venture capital stage to
substantial credit-worthiness. In the initial stage of a

89




project, the sponsor will discover that an investor will
expect, as compensation for the risk of not being repaid,
to be given the lion’s share of income if a project is
successful. As the feasibility of a technology becomes
more readily demonstrable, the willingness of the in-
vestor to share the revenues with the sponsor will
increase. Once a technology reaches the stage of estab-
lished performance, the sponsor of a proprietary
technology may expect to become a full financial partner
with the capital investors.

In determining the parameters of a financial package
for a speculative alternative energy project, oil and gas
drilling programs are instructive. Typical arrangements
include the provision of all necessary funds by investors
who receive 85 percent of revenues and all tax benefits,
the remaining 15 percent of revenues being paid to the
project sponsor, who also supervises the program. An
alternative arrangement would be to pay all revenues to
capital investors until payout and then pay 25 percent to
30 percent of revenues to the sponsor.

A more fully developed alternative energy technology
further along in the development stage with proven
revenue developing capability may be able to be fi-
nanced by the issuance of debt at reasonable rates, as
long as sufficient equity exists in the project to cushion
the risk that revenues will not cover debt service. A

technology reaching this stage of development has, for
all practical purposes, proven itself in the marketplace
and is at or near the point where competition will occ
for the right to exploit it.

Even though financings can be arranged along a
spectrum as indicated above, this does not mean that a
financing package is available for every alternative
energy technology. Before any financing can be ar-
ranged, it will be necessary to have feasibility studies
prepared by the most qualified available professional
firms projecting possible economic results from
exploiting that technology. Such studies will often de-
monstrate that the technology offers no reasonable
likelihood of economic success on any basis. Many
technologies, such as large-scale solar, wind, wave, and
ocean thermal energy conversion, would not currently
provide energy output at an economic value remotely
justifying necessary capital expenditure. It is in these
areas that government subsidy is indispensible if the
technology is to be pursued to the point where costs can
be reduced and investment return brought into the area
of feasibility. I

The Role of the
Small City in Alternate and
Renewable Energy Sources

As the City Administrator of Bandon, Oregon, I am here
to inject government into this conference. I am also a
representative of those people whose responsibility it
will be to implement all of the measures we’ve been
hearing about in the last two days. The field of Alternate
and Renewable Energy is no different from many other
areas of scientific endeavor. The theory is sound, how-
ever a large gap remains between that sound theory and
practical and realistic implementation.

A small city can be a composite of the successes and
problems that any size community will face as it looks for
practical and realistic ways to implement energy conser-
vation. Bandon does represent this but in two very
important areas Bandon is not a typical small city. We are
our own electric utility company and we are blessed with
one of the best wind areas in Oregon. These are
important factors to keep in mind as we examine the
city’s energy efforts. The City of Bandon has approached
energy concerns in several areas including Planning,
Policing, Public Education and Research.

The City is looking at the entire range of planning
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regulations. We are trying to encourage subdivisior
housing orientation so as to maximize the passive suia:
possibilities. We are looking at the necessary regulations




to implement solar easements to ensure solar access. We
also have looked for necessary State laws which would
=llow us to implement wind easements. Unfortunately

? many other things associated with wind, there are
none. Government lags behind technology.

When talking about conservation and alternate energy
we inevitably get around to the power to implement. A
municipal corporation has the police power that is
necessary to implement these measures. These powers
include planning, zoning requirements, building and
utility regulations. In these areas a city has substantially
more power than a utility. In Bandon we are requiring
strict enforcement of the building regulations to ensure
maximum conservation potential for all new and re-
habilitated dwellings. We are looking at ways we could
supplement the building codes to increase the energy
efficiency of homes. We are beginning to look at rate
structures which would provide rate disincentives for
people with inadequate insulation and incentives for
people who voluntarily reduce their peak demand.

The ability of the City to tie utility rates to conserva-
tion goals by using police powers provides substantial
benefits. The problem of getting these types of regula-
tions accepted by the City Council and Planning Com-
mission is easier in Bandon since energy is a City
function. On the other hand the time necessary to
validate the effectiveness of these regulations is scarce
and public acceptance of this type of regulation is slow.
The type of disincentive BPA is providing is assisting to
make conservation more palatable. It will not accomplish
the job but can provide the impetus for regulations that
could not be implemented jusl a couple of years ago. We
still run into public reaction when we restrict ones use of
land. This can only be overcome by public education.

The importance of government involvement in public
education of energy conservation should be emphasized.
The City of Bandon is accumulating all available data on
all forms of solar energy conversion. We are using our
public library as a depository for this information, thus
providing a local source of information for people
interested in installing alternate energy devices. We
disseminate information with our monthly utility bills
and through the local newspaper. We keep our utility
staff, charged with doing energy audits, aware of the
technology so they can assist customers.

Finally, the City of Bandon has entered the area of
energy research in a limited but important way. With
Coastal Energy Impact Program funding we have been
measuring wind speed since March 1980. Our wind
resource looks very promising. From March 19 through
September 30, 1980 our average wind speed has been
13.9 miles per hour with winds over 13 mph occurring
47.3 percent of the time. The winds over 13 mph had an
average speed of 22.6 mph. Our winds also have a

ance diurmal pattern. From noon until about 6 p.m.

s 21.1 mph while from 11 p.m. to 7 a.m. it was 8.5

mph. Thus, due to our diurnal pattern our winds may be

better than indicated by the arithmatic average.

We have four basic problems in implementing a
WECS: Available technology, Financing, Legal and En-
vironmental, and Flim-Flam operations. It continually
amazes me that the use of WECS is so old and yet from a
technological standpoint research and development of
WECS is virtually nonexistant. There are a plethora of
small WECS on the market and most of them claim to be
cost effective and a panacea for our energy woes. Most of
them are expensive, untried and sold to anybody that has
the money.

The testing on small WECS Iooks like an encyciopedia
compared to large utility size machines. This lack of hard
data is one problem when looking at the capital invest-
ment needed for utility size WECS. When you combine
the current high cost due to lack of production run
machines with the gamble involved from lack of test
information on reliability and maintenance data, it
becomes problematical to consider this type of invest-
ment.

Financing and the accompanying tax incentives also
become a major factor in considering any WECS. For a
small WECS owner the state and federal tax incentives
can make the difference between economic viability and
financial folly.

Financing for large WECS or wind farms is even more
dependent on tax incentives unless it is a public relations
gimmick. There are many facits to tax incentives ranging
from investment tax credits and depreciation to advan-
tages in the utility regulation process. Unfortunately, for
a municipal utility which pays no taxes the current tax
incentives are of no advantage. One could say that since
municipals pay no taxes and have access to cheaper
money via municipal bonds that this is ample support.
However, you are asking for municipals to gamble. This
is a very difficult position to put locally elected officials
in. You are basically saying that a municipal, in order to
enter the alternate energy field, would have to abandon
their historic pattern and gamble while private industry,
with the various incentives, can recover the cost even if it
proved uneconomical.

From a legal and environmental standpoint there are
questions but virtually no answers. Wind rights legally
don't exist. How one protects himself is something that
needs to be legislated. Thisis not as big a problem when
considering utility size machines as small WECS because
utilities can protect themselves by purchasing land.
Individuals particularly in urban situations, may be
gambling on what will occur on surrounding lands so
that a WECS does not become useless, is a necessary
step if small WECS are going to be used to any extent.
The second major problem is aesthetics. Small WECS in
urban environments again pose the greatest problem.
This problem is acute in a vista oriented area like
Bandon. The changing of zoning codes can be done, but
to what extent you allow view blocking, even as minute
as it may be, is a problem that must be addressed.
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Perhaps the most damaging thing to the future of wind
energy are the hucksters and flim-flam artists that seem
to be prevelant. This problem exists because of the lack
of research and development, hard data on wind re-
source and the recent awareness generated by the
campaign for alternate energy use. The hucksters take
different approaches but basically prey on peoples
genuine concern and use this concern to sell equipment.
In large WECS operations the hucksters are mostly
involved in purchasing wind rights for supposed
windfarms. Whether they are trying to tie up the
resource for future sales or as a gimmick to sell their own
wind machines, they represent quick money, fast

schemes with no real care for, or anticipation of,
economic generation of electricity. Consumer protection
in the area of energy conservation is one which govern-
ment may yet have to speak to.

Small cities will continue to play an important role i
the field of alternate and renewable energy. As a
microcosm of communities throughout this nation the
small city represents both hope and challenge for the
future. i

Making the Transition

to Alternative Energy Systems:
Cooperation in

a Metropolitan Area

The title of this panel, “"Making the Transition to
Alternative Energy Systems,” really is intriguing. I
believe the word transition is especially appropriate for
what is happening in energy today. We are moving from
an energy management system that has been successful
for almost half a century, into a new way of managing
energy; a way which relies upon new technologies, new
public interest groups, new financing methods, and new
members in the energy community to meet new chal-
lenges. We who are new team members are eager to
work alongside those who for decades have provided us
with one ot the best and most reliable electrical energy
systems in the world. I appreciate very much this
opportunity to discuss with you renewable energy
resources, the role of local governments in developing
them, and the new definition of “business as usual” in
the development of energy in the Pacific Northwest and
throughout the nation.

As a businessman and president of my own corpora-
tion, Ilike many others have been overwhelmed with the
new demands for marketing products including the
demands of state and federal regulations. Purchasers
now believe that my product must not only suit their
needs for the intended use, but also be developed and
supplied in a manner acceptable to their environmental,
social and economic beliefs and philosophies. At the root
of this, I think, is a very powerful special interest group.
This interest group has emerged upon the scene within
the last ten years. This group I call TAPP; T, A, E B TAPP
stands for technology, accidents, passion and politics.
And while this pressure group is not organized or
chartered, it has achieved a far reaching consensus
across our region, and in fact the nation. Most of our
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citizenry believes, reacts to, or supports one or more of
TAPP’s components—technology, accidents, passion or
politics.

The technological advances in the last decade have
been enormous, especially in the field of energy. Brief-
ings by top level personnel in the U.S. Department of
Energy Solar and Conservation branch have disclosed
that within the last six months major breakthroughs in
solar photovoltaics have occurred. These breakthroughs
are expected to allow incredible new electrical genera-
tion devices—everything from cost effective hot water
heaters to electrical generation on people’s roofs. These
devices are not only capable of supplying energy for
household but actually producing sufficient amount:
energy so that it may be cost effective to integrate it into




regional grids: a concept called solar shingles.

It is just overwhelming to me that six months ago the
1 §.D.0.E. was saying photovoltaics are five to ten years

ay and now they're saying “They're here’ The only
tning we are waiting for is the tooling and dying
necessary to manufacture and process these deviceson a
full production scale. The advances in computer sciences
have also been tremendous. Con-Edison and the Bon-
neville Power Administration currently use computer
applications to maximize energy savings in the de-
velopment and transmission of electrical energy. This
technology may also allow conservation through peak
rate pricing and will also allow effective monitoring of
contingency plans for electrical energy and other energy
forms.

These technological advances perhaps more than
anything are changing the way we do business today.

The second component of this new pressure group is
accidents. Referring back to my previous example on
solar technologies, where one day we're looking at ten
years, the next day we're looking at a year or two, tells
me that the only way this discovery was made was
through an accident. The nuclear industry and the
results of the famous Three Mile Island accident we're
all aware of and I won't belabor any longer. Accidents do
not have to be large in magnitude or be the results of
things uncontrollable by man. For example, a dinner
party at the White House for some congressmen,
scheduled at the last minute, resulted in one man being
able to stop passage of the Pacific Northwest Power Bill
before adjournment for elections. Examples are numer-
ous, I could go un al length. Accidents do affect the ways
we do business.

The next component— passion—the way people feel
and believe about things. This is the driving force in
most of us that causes us to replace economic reasoning
with something else—comfort, beauty, or even fantasy.
It is the reason soft drinks are marketed as “life,”
barraging the American public with commercials with
rural and pristine environmental scenes, all in order to
sell more soda pop. Well, the American public may be
having a difficult time accepting major electrical gener-
ation resources. However, I'm told by our friends in the
soft drink business that the American public has ac-
cepted Coke as “life.” It is this component of passion that
causes us to react to accidents, technologies and com-
mercials and thereby change the way decisions are made
and the ways goods are marketed. But I wish to repeat
again that passion affects the ways decisions are made.

The way decisions are made brings me to the last
element in what I perceive to be the new and most
powerful pressure group. This element is politics.
Passions, technologies and accidents all affect the way
people vote, and the way people vote affects the way

isions are made. This country still is a nation of laws
ssed by representatives of the people, and what
people believe (fantasy or not) is what our laws repre-

sent. Our laws are the rules and guidelines we’re all
expected to manage our businesses within. Gone are the
days when I could run my business solely based on the
most cost effective approach. I must now take into
account the way people think, including the way they
think as manifested in laws and governing ordinances, a
result of political decisions.

What has happened to all of us who are in one way or
another involved with energy? It has meant that we need
to be sensitive to, and aware of, the components of TAPP
and continue to manage by exercising sound economic
and technical judgment in light of these new awarenes-
ses. And, all in all I think we’re doing a pretty good job. I
say this because rather than reacting emotionally in a
disorganized fashion to these new issues and pressures,
the energy community decided to start where it should,
at the policy level, in fact in the Congress of the United
States of America. For four years we've been drafting
what is called a Pacific Northwest Power Bill. It has
received input from almost all segments of our society,
and from the perspective of local governments in the
Puget Sound region, it has resulted in a compromise that
doesn't excite anybody too much but at the same time
doesn'’t appear to be unlivable either. I think this is an
indication of what all good bills in Congress are—a
political consensus where everyone can operate and do
what they need to do without hurting anyone, and with
the end result ensuring the supply of important goods
and services to those who need them.

Some very important findings of the bill include that
all energy resources are important and should be
developed as necessary, and that conservation and
renewable resources are the number one priority.

The Puget Sound Council of Governments, its local
government members and local governments through-
out the nation are very eager to help in the ways that we
can to establish renewable resources as a supply of
electrical energy. Cities have wastes that can be burned;
many have small scale hydroelectric potential in their
water systems; some can help in some of the more exotic
renewables such as geothermal and solar. In this regard
we hope to be a significant contributor to our utilities in
developing renewable resources and in meeting the
challenges of the new way of doing business.

Even in this ever changing world, some things remain
the same. One thing that has stayed the same, for which
we can all be grateful, is the teamwork and cooperative
participation that local governments and utilities have
enjoyed since the inception of electrical utilities.

At a recent conference I had the opportunity to hear
from a university professor, a scholar in the history of
electrical utilities, some remarks that helped me greatly
to appreciate the importance of a local government/util-
ity team. He said that when Thomas Edison was
establishing the first electric utility, a private utility, his
first customers were municipal governments. Shortly
after the turn of the century 95 percent of all the
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motorized transportation vehicles in this nation were
electrically powered, most of these being trollies in cities
and towns.

To be reassured of the viability of a working local
government/utility team, we have only to look into our
own history of electrical power in Washington State.
Through the cooperation and support of general purpose
local governments in Washington State, special purpose
local governments, that is Public Utility Districts (PUD’s),
now distribute, in cooperation with municipal utilities,
most of the electrical energy within Washington State.
The county in Washington State in which the City of
Mountlake Terrace is located is Snohomish County. I can
personally say that the cooperation between the
Snohomish County Public Utility District and the local
governments which it serves has been excellent. Now
with the new challenges that are ahead, we are working
together even more earnestly.

The specific ways in which local governments can
help utilities implement renewable resources are, in my
opinion:

1. local governments can complete inventories of the
potential renewable resources they own or have
available to their municipal operations;

2. they can help to spearhead public information cam-
paigns, helping the general public to know and
appreciate renewable energy resources and inform-
ing them what local governments and utilities are
doing to bring them about;

3. they can streamline ordinances and other regulatory
mechanisms at the local level to aid in the develop-
ment of renewable resources;

4. they can form coalitions to help pass state and federal
legislation to provide financial incentives for de-
veloping renewable resources; and

5. local governments can improve their operations by
sharing with utilities the economic benefits of renew-
able resources.

In the sharing of benefits we know our good friends in
the utilities to be excellent accountants and dollar
watchers. We appreciate the fact that when they enter
into contracts with local governments, it is a business
proposition. In this same way, we also appreciate the
respect of local utilities when we enter into renewable
resource agreements, demanding, in a businesslike
manner, that we share the benefits.

Another reassuring thing about the local govern-
ment/utility team is that we need not be the only
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members on the team. If the Pacific Northwest Power
Bill passes, BPA will become an important member. The
Puget Sound Council of Governments labored long and
hard to write amendments to the bill that require BPA {
provide technical and financial assistance to local gov-
ernments to plan for and participate in the areas of
energy where we can help. The Bill also allows BPA to
provide for the planning, design and evaluation of
potential local government energy resources such as
solid waste and small scale hydro; and allows local
governments to share in the benefits of conservation and
renewable resources with the utilities through the direct
credit mechanism. Also importantly, the Bill allows BPA
to serve as a potential market for conservation and small
scale resources where it is to the local governmenlts’ and
utilities’ benefit to meld the production costs of these
resources into the regional rate base.

I know at least 56 local governments in Washington
representing over half that state’s population, our
PSCOG members, who will be aggressively pursuing
this technical and financial assistance for their com-
munities and will be striving to implement energy
programs as soon as possible after the bill is in cffect.

Conservation and renewable resources are like any
other resource development project; they will require
money for their planning, design and implementation.
The planning and design cost for renewable projects will
likely be proportionate to construction costs in the same
way they are for major resource projects. The check and
balance, of course, is that only cost effective projects can
be implemented, and we in local government think that
is good.

We do promise to help in the ways we can, Lo Lake
advantage of the provisions in the bill and to implement
cost effective resources wherever and whenever they
occur within our operations or sphere of influence. We
look forward to continuing the cooperative teamwork
with utilities in striving to implement these resources. I
personally believe the new challenges to the energy
community can be met and that we may even find it to be
a rewarding experience.

Thank you for your kind attention and this opportunity
to share the optimism of local government for renewable
energy resources. i




Remarks

I would like to approach, from a totally different angle,
where we are on the alternative resource development
program. For six years now, our utility has been actively
engaged in attempting to bring on line numerous
alternative energy resources. All the things 1've heard
today, what I've read—and I've attended so many
meetings in this area— are merely repeats of almost the
first meeting. What we need to address now are the
solutions to the problems that have been so eloquently
addressed.

I have some little catch words, too, that I use. It's
RRB/P—regulations, red tape, bureaucrats and politi-
cians, not necessarily in that order, because a lot of
politicians that I've known for the 33 years I've been in
basic government and the utilities, in fact almost all of
them, I can honestly say, have done what they felt was
right and what the people wanted. But, one of the
problems that elected officials have is translating what
the people want into laws that can then be translated into
action. That's why they hire people like me, why they
have staffs, why they have regulations—to make these
things come true. In the beginning, this worked because
it was relatively simple. We only had a few elements that
we were concerned with. However, in the past ten years,
many things have changed. From what John Enbom has
said, he was not even interested in energy ten years ago.
He is now, thank God. I hope everybody begins to be
interested in energy. This has been a long, hard road.
But, would you believe, the people in this room are a very
small minority of the people that actually understand our
problem. Why is that true? Because we've always solved
our problems, and besides, the politicians tell us each
time that these things are going to be corrected.

Let me give you some examples real quickly. Six years
ago, we made application for three dams that were
already built, just to put some generators in there. I'd
like to announce that we finally got the preliminary
permit to begin the study and a lengthy regulatory
process that you can't believe.

In 1976, we put on line a cogeneration plant. Every-
body in the whole country said, “Oh, man, you've really
got something new.” There’s nothing new about that.
That’s what we started 50 or 60 years ago.

Our problem is that people have this thing all out of

lance. We need to look at it from the perspective that in

e next ten years in this region, we've only got two
things to keep us from going in the dark—conservation
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and small energy projects, which means that every-
body'’s got to put something in the pot. Imean everybody.
“Big Daddy” can no longer take care of these needs.
We've got to do something to get the message across that
we can no longer afford laws that go into thousands of
pages of regulations that cost hundreds of thousands and
millions to try to interpret— for what? We could have
done a lot with the $1% million our utility is going to
spend to implement PURPA and NECPA.

Okay, I can't give you jokes because I'm serious. It's
time we refocus and recognize that something can and
must be done about these problems. The economics are
catching up very fast. We have to make some choices and
some trade-offs. Anything man does is going to spoil the
environment in some way. We're going to have to decide
what those levels are, but we’'ve got to make these
decisions now. The amount of work that we're going to
have to put into getting a 24 megawatt project completed
is almost as big as if it were 240 megawatts.

I just want to leave you with one thought. I hope the
next conference deals with what has been done to solve
the problems facing us now and what we can do to
actually solve any problems in the future rather than
outlining them over and over. Thank you. [
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The Role of the State in
Promoting and Coordinating
the Near Term Development
of Alternative and

Renewable Energy Resources.

Traditionally, the role of state government in energy has
been limited to the leasing of land for exploration and
extraction of fossil fuel resources and to utility regula-
tion. During the last several years, state government’s
involvement in energy matters has grown primarily in
response to the disruptions in the energy supply and
distribution system. This expanded role has resulted ina
number of government functions and programs includ-
ing energy conservation programs, energy forecasling,
facility siting and energy policy analysis.

State energy agencies received mandates for these
new functions and programs from diverse sources
ranging from the state legislature, Department of
Energy, and the Congress. In specific instances, certain
energy functions and programs have been generated
within the agency, because state energy officials have
perceived their need independently of an external
mandate. In Montana, the mandates for the principal
energy programs and functions have been received from
the federal government and the legislature. Montana's
conservation program is totally funded by the U.S.
Department of Energy and its facility siting functions are
established by statute and maintained by state appropri-
ation. Energy emergency planning is generally required
by both the state and federal government. However,
policy analysis, energy data collection and analysis and
the energy planning function in general have evolved
under the direction of the Executive.

The growth of Montana'’s Energy Division in the
Department of Natural Resources and Conservation has
been to provide the state with the capability to respond
to energy developments affecting activity within the
state. The response is generally reactive in nature. State
initiative in the area of energy planning has been limited;
however, the very events that require state response also
emphasize the need to strengthen state initiative in
energy planning.

In contrast to the relative lack of initiative of state
government in energy planning, the federal government
has a history of energy initiatives dating from the
founding of the Tennessee Valley Authority, the Bon-
neville Power Administration, the Rural Electrification
Administration, and the Federal Power Commission.
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These agencies served to implement a national policy of
electrification. Similarly, the federal government in-
itiated various policies and programs to promote the
production and utilization of petroleum. The economic
activity of the post war era promoted an expanded role
for the national government in technology research and
development. The creation of the Atomic Energy Com-
mission, the Energy Research and Development Ad-
ministration and, finally, the Department of Energy
(including the national laboratories and the Solar Energy
Research Institute) represents the federal government'’s
interest in energy technology research, development
and demonstration.

The initiatives that the federal government has Laken in
energy matters have been beyond the scope and
resources of state government. State governments
simply lack access to funds and expertise required to
implement major energy initiatives especially in the
realm of energy conversion technology. Perhaps the
crucial factor which has promoted federal rather than
state initiative is the centralized and fairly homogeneous
structure of power supply systems across the United
States. Government participation in the development of
such an infrastructure requires massive investment of
public funds, a highly trained bureaucracy and a close
relationship with national energy firms. State
governments simply have not been appropriate
institutions for the development of this infrastructure.




Moreover, the federal government has had no overriding
reason to involve state governments in its energy
‘=itiatives on a partnership basis.

The mandate received by the states from the federal
government during the last several years expanding Lhe
role of state government in energy issues has not been
intended to involve state government in the federal
government's conventional energy supply programs. For
example, the federal government generally does not
request state government participation in nuclear
supply technology development or in synthetic fuel
technology development. In fact, Montana’s experience
has been that the DOE has kept state government at
arms length in the recent deliberations to choose among
the various synthetic fuel proposals.

On the other hand, the federal government has been
more than willing to have the states take responsibility
for the impacts of energy supply projects promoted by
the federal government and to shoulder responsibility
for disruptions in the energy supply and delivery system.
The federal conservation programs, and the energy
emergency programs testify to this federal attitude
toward the states. Federally initiated renewable cnergy
programs such as Western SUN which depend upon
state involvement are not really departures from this
attitude. Federal renewable energy R & D supply
programs generally do not require state participation.
Commercialization programs such as Western SUN are
principally efforts to supplement the current energy
supply system to insure a greater degree of reliability.

Essentially, the impetus for state involvement in
energy affairs has been as a response to the disruptions
in the operation of existing energy supply and
distribution system. In short, although the infrastructure
of that system is highly centralized, the impacts are
decentralized, requiring state and local government
involvement.

Now that state governments have become
increasingly involved in energy matters, there is a
growing concern among state energy officials that the
nation has made a series of mistakes by managing such
programs as energy conservation through the federal
bureaucracy. Concurrently, these state officials are
becoming convinced that state and especially local
governments will need to take a greater initiative in
planning their energy futures and that current energy
problems can ultimately be solved only by a shift to a
sustainable energy future. Sustainable energy refers to
energy conservation and the utilization of renewable
energy resources. A sustainable energy infrastructure
would probably depend upon the dispersed application
of site specific renewable energy technology. However,
substantial capital investment in renewable energy
systems will probably occur once conservation

,portunities have been pursued. The pursuit of a
ustainable energy future can begin in earnest with the
establishment of community energy management

programs.

Recently, many of Montana’s communities have
recognized the need for such programs. In Montana, as
elsewhere, the inflationary rise in energy prices has
placed an increased burden on government budgets.
According to the Energy Report for 1979-80 released by
the City of Helena, the cost of energy to the city increased
$31,703 from FY 77 to FY 79 (or 13 percent) and the cost
of energy is projected to increase $182,509 from FY 80 to
FY 81 (or 40 percent). The tax base for the same time
period is expected to increase less than b percent each
year. At a minimum, local governments require a
management program to trim their own energy costs. A
community energy management program, however,
would address community-wide energy consumption.

Local governments make decisions that significantly
influence energy consumption in the communities. They
control land-use planning, which in turn affects energy
consumption. They undertake transportation
planning— decisions about mass transit systems,
parking facilities, traffic flow patterns, and bikeways
affect energy consumption. Local governments also
enforce building codes which directly atfect energy
consumption. Nonetheless, except for a few instances,
Montana’s local governments have lacked the
information and resources to incorporate energy
considerations into the execution of their traditional
responsibilities.

The goal of Montana's Energy Extension Service
program is to develop energy planning capabilities of
local governments. During its first year the program will
award four $20,000 community energy planning grants
to four of Montana's ten largest cities on a competitive
basis. In addition to these grants, the state EES program
will provide technical assistance to all communities
interested in energy planning through libraries and the
cooperative extension service. EES will train local
librarians to be knowledgeable about sustainable energy
publications so that local libraries can become technical
reference centers for energy. EES will also use the local
cooperative extension service to train volunteers as
“Master Conservers.” Master Conservers will answer
questions about renewable energy use and energy
conservation phoned in by local residents. EES will also
cooperate with banks and contracting firms to increase
the energy efficiency of both new and old buildings.

If éommunity energy planning is to become a reality
throughout Montana's 126 incorporated towns and cities
and 56 counties, sound information is required about the
feasibility of sustainable energy options in Montana in
the near term. Sound methodologies for examining
current energy use and for determining appropriate
sustainable energy options within a particular
community must be made available. In the near future
the Energy Division will begin the Montana Renewable
Energy Viability (REV) Project to meet these needs. The
design report for the REV Project has already been
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prepared and released.

The REV Project is designed to facilitate the
implementation of existing state energy policies. It is
designed to both draw upon and contribute to state
energy programs in the areas of energy conservation,
renewable energy sources and general energy
plannings. The project will develop information
regarding a possible energy future which is more reliant
on energy conservation and renewable energy sources.
Using a range of techniques, the REV Project will
examine conditions at the state, local, and private levels.
The project does not presuppose that some level of
Montana’s energy needs should come from sustainable
sources. Its task is to develop information which will
permit conventional and sustainable alternalives to be
compared, using the same criteria. The project will focus
on the intermediate future, from the present to five to
twenty years ahead.

The REV Project will investigate various aspects of the
transition to greater reliance on conservation and
renewable energy. The most innovative aspect will be
four case studies of “model energy communities,”
communities competitively selected from the cities,
towns, counties, and Indian reservations of Montana.
These studies will examine the human response to the
transition, a factor just as important as the economic and
technological viability of conservation and renewable
energy. The REV Project also will assess patterns of
energy end-use projected over the next five to twenty
years. It will develop working estimates for the amount
of each major renewable energy resources in Montana,
survey the technologies to use those resources, and then
will evaluate the possible economic, environmental, and
social impacts of deploying those technologies on a
state-wide basis.

The REV Project makes provision for public input and
participation throughout the study. Members of the
public were involved in developing the design report,
and the public will assist in choosing the direction of
various components of the project itself. In the
community case studies, the public will be invited to
actually participate in the study.

The REV Project will complement on-going state
energy activities. The governor and the legislature
currently depend on DNRC to prepare environmental
impact statements on major energy facilities, to
administer demonstration grants for renewable energy,
and to run Montana's conservation program. The REV
Project will make possible greater coordination among
these activities. The study will improve the basis on
which state officials formulate policies to guarantee
Montanans adequate supplies of energy and continued
economic development. The REV project is designed to
be of use to local officials, private individuals, and
businesses as well.

The REV Project will give Montana a more accurate
assessment of sustainable energy futures. If Montana
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pursues a path toward greater reliance on renewable
energy sources such as wind, water, and geothermal
resources, their site specific nature, as well as the
technology required to harness them, tends toward tk
development of dispersed small scale energy systems.
Planning and implementation of these energy systems
can certainly be accomplished at the local level if the
local governments are prepared for such an undertaking.
The State of Montana can offer the financial resources
and technical expertise that local governments require
to establish a comprehensive community energy plan.
Local governments possess decision making powers that
greatly influence community energy use. A coordinated
state and local approach to community energy planning
promises to be more effective than either the state or
local government acting separately. One of the
responsibilities of local government is to recognize the
need for comprehensive community energy planning.
Conversely, one of the responsibilities of Montana state
government is to provide the assistance necessary to
make local governments full partners in planning for
Montana’s energy future. i




Implications of Regional Energy
Legislation for Renewable
Resource Development in the
Pacific Northwest

Our region faces many challenges. One of the most
important we face is the one Mr. Munro left us with
yesterday, and thatis to lead the nation in the application
of conservation and the development of renewable
resources.

Not simply as an exercise to show it can be done; or as
some kind of convenient national experiment—but
because we know its the best way to go. Here in the
Pacific Northwest, we know what it’s like to live and
grow with renewable-based energy—our tremendous
hydro system—and we have been learning the lessons
of shifting reliance onto fossil-fueled resources under
changing economic and political conditions. It’s not
going to be less expensive, at least not in the short-run,
but as our experience with our hydro has taught us it will
be less expensive, and perhaps more acceptable, in the
long run.

We have the experience, we have the lesson, we have
the potential. The net resultis that all of us have a special
obligation to undertake all the renewable resource
development possible, in a manner which is consistent
with the lowest, long-run cost, consistent with preser-
vation of environmental values, and consistent with
using electricity as efficiently as possible in order to get
the most out of our renewables.

I can assure you that we at Bonneville have lived the
experience, we are living the lesson, and we understand
the purpose.

In order to meet the purpose, it is up to all of us to
redouble our efforts to assess resource potentials, and
plan and develop projects which merit public support
and which can help stave off our current deficiencies and
build a solid future.

It is appropriate that we address the implications of
the proposed Pacific Northwest Power Planning and
Conservation Act during this conference because, pas-
sage or not, it represents a significant statement of broad
Congressional interest. Also, it may very well pass this
year, and it has major implications for the development
of renewable resources.

Before I discuss some of the principal features of the
Pacific Northwest Power Planning and Conservation Act

hich do bear directly on renewable and alternative
Tesources, I think it might help to put matters in
perspective by describing Bonneville's present au-
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thorities and, although limited, what we currently can do
to encourage the development and integration of renew-
able resources into the regional power system.

Present Situation

Our participation and co-sponsorship in this confer-
ence is a sample of one of those ways—providing
information, encouragement, and technical assistance.

Identifying or assessing what's possible, what's really
achievable, is the core of that assistance.

But there are others, and in some ways more tangible
ways, that we can facilitate the development of renewa-
ble resources under existing authorities. Bonneville can
use the “storage battery” capability of the Federal
Columbia River Power System to ensure that renewable
resource projects, typically with periodic or intermittent
output, can be usefully integrated into the regional
power system. The extensive regional Federal transmis-
sion system provides the vehicle for integration. The
services which we can provide to renewable resource
sponsors are, although subject to certain planning and
operational constraints, fundamentally these:

1. Shaping— what we call load factoring services to
“shape” the output of a generating resource to enable its
delivery at times and in amounts that conform to a
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utility’s total resource requirements to meet load.

2. Reserves—making the resource reliable for service
to loads by Bonneville’s providing certain amounts of
power from the Federal system during times when the
resource is unavailable due to a forced outage.

3. Transmission— Bonneville provides transmission
of non-Federal power and system integration.

4. Trust agent— Bonneville may, under certain cir-
cumstances, act as a utility’s agent in acquiring or
disposing of power to ease the administrative overheads
and burdens.

In some very limited circumstances, we can even buy
the resources for a short period. Our present authorities
to acquire power, however, are limited to short-term
agreements to meet contractual commitments already in
place. We have signed such agreements for up to 5 years.
This can sometimes help assure the marketability of
more risky or high-cost renewable resource and thereby
increase the economic justification and feasibility of
proposed projects. But a short-term commitment to
acquire project output is usually not sufficient basis to
attract the financing necessary to develop projects.

Besides these key services, we can assist in research
and development, a further example of which you’'ll see
this afternoon at Goodnoe Hills.

Under Section 210 of the Public Utility Regulatory
Policies Act of 1978, or PURPA, the Federal Energy
Regulatory Commission requires that electric utilities
purchase electric energy and capacity made available by
qualifying cogenerators and small power producers,
which are typically renewables.

To comply with the requirements of Section 210 of
PURPA and the implementing FERC regulations gov-
erning development of the system cost data from which
“avoidable cost” can be calculated, Bonneville has
applied a long-run incremental cost analysis to the
power system. The results are representative of costs
associated with new energy and capacity development in
this decade. But regardless of our efforts and intent,
Bonneville has such limited authority to purchase power
that compliance becomes almost a moot point in terms of
actual effect.

These limited services and assistance are unquestion-
ably important and, in some cases, even necessary to the
development and integration of renewables. But I'm
sure many, probably most of you, have encountered the
many frustrating things that seem to get in the way of
achieving the broad-based, regionwide, extensive de-
velopment of renewables we really need and want.

There are a lot of variables to cope with. Uncertainty
with regard to the availability and cost of financing, the
degree of load growth or need, construction schedules
for already committed new thermal resources, prohibi-
tions against the “lending of credit, perceptions of risk
which encourage utilities to focus on other choices,
Bonneville's principal services limited to only half the
region, the preference customers, and recent court
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decisions affecting fisheries have all introduced addi-
tional complexities in making the policy decisions neces-
sary to get the renewables moving as they should.

Coupled with these uncertainties are the standard
myriad of laws, regulations, and procedures which must
be followed when planning, constructing, and operating
any single resource or group of resources.

Perhaps the greatest problem and certainly the most
subtle one we face is a problem not even tied to
renewable resources; it is an impediment to any conser-
vation and resource development—that is, the uncer-
tainty caused by our own allocation and the controversy
sure to surround it. Effective and certainly cooperative
planning is stymied in an atmosphere of competition and
controversy. In spite of this we remain today, sure of the
need, excited about the potential, encouraged by what
we have seen and shared, yet, at the same time,
frustrated too, because we have not yet settled the
uncertainties and found the remaining tools we need to
make it the success, I believe, the people in this region
want and so desperately need.

Future Under Legislation

After 4 years of effort by many individuals and
organizations, numerous hearings inside and outside the
region by congressional committees, Senate passage ofa
bill in 1979, and House action by two major committees,
and finally a joint House Committee proposal, the Pacific
Northwest Power Planning and Conservation Act is now
scheduled to be an early item on the agenda when
Congress reconvenes November 12.

The proposed legislation goes a long way in providing
this region, all of us, the tools we need to get moving, and
get moving now.

— Tt settles the questions and uncertainties of
allocation.

—1It allows and encourages us to work together with
common responsibilities and common purposes; not just
through Bonneville or only one way, but through acting in
concert— Bonneville, utilities, State and local govern-
ments, and all of us individually.

—1It provides the mechanisms and the mandates to
use our energy efficiently.

—1It places the needed regional support behind the
development of renewable resources. All renewable
resources—large or small, those that generate or dis-
place electricity, central station or dispersed, and those
developed by a utility, a State or local government, or by
just folks—simply any and all renewable-based re-
sources.

— It makes renewable resources the first choice, right
after conservation, and provides the mandates and tools
to make it work.

— It makes the capital intensive (vs. high operatina
cost) renewable resources more competitive and moi
viable.

— It makes the risks currently associated with renew-




ables more acceptable.

—It supports and thereby lowers the costs of
“nancing.

— It provides the marginal price signals to
utilities—freeing up local choices from any adverse
impacts.

—1It also provides the necessary safeguards: regional
guidance and accountability through the Council and
[ree ulility choices, lowest rates through the cost-
effective tests, protection of the environment, and full
public involvement.

—TIt attempts to blend control and decisionmaking
with the advantages of one-system support.

Well, enough of all those generalities about what I
believe and hope the legislation does. Let’s get down to
specifics. It’'s a piece of legislation that is now 103 pages
long with literally volumes of legislative report language
to support it. I can't possibly relate it all to you in any
detail, even on renewables, because aside from settling
the allocation issue, conservation and renewable re-
source development is fundamentally what it's all about.
What I will try to do, however, is provide you a “road
map” on where to find the key features that relate to
renewables.

Section 2 of the legislation establishes six purposes
which must be consistent with other applicable laws.
The first purpose is of major importance to us here today.

It seeks to encourage, through the
unique opportunity provided by the
Federal Columbia River Power System,
conservation and efficiency in the use of
electric power, and renewable resource
development in the Pacific Northwest.

Section 3 is the definition section. Although many are
important, the definition of “renewable resource” and
“cost-effective” are key.

“Renewable resource” is defined because of resource
priorities established in Section 4(e)(1) of the Bill. Such
resources use only regenerative or essentially inexhaus-
tible energy sources for electric power generation or
reduction of a customer’s electric power requirements,
including direct applications by consumers. Solar, wind,
hydro, geothermal, biomass, or similar energy sources
are identified as renewable.

A resource or conservation measure is "cost-effective”
when it is forecast to be reliable and available within the
time it is needed and it would meet or reduce the
electrical power demand, as determined by the Council
or Administrator, of the consumers of the customers at
an estimated incremental system cost no greater than
hat of the least cost similarly reliable and available

ource or measure. To determine “system cost; all

irect costs over the effective life of a resource or
measure are to be estimated. If applicable, direct costs

include distribution and transmission costs to consum-
ers, and, among other factors, waste disposal costs,
end-of-cycle costg, fuel costs (including projected fuel
cost escalation), and such quantifiable environmental
costs and benefits as the Administrator determines are
directly attributable to the resource or measure.

Projected realization and plant factors as well as
appropriate historical experience with similar measures
or resources will also be considered in estimating the
amount of power to be saved or generated. Conservation
will be considered cost-effective if its costs do not exceed
110 percent of the costs of nonconservation alternatives.
However, Section 4(k)(2) provides a mechanism
whereby Section 3(4)(D) may be held by the Adminis-
trator to be inapplicable under certain specified condi-
tions following receipt of a Council analysis based on
5-year'’s experience with implementation of conserva-
tion and resource measures under the Bill.

Section 4 contains the regional planning and public
participation provisions. There Congress gives its con-
sent for the formation of a regional agency to be called
the Pacific Northwest Electric Power and Conservation
Council. The Council, with two voting members from
each State, is responsible for preparing and adopting,
within 2 years of its establishment, and thereafter
periodically amending and participating in the im-
plementation of a regional electric power and conserva-
tion plan. Broad public participation is provided for in
the development of regional power policies.

The plan must set forth a general scheme for imple-
menting conservation measures and developing re-
sources consistent with the priorities of putting renewa-
bles right after conservation and ahead of all else. It will
include an energy conservation program containing
model conservation standards, recommendations for
research and development, a methodology for deter-
mining quantifiable environmental costs and benefits, a
regional demand forecast of at least 20 years, an analysis
of reserve and reliability requirements and cost-effective
methods, a fish and wildlife program, and a method for
calculating conservation surcharges.

Section 5 of the Act mandates that the Administrator
offer to sell each requesting utility the firm or reliable
power each needs beyond its own firm power resources.
All power sales under this Act are subject at all times to
the preference provisions of the Bonneville Project Act.

Bonneville, if requested, must undertake the respon-
sibility for meeting new and existing firm power re-
quirements including first the preference agencies and
also those of the investor-owned utilities, Federal agen-
cies, and direct-service industries, and that in order to do
so, we will need additional resources. The point is that
these sales and obligations are what ultimately binds all
the regions utilities together and embrace the Bill’s
resource priorities and decisionmaking.
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Section 6 contains provisions most interesting to this
audience—the conservation and resource acquisition
provisions. It authorizes and directs the Administrator to
acquire resources to meet contract obligations according
to resource priorities, cost-effectiveness, and other
criteria established in the legislation.

In order to ensure that the Administrator will pursue
cost-effective conservation and renewable resources
before investing in conventional resources, the Act
specifies priorities for resource development and ac-
quisition: first, conservation; second, renewable re-
sources; third, resources using waste heat or having high
fuel conversion efficiency, and only thereafter fourth,
other resources. In each case, priority is given to
resources which are cost-ellective.

Under provisions of the legislation, Bonneville may
provide financial support to sponsors of a resource which
may be eligible for acquisition. Subject to a number of
conditions, BPA may fund or reimburse certain investi-
gations and preconstruction expenses which the sponsor
incurs in the development of resources having regional
benefit. Funding for investigations is contingent on BPA
gaining a first right-of-refusal option on the project’s
capability.

This authority offers an opportunity for utilities—
particularly public bodies—to investigate renewable
resources where previously they have encountered dif-
ficulties due to the risks involved and State constitutional
limits on “lending of credit”

These investigations of proposed projects would pro-
vide for environmental, economic, and technical en-
gineering analyses necessary to determine the project’s
cost-effectiveness, reliability, compatibility with the
existing system, and fish and wildlife and environmental
impacts.

Other authorities in Section 6 provide additional
support of conservation and renewable resources.

1. BPA may acquire small resources of an experimen-
tal, developmental, demonstration, or pilot project na-
ture which possess potential for providing cost-effective
service—again a direct benefit to proving renewables
viable;

2. BPA is authorized to investigate opportunities for
adding to the region’s resources or reducing the region’s
power costs through accelerated or cooperative de-
velopment of renewable resources outside the region;

3. BPA is authorized to acquire and integrate new and
replacement resources. Acquisition is to be ac-
complished by contract to pay for the capability or a
specific amount of power from a utility system or power
associated with a generating resource, conservation
resource, or group of resources.

4. BPA is authorized to grant billing credits and
provide services for BPA customers who undertake
independent conservation activities before or after the
date of enactment, or develop their resources inde-
pendently after the date of enactment. This provision is
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included because these customer actions would reduce
BPASs obligations to acquire resources and a meaningful
cost comparison or incentive was necessary to individu~'
development of conservation and renewable resource

5. The legislation provides that environmental impact
statements for resource acquisition may be prepared
jointly by States and the Federal government.

6. And finally, Section 6 establishes procedures
applicable to proposed major resource acquisitions,
payments or reimbursements for investigations and
preconstruction expenses, and/or billing credits or ser-
vices for a major resource. For each proposal, public
notice and hearings are required; an administrative
record must be prepared; a written decision, including a
consistency determination, must be communicated to
the Council and the public; and, if the acquisition is
deemed inconsistent, the Administrator may not pro-
ceed until 90 days after the funding for the proposal has
been specifically authorized by Congress. Other
applicable law, such as NEPA, continues to apply as well.

The legislation improves the prospect for financing
resources by providing grants, loans, loan guarantees,
bond assurances, and additional borrowings. Most sig-
nificantly, since the legislation authorizes Bonneville to
use various financing mechanisms to assist in planning
and acquiring renewable resource capability, and
pledges Federal Columbia River Power System revenues
as backing, bond buyers should be less reluctant to
invest in and risk money on resources which they believe
rely on “unproven technologies” or which may be subject
to periodic fuel supply constraints (such as in the wood
processing industry). The holder of a revenue bond
wants assurance that revenues will be forthcoming. By
integrating a resource into the regional system and
pledging the revenues from all the region’s ratepayers,
bond holders are provided the assurances they demand.

The legislation also authorizes the expenditure of
funds borrowed under Bonneville's existing $1.25 billion
borrowing limit for the acquisition, development, or
investigation of renewable resources under 50 average
MW. It also grants BPA and additional $1.25 billion
borrowing authority for making loans and grants directly
for conservation and small renewable resources.

Where do we go from here?

We have the positive experience of living and growing
with renewable base energy; we are living the lesson of
further reliance on fossil-fuel resources; we understand
the priority, the direction, and the purpose. With enact-
ment, the necessary financing and planning mech-
anisms will be in place, much of the uncertainty cur-
rently impeding development will be eliminated, and
many, many more tools available to achieve our joint
purpose. Things would, I believe, be easier and ac-
complished more quickly.

But even with enactment, the public’s preference ...
renewables has nonetheless been successfully




expressed —through the political process evidenced by
all the congressional activity; the endorsement by the
“+ates and major cities or our region; the utilities,
dustries, and others—and through the very participa-
uion and encouragement of all of you—and through the
commitments in the form of actual development by the
many people in our region. You are the renewables’
“natural constituency.” Let's see what we can do, to-
gether and individually, to get renewables moving “in

the pipeline,” —big ones, small ones, generating, and
nongenerating.

With all of us working together, we can meet the
challenge to lead the nation in the development of
conservation and renewable resources.

Thank you. [

Remarks

I'm extremely pleased to have this opportunity to
address the Second Annual Pacific Northwest Alterna-
tive and Renewable Energy Resources Conference, and I
want to thank Jack Hornor, the conference chairman, and
Don Davey, the conference coordinator, as well as BPA
Administrator Munro for inviting me here this evening.

I'm particularly glad to be able to speak on the topic of
renewable resources here in my home state of Oregon,
which has taken a position of national leadership in the
drive to reduce our reliance on conventional energy
sources.

In 1979, Governor Atiyeh set out an ambitious agenda
whose goal was to maximize the use of conservation and
renewables, declaring it state policy to develop our
state’s solar, wind, geothermal, biomass, hydroelectric
and energy-conserving potential to the fullest extent.

And, just two months ago, The Oregon Alternate
Energy Development Commission found this potential to
be great indeed, and laid out a set of sound recommen-
dations on how best to develop it in the coming years.

This focus on conservation and renewables is
thoroughly in step with the energy preferences of
Oregonians. A poll conducted earlier this year by Pacific
Power and Light revealed that they strongly preferred
the use of renewable resources over conventional gener-
ation, for which they displayed a marked lack of en-
thusiasm.

Indeed, given a hypothetical choice, more than half of
those surveyed would not accept the siting of a coal-fired
plant in their county; this percentage increased to nearly
two-thirds in the case of a nuclear facility. In contrast,
solar, hydro, wind and geothermal received high marks
in terms of preference as well as of perceived practical-
ity.

And, last May, Oregon voters by a wide margin
approved a multi-million dollar loan fund to finance
small-scale renewable resource projects, clearly de-

Qnstrating their support for alternative technologies

d for individual and local initiative in reaching energy

independence.
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This strong preference for conservation and renewa-
bles and for broad-based public participation in energy
affairs is one I share.

In my view, it is indisputable that conservation and
renewable resources are the direction that our energy
planning must take, on the national as well as on the
state and local levels.

It is widely recognized that our current patterns of
energy use are quite flexible. Reputable estimates hold
that the United States could use thirty to forty percent
less energy than it now does without a decrease in our
living standard, given an aggressive national conserva-
tion effort. And, of course, it is now a truism to note that
energy conservation is the cheapest, quickest, and
environmentally safest source of energy there is to be
developed.
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As for renewable resources such as solar energy, a
domestic policy review of this option ordered by the
President found a significant potential for expanding
solar and other renewables with existing technology, and
concluded that the goal of deriving twenty percent of our
energy from solar by the year 2000—a goal I endorse—
is well within the realm of achievability.

Further, a recent study by the Harvard Business
School echoes many of the current misgivings about the
ability of conventional resources, such as coal and
nuclear, to add reliably to our energy mix. This study
states that “only a modest contribution in increased
energy can be counted on with reasonable certainty from
these sources,” and cites air pollution and the dangers of
nuclear waste as posing unique obstacles in this respect.

Accordingly, the Harvard study places its greatest
emphasis and hope on the development of solar and
related renewables as well as on conservation, which it
terms “an immediate priority” resource.

Aside from arguments based on objective merits,
however, I am attracted to conservation and renewables
on account of less tangible, yet equally important
advantages they possess.

A constant complaint I hear in Congress and among
government officials concerns the supposed apathy of
the average citizen about our energy problems. The
person on the street, so the story goes, isn't willing to
help reduce energy use or to undertake needed efforts,
and is simply waiting for the government to step in with
a magic solution.

This is nonsense. And Oregonians are proving it to be
nonsense every day.

To me, one of the prime virtues of conservation and
renewables is that they offer an alternative to those who
have the initiative and the ability to help solve our energy
problems. Since these are technologies that can be
employed by the average homeowner, businessman or
local public utility, we have here a means of tapping one
of our greatest resources—the energy and enterprising
spirit of our people.

As a member of Congress, I receive hundreds of
inquiries from seniors who ask for advice and assistance
in weatherizing their homes; from farmers who are
looking into setting up alcohol fuels stills to help run
their operations; and just from ordinary citizens who
want to heat their homes with solar equipment or
generate electricity from windmills. And the public
utility districts and rural electric cooperatives of central
and eastern Oregon are hard at work developing their
own energy from biomass, cogeneration and small-scale
hydro.

Especially at a time when our energy security is
severely threatened by events halfway around the world,
I find it fitting that we are returning to the traditional
American values of individual and local initiative, and
using our natural resources, to find lasting solutions for
our energy future.

104

The area of conservation and renewables, then, seems
to me to be where our future efforts will reap the biggest
rewards—in terms of the amount of energy produced
the quickness with which we can put these resources
line, and the ability to draw upon the initiative and
resourcefulness of all Americans.

Much of my work in Washington has involved me
closely in this area for many years.

—1In 1978, 1 pushed for enactment of the first federal
tax credits for solar, wind, geothermal and conservation,
the excise tax exemption for gasohol, and for deprecia-
tion incentives for industrial conservation.

—And, as part of the windfall profit tax legislation
signed into law earlier this year, 1 worked to expand
these provisions, to add more items to the list of
equipment eligible for the conservation credit, and to
create incentives for newer areas such as cogeneration
and ocean thermal conversion.

During this period, Congress also approved a wide
range of incentives for conservation and renewables,
including the establishment of a conservation and solar
bank, increased funding for alcohol fuels production, and
programs to stimulate geothermal resource exploration.

The progress we have made so far is good. But we
must do more.

— All too often, in the pressures of the Congressional
appropriations process, funding for needed conservation
programs is the first to go when reductions are made,
and without a careful review of the beneficial impacts
these programs have on employment and in reducing the
need to import oil. We must work to sustain or increase
our appropriations levels in this area.

— Additionally, I support higher funding of innovative
activities, such as the Appropriate Technology Small
Grants Program, which are the most accessible to the
general public for developing renewable energy appli-
cations at the grass-roots level.

And, in my capacity as chairman of the Committee on
Ways and Means, I am working on several fronts.

—In September, my committee held hearings on a
passive solar tax credit that would grant homebuilders
up to two thousand dollars for incorporating key passive
components in their construction. I believe quick action
inthis area is necessary, and [ am hopeful that this credit
can be passed in the post election session of this
Congress.

—1I have been involved in discussions with the White
House and the Treasury Department to urge prompt
action on the discretionary credit for wood-burning
stoves, and am pleased that the Administration has now
given its consideration top priority.

—Further, I am co-sponsoring legislation which
would reauthorize the energy conservation program for
schools and hospitals and would extend full funding to
the conservation program for units of local governm
and public care. Along with Energy and Power Subct
mittee chairman John Dingell, I am working to add




provisions to this legislation which would insure that
funds are utilized to the fullest possible extent and would
~—9 to those areas which have the greatest need.

—And, as a result of my talks with people here in
Hood River County and around the state, I have become
intrigued by the potential that remains in the field of
small-scale hydroelectricity. Many Oregonians have al-
ready developed local sites for residential and farm use,
and I am convinced that with additional incentives this
resource can make a significant contribution to our
energy supplies.

I am therefore directing my Ways and Means staff to
study the possibility of a federal tax credit applicable to
small-scale hydro for residential purposes, in the ex-
pectation of holding committee hearings on this subject
as soon as possible next year.

To sum up, I feel that we are now beginning to turn the
corner in our appreciation of the problem that faces us,
and of the role that conservation and renewable energy
must play in solving it.

First, we must recognize that developing these re-
sources must be our absolute top priority, our main line of
attack in the fight to attain energy independence.

Second, at all levels of government, from the national

to the local, we must redouble our efforts to support and
encourage these energy options through significant and
workable incentives.

Finally, in so doing we must call upon, and be
responsive to, the resourcefulness and grass-roots in-
itiative of all Americans as a key factor in our energy
thinking.

Given this kind of commitment, I can envision an
America reliant not on sources of energy whose supply is
limited or whose ability to contribute in the future is
suspect, but instead an America reliant upon renewable
sources of energy that will provide us with a safer and
more secure energy future.

To some, this notion will sound hopelessly idealistic.
Others will see it as accepting lowered expectations or a
limited world outlook. But I submit to them that the
virtues of self-sufficiency, use of our own domestic
resources, and broad-based popular participation are
the most genuine and most American virtures of all.

This is a view of the future that I share with my fellow
Oregonians, and one toward which I will work with all of
my efforts.

Thank you very much. [|

Nick Cimino is a solar research analyst for the Idaho Office

of Energy and Western SUN. He has been at the Idaho
Office of Energy since 1979, and specializes in solar heating and
cooling technology, with emphasis on the legal and institutional
issues. He was formerly employed by the environmental consulting
firm of Jones, Stokes, Associates.

Panel 56 moderator Nick Cimino

Richard L. Duiha is bivmass specialist and special
agsistant to the dwrectur ol Uie Oreyon Department ot
Energy, on loan from the U.S. Department of Energy, for which he
was special projects officer, Office of the Assistant Manager for
Regional Activities, Hanford Site, Richland Operations Office. He was
previously special assistant to the assistant manager for administra-
tion at the Hanford Site, intelligence advisor to the director of the
Arms Control and Disarmament Agency, director of classification for
the same agency, and a supervisor with the Sandia Corporation,
Livermore Laboratory, Livermore, California. He is chairman of the
Wood Energy Coordination Group and a member of the PNUCC Wood
Energy Committee and the Governor's Wood Slash Committee. Mr.
Durham has written numerous articles on biomass energy. He
ved a B.S. in engineering from the U.S. Military Academy and a
uate diploma from the National War College.

Panel 6 moderator Richard Durham
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EXHIBIT CENTER

A separate exhibit center featured the following:

Special Project Areas, where facts were shared and
questions answered relating to on-going projects in
the region,

Contact Areas, where people interested in specific
programs relating to the resources met and ex-
changed information and

Exhibits of various alternative and renewable
resource hardware.
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EXHIBITORS

1 Schuchart & Associates, Inc.
Mr. Peter Greaves
9725 Third Avenue N.E.
Seattle, Washington 98115

2 Washington State Energy Office
Mr. Greg Lee
400 E. Union-First Floor
Olympia, Washington 98504

3 Windpower Systems
Mr. Mark Lindgren
5211 S.W. Vermont
Portland, Oregon 97219

4 Eugene Water € Electric Board
Dr. Al Hughes
PO. Box 10148
Eugene, Oregon 97440

5 Hanford Science Center
Ms. Ann Cowan
Box 800
Richland, Washington 99352

6-8 Boeing Company
Mr. Joe Holmes
MS 9A-22
PO. Box 3707
Seattle, Washington 98124

9 EGE&G Idaho, Inc.
Mr. Frank Meltzer
PO. Box 1625
Idaho Falls, Idaho 83415

10 Oregon Department of Fish and Wildlife
Mr. Jim Haas
PO. Box 3503
Portland, Oregon 97208

National Marine Fisheries Service

Mr. Stephen Smith

Environmental and Technical Services Diw.
811 N.E. Oregon Street

PO. Box 4332

Portland, Oregon 97208

11 Henningson, Durham, and Richardson
Ms. Robin Calhoun
1100 Eastlake Avenue E.
Seattle, Washington 98109

12- Oregon Energy Extension Service
13 Mr. Owen Osborne
114 Dearborne Hall
Oregon State University
Corvallis, Oregon 97331
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EXHIBITORS, continued

14 International Engineering Company

15

16

17

18

19

20

21

22

Mr. R.B. Christensen
180 Howard Street
San Francisco, California 94105

Westinghouse Electric Corp.
Mr. Chuck Minter

5901 S.W. Macadam
Portland, Oregon 97201

Red Crown Burner Systems
Mr. Andy Baardson

Box 488

Brownsville, Oregon 97327

EG6&G Idaho, Inc.

Mr. Lowell Magleby

PO. Box 1625

Idaho Falls, Idaho 83415

Western SUN

Ms. Andrea Montclair
715 S.W. Morrison

Suite 800

Portland, Oregon 97205

Electric Power Research Institute
Mr. Robert Taylor

3412 Hillview

PO. Box 10412

Palo Alto, California 94303

Energy Studies Center
M. Richard Donin

3400 S.E. 26th
Portland, Oregon 97202

JBF Scientific

Mr. Marty Goldenblatt

2 Jewel Drive

Wilmington, Massachusetts 01887

Idaho Office of Energy
Nick Cimino

State Capitol

Boise, ID 83720
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24

25

26

27

28

29

30

31

Lewis County PUD

Mr. Gary Kalich

PO. Box 330

321 N.W. Pacific Avenue
Chehalis, Washington 98532

Lockheed Missles & Space Co.
John Frier, Jr.

Dept. 5020, Bldg. 523

PO. Box 504

Sunnyvale, CA 94086

CH.M Hill

Mr. Hand Newcomb

PO. Box 428

Corvallis, Oregon 97330

Oregon Institute of Technology
Mr. Paul Lienau
Klamath Falls, Oregon 97601

Oregon Department of Energy
Mr. David Philbrick

Labor & Industries Building
Salem, Oregon 97310

Seattle City Light

Ms. Dorothy Nelson

1015 Third Avenue
Seattle, Washington 98104

Northwest Natural Gas
Mr. Paul Hathaway

200 S.W. Market

Suite 1900

Portland, Oregon 97201

Bonneville Power Administration
Wally Huffman-PRT

PO. Box 3621

Portland, Oregon 97208

(503) 234-3361, ext. 5052

Bureau of Land Management
Mr. Bill Cowan

729 N.E. Oregon Street

P.O. Box 2965

Portland, Oregon 97208

32- U.S. Army Corps of Engine=~=
33 Ms. Mary Portner

PO. Box 2946

Attn: PAO

Portland, Oregon 97208

34 Energy and Man's Environment
Ms. Kathy Norris
7874 S.W. Nimbus
Beaverton, Oregon 97005

35 DNRC, Energy Division
Mr. Tom Livers
32 S. Ewing
Helena, Montana b49601

36 Tudor Engineering
Mr. Tom O’Neill
149 New Montgomery Street
San Francisco, California 94105

37- BPA Electric Car

38 Cecil Peloguin-EJ
PO. Box 3621
Portland, Oregon 97288
(503) 234-3361, ext. 370

39 Oregon Graduate Center
Mr. John Rau
19600 N.W. Walker Road
Beaverton, Oregon 97005

40 Carroll, Hatch & Assoc., Inc.
Mr. John Vranizan
PO. Box 8583
Portland, Oregon 97207

Portland Gas and Electric
Bob Richardson

121 S.W. Salmon
Portland, OR 97204




FILM FESTIVAL

yer:

Wind Power

Produced by the National Aeronautics and Space

Administration. 16 mm, 5 minutes.
Energy from the Wind

Produced by the National Aeronautics and Space

Administration. 16 mm, 5 minutes.
Gusts of Power

Produced by the U.S. Department of Agriculture and
the U.S. Department of Energy. 16 mm, 15 minutes.

Pigopolis

Produced by Industrial Media, Inc. 16 mm, 12
minutes.

Gift from the Earth
Produced by the U.S. Department of Energy. 16 mm,
27 minutes.
Water Follies
Produccd by the Denver Water Deparlment. 16 mm,
6 minutes.
Fuel Cell Power: The New Option

Produced by United Technologies. 16 mm, 15 mi-
nutes.

Backyard Alternatives

Produced by the Brumfield Family. 16 mm, 20
minutes.

The following films were shown in the Exhibit Center

Films on alternative energy resources may be borrowed

free of charge from the following:

Film Custodian

Hanford Science Center

Box 800

Richland, Washington 99352
(509) 376-6374
FTS 444-6374

Trojan Visitor Information Center
Route 2, Box 537

Rainier, Oregon 97048
(503) 226-8510
(503) 556-4741

(Limited to Washington and Oregon)

U.S. Department of Energy
Film Library

PO. Box 62

Oak Ridge, Tennessee 37830
(615)576~128b or 1286 or 1287
(FTS) 626-1285 or 1286 or 1287

Public Information Office
Bonneville Power Administration
1002 N.E. Holladay Street
Portland, Oregon 97208

(503) 234-3361, Ext. 5131
FTS 429-5131
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The Northwest Alternative Energy Directory is a com-
pilation of agencies, organizations, information sources,
and individuals who play a role in alternative energy
resource development. The listings are organized by
geographical area (State, regional, national) and by
function (information, government, research and de-
velopment, utility). The directory also contains a cross
reference by energy resource and an index by agency.
Copies are available upon request from Branch of
Thermal Power-PRT, Bonneville Power Administration,

PO. Box 3621, Portland, Oregon, 97208 (503/234-3361,
x5051).
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ATTENDEES:

Mr. Don Abbot

City of Forest Grove
PO. Box 326

Forest Grove, OR 97116

Mr. Fred Adair

Washington State House of Representatives
Energy Committee Staff

219A House Office Bldg.

Olympia, WA 98504

Mr. Rodger Adams
Coos-Curry Council of Govts.
1975 McPheasson St.

North Bend, OR 974b9

Mr. Thomas Adams

U.S.ES. PNW Forest & Range
Experiment Station

809 N.E. 6th Avenue

Portland, OR 97232

Mr. Jose Aguilar

Bonneville Power Administration
BO. Box 3621 —ENOB

Portland, OR 97208

Mr. Rodney Aho

Bonneville Power Administration
Box 1518

Walla Walla, WA 99362

Mr. William Aho
Ekono Inc.

410 Bellevue Way SE
Bellevue, WA 98006

Mr. Ed Albaugh
H.A. Simons Inc.
916 Plaza 600 Bldg.
Seattle, WA 98101

Mr. David A. Alden

Tudor Engineering Company
149 New Montgomery St.
San Francisco, CA 94105

Mr. Dick Alescio
Schuchart & Associates
9725 Third Ave. N.E.
Seatle, WA 98115

Mr. Eliot Allen

Eliot Allen & Associates, Inc.
5006 Commercial, SE
Salem, OR 97302

Mr. Mike Allen

PUD of Clark County
PO. Box 1626
Vancouver, WA 98668

Mr. Mark Allison
General Electric
112 Andover Park E.
Seattle, WA 98188

Mr. Fidel Alvarez

Bonneville Power Administration
516 First North

Seattle, WA 98104

Mr. Michael J. Alvine

Central Puget Sound Econ. Dev. Dist.
216 First Ave. South

Seattle, WA 98104

Mr. Stephen E. Anderly
Federal Executive Board
1776 Federal Bldg.

1220 SW 3rd Avenue
Portland, OR 97208
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Mr. Bill Anderson

NW Natural Gas Company
123 NW Flanders
Portland, OR 97209

Mr. Bob Anderson

Montana Dept. of Natural Resources
32 S. Ewing

Helena, MT 59601

Ms. Mary Anderson

Oregon Dept. of Energy

102 Labor & Industries Bldg.
Salem, OR 97310

Mr. J. William Anderson, Sr. Assoc.
Theodore Barry and Associates
1618 SW First Ave., Suite 315
Portland, OR 97201

Mr. Earl E Anderton
Ekono, Inc.

410 Bellevue Way, SE
Bellevue, WA 98004

Mr. R.E. Andrew

G.H. Communily Action Council
207 S. Chehalis

Aberdeen, WA 98520

Mr. Peter S. Antonioli
Montana Power Company
40 E. Broadway St.

Butte, MT 59701

Ms. Judi Armstrong

Housing Rehabilitation Program
116 W. 8th

Port Angeles, WA 98362

Mr. Robert M. Arthur
CPA— The Equitable Center
Suite 322 550 Center St.
Salem, OR

Mr. Scott Ashcom, Manager Natural
Resources

Oregon Farm Bureau Federation

P.O. Box 2209

Salem, OR 97308

Mr. Andy Baardson

Red Crown Burner Systems
Division of Plyboard Corp.
EO. Box 488

Brownsville, OR 87327

Mr. Maurice Baker
Small Scale Hydropower
1211 Oregon Bank Bldg.
Portland, OR 97204

Mr. Tony Balch

Bonneville Power Administration
P0O. Box 3621—PRC

Portland, OR 97208

Mr. David A. Ball

Lindsay, Hart, Neil & Weigler
Suite 700, Columbia Square
111 S.W. Columbia

Portland, OR 97213

Mr. Gary C. Barbour

U.S. Senate Committee on Energy &
Natural Resources

3208 Dirksen Senate Office Bldg.

Washington, DC 20510

Mr. William Barnes
Okanogon County PUD
200 Maple

Omak, WA 98841

Ms. Carol J. Baughman
Baughman & Son, Inc.
PO. Box 270

Coos Bay, OR 97420

Mr. George W. Baughman
Baughman €r Son, Inc.
PO. Box 270

Coos Bay, OR 97420

Mr. Louis M. Baxter

Farmers Home Administration—USDA
2782 S.E. Spruce

Hillshoro, OR 97123

Mr. Ted W. Beadle

Washington Water Power Company
PO. Box 3727

Spokane, WA 99220

Mr. Harry Beeler
Grays Harbor College
Aberdeen, WA 98520

Mr. Kevin Bell
RAIN Magazine
2270 NW Irving
Portland, OR 97210

Ms. Natalie Beltrami
Management/Marketing Associates, Inc.
707 SW Washington— Suite 1010
Portland, OR 97205

Ms. Ilene Belvin

Schuchart & Associates
9735—3rd Ave. N.E. Suite 400
Seattle, WA 98115

Mr. Arden R. Benson
112 NE 63rd Ave.
Portland, OR 97213

Mr. H. Benson
Optimum Insulation
PO. Box 14061
Seattle, WA 98104

Mr. Michael Berger

Bonneville Power Administration
EO. Bua 3621

Portland, OR 97203

Mr. John Bergvall

Dept. of Natural Resources

Operations Research Section MS EX-11
Olympia, WA 98504

Ms. Mary Bisceglia

Publication Development Inc.

9295 SW Electric

Tigard, OR 97223

Ms. Betty H. Blair
Seattle City Light
1015 Third Ave.
Seattle, WA 98104

Mr. Paul F. Bogen
2350 Columbia St.
Eugene, OR 97403

Ms. Frances Bojorquez
Bonneville Power Administration
PO. Box 3621

Portland, OR 97208




- My, Bruce Bolme, PE.
)nsultant
1102 NE 10th Avenue
Ridgefield, WA 98642

Mr. Earl E Bossuyt
General Electric Company
PO. Box 909

Portland, OR 97207

Mr. John Bower
7525 39th NE #3
Seattle, WA 98115

Mr. Jack L. Boyd
Battelle-Northwest
P.O. Box 999
Richland, WA 98352

Mr. Jack Boyd

Tektronix, Inc.

PO. Box 500, D/S 22-480
Beaverton, OR 97077

Ms. Stephanie Bradbeer
Eastern Oregon State College
LaGrande, OR 97850

Mr. Tom Bradbeer .
Eastern Oregon State College
. LaGrande, OR 97850

Mr. Bill Bradfen

Diesel Car Club Oregon
6635 SW Canyon Dr.
Portland, OR 97225

Mr. Douglas R. Brawley
Public Power Council, Inc.
PO. Box 1307

Vancouver, WA 98666

Mr. Duncan B. Brown )
Multnomah Co., Dept. of Env. Services
2115 SE Morrison St.

Portland, OR 97214

Mr. Greg Brown
Agro Works, Inc.
P.O. Box 20682
Portland, OR 97220

Ms. Leah Brumer

Council of State Governments
165 Post St. :
San Francisco, CA 94108

Mr. H. Richard Bryant
Forest Service
Portland, OR

Mr. Mike Burnett
Western SUN

715 Morrison St. NW
Portland, OR 97215

Mr. Mike Burke

Western Area Power Admm1stranon
2800 Cottage Way

Sacramento, CA 95670

Ms. Sandra Burt

Oregon Dept. of Energy

102 Labor & Industries Bldg
Salem, OR 97310

Mr. Nick Butler
Bonneville Power Admxmstratlon
PO. Box 3621

irtland, OR 97208

Ms. Robin C. Calhoun

Henningson, Durham & Richardson
1100 Eastlake Avenue East

Seattle, WA 98109 '

Mr. John Callaway

Battelle Pacific Northwest Labs.
Bldg. Sigma-4/PO. Box 899
Richiand, WA 99352

Mr. S.L. Campagna

" Pacific Power & Light Company

920 SW Sixth Avenue
Portland, OR 97204

Mr. Stan Campbell
Raft River Rural Elec.
Sublett Road

Malta, ID 83342

Mr. Albert Carlson

Burns and Ros, Inc.

185 Crossways Park Drive
Woodbury, NY 11797

Ms. Rhea Carlson

City of Cascade Locks
PO. Box 308

Cascade Locks, OR 97014

Mr. Don Carson

Raft Rivor Rural Electric Co-op
PO. Box 617

Malta, ID 83342

Ms. Sarah Chandler
Oregon Common Cause

4970 Whiteaker

Eugene, OR 97405

Mr. John R. Churchill
Portland State University
788 Columa Lane

Lake Oswego, OR 97034

Mr. Alan Chockle

Battelle Pacific Northwest Labs
Battelle Blvd.

Richland, WA 99352

Mr. Jack Clark

Chelan County PUD #1
Box 1231

Wenatchee, WA 98801

Mr. Scott W. Clement

Institute for Policy Studles—PSU
PO. Box 751

Portland, OR 97207

Mr. Robert E. Cole
Harney Electric Coop
P.O. Box 873

Burns, OR 97720

Mr. Lew Cosens -

Port Angeles City Light
P.O. Box 1150

Port Angeles WA 98362

Ms. AnnL. Cowan

Hanford Science Center
Rockwell Hanford Operations
Box 800 ’
Richland, WA 99352

Mr. Doug Couch

Bonneville Power Administration °
PO. Box 3621—OPC

Portland, OR 97208

Mr. Jack Craig
EWEB

500 E. S5th Street
Eugene, Or 97440

Mr. John G. Crawford, JR

Schunnale, Williamson, Wyatt, Moon &
Roberts

1200 Street Plaza

Portland, OR 97204

Reverend Austin J. Cribbin
St. Augustine Church

PO. Box 340

Merrill, OR 97633

Mr. Mark Cross

King Co. Energy Plarining Project
Rt. 1.Box 518

Vashon, WA 88070

Mr. Liston Darby, Commercial Manager i
Clatskanie People‘s Utility District

P.O. Box 216

Clatskanie, OR 97016

Mr. Rod Datson

Professional Solar Contact
5404 SE 72nd

Portland, OR 97206

Mr. Greg Davidge

Solar Age Builders €& Design
962 SE Fifth St.

Bend, OR 97701

Mr. Girard C. Davidson
Sea-Tac Geothermal

519 SW Park, Suite 410
Portland, OR 97205

Mr. David Davis

Waste Transformation Inc.
PO. Box 1236

Corvallis, OR 97330

Mr. Don Defreese
Central Lincoln PUD
Newport, OR 97365

Mr. John Demonye

IBI Group

626 Bute St.

Vancouver, B.C., Canada

Mr. Richard A. Donin
Energy Studies Center
Portland Public Schools
3400 SE 26th

Portland, OR 97202

Ms. Nancy Doughty

Clackamas County Planning Dept.
902 Abernethy Road

Oregon City, OR 97045

Mr. Bob Drake

Coos Curry Electric Coop
P.O. Box 198

Port Orford, OR 97465

Mr. Hal E. Driskell

Tillamook County Pamona Grange -
11280 Hwy 101 S.

Tillamook, OR 97141

Mr. Clay Dunlap

Washington State Energy Office
400 East Union Street
Olympia, WA 98504
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ATTENDEES, continued

Mr. Alvin Duskin

U.S. Windpower

669 Broadway Suite A
Sonona, CA 91476

Mr. John Dyck

Portland, General Electric
TB-6, PGE, 121 SW Salmon St.
Portland, OR 97204

Mr. Henry Edel

Van Gulick & Assoc.

543 Third Street

Lake Oswego, OR 97034

Mr. Ivan Engen
EG6&G Idaho

P.O. Box 1625

Idaho Falls, ID 83415

Mr. Douglas E. Ensor
Michener Associates, Inc.
PO. Box 2176

Pasco, WA 99302

Ms. Ela Esterberg

Seattle City Light

1015 Third Ave, (UP 316)
Seattle, WA 98104

Mr. Richard A. Evans

Vitro Engineering Corporation
1835 Terminal Drive, Suite 220
Richland, WA 99352

Mr. Russell A. Eversole
NUS Corporation

1514 Grand Ave.
Seattle, WA 98122

Mr. Dave Fahrer

Bonneville Power Administration
PO. Box 3621—ENOB

Portland, OR 97208

Ms. Linda Fassbender
Rattelle-Northwest
PO. Box 999
Richland, WA 99352

Ms. Karen K. Faw

TERA One-—Junior League of Fortland
1765 Fern Place

Lake Oswego, OR 97034

Mr. Larry F. Felton
EG&G Idaho

1445 Joseph

Idaho Falls, ID 83401

Mr. Gene Ferguson
Purtland Area BPA
1925 SE 55th
Portland, OR 97215

Dr. Bruce Finnie
Western Analysis Inc.
P.O. Box 287

Helena, MT 59601

Ms. Patti Floyd

Housing Rehabilitation Program
PO. Box 553

Port Townsend, WA 98368

Mr. Dwayne Foley

N.W. Natural Gas Co. .

123 NW Flanders St.

Portland, OR 97209 . -

Ms. Ann Fornes

Oregon Institute of Technology
Klamath Falls, OR
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Ms. Gabrielle Foulkes

Bonneville Power Administration
PO. Box 3621

Portland, OR 97208

Mr. Wally Frey
Nuway of Living, Inc.
P.O. Box 562

Dayton, OR 97114

Mr. J.M. Frier, Jr.

Lockheed Missiles & Space Co., Inc.
P.O. Box 504

Sunnyvale, CA 34086

Mr. EJ. Garlitz

Oregon Dept. of Energy

102 Labor & Industries Bidg.
Salem, OR 97310

Mr. Edward H. Gehrig
Bonneville Power Administration
0. Box 3621

Portland, OR 97208

Mr. George Gelb

TRW Energy Systems Group—Redondo
Beach

1835 Terminal Drive, Suite 200

Richland, WA 99352

Ms. Betty George

Washington PUD Association, Inc.
1700 Tower Bldg.

Seattle, WA 98101

Mr. Thomas P. Giese
Ameron

P.O. Box 11097
Portland, OR 97221

Mr. William Gilles

TRW Energy Systems Group
1835 Terminal Dr., Suite 200
Richland, WA 99352

Mrs. Carol Gilles

TRW Energy Systems Group
1835 Terminal Dr., Suite 200
Richland, WA 99352

Mr. Wilford R. Glasscock
Montana Office of Public Instruction .
Room 106, The Capitol

' Helena, MT 59601

Mr. Jack Gochnour

Unity Light & Power Company
PO. Box 1247

Burley, ID 83318

Mr. Martin K. Goldenblatt
J.B.F. Scientific Corporation
2 Jewel Drive

Wilmington, MA 01887

Mr. John Graham .
Seattle City Light
1015 Third Ave.
Seattle, WA 98104

Mr. Robert Grant i

JBF Scientific Corporation

1925 N. Lynn St., Suite 308
Arlington, VA 22209

Mr. Loren E. Gray ' . .
Bonneville Power Administration
PO. Box 3621

Portland, OR 97208

Mr. Robert Guddat

Bonneville Power Administration
PO. Box 3621—ENOB

Portland, OR 98208

Mr. Tom Guiney .
Multnomah County Division of O & M
9659 N.E. Hancock Drive

Portland, OR 97220

Mr. Wayne T. Haas

1daho Dept. of Water Resources
Statehouse

Boise, ID

Mr. James M. Haberman
Pacific Power € Light Co.
920 SW Sixth Ave.
Portland, OR 97204

Mr. Max R. Huckler

Blue Moutulainn Econ Dev. Council
PO. Box 1427

Pendleton, OR 87801

Mr, F. I.esso Hager
Landscape Architect
2424 NW Northrop
Portland, OR 97210

Mr. Bruce D. Hall

Umatilla Electric Co-op Assn.
P.O. Box 48 o
Hermiston, OR 97838

Mr. Charles E. Hall

International Engineering Co., Inc.
180 Howard Street

San Francisco, CA 94105

Ms. Susan Hall
Hall & Associates
Skinner Bldg.
Seattle, WA 98101

Mr. John Hamer
Seattle Times

P.O. Box 70
Seattle, WA 98177

Ms. Candice Hardeman
Housing Rehabilitation Program
PO. Box 553

Port Townsend, WA 98368

Mr. Mike Hartley

Pacific Power & Light Co.
920 S.W. 6th Ave.
Portland, OR 97204

Mr. John E Harney
Taylor Instrument Co.
18230 NE San Rafael
Portland, OR 87230

Ms. Victoria Smith Hastings
Rockey Marsh Public Relations
1990 SW 5th Avenue

Portland, OR 97201

Mr. Les Hein
Peninsula Light Co.
PO.Box 78

Gig Harbor, WA 98335

Mr. Roy Hemmingway
Oregon PUC . :
300 Labor & Industries Bldg.
Portland, OR 97201
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Mr. Ladd Henderson
armers Irrigation District
185 Tucker Road

Hood River, OR 87031

Ms. Mary Elizabeth Henry
Institute for Professional and
Managerial Women

1979 SW 5th Avenue
Portland, OR 97205
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