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WIND ENERGY IN 1996: LOOKING FORWARD, LOOKING BACK

Randall Swisher, Executive Director
American Wind Energy Association

What is the state of Windpower in 19962
It was the best of timés, it was the worst of times.

On the positive side, wind energy technology continues to progress very impressively in terms
of reliable and cost-effective performance. The technology has achieved cost goals no one
would have thought possible a decade ago. WINDPOWER '96 is in part a celebration of that
technology progress and of the wind industry's partnership with US DOE and NREL in
pursuing collaborative R&D. That partnership and wind technology's progress will be
highlighted by our visit later this week to the National Wind Technology Center.

WINDPOWER '96 is also a celebration of the growing worldwide market for wind, a growth
that has been made possible in large part because of wind's increased cost-effectiveness and
reliability. Wind's growing worldwide market is reflected in the conference agenda, where we
have tried to bring in experts from around the world to provide details on selected markets.

I would also like to extend a special welcome to our many guests from around the world who
are participating in the Wind Energy Applications and Training Symposium.

Finally, we are also here to celebrate continuing partnerships with utilities, including our
conference cosponsor PacifiCorp, or other leading utilities such as Northern States Power,
Central & South West, Green Mountain Power, Lower Colorado River Authority, Sacramento
Municipal Utility District, CARES, the Waverly, Iowa municipal utility or Traverse City
Light & Power. ' ~

What is the down side for today's wind industry?

The bankruptcy of Kenetech, the wind industry's largest player, is clearly the most striking
event of the past year. And perceptions matter. Our industry will be hurt in the eyes of
many utilities and financial institutions around the world. But most of you realize that the
failure of Kenetech should in no way be taken as a failure of the wind industry as a whole.
Although Kenetech made some significant mistakes, its bankruptey is also a fitting monument
to the failure of U. S. energy policy to successfully facilitate a sustainable market for wind
and other renewable technologies.

A second major negative is that at least temporarily, the restructuring of the U. S. electric
industry has slowed the market for wind and any other new capacity. The U.S. electric
industry is in the midst of the most momentous changes in its history, moving from a series
of heavily regulated monopolies to a competitive power market in which electricity is a
commodity bought and sold on futures markets.

This trend toward greater reliance on market forces is not confined to the U.S.--it is a




worldwide trend--and greater reliance on market forces can bring broad public benefit if
market rules reflect the long-term public interest.

Today, the U.S. utility industry is busily preparing itself for competition. Little new capacity
of any kind is being added. Wind should not feel singled out. As part of the preparation for
competition, we see utility mergers, downsizing, assaults on PURPA and PURPA contracts
and anything else utilities perceive as higher cost increasing their risk of financial exposure.
We see.a host of new market entrants such as power brokers and marketers. And we see an
unrelenting emphasis on price with little attention to value, the long-term or the broader
public interest beyond low-cost power.

The new competitive market holds advantages and disadvantages for renewables. We believe
customer choice can work for wind. The time is quickly coming--in some parts of the
country by 1998--when you as generators of electricity (or through brokers) will have the
opportunity to sell on a direct access basis to the retail customer. As every survey or poll has
demonstrated, people want renewables. Any utility or marketer looking to differentiate its
product in this emerging commodity market will not be able to ignore the green market.

On the other hand, renewables have certain disadvantages in this new market. We have
higher capital costs and are disadvantaged in a market which emphasizes short-term costs and
doesn't properly value our long-term cost and environmental advantages. And wind plants
don't operate like fossil fuel plants. The new market rules for transmission pricing and
operation of power pools could exclude or seriously disadvantage intermittent renewables like
wind. ~

So wind could do well in competitive markets, but the system must be set up in ways that are
compatible with wind and its characteristics. The new market rules which will be imposed by
federal and state policymakers must engage the power and efficiency of competitive markets
while including market-oriented protections for the environment and the long-term public
interest.

That's really what AWEA's Renewables Portfolio Standard is all about--harnessing the power
of the market to bring renewables into the main stream. You'll be hearing more about the
RPS tomorrow from Nancy Rader, who developed the concept for AWEA as a way to
advance renewables in restructured markets.

The RPS was endorsed by the California Public Utilities Commission last December as a way
of maintaining and increasing California's resource diversity. It has been increasingly
embraced by other renewable industries, and we are now working with the biomass,
geothermal and solar thermal industries (as well as environmental allies such as the Union of
Concerned Scientists) to pass such a bill.

The RPS has some key advantages:

First is its Administrative Simplicity--each retail supplier would simply have to certify that
-the required percentage of their power came from renewables. In California's case, the -




Commission has set a requirement of ten percent renewables. There are no complex
bureaucratic procedures and minimal regulatory burden. Just do it.

Secondly, the RPS would be competitively neutral and imposed on all competitors, not just
regulated utilities. By engaging all competitors, it would transform the market for
renewables, giving all market participants a stake in building alliances that will allow them to
achieve the standard in the most efficient and cost-effective way.

Third, the RPS is a market-based regulatory program that would rely on a system of tradable
renewable energy credits to achieve policy goals in the least-cost way.

There are three primary policy options currently under consideration as ways of advancing
renewables in restructured electric markets. All of these options can co-exist compatibly.
The first is the RPS, which AWEA believes is the policy that most effectively advances wind
in competitive markets. For more information on the RPS, consult AWEA's World Wide
Web site at <http://www.igc.apc.org/awea/>.

Second is the "Systems Benefits Charge," a surcharge on electric rates which is intended to
pay for a host of social benefits that could be stranded by competition--demand side
management, low-income programs, research and development, and advancement of pre-
commercial renewable technologies. But we don't believe a surcharge is the most effective
way to advance commercially ready bulk power renewables. It really doesn't really transform
the market. Depending upon a surcharge to pay the above market costs of renewables ensures
that renewables will be no more than a sidebar to the market.

Third is Green Pricing, leaving renewables deployment up to voluntary contributions of
customers who are willing to pay prices beyond their normal utility bill. There are a few
examples, such as Sacramento or Traverse City, where utilities have implemented green
pricing well, with real long-term vision. Unfortunately, they are exceptions. In most cases,
including the proposal announced recently here in Colorado, the projects proposed to be
supported are so small as to invariably be higher cost, setting up a vicious cycle, in which
renewables are condemned to a marginal status as a higher cost resource in a sort of Green
Ghetto.

All three mechanisms--a Renewables Portfolio Standard, a Systems Benefits Charge or Green
Pricing--have a place in advancing renewables in competitive markets, but let's be aware of
the limitations of each as we focus on ways to move wind from the margins to a more central
role in the utility portfolio. Although Green Pricing has a role to play, it does not take the
place of good public policy. And while AWEA favors the RPS, it is not the perfect policy
tool to advance the interests of all renewable technologies. We require a portfolio of policy
options to advance the interests of all renewables.

Most of the legislative action in regard to utility restructuring thus far has been on the state
level, but there is growing interest in Congress in addressing the issue. One of the leaders in
that debate will be Rep. Dan Schaefer, Chairman of the House Energy and Power
Subcommittee.




We are lucky that Dan Schaefer is in such a key position. Wind and other renewables have
been fortunate to have very strong support from a number of legislators on both sides of the
aisle. But none has been stronger, more consistent or more effective than Dan Schaefer.

Schaefer led the way in defending DOE's renewable energy budget last year, winning the
Klug-Schaefer Amendment on the House floor, standing up to much of the Congressional
leadership in the process.

When the wind-biomass production tax credit was threatened last year, again Schaefer led the
way, providing House leadership with a letter signed on to by scores of his colleagues,
underscoring our strong political support and successfully defending the production tax credit.
Recognizing that many of his colleagues lacked knowledge in regard to renewables, Schaefer
established the House Renewable Energy Caucus as a vehicle for educating and organizing a
Congressional constituency for renewables.

Now Schaefer is working on legislation that would accelerate the transition to customer
choice, and we are all eagerly awaiting the provisions in his bill which would address
renewables. We have had an opportunity for a great deal of dialogue with his staff on these
issues, and our suggestions in regard to establishing a national renewables portfolio standard
featuring tradeable renewable energy credits as a means of advancing renewables in
competitive markets have been well received by his staff.

It has been a pleasure working so closely with Chairman Schaefer and his staff on so many
issues, and it is a great pleasure to introduce him to you here at WINDPOWER '96.




CUSTOMER CHOICE AND RENEWABLE ENERGY

Congressman Dan Schaefer
Chairman, House Energy and Power Subcommittee

It has been almost a year now since I publicly announced my intention to introduce and move
legislation ending the government-protected monopoly over the generation of electric energy.
What a difference a year makes. At this time last year, the idea that retail consumers of electricity
should have the power to choose among competitive suppliers of electricity was a notion limited to
the academic journals. Today, it is fast becoming one of the most closely watched debates on
Capitol Hill.

A year ago, the electric utility monopolies’ motto was "just say no." Today, few utility executives
will deny, at least in public, that retail choice for their customers is coming. The battle against
consumer choice in Washington has become simply a rear-guard action of delaying the inevitable
for as long as possible. It has gone from "just say no" to "just go slow."

A year ago, the Administration was saying there is no reason to consider retail choice legislation
this year, giving a long list of excuses why we should wait until after the election to start the debate.
Today, rumor has it that the Administration is drafting retail choice legislation to answer the
Republican plan.

A year ago, less than one half of the States were even considering retail competition. Today, 47
states are at least studying retail choice, and a few are actively trying to implement their own plans.
And just recently, the American Legislative Exchange Council, made up of state legislators, voted
unanimously in favor of a model resolution calling for a "pro-consumer, pro-competition, and pro-
market" retail choice plan for consumers.

A year ago, thé Senate had adopted the industry's "just say no" position. Today, the Senate has
completed a number of hearings on the issue and, reportedly, plans to hold even more.

A year ago, the House Commerce Committee and the leadership were being pressed to repeal
federal monopoly statutes like PUHCA and PURPA without considering consumer choice. Today,
it is taken as a given that all of these issues must be addressed in a comprehensive manner, and
even EEI admits that piecemeal deregulation is dead now.

A year ago, the general media had hardly even heard about retail choice for consumers. Today, not
a week goes by that the Wall Street Journal, the Washington Post or other major media do not run a
story on utility deregulation.

Why have we seen all this dramatic movement toward retail choice for consumers? It is not
because I have been giving a lot of speeches and holding a bunch of hearings. It is because
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consumers of electricity understand the benefits of competition to their wallet and to the economy
as a whole. As aresult, competition is inevitable. What consumers want, they get.

Consumers want the same power of choice over electricity services as they have over other
essentials of life like food, clothing and shelter. In fact, the very fact that electricity is so important
to our lives is all the more reason why the power over electricity rates and services should be taken
away from the government and given to a much higher authority -- the consumer.

A recent study by Citizens for a Sound Economy shows that even the smallest residential or small
business consumer stands to save big -- if only they are given the opportunity to choose who
provides their electricity service. The report estimated that consumers could see short term savings
of 25 percent off the average monthly electric bill, and save up to 43 percent over the long term.

‘Whether or not you agree with these specific findings, it is clear that consumers -- not the Congress
-- are the driving force behind competition. In the face of such momentum, Congress has two

. choices. It can shield government-protected monopolies from competition, or it can help
consumers get what they want. I, for one, want to stand beside consumers.

That is why I will soon introduce legislation to give all consumers the power to choose among
competing providers of electricity. Since I am still putting the finishing touches on my legislation, I
cannot talk today about the details of the bill. However, I think it is important to understand why
Congress must act, and why we must do so sooner rather than later. -

As states and the Congress have begun to study how best to implement.consumer choice, it has
become clear that states have run into a number of obstacles that only Congress can remove.

For example, there is significant confusion in current law about where federal jurisdiction stops and
state jurisdiction starts in a competitive world. As states move to do the right thing and give their
consumers choice, they potentially risk losing their traditional jurisdiction to the FERC. This
uncertainty has understandably slowed down state efforts to implement competition. Without
congressional action to help define jurisdictional responsibilities of the federal government and the
states, the only reward states may get for their trouble is never-ending litigation and uncertainty.

If we are being honest about allowing the states to take the lead in implementing consumer choice -
- and I strongly believe that is the right way to go -- we have to recognize that the federal
government must, at a minimum, clarify state jurisdiction, remove federal barriers to competition
and provide states the tools they need to bring the benefits of consumer choice to all.

The nine hearings I have held to date in my subcommittee clearly show that each state varies in
terms of how to introduce competition, and that the details of implementing customer choice to the
states. My bill will do that. You will see much leeway given the states to implement customer
choice in a manner that best suits their situation.

However, the one thing that is not subject to variations between states or regions is the need for
customer choice in electricity. It is up to Congress to clear the way for the states to implement
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customer choice, let them choose their own path to get there, but ensure that they get thereina
reasonable time frame. Accordingly, my bill will also set a time-certain for the states -- following
any appropriate model they choose -- to give consumers the ability to choose among competing
providers of electricity. '

Not only does Congress need to act, it needs to do so sooner, rather than later. Nevertheless, I am
constantly asked: Why now? Shouldn't we let nature run its course and let the states act at their
own pace? Or at least wait until after the election? And so on and so on.

Those who are urging Congress to "just go slow" often say we should wait to see how the new
FERC transmission order and wholesale competition develops before even considering retail
competition. It is, first of all, unclear how much benefit small consumers will see from wholesale
competition.

In fact, it is becoming increasingly clear that stopping at just wholesale competition actually puts
small consumers at risk. Utilities are giving special breaks to their largest customers to keep them
as customers -- and residential and small business users that have no option to leave are picking up
the tab. If we stop at just wholesale competition -- if we do not give all customers choice -- it will
be the smallest consumers will be the ones who are left behind and "stranded.”

Those urging Congress to "just go slow" also usually point to the existence of stranded costs as the
reason not to do anything. The fact is the every dollar of stranded costs that exists is just one more
reason why the system of monopoly regulation has failed consumers and one more reason why we
should give consumers choice sooner rather than later.

As I said earlier, the hearings held by the Energy and Power Subcommittee to date have
demonstrated that a one-size-fits-all approach to implementing consumer choice is not appropriate
and that the details need to be left to the states. However the states decide to resolve the stranded
costs problem, the sooner we begin the transition to consumer choice for electricity, the sooner we
can get the stranded costs behind us and start realizing substantial gains to the economy and to the
average ratepayer's wallet. The very existence of stranded costs is the reason to act now, not a
reason to delay. ‘

Once consumers have been given a taste of the benefits available to them in a competitive
electricity marketplace, the monopoly which currently holds dominion will cease to exist. Both
consumers of electricity and policy makers are beginning to understand the opportunities
competition has in store for them. It is my hope that introducing legislation will be the first step in
bringing those benefits home to the consumer.

I am also hopeful that introducing my legislation will be the first step toward putting the future of
renewable energy generation in this country on a solid competitive footing.

As everyone in this room knows, U.S. renewable energy industries are at a vulnerable stage in their

development. During the past two decades, solar, wind, biofuels, geothermal and other
renewable energy technologies experienced significant technological advancements, cost




declines and marketplace successes. We are so close, and yet so far, to achieving our goal of
making renewable technologies viable and competitive alternatives to traditional fuel sources.

While renewables generation is growing at record rates, the government support that has fostered
that growth is increasingly endangered. The Energy Policy Act of 1992 created a five-year plan
that authorized funding to help demonstrate and commercialize new renewable technologies.
Nevertheless, four years into that authorization, the program has never been adequately funded.
Last year’s budget nearly cut federal renewables funding in half. In fact, we considered it a great
victory that we were able to restore enough funding to end up with only a 30 percent cut. This year,
not only are we working hard to safeguard research funding, we are also striving to keep the wind
and biomass tax credit, which is also threatened by budgetary pressures.

After last year’s-budget fight, I decided to form the House Renewable Energy Caucus, in
preparation for the inevitable fight this year. From the original seven members, our caucus has
already grown to nearly 90 members of both parties representing 38 states. Many observers of
Congress note that this caucus has already had a positive impact on what promises to be a
difficult appropriations process again this year.

But the fact is that government resources for renewable technologies are scarce, and getting
scarcer. Further, relying on the political process to support renewable development is an
incredibly inefficient way to allocate those resources that do exist. Who does or does not get
government support often depends as much on political connections and lobbying skills as on the
merits that really matter most in a marketplace -- which technologies are the most promising,
which are the closest to being competitive, and which companies are the best managed.

Renewable energy is too important to the future of this country to leave, year after year, to the
uncertainties of the appropriations process and tax politics. Electricity is the cornerstone of our
economy. Ensuring the security and diversity of generation resources is a critical but neglected
aspect of our overall national security preparedness, not to mention the defense of our
environment. But the never-ending uncertainty of government support retards the development
of renewable technologies, slows innovations and consumes immense amounts of time and
resources in the political process that could be better spent elsewhere.

The free market is the only place where the merits that matter most for the future of renewables
development are recognized and rewarded. If our goals are to speed the commercialization of

" renewable technologies and allow them to compete on an even footing with traditional
generation as soon as possible, the future of renewables is with the free market, not the
government.

In writing legislation to open the retail generation market to competition, I am committed to
ensuring that renewable energy sources have a place in that market. Again, because I am still
putting the finishing touches on my bill, I am not prepared to discuss any details today.
However, let me say that the objectives of my legislation will be to finally free renewable energy
generation from the inefficient, costly and uncertain reliance on government hand outs. I believe
that subjecting renewable technologies to the disciplines of the market will reward the most




promising technologies, bring innovations to market faster, and make renewables competitive
with traditional fuels years sooner than if they simply continue to rely on government support.

The renewables community should not fear retail customer choice and competition in generation.
It presents a unique opportunity for renewables to end their dependence on the government and
to flourish in the marketplace. I look forward to working with you as my committee works to
bring competition and consumer choice to all electricity customers as soon as possible.







WINDPOWER ‘96 OPENING SESSION REMARKS

Christine A. Ervin
Assistant Secretary o
Energy Efficiency and Renewable Energy

Thank you, Randy.

I’'m delighted to join you all this morning for this celebration here in Colorado -- home of great
wind resources and home to the great National Renewable Energy Laboratory and National Wind
Technology Center. And a special welcome to our many international visitors.

The wind industry is one of our finest success stories. The image of turbines turning against the
sky has become a powerful symbol for clean energy around the world. At the same time, we are
at a crossroads for determining how quickly we can exploit the promise of our labors together.
Over the next couple of days you will be sharing your successes and ideas for moving ahead.
But this morning I will focus on our challenges with a special emphasis on the budget debate in
the U.S.

I’m also privileged to follow Congressman Schaefer this morning. May I say, sir, that your
leadership in the House Renewable Energy Caucus helps restore my confidence that clean energy
can once again be bipartisan. Your efforts not only serve Coloradans but the country and
beyond. I say that also so you’ll know this story I’m about to tell does not refer to you! Butit
illustrates, I believe, current Congressional thinking about clean energy, energy efficiency and
renewable energy.

Picture a time of great turmoil, a time like the French revolution. A guillotine stands in the town
square. The executioner drags a doctor up to the guillotine and straps him down. The
executioner pulls the lever, but the blade gets stuck and doesn’t fall.

. “This is providence,” the doctor shouts. “I’'m meant to live so that I can continue to heal
my patients. You must release me!” The executioner releases him.

. Next comes a lawyer. The executioner straps him to the guillotine and pulls the lever, but
it gets stuck again.

. “This is a matter of precedent,” the lawyer yells. “You let the doctor go, and you must let
me go!” The executioner releases him.

. Next, the executioner drags up a Member of Congress and straps him down. But the
blade sticks again. The Congressman turns to the executioner and says, “You know, I
could fix that.”
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Think of the guillotine blade as America’s growing addiction to foreign oil, much of it coming
from a troubled Persian Gulf. Think of it as the risk of losing many American jobs as we back
away from an international market for renewable energy that is heating up fast. Think of it as the
enormous environmental damage that can occur as nations undertake unprecedented economic
development campaigns, and decide on whether they will use clean technologies or dirty
technologies.

Clean energy technologies are the key to keeping that blade from falling. And in many cases,
Federal clean energy programs are the catalyst that brings these new technologies into existence,
and into the marketplace. But our partnership with this industry and others is seriously being
compromised.

I’d like to offer three “no-holds-barred” observations about Congress’ attempts to “fix the
guillotine.”

Observation No. 1: The assault now underway in Congress on Federal clean-energy programs is
nothing less than a sneak attack on the environment. (The cuts being imposed on these programs
will be just as devastating to the quality of the environment in our nation as attempts last year to
roll back major environmental regulations.)

Observation No. 2: Those who argue that the Federal Government has no place in the
marketplace -- that the “free market” will take care of the nation’s need to develop promising
new energy technologies -- are naive. They are operating in an economic fantasy world. And if
allowed to shape national policy, their naiveté will make America a second-rate economic power
in the next century.

And observation No. 3: Those who say America cannot afford Federal spending on clean energy
-- those who argue that these programs must be sacrificed to reduce the Federal budget -- are
saying in effect that we cannot afford clean air. We cannot afford good health. We cannot afford
new jobs. We cannot afford the kind of America we want to leave for our children.

We all know the historic roller coaster we’ve taken in the U.S. in support of clean energy. Huge
budgets in the early 1980s as we learned the right and wrong ways to forge new technologies.
Business plans and investments ventured then swept away with the advent of the Reagan
Administration. Difficult rebuilding during the late 1980s with slow, steady progress. And then
bipartisan support emerged with the Bush Administration and was reinforced by President
Clinton. The future was bright and we were poised for the expanding markets.

And then the new Congress came to town (about the same time as utility restructuring), along
with their plans to fix the guillotine aimed at many environmental programs. The public
rebelled. Many Republicans objected. The President vetoed. Largely as a result, Speaker
Gingrich created a new Environmental Task Force to help moderate environmental reform. To
develop a kinder, gentler, stance on the environment. But the Task Force missed what sneaked
through in the Interior Bill for efficiency technology -- another 10 percent cut after a 30 percent
cut last year. The Appropriations Committee’s press release was entitled “take care of the
environment.” I’ll say. ButI don’t think that’s what the public had in mind.
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The Energy and Water Appropriations Committee hasn’t marked up renewables yet. But we
know the House Budget Resolution called for eliminating wind and reducing other renewables
once again. We all have hopes for what the Caucus can and will accomplish, but protecting
renewables from the deepest of cuts is still a far cry from enthusiastic bipartisan support.

Let me lift the fog from this issue. An attack on clean energy programs is an attack on the
environment. Clean energy and a clean environment are inextricably linked.

Here’s a little-known fact: The production and use of energy cause more environmental damage
than any other economic activity in the world today. And as I mentioned earlier, the problem is
growing worse. Many countries are building new energy systems on an unprecedented scale.
Unless clean energy technologies are available to them, their economic progress will mean major
new pollution on a global scale.

We don’t have an energy crisis today like we did in the 1970s. There are no gasoline lines, no
cardigan sweaters in the White House. Today’s problems are far more subtle, and are far more
serious than gas lines. Our energy use is changing the environment in destructive and long-
lasting ways -- global climate change, the disappearance of rain forests and the species that
occupy them, the dumping of pollutants into our air, water and soil. Our job must be to find and
deploy clean new sources of that energy so that our nation and other nations can continue
meeting our economic needs without ignoring our environmental needs.

Here’s another little-known fact: Most of the Federal Government’s research in voluntary
pollution prevention technologies is done by the Department of Energy -- most of it right here in
the Office of Energy Efficiency and Renewable Energy.

Let’s be clear about the consequences of this disinvestment in the environment. When we talk
about pollution prevention, we aren’t simply talking about making life safe for flora and fauna,
although that’s critical. It’s about our health. Renewable energy can reduce the emissions that
contaminate the air we breathe. And overseas, a wind machine, a PV module, or hybrid systems
can replace the wood smoke and kerosene fumes that are breathed by young and old alike.
Preventing pollution is preventing illness and disease.

About my second observation that concerns the role of the Federal Government in the
marketplace, we continue to hear the argument on the Hill and among conservative think tanks
that the Federal Government has no business being involved in the so-called “free energy
market.” )

One of the most vocal advocates of this dogma is the Cato Institute. Cato asks: “Why is it that
the Department of Energy is so much smarter than every energy company, any energy executive
and any long-term, investor?”

The 1997 House Budget Resolution mirrors this unrealistic view of the marketplace. It says,

“The Budget Resolution reflects the conviction that the nation’s energy problems will be solved
by the people and industries of this country . . . not by government spending.”
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I’d like to respond with a couple of reality statements.

First, let’s talk about the idea of the “free market.” I believe in the power and the magic of the
marketplace as much as anyone. But any student of economics knows that in the real world, the
marketplace is filled with subsidies, distortions, uncounted costs and benefits, information gaps
and barriers. In the real world, cheapest is not always best. Market forces of the moment don’t
always look after the nation’s long-term security interests. For example, cheap oil may be great
for the economy in the short term, but insofar as it encourages us to use more imported oil, it’s
not necessarily good for national economic security in the long term, or for the balance of trade,
or for the quality of our air.

If the marketplace were as infallible and intelligent a source of national leadership as some
believe, then we wouldn’t need Congress or a White House or a Supreme Court. We wouldn’t
need governors or mayors or city councils. We wouldn’t need conservative think tanks.

The marketplace would make all of our decisions for us. But in reality, it cannot. Itis a
marvelous force, but it is no substitute for intelligent leadership that protects and helps guide our
long-term interests. And that’s why I tell economist jokes every chance I get. My very first one
goes back many years to Economic 201 class.

. It’s about three people stranded on a desert island with nothing but a can of food.

The physicist said they must find ways to concentrate the solar rays into a beam that
would burn through the tin.

The engineer said they must look for tools that could be used to pry open the can.

But the economist simply turned to his companions and said: “all things being equal, let
us assume we have a can opener.”

Well you can assume anything you fancy but it won’t change reality.

The market purists make other mistakes too. They forget the Federal Government is the largest

-consumer in the country. So the purchasing decisions we make can greatly affect markets.
Second, they assume that Federal researchers are trying to impose their own judgments on the
private sector. And that our efforts are failures.

As you well know, the research we carry out is a partnership with industry. Industry plays a lead
role in shaping our business plans, which is why modest Federal dollars leverage so many private
dollars. Once again the U.S. is fretting about whether or not the Federal Government should
work with industry to create technologies that serve a public good -- something many countries
represented here take for granted as good common sense.

As for successes -- the wind industry epitomizeé the conundrum clean energy faces. On one
hand, critics claim your technologies are failures, not ready for prime time and never will be
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anything more than a tiny niche market. On the other, they say wind power is now so successful
it can compete on its own without any support.

The reality is that clean energy technologies are winning a disproportionate amount of R&D
awards, that our partnerships are relentlessly improving the technology and steadily bringing
costs down.

And the wind investments being made around the world testify to how far we’ve come in just a
few years. It’s that kind of progress that leads Dutch Royal Shell’s strategic planning unit to
project that renewable energy will provide 50 percent of the world’s energy in 2040 -- a scenario
based on a hard, cold analysis of world demand, supply options, environmental drivers and
capital markets. But there are many market hurdles yet as wind competes with fossil fuels that
dominate markets and boardrooms.

So, the market polarization that the House Budget Resolution speaks of is a myth. The
Government certainly can act contrary to the positive influence of market forces, but it need not.
It is not the natural enemy of American industry, or American consumers. The Government is an
inevitable part of the marketplace, as a consumer, an information provider, and a technology
partner with industry.

My third and final observation has to do with the Federal budget deficit. Deficit reduction is a
critical national goal. We all realize that. But we must be selective and intelligent in deciding
how to reduce Federal spending. It should not be an excuse for cutting into our nation’s best
investments for the future.

Its difficult to understand just what some Republicans stand for in this budget -- if not more
pollution, higher regulatory costs, fewer jobs, and the folly of handing over technologies we
helped develop to other countries. But what if they stood for something like this instead. Let me
read several principles adopted by a group whose identity you’ll have to guess:

. We regard sustainable development, defined as development that meets the needs of the
present without compromising the ability of future generations to meet their own needs,
as a fundamental aspect of sound business management.

. We believe that sustainable development is best achieved by allowing markets to work
within an appropriate framework of cost effective regulations and economic instruments.
Government has a leadership role in establishing and enforcing long-term priorities and
values.

. We recognize the precautionary principle in that research is needed to reduce uncertainty
but cannot eliminate it entirely.

What if that were the platform of the Speaker’s new Environmental Task Force? But whose is
it? -- some environmental association? university group? liberal think tank? No -- its a

statement of environment commitment by nearly 100 insurance companies from 20 different
countries.
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An industry that is wakening to the fact that unbridled development of traditional energy sources
and resulting changes in climate could bankrupt their industry.

And who said: “Sometime, our children will have to pay a carbon pollution cost. That could be a
great big number -- it could be bigger than the budget deficit. We think there is a big market out
there and we’re going for it?” Bob Kelly, Executive Vice President of Enron -- one of the larger
natural gas companies in the world -- explaining why they’re investing in solar technologies.

These are the ingredients to success for clean energy today:

. Government leadership in looking beyond next year’s ledger to the future of our children.

. Private sector vision and leadership in creating the future.

. Innovative ways of channeling the world’s financial capital into the bridge for a
sustainable future.

For when all is said and done -- we are all responsible. The future doesn’t just happen to us. It’s
a place we create. The wind industry is at the cutting edge of creating a clean, prosperous,
future. Now we need to broaden and deepen the strategic alliances that will make it a reality.
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WIND ENERGY:
A REVIEW OF TECHNICAL AND MARKET ISSUES

A D Garrad
Garrad Hassan & Partners Ltd, Bristol, UK

Introduction
This paper is divided into three sections: the market, the technology and some more general conclusions.

1. Market

Figure 1 will come as no surprise to most readers. This figure shows the capacity in the European Union and the
US. For the time being at least, considerable growth is being maintained within the EU. The figure shows that
although the installed capacity in the EU exceeded that in the US in 1994, it took a much longer time to achieve
that result. The EU growth has also been much more cautious. The reason for both features is that the EU figures
are a geographical average of 12, and now 15, political regimes whereas the US figures are the result of one
federal system plus, of course, some local state influence.

Figure 1
Growth of Wind Energy in EU and USA
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Figure 2 shows the European growth in the context of the goals published by the European Wind Energy
Association in their policy document “Time for Action”. The major goal was 10% of Europe’s electricity from the
wind by the year 2030 but some intermediate goals were also introduced, namely 4,000 MW by the year 2000 and
about 11,000 MW by the year 2005. Progress towards the first goal has been very good. If present trends
continue then the turn of the century goal should be exceeded. The most active market is in the developed world -
the “conscience” market, This market is stimulated by a desire to produce clean electricity rather than to produce
more electricity to satisfy an increased demand.

There is another rapidly expanding market - the “necessity” market in which wind energy is being used to satisfy
a demand for more generating capacity, for example, in India where there is a shortfall of 25% in electrical
capacity, in China and Brazil where there are major expansion plans for electricity production from both
conventional and traditional forms.
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Figure 2
Time for Action Goals
10 % of EU electricity by 2030
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Consider first the conscience market. The apparently heaithy growth towards the EWEA goals hides some
important barriers in individual countries. These barriers may be considered under three headings. First there is
the physical barrier: Is there enough space in which to place the wind turbines and, equally important, is there an
electrical grid to make a connection? The second barrier is social. The social barriers have occurred in countries
where there has been a rapid growth in wind energy. At the moment, although these barriers are a nuisance, they
are probably not of long term significance. However, as the installed capacity grows, public acceptance will
eventually prove to be a barrier to further expansion of wind energy in populated areas.

The biggest barrier of all, at least in the early days, is politics. Looking at each country in which there has been
significant wind energy activity, that activity can be clearly traced to specific political decisions. Underlying these
three barriers is the “economics™. Economics, or cost has become increasingly important as some of the other
barriers are overcome. Indeed, cost is the central issue as the industry moves out of Europe into other parts of the
world. The long term future for wind energy depends crucially on its cost relative to conventional energy.

In the present markets the barriers have been overcome by market incentives. This statement appears surprisingly
simple , almost trite, but experience suggests that it really is pretty simple. It is clear that where market incentives
have been put in place there has been substantial and almost immediate growth, and where they have not existed
there has been none. The details of a market incentive are crucial. Although the general intention may be well
defined there have been a number of examples where the voracity of the incentive itself has been undermined by
the details of the legislation. For example, access to the grid has been highly contentious in Germany, Denmark
and in the UK. The wisdom of capital incentives rather than premium energy prices needs careful examination.
The experience in the early days of California was that capital incentives could cause the market to overheat and
tended to place inadequate emphasis on the good operation and efficient maintenance of the machines.

The role of the utility is also crucial. There is a growing move towards privatisation of many utilities, most
advanced in the UK but also elsewhere in Europe. As these new look utilities emerge, it may well be that they
play a different role in the promotion of renewable energy, and in wind energy in particular. Instead of being
merely political tools, if devices are put in place which allow them to make money out of renewable energy then
they may well play a more positive and supportive role than they do at present. There are, of course, some
examples of public utilities which have been supportive, but by and large these are not responsible for some of the
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windiest areas of Europe. Spotting the friendly utility is, therefore, an important part of expanding the market for
wind energy. Even more important is making hostile utilities friendly. This is a demanding task!

In Figure 3, which is rather contentious, the characteristics of the different European Union countries are assessed
under several different headings, some of which have already been itemised above. The physical assessment is
self-explanatory. Under the political heading, there is either a “v* or a “x” except in the case of Germany which
has been particularly positive politically. Under the “Utility” heading is an attempt to sum up the perception of the
utility attitudes in the different countries. Again, this is highly contentious but, to the author’s knowledge,
reasonably accurate. Finally, an attempt has been made to assess the level of activity in each country. The most
active country at present is most definitely Germany. This is something of an irony since it is the only European
Union country which is unable, in ideal terms, to produce all of its electricity from the wind. Nevertheless,
because of the firm political support which is presently available, it is by far the most active country. This
demonstrates the important point that, at this stage at least, political support is by far the most important

characteristic for the development of wind energy.

Figure 3
The Important Ingredients
Physical Social Political Utility Activity
DK vV % v v R
NL V% v v v x
S vV v v x v
UK Y x v v v
H Vv v x x x
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F Vv v % x x
B x ? - x * x
L x ? % x *
I v ? x v x
P v 9 x v x
UsS vvv v x - x
INDIA v vv Vv v vV

To this discussion of the European scene, the US and India have been added. Little activity is shown in the US
since the political climate is positively discouraging whereas in India there is a strong political will to support wind
energy.
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The same theme is illustrated in a slightly different way in the next figure, Figure 4. The installed capacity in each
of the European Union countries and also the amount of the capacity that has been added this year are shown. In
the case of Germany and India the capacity added in the first quarter is also shown. In both cases, although
figures are not yet available, the capacity in the second quarter of 1996 will be substantially smaller. This clearly
shows that major growth has taken place in Germany and India - the two most politically positive countries.

Figure 4
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So, where is the growth now? Although Europe-is still very much involved, there is major activity in India, and
shortly to take place in Central and South America; there is also activity in Egypt, China and New Zealand. This
trend away from European developments although the technology may well stay in Europe, is going to be a
feature of the next ten years or so. The present obsession with utility restructuring in the US makes it is difficult
to envisage any major activity there, nevertheless it seems impossible that a more active market will not emerge

over the next few years.

To go one stage further an attempt has been made to indicate how the market may develop over the next five years
in three different sectors, in Europe, on the American continent and elsewhere in the world - see Figure 5. The
annual installations in Europe will grow a little bit over the h_ext five years or so, and then flatten off and perhaps
later on even decline a little. 'We may expect to see the market on the American Continent to start to grow gently
over the next few years and then continue to grow steadily. The growth is also expected to continue elsewhere in
the world and by the turn of the century, we may expect the annual market outside Europe and the United States to
exceed either of those two individual markets. This chart is the integral result of a much more detailed nation by
nation study.
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Figure 5
Market forecast - Capacity required per annum
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2. Technology

It would be wrong to write such an overview without any mention of technology. There is still a terrific lack of
consensus about the basic parameters of the optimum machine. There is, perhaps, one exception to that rule
which is variable speed, which seems to have been chosen by the vast majority of people developing large
machines. Figure 6 presents the proportion of commercial machines which fall into different “concept categories™.
This demonstrates that the “3-bladed DK stall” regulated approach still dominates. The labels on this graph are
rather coy. The “3-bladed US var speed” is, of course, Kenetech and hence this market share will reduce for
1996. “3-Bladed gearless” is Enercon and fixed speed, “3-bladed DK pitch” is Vestas. Gearboxes, aerofoils and
other components are still receiving much attention, but by far the most popular area for development at present
are variable speed and direct drive systems. Perhaps the most important underlying trend is the effort on mass
reduction, which goes hand in hand with mass production.

Figure 6

Wind turbine concepts
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Figure 7 attempts to show the effect of mass reduction. The range of specific masses for the old big machines, the
WEGAI machines, back in the eighties, is shown together with those for the WEGA2 machines. There is a clear
downward trend. The specific mass of a typical commercial Danish machine - a 300 kW variety rather than the
500 KW - which are now standard used in increasing numbers, and also the specific mass of the Carter 300kW
machine, which is roughly half that of its Danish counterpart, are also shown. The trend for the bigger machines
is certainly downwards towards the existing commercial or Danish style, but there may well still be quite a
substantial quantum leap to be made between the typical European machines and the more lightweight American

style.

Figure 7
Variation of specific mass
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Garrad Hassan has recently undertaken a very detailed study, both computational and experimental, of the Carter
machine, and some example results are shown in Figure 8. This figure shows very clearly how the flexibility of
this machine has a marked effect on the loads. Only the steady loads are shown in this figure. The dynamic loads
may be deduced from the slope of the curves. The flexibility of this machine reduces the loads by almost an order
of magnitude.
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Figure 8
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It is interesting to look at the machine trends in the commercial field. In Figure 9 some data for Vestas machines
are presented. The figure shows their commercial range of machines from the 80°s until the present day: from the
small 60 kW machines up to the 1.5 MW machine which was launched this year.

Figure 9
Growth in machine size
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The price curve shown in this graph suggests that there is a levelling off of the price achievable from this type of
technology and further major reductions in the price can only be achieved by very high volume or through a major
change in design philosophy. It should be noted that these numbers have simply been reproduced from data
published by Vestas.
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Indigenous manufacture is already an important consideration for the industry, and as developing world markets
grow its importance will increase. Wind energy is particularly well suited to such an approach. Figure 10 shows
the financial value of components used on typical Danish machines. It is clear from this chart that much of the
effort is the assembly of imported parts many of which could be supplied by local companies.

Figure 10
Country of origin of turbine components
for a typical Danish machine by value
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3. Overview

In the final figure, Figure 11, an attempt has been made to bring together all the issues which have been discussed
in this paper. The result is a very complicated chart but one which shows a lot of the characteristics of wind
energy over the last decade throughout the world. The left hand ordinate is installed capacity with no particular
units, the x-axis is time. Consider first the two market routes: the straight line towards the bottom labelled “utility
route” and the line with various plateaux on it. In plotting this line, an analysis has been made of past events and
also some conjectures made about what may happen in the future.

Figure 11
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At the extreme left there is no activity. Then a decision is taken, labelled a “political decision” on this chart to
initiate some research and development on wind energy. A little growth then takes place but nothing significant.
A further political decision is taken to introduce a market incentive and then there is dramatic growth, which is
followed by some public reaction labelled here “social limit”. This social limit is the general public saying that
they are not happy with the rate of growth of wind energy and they wish to slow it down for further consideration.
Further growth then takes place only if a further political decision is taken to the effect that, despite the fact that
there may be some public opposition to this type of electricity generation, there is sufficient benefit from it to
promote its use. The growth under these circumstances is rather more gentle and eventually limited by access to
the grid in windy parts of that country. This limit has been labelled “the first technical limit”. To develop wind
energy beyond this point will require major investment in the infrastructure, and in particular major grid
reinforcement. That is only likely to take place as a result of another political decision or as a result of the cost of
wind energy becoming cheaper than the cost of electricity generated by more conventional forms. In the context of
this last comment, it is necessary to look at the two graphs labelled “conventional” and “wind” which are intended
to show costs plotted to an arbitrary scale. This simply shows that, as wind energy starts to develop, its cost
decreases but remains above that of conventional sources until at some point the two curves cross. It has been
assumed that conventional sources of electricity will tend to become more expensive whereas wind energy will
become cheaper.

Eventually the growth will reach a second technical limit which is a very high installed capacity indeed - 10-20%
of the European Union electrical capacity. At this point it may prove difficult for the high tension grid to organise
and absorb an increase in wind energy capacity. '

The other market route, labelled “utility route”, describes growth without a market incentive. Some countries have
followed this and have tended to produce extremely slow growth. Having examined, in general terms, the
significance of the curves, each active country has been placed on the curve at an appropriate point. There are
many clustered around the bottom, there are some moving up the market incentive growth line, in particular the
UK, Spain and Germany which is placed quite high up approaching the social limit. Both Denmark and the
Netherlands have been placed beyond the social limit. In these two countries there have been periods of very little
growth, largely been due to the public reaction to the introduction of wind turbines. Nevertheless, as a result of
exactly the type of political decisions which were discussed earlier, growth is now taking place again. It is clearly
difficult to place these individual countries accurately on this graph but it does nevertheless appear that there is a
pattern which is being followed in most countries.

In this talk a “snapshot” of the present situation, a look into the future, and finally an attempt to summarise the
different trends, characteristics and future for wind energy within the European Union and, to some degree, the
rest of the world have been presented.
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INTERNATIONAL WIND FARM MARKETS: AN OVERVIEW

Kevin Rackstraw
American Wind Energy Association
122 C St, NW
Washington, DC 20001

' USA

ABSTRACT

More wind energy capacity was installed in 1995 than in any previous year. Two markets, Germany and
India, accounted for nearly two-thirds of those installations, while the largest single market in the world
historically, the US, ground nearly to a halt. Market supports in Germany and India, however, are
vulnerable to political forces largely beyond the control of the wind industry. This paper examines the
growth of international wind farm markets worldwide and notes that future markets will be more broadly
based, leaving the industry less vulnerable to political changes. The paper also concludes that an additional
18,500 MW could be installed by the year 2005 even without assuming a dire ecological scenario that
would create environmental drivers to accelerate wind market growth.

INTRODUCTION

The great irony of 1995, the year that the wind industry enjoyed over 35% growth world-wide, is that firms
in the wind industry continue to struggle. The news for 1995 was decidedly uneven, with some markets
slowing drastically while others flourished (see Figures 1 and 2). The US market was particularly hard hit
by dramatic changes in the power sector. While many projections' for 1996 and beyond, including this
one, are optimistic about the prospects for growth of the wind industry, the market dynamics upon which
the 1995 installations were built are quite narrow (more than two-thirds of the 1995 installations were in
two countries, Germany and India) and therefore unstable, as shown by the decline of the US market in
1994 and 1995. An interesting, and very positive, development contained in most projections through 2005
is the fact that growth is expected to be spread among many more markets, making the industry less
vulnerable to changes in major markets (see Figure 3).

' Two independent but similar projections were conducted in mid-1995 for Nordtank Energy

Group by Garrad Hassan & Partners and BTM Consult, two leading European wind energy
consulting firms.
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AWEA, as well as other organizations such as the World Energy Council (see Figure 4), anticipates over
18,500 new MW of wind energy to be installed by the year 2005, representing a market of over $18 billion.
Even with allowances for much slower growth in Germany, Western Europe'should continue to lead the
world in new installations, barring significant political changes that would threaten the generous wind
market support structure that is now in place. The Americas as a whole should not be far behind as the US
market recovers in 1997 and then expands rapidly after the year 2000. The Asian market should continue to
expand rapidly but is highly dependent on India, which is driven by tax incentives and uncertain politics,
and the People's Republic of China, whose wind market may be constrained by its difficulty in providing a
stable, acceptable investment and trade environment. One of the key questions regarding China is how
much of that market over time will be open to foreign vendors, since the Chinese are keenly interested in
developing their own industry.

Salient results of AWEA’s projections are the following:
e projections for new wind installations from 1996 through the year 2000: over 7,500 MW

2005: over 18,500 MW
e regional projections for new wind installations by 2005:

. Western Europe: 7,250 MW
. Asia: 4,685 MW
. US and Canada: 3,315MW
. Latin America/Caribbean: 2,161 MW

. Other: 1,470 MW

e Dby the year 2005, as many as 29 countries would have at least 50 MW 1nstalled by the year
2005, representing at least 22 new countries compared to today.

REGIONAL INSTALLATIONS BY 2005

w estern Europe

Western Europe will continue to dominate new installations for the next several years. In countries such as
Denmark and the Netherlands, growth is likely to be somewhat slower in 1996 than in 1995. This is due
largely to uncertainties of government and utility support. For example, changes in Danish law regarding
cooperative or individual ownership of turbines will make it more difficult in 1996 to find sites and get
hardware in the ground. Because of high population density and scarcity of land, some public opposition on
the issue of siting wind turbines is springing up in many parts of Europe. Fortunately, this is unlikely to
cause a major drop in expected installations. .
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Spain and Greece are the two new markets that could see strong growth in 1996 and even stronger growth in
1997 and beyond. France has recently announced its intentions to join the wind race, although-it will take
several years to get significant projects in place. Italy seems poised to get into the action as well, given
strong new incentives recently put into place, and a significant amount of wind installations should occur
within the next few years.

The next several years in the UK should be very strong years as the recent Non-Fossil Fuel Obligation
(NFFO) projects are implemented, but after that there is quite a bit of uncertainty about the: future of
incentives (or at least a fair playing field) for wind projects under deregulation.

Germany was the leading market for wind energy in 1995 with close to 500 MW of newly installed
capacity. The entire industry will once again look to Germany’s favorable pricing structure and continue to
install new wind capacity in ‘96 at a rate comparable to 1995 levels. However, momentum in the German
wind market has probably crested as growing resistance from utilities to the current pricing structure builds
and some public opposition to siting of wind farms emerges.

merica

The US market will continue to stagnate in 1996 as restructuring sweeps across the country. Several of the
projects that were left standing after the cancellation of hundreds of MW of wind projects under the
Biennial Resource Plan Update (BRPU) have been delayed by politics or legal entanglements. Entry of new
projects in the pipeline will slow to a trickle until more clarity is brought to the restructuring process.
Adoption of AWEA's portfolio standard proposal (requiring all generators to include a percentage of
renewables in their portfolio and making that percentage a tradable commodity such as with emissions
credits) would put the wind industry back on track, but it is much too early in the process to predict
outcomes and relief would not likely come until at least 1998.

The near-term outlook northward in Canada doesn’t fare too well either. While Canada has made the
bositive steps of passing a tax measure that could accelerate wind development, and created some
momentum toward a federal "green power" purchase mandate, virtually nothing is likely to be built in
Canada in 1996 and possibly in 1997 as well other than the occasional wind turbines purchased by
individuals or remote communities. A strong market for very small wind farm projects to supplement
remote diesel power systems should finally develop in Canada within the next several years.
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One area where AWEA is more optimistic than other recent projections is in the Americas outside of the
US, despite the fact that no countries in the region are moving toward a heavily subsidized and/or heavily
tax favored support system for wind such as in Germany or India. Already, one of the three 20 MW Costa
Rican wind projects began operation in May of this year, while the other two are expected to move ahead
later this year and in 1997.

Several more projects in Mexico and Central and South America are likely to follow in rapid succession as
countries move to diversify their sources of energy away from reliance on hydro. Honduras and Guatemala
are very interested in developing small to moderate sized projects in the near future, while Nicaragua and
Panama might follow suit within several years. Brazil, Mexico, Argentina, Chile and Peru are potential
candidates for larger developments. It appears that Mexico may not significantly delay its plans for an
additional 27 MW in the next year, despite its shaky economy.

Argentina is a big question mark. While there is a phenomenal wind resource in certain areas of the
country, the price of electricity on the spot market is around 3 cents. This is not very attractive for doing
wind projects even given 10-12 m/s winds that can be found in a number of locations in Argentina.
Privatization in Argentina, which has moved far and fast in the last 2-3 years, has meant existing generation
assets were sold off at significant discounts. Little greenfield activity has occurred until recently because
new projects are competing against fully depreciated, cheap generation assets, and no long-term market has
been allowed to develop. The energy market is completely driven by the spot market. Those projects that
are going to be built in 1996 and 1997 are essentially merchant plants selling on the spot market.

Brazilian utilities are especially keen on wind energy as they push the limits of exploiting their hydro
capacity. Brazilian plans are far more ambitious than AWEA has projected, and if inflation is kept under
control there, Brazil could be a significant market for wind companies within several years.

Asia

India will continue to be one of the top two markets in 1996 and could overtake Germany in terms of
installations in 1996 or, more likely, in 1997. Investment tax incentives have been primarily responsible for
the growth of India’s wind energy market. India will likely begin moving away from an investment tax
credit toward a production type tax credit by 1997, and issues regarding grid integration and financial
stability of the Indian electric sector are likely to slow things as well by about 1998.
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Future developers should note however, that despite the booming Indian market, politics in India,
specifically the volatile brand of nationalism that has bedeviled other foreign projects in India, could rear its
head and throw wind development into a tailspin. A backlash against wind (in the form of a withdrawal or
major reduction of tax benefits) could develop if significant numbers of projects go bad or poor business
practices are publicized.

China is an emerging potential market being eyed with tremendous interest by wind firms, but significant
development there will be difficult to achieve anytime soon. First, China will rely heavily on tied aid to
build initial projects, with more commercial projects staying in the slow lane for some time to come. US
firms will struggle to match the tied aid that European competitors are likely to bring to bear on China.
Second, doing business in China is complex and risky. Primary issues include foreign exchange availability
for direct investments, contract sanctity, proprietary technology protection, bureaucracy and corruption.
Third is the plethora of inevitable trade and political disputes between China and the rest of the world as it
lumbers onto the world economic stage and reabsorbs Hong Kong. These issues will only make it more
difficult for companies in the wind industry, which typically have limited resources, to pursue a market
which requires patience and stamina.

Despite the formidable road ahead for China, the government is taking steps to encourage renewable energy
development. China has a very ambitious goal of 1000 MW of wind energy by 2000. While that goal
seems to be overly optimistic, it is reasonable that 500 to 600 MW can be developed by that time.

Another Asian market of interest could be the Philippines. The Philippines government has made
significant efforts to attract foreign wind projects but very little has yet happened. The government was
solidly behind an effort to develop geothermal resources and that led to an extremely attractive package of
incentives and support (primarily building transmission lines and absorption of risks that industry did not
want to take) by the government that led to the development of a major market for geothermal companies.
While the Philippines government wants to absorb fewer risks in the case of wind, the environment is still
relatively attractive, and some moderate-sized projects are likely to move forward within the next five
years.

Indonesia and Vietnam are relative unknowns at this point. These two markets are unlikely to develop

anytime soon into major wind farms markets, but significant markets for small wind farms or village
systems to displace diesel use could develop within the next five years.

31




SUMMARY

The overall picture for wind technology utilization worldwide is quite encouraging. By the year 2005,
AWEA projects that installed wind capacity will be more evenly dispersed throughout the world. This
trend toward broadening of the number of markets where wind farms will be built over the next 10 years
will generally be positive for market stability. Industry members will need to adjust their marketing and
financing efforts to meet the needs of a variety of different markets. Western Europe should continue to be
the largest market for wind on a regional basis, although the trend toward protection of home markets for
the benefit of European firms may make it more difficult for US firms to compete in some of those markets.

Given the prevalence of government support for the development of national wind industries, both in terms
of direct subsidization of firms through research and development budgets and in terms of subsidized export
credits, (often disguised as development aid), there will be continued pressure on the profitability of wind
firms from the US, where subsidized support is dwindling and competitive export credits are difficult to
find. This difficult financial environment for US firms is ironic at a time when wind markets worldwide are
growing at a record pace.
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View on world Market
By: Johannes Poulsen
Vestas Wind Systems A/S
DK 6940 Lem, Denmark

I wish to thank AWEA for this opportunity to present my view on the world market for
wind power.

Need of energy:

There is general agreement that on a world wide basis we will face a growing need
of energy in the future. The International Energy Agency estimate an increase in
world wide energy comsumption of 50% over the next 15 years. This together with
replacement of worn out power plants during the same period means -as | see it- a
need of ail available energy sources to meet the demand.

Increased pollution:
As the majority of this addition to generating capacity is anticipated to be based on
fossil fuel the consequence will be a dramatic increase in pollution and CO5 emision

and potential damage to the environment. It is therefor reasonable to believe that
clean and renewable energy sources will be given increased attention during the
period and possibly even a priority.

Wind power is clean and cheap:

Wind power is one of the cleanest energy sources available and one of the
cheapest. Already to-day wind generated energy can compete with energy from new
coal fired power plants, not to mention nuclear power plants which cost as much to
dismantle as wind power plants cost to establish. As | understand it only existing
hydro power plants and maybe -in the short term- also gas fired power plants
established close to the source of gas produce cheaper energy than wind power
plants. The only weakness or limitation by using wind power is the lack of
guaranteed capacity. Obvious combinations in the short term would therefor be
wind/hydro and wind/gas installations. In a longer term vision | believe
wind/hydrogen installations will become economically feasible, especially if one
takes the increasing need of clean water into consideration; but some R&D and full
scale testing is still needed.

Enormous potential for wind power: A

As a logical consequence of the above mentioned | see a huge world wide potential
for wind power plants. The fuel is for free and unlimited, wind power plants are
competitive with most other sources of energy, they do not harm the environment,
they can be built using local labour, they can be built quicker than most other power
plants and they can usually be placed close to the point of consumption.

Rapid growth in the wind industry:

Actual growth in installed wind power plant capacity in 1995 was approx. 80%
compared to the previous year and total installed new capacity reached 1400 MW in
1995. These are record figures in the wind industry but still only a tiny drop in the
sea of potential. ‘
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Obstacles for more rapid expansion:
Why is it then that the activity in the wind industry is not even higher that what we
have seen last year?

First of all | must admit that | have obviously not yet succeeded and the wind
industry has not yet succeeded in getting through with the message; but having
said this | believe the responsibility lies mainly with politicians especially those active
in countries with sufficient short term generating capacity, as politicians are the ones
to make decisions regarding long term environmental issues. This cannot be left to
utilities or individuals to do, as they -as per their nature- are short term profit
oriented.

Fortunately we see more and more countries making programmes to support the
use of environmentally friendly energy sources such as wind energy. In most EU
countries such programmes exist and the growth in the wind industry is therefor to
be found in the EU in spite of the fact that many utilities use more ressources to
oppose such programmes than to support them.

We hear more about a handful of birds being killed by wind turbines than about
accidents killing or injuring human beings by coal mining. We always hear about
ratepayers money being used.(unreasonably) and at the same time we know that
ratepayers generally accept to pay more for and are in favour of environmentally
friendly energy.

We need somehow to have this negative utility approach turned into a positive
approach. This can probably only be done by putting a price tag on pollution. As
long as poliution is for free one cannot expect utility- and financial people to do
much to avoid it as the only argument they seem to understand is short term profit.

Therefor politicians are left alone to make the necessary long term decisions and
they only seem to have two options (i) either to tax pollution or to force utilities by
quotas for clean energy. | guess a lot can be learned from the EU in this respect.
Most countries in the EU have to-day established programmes for wind power
plants. ’

If it is just left to individuals to decide -for instance in the form of green pricing- it will
be a slow process. You cannot expect individuals to take responsibility for the future
of the society. That is what we have elected politician to do on our behalf. But it
takes that politicians understand the issue and are prepared to take the respon-
sibility and to make the necessary decisions.
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Where will the development happen?
In spite of the obstacles mentioned | believe the future is generally bright for the
wind industry.

In markets with an immediate demand for additional capacity wind power plants
should be an obvious choice as they (i) can be built quicker than most other power
plants, (i) in small scale can be added on t6 existing relatively weak distribution
grids and actually improve stability and therefor save investment in distribution
grids, (iii) are competitive with most other power plants, (iv) can be built locally and
therefor have a positive effect on unemployment and trade balance and (v) are not
- hurting environment.

I therefor expect to see a continued rapid development in countries in need of new
capacity such as for instance India and China including the development of strong
local manufacturing entities. :

In countries with sufficient generating capacity a similar development may be seen;
but only if strongly supported by political decisions to protect the enwronment
Examples are plenty but mainly inside the EU.

In countries with sufficient generating capacity and no political decisions to protect
future environment the development will be slower and will in the worst case not
happen until the effects of pollution and CO, emission becomes more visibel.

Examples are plenty, but one obvious one is USA.

Summary:

| see a huge potential market for wind power as | am convmced that wind power is
already to-day long term competitive.

Actual markets will be found in countries with demand for new capacity and
countries with firm political decisions to protect environment. Short term profit
oriented countries will need more time.

More and more countries make firm political decisions to protect environment and
consequently | expect the world market for wind power plants to grow some 20-40%
per year for the next several years.

Finally 1 wish to thank you for your patience and to underline that if someone should
feel offended by what | have said it has certainly not been the intention.
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WIND POWER SOARS

Christopher Flavin
Worldwatch Institute
1776 Massachusetts Avenue, N.W.
Washington, D.C. 20036

Wind power is now the world’s fastest growing energy source. Global wind power
generating capacity rose to 4,900 megawatts at the end of 1995, up from 3,680 megawatts a
year earlier.! (See Figure 1.) Since 1990, total installed wind power capacity has risen by
150 percent, representing an annual growth rate of 20 percent? By contrast, nuclear power is
growing at a rate of less than 1 percent per year, while world coal combustion has not grown
at all in the nineties.

If the world's roughly 25,000 wind turbines were spinning simultaneously, they could light
122 million 40-watt light bulbs or power over a million suburban homes. In the windy north
German state of Schleswig-Holstein, wind power already provides 8 percent of the state's
electricity. '

Although it still generates less than 1 percent of the world’s electricity, the rapid growth and
steady technological advance of wind power suggest that it could become an important energy
source for many nations within the next decade. The computer industry has demonstrated the
potentially powerful impact of double digit growth rates. The fact that personal computers
provided less than 1 percent of world computing power in 1980 did not prevent them--a
decade later--from dominating the industry, and changing the very nature of work.

Wind power is being propelled largely by its environmental advantages. Unlike coal-fired
power plants, the leading source of electricity today, wind power produces no health-
damaging air pollution or acid rain. Nor does it produce carbon dioxide--the leading
greenhouse gas now destabilizing the world's atmosphere.

In many regions, wind power is now competitive with new fossil fuel-fired power plants. At
an average wind speed of 6 meters per second (13 miles per hour) wind power now costs 5-7
cents per kilowatt-hour, similar or slightly lower than the range for new coal plants. As wind
turbines are further improved, with more aerodynamic and lighter blades as well as better
“control systems, and as they are produced in greater quantity costs could fall even further,
making wind power one of the world's most economical electricity sources.

The modern wind power industry has its roots in Denmark and California in the early
eighties. Spurred by government research funds, generous tax incentives, and guaranteed
access to the electricity grids, a sizable wind industry was created. However, wind power
development slowed dramatically at the end of the decade as government tax incentives were
withdrawn and utilities became more resistant to higher-cost electricity.
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Even as political support for wind power waned in the late eighties, the technology continued
to mature. Many of the small wind turbines installed in the early days were expensive and
unreliable, but the lessons learned from those first generation turbines were soon translated
into new and improved models. The turbines that entered the market in the early nineties
incorporated advanced synthetic materials, sophisticated electronic controls, and the latest in
aerodynamic designs.

In the effort to make wind power more economical, most companies have built larger and
larger turbines. In Germany, the average turbine installed in 1995 had a capacity of 480
kilowatts, up from 370 kilowatts in 1994 and 180 kilowatts in 1992.> Several manufacturers
will soon introduce machines that can generate between 1,000 and 1,500 kilowatts--with blade
spans as great as 65 meters."

The 1,290 megawatts of wind generating capacity added in 1995 was almost double the
capacity added a year earlier, and up sixfold from the 1990 figure.® (See Figure 3.) In 1995,
the country with the most new wind capacity was again Germany, which added 505
megawatts, the most any country has ever installed in a single year.” India added 375
megawatts to easily take the number two position.® Next in line was Denmark with 98 new
megawatts, followed by the Netherlands with 95 and Spain with 58.°

The European wind industry is now growing at an explosive pace: Altogether, Europe had
2,500 megawatts of wind power capacity at the end of 1995, up nearly threefold from 860
megawatts in 1992.° (See Figure 2.) In national terms, the United States still leads the world
with 1,650 megawatts of wind power capacity in place at the end of 1995, but Germany is
closing in fast with 1,130 megawatts. Denmark was third with 610 megawatts, and India
fourth at 580 megawatts.’

Europe is now home to most of the world’s leading wind power companies, which are
introducing larger and more cost-effective models. Unlike the United States, where most
wind power development has consisted of large groups of 20-100 turbines, called “wind .
farms,” Denmark and Germany have pursued a decentralized approach to wind power
development. Most of their wind machines are installed one or two at a time, across the rural
landscape. This has made them popular with local communities, which benefit from the
revenues and jobs that result.”

Europe’s leadership also stems from the financial incentives and high purchase prices
established for renewable energy in response to concern about the atmospheric pollution’
caused by fossil-fuel-fired power plants. In Germany, this approach has allowed determined
investors and environmental advocates to beat back efforts by the electric utilities to reverse
the 1991 “electricity in-feed law,” which provides a generous price of about 11¢ per
kilowatt-hour to electricity generators relying on solar, wind, and biomass energy. Ina
landmark vote in 1995, the Bundestag decided to uphold the law, though it remains under
review by the courts.”

Wind energy is also advancing rapidly in the Netherlands, Spain, and the United Kingdom.
The U.K. has Europe's largest wind power potential, and hundreds of megawatts of projects
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are now being planned. European wind industry leaders are also hopeful that sizable wind
power markets could soon emerge in Finland, Greece, Ireland, and Sweden, each of which
has a large wind resource. Even France, the last bastion of the European nuclear industry
embarked on a sizable wind power development plan in 1995, aimed at adding 250450
megawatts of wind power over the next decade.!!

Just as wind energy development takes off in Europe, it has stalled in the United States,
where the industry is buffeted by uncertainty about the future structure of the electricity
industry. In fact, the country's total wind capacity has hardly increased sine 1991.° The
country that led the world into wind power in the eighties actually saw a net decline of 8
megawatts in its installed capacity in 1995."® Some 50 megawatts were added—mainly in
Texas—but 58 megawatts of old turbines were torn down in California.”® Kenetech, the
leading U.S. wind power company, file for bankruptcy in May 1996 after the combined
effects of a slow market and mechanical problems with its new turbine led to large financial
losses.

Prospects for developing nations are far brighter. Although most wind turbines are currently
installed in industrial countries, much of the world's wind power potential is in the developing
world. The leader so far is India, which is the first developing country with a real
commercial market for wind power. India's roughly 1,500 wind turbines have virtually all
been installed since the government opened the electricity grid to independent power
producers and enacted tax incentives for renewable energy investments in the early nineties.
According to the government, 730 megawatts had been installed by April 1, 1996, which
would make India the world's most active wind market in 1996. However, there are also
indications that uncertainty surrounding the Indian elections in May have since slowed the
pace of development.

Some of India's wind turbines are being imported, but others are manufactured in India, either
by domestic companies or in join ventures with foreign companies. Already, the Indian
industry has more than 20 indigenous manufacturers and suppliers. In the windy southern
state of Tamil Nadu, hundreds of jobs have been created as a result.'®

Many other developing countries, including Argentina, Brazil, China, Egypt, Mexico, and the
Philippines are surveying their wind resources and installing small numbers of turbines on an
experimental basis. Although none of these countries have yet encouraged or even permitted
the development of a sustained, market-driven wind industry, some may be on the verge.
China, for example, already has 36 megawatts installed and has plans to reach 1,000
megawatts by the year 2000.

In most developing countries, wind power development will be driven not by environmental
concerns as it is in industrial countries, but by a desperate need for electricity which is in
short supply throughout the Third World. In areas such as western China and northeast
Brazil, wind power is the only indigenous source of electricity ready to be developed on a
large scale.

The global wind energy potential is roughly five times current global electricity use--even
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excluding environmentally sensitive areas. In the United States, where detailed surveys have
been conducted, it appears that wind turbines installed on 0.6 percent of the land area of the
48 contiguous states--mainly in the Great Plains--could meet one-fifth of current U.S. power
needs--double the current contribution of hydropower. By comparison, the total cropland
used to grow corn in the United States is nearly 3 percent of the country's land area. And
unlike corn, wind power does not preclude the land from being used simultaneously for other
purposes, including agriculture and grazing.

Other countries that have enough wind potential to supply most or all their electricity include
Argentina, Canada, Chile, Russia, and the United Kingdom. China's wind energy potential is
estimated by the government at 253,000 megawatts, which exceeds the country's current
generating capacity from all sources by 40 percent. Much of that potential is located in Inner
Mongolia, near some of the country's leading industrial centers.

India's potential is estimated at 80,000 megawatts, which equals the country's total current
generating capacity. Europe could obtain between 7 and 26 percent of its power from the
wind, depending on how much land is excluded for environmental reasons. Offshore
potential in Europe's North and Baltic Seas is even greater.

Wind power cannot fully replace fossil fuels, but it has the potential to meet or exceed the 20
percent of world electricity provided by hydropower. Moreover, though wind power is more
abundant in some areas than others, it is in fact one of the world's most widely distributed
energy resources. More countries have wind power potential than have large resources of
hydropower or coal.

Combined with other renewable energy sources such as solar and geothermal power, and by a
new generations of gas-fired micro-power plants located in office and apartment buildings,
wind power could help transform the world electricity system. These technologies could
quickly replace coal and nuclear power--which together supply two-thirds of the world's
electricity--and allow a sharp reduction in world carbon emissions.
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STATUS OF WIND ENERGY IN GERMANY

G.Gerdes, J. P. Molly, K. Rehfeldt
Deutsches Windenergie-Institut, DEWI
Eberststr. 96
26382 Wilhelmshaven
Germany

Abstract

By the end of 1995 in total 3655 wind turbines (WT’s) were installed in Germany with a total capacity of
1,136 MW. In the year 1995 alone the WT installations grew by 1,070 units with 505 MW. About 40 %
of the 1995 installations were sold to inland states of Germany with their lower wind speed potential.
This fast development occurred in parallel to continuously reduced local state and federal subsidies. The
further development is based mainly on the guaranteed reimbursement due to the Electricity Feed Law.
But since some time the electricity utilities fight back on all legal and political levels to get cancelled the
unloved Electricity Feed Law and since two years the building construction law with the foreseen
privilege for WT’s is discussed without any result. All these difficulties affect investors and credit giving
banks in such a negative way, that the further annual increase in wind power installation for 1996 could
be 10 to 20% less than in 1995. Many of the new commercial Megawatt WT’s have pitch control and
variable rotor speed which cause better electrical power quality and lower life time loads. From statistical
evaluations on technical data of WT’s a good overview of the further development is derived.

1 Status of Wind Energy Utilisation

In Germany at the status of December 31st., 1995’ there are 3,655 wind turbines (WT’s) in operation with
an installed power of 1,136.517 MW (Fig. 1). The average installed power per WT therefore amounts to
310.9 kW/unit [1]. Only in 1995 a total of 505.291 MW and 1,070 units were installed resulting in an
average power installation per unit of 472.2 kW. From this a potential annual energy yield of calculated
2,619 GWh or 3.29 % of the current consumption of the German coastal states (demand 1992: 79,600
GWh [2]) can be calculated. In relation to the demand of the Federal Republic of Germany (1992:
467,200 GWh [2]) the share of the wind energy is 0.56 %. The shares of wind energy to electricity supply
in the states of Lower Saxony and Schleswig-Holstein are depicted in figure 1a and 1b.

It is interesting to note that the portion of WT’s below 400 kW steadily declines. From the 1995 in-
stallations 455.4 MW (90.1 %) installed in 822 units (76.8 %) belong to the class over 400 kW. This class
produces about 75% of all wind generated energy today.

The installation rate of 505 MW in the year 1995 is 69.5 % higher than the rate for 1994 (Fig. 1), whereas
the respective number of installed WT’s only grew by 32.4 % (Fig. 2). The goal to reach a total of 2,000
MW installed power in the year 2000 in Germany now needs in the course of the next five years an

! The data are exclusively based on manufacturer informations. The inquiry was made in December 1995/January
1996. On the average the data are applicable. They are based on the fact that the manufacturers specify the units
actually installed during the last weeks before the critical date.
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installation rate of only about 170 MW/year, a rate which will be certainly matched even if the legal and
public opinion hindrances are growing.

Inhabitants 7.2Mio.
Annual electrical 46TWh/a
energy consumption

Status1995

Installed capacity 320MW
Share of wind energy 2%
Planned capacity 2015

Installed capacity 1300MW
Share of wind energy 8%

Inhabitatants 2.6 Mio.

Annual electrical 12 TWh/a

energy consumption

Status1995

Installed capacity 449MW

Share of wind energy 8%
Planned capacity 2010

Installed capacity 1200MW

Share of wind energy ~25%

Figure 1b: Share of wind energy production on consumption in Schleswig-Holstein

The number of units and the annually installed power in Germany show that an average rated power of
472.2 kW was installed for each WT in 1995. In the Federal State of Schleswig-Holstein, this value
amounted even to 544.1 kW per WT. In earlier years the average power installation per WT diminishes
rapidly the larger the distances of the WT sites are from the windy coast. Now this trend is broken. The
typical inland WT user is no longer a farmer who supplies his farm with electricity but is an investor who
sells electricity on a commercial base to the utility.
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Figure 2:Installed number of WT’s in Gérmany

The market shares of the firms offering"WT’s to the German market are shown in Fig. 3. Only the ten
leading manufacturers are listed in order to present a clear layout. The hit list of the most successful
manufacturers since 1982 concerning the power installed is led by the firm of Enercon whose share in the
total market has again slightly increased from 28.4 % to 28.6 % when compared with 1994. Tacke
Windtechnik, now on the second place increased its market share from 13.3 % to 16.4 %. Vestas which
lost 1.5 % and its second place, has now 14.0 % whereas Micon took over fourth position from AN-
Maschinenbau with an increase of 2.2.% to 10.3 % now.
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Figure 3: Shares of the suppliers on the German Market in per cent of the installed rated power since
1982.

To get a realistic view of the actual situation it is also of interest to break down the market shares for
1995 exclusively. Again only the 10 leading offering firms will be specified, differentiated by their
installed rated power (Fig. 4).
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Figure 4: Shares of the suppliers on the German Market in per cent of the installed rated power in 1995.

The German Market in 1995 is dominated by the two Lower Saxonian firms Enercon and Tacke
Windtechnik who together supplied 50.5 % of the installed rated power and 46.3 % of all units. The share
of the six leading firms related to installed power was in 1995 85.4 % or 3.4 % smaller than in 1994.
After several years of a steadily growing market share of the first six firms the rest of the competitors
where able to increase a little bit their importance.

The companies' selling in 1995 with 541 MW (including export) matched exactly the expectations of 540
MW announced in January 1995. Now the companies are less optimistic with their predictions for 1996
due to the actual difficulties caused by the utilities and the unsolved situation concerning the Building
Construction Law. The attempt of the utilities to get an examination and a final decision of the Electricity
Feed Law by the Federal Constitutional Court failed in beginning 1996. The court refused to handle the
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case because of not sufficiently described reasons. Beginning of May 1996 a Superior Administrative
Tribunal decided that the Electricity Feed Law is in conformity with the federal constitution. Main
concern of the utilities responsible in the windy areas is the unequal distribution among themselves
concerning the additional cost they have due to the legally settled reimbursement of wind energy which is
with 0,17 DM/kWh about 0.08 to 0.10 DM/kWh more expensive than the energy generated by
conventional plants. In addition the change of §35 of the Building Construction Law in August 1994 has
effect from 1996 on. Before that date, single WT’s were privileged in areas outside of the building
planning areas of a community and therefore could be erected there. In December 1995 and March 1996
the desired modification of the law failed with the result that for a further undefined time single WT’s
cannot be approved outside the building planning areas. Manufacturers don't complain that they don't
have contracts. But the prosecution depends on the building licence of the local community authorities.
These two legally unsolved problems cause severe irritations of the credit giving banks. A withdrawal of
the §35 privilege and the Electricity Feed Law would have fatal consequences on the German wind

energy market.

2 Economical Situation

Since 1991 the costs of wind generated energy has decreased considerably in Germany. The average WT
prices have been higher during the last years in Germany than for example in Denmark, basically because
of the relatively high subsidies available in Germany. But this high WT prices had a decisive effect on the
market and technical development which made wind energy in Germany a self maintaining business and
pushed German manufacturers to the top of the technological development, well in contrary to other
forms of renewable energies. A simplified evaluation of the energy production cost of WT’s of 32 to
45 m rotor diameter, based on the WT price ex-works, indicates a remarkable reduction of the kWh-
production cost of about 45% (Fig. 5) since 1991. This reduction was caused by two factors. First by a
cut-down on the governmental subsidies, second by the inflation influence of nearly 14 % which gave in
1996 a net reimbursement by the utilities of only about 0.1463 DM/kWh compared to 0.1661 DM/kWh in
1991. In extreme cases an operator achieved up to 0.28 DM/kWh in 1991. In 1996 for most of the
investors it is not more than 0.1721 DM/kWh, the guaranteed reimbursement by the Electricity Feed Law.
The advantage of the cost-price development is diminished by an increase of the grid connection cost
during the same period [3]. The concentration on the near coast sites, which is necessary for all projects
which cannot count on subsidies, urge the grid connection costs to increase due to the grid reinforcements
necessary in many places.
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Figure 5 Development of the WT prices in DM value of 1991 with respect to the annual energy yield.
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Reason for the positive cost development was the 500/600-kW-class of wind turbines, which replaced the
smaller 250 to 400 kW machines since 1993. As Fig. 6 shows the smaller WT’s have a considerably
worse economic efficiency than the actual 500/600 kW class. Most of the European manufacturers are
engaged in the development of WT’s in the size of up to 1.5 MW, forced by the market, which requires
for the largest WT available, due to their expected energy generation cost advantage. WT’s of 800 and
1000 kW are already available on the market and took over about 5 % of the total wind power installation
in Germany in 1995. But this step seems to be an intermediate step done by only some manufacturers.
The leading ones in the ranking of the German market, like Enercon, Tacke Windtechnik, Vestas,
Nordtank, etc. are going for 1.5 MW. The first prototypes of them were erected end of last and beginning
of this year and are in test operation now.
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Figure 6: Wind energy production cost for different WT sizes with respect to same financial conditions

(6]

3 Technical Development

Seven years ago an evaluation based on physical dependences [4], showed a possible electricity genera-
tion cost reduction with rotor diameters up to about 60 m. The evaluation took into consideration that
economic advantages can be achieved by certain design drivers. Tower head mass (nacelle plus rotor) is
one of the most important for optimised WT’s because machined material has it's price. For a number of
commercially available WT’s the price for one kg tower head mass dependent on the rotor diameter is
shown in Fig. 7. The line indicates more or less the average value for each rotor diameter group. If the
curve is extrapolated to rotor sizes of about 60 m a kg-price of 28 DM/kg is reached.
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Figure 7: Price of 1 kg tower head mass of some WT’s

Two already available 1-MW-WT’s shown in the graph support the assumption that the coming 1.5-MW-
WT’s could reach about 28 DM/kg. Normally light weight WT’s have a somewhat higher kg-price than
the heavy ones which gives a possible kg-price variation between 23 to 33 DM/kg for the future 1.5-MW-
class. Several possibilities exist to reduce the mass of the tower head. Increase of rotor speed to decrease
the torque to be transmitted between rotor and generator is one of the possibilities. But Fig. 8 indicates
that industry is very carefully with higher rotor tip speeds of large WT’s. Reason for this is the increasing
aerodynamic noise which grows with nearly the sixth power of the tip speed change, a fact which is com-
mercially unacceptable under the local conditions of Germany.
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Figure 8: Blade tip speed of medium and large size WT’s

An other way to get more cost effective is to increase the torque per kg of tower head mass. This can be
done by better knowledge of material properties, load cases and .a decrease of loads due to changes in
rotor speed and power control. Again a statistic evaluation of the respective values of commercial WT’s <
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indicates the technical development of today. Fig. 9 shows the changes in torque per kg tower head mass
of medium size WT’s and the same values for the new MW-class. Different to the nearly constant tip

speed the torque per kg has a clear tendency to steadily increase with rotor size.

With the measured power curve, or in case of the new commercial MW-WT’s a calculated power curve,
annual energy yields for each particular WT at a specific site can be calculated. The site characteristic
chosen for comparison reasons has an average wind speed of 6 m/s at 10 m height and a 1/7 power law
change of wind speed with height.
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Figure 9: Torque per kg tower head mass of some WT’s

With the informations above mentioned it is now possible to compare the seven years old energy cost
prediction tendency (lines in Fig. 10) [4] with the achieved energy production costs of today. The two
lines assume a conservative and an optimistic technology development with WT _rotor size. To get the
specific energy production cost for each real WT, the investment costs of the WT’s were devided by their
energy yield of only one year! Prices for WT’s are known only for medium size WT’s from catalogues.
Selling prices for large WT’s can be calculated, assuming the 28 DM/kg mentioned above and their
known tower head mass. Both, theoretical large WT’s and real medium size WT’s energy generation
costs fit quite well with the predicted size dependent energy cost tendency. Further more one can expect
from the new MW-WT’s to be at least competitive with the economics of the smaller commercial
500/600 kW size of today. As Fig. 10 demonstrates, the predicted minimum of the theoretical cost de-
velopment curve, is quite flat so that even WT’s of 80 to 90 m rotor diameter could be expected to
become economic. In contrary most of the manufacturers of larger WT’s express today their doubts that
larger WT’s than those developed today could become economic one day.
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Figure 10: Energy generation costs related to annual energy yield at a 6 m/s (10m height) site with the
assumption of a conservative and an optimistic technological development in comparison with
today's values of commercial WT’s.

The development in noise reduction during the last years, forced by the German subsidy formula, was
very successful. The best WT’s of more than 40 m rofor diameter are down at 98 to 99 dB(A) [5], or with
other words 4 to 6 dB(A) lower than the expected tendency taken from older and smaller WT’s. To give
an idea, the minimum distance for a 500 kW WT to the nearest neighbouring house is only about 250 m,
if a noise immission of 45 dB(A) shall not be surpassed. In most of the German windfarms this value of
45 dB(A) during night is applied because the windfarms are built outside the normal building planning
areas of the communities where normally a mixed area of industry and residential houses is assumed.

The subsidy system applied in some German states also takes into account the electrical power quality of
WT’s. Power quality measurements are successfully done since more than one year by DEWI and others.
Utilities more or less oblige the WT manufacturers to provide a data sheet with the respective power

A

quality measurement results. An actual overview an power quality measurement results is given in [8].
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NEW DEVELOPMENTS IN THE DANISH WIND ENERGY POLICY

Jorgen Lemming
Ministry of Environment and Energy
Danish Energy Agency
44 Amaliegade
DK-1256 Copenhagen K
Denmark

INTRODUCTION

Wind energy resources in Denmark are among the best in Europe. In recent years there has been a rapid
growth in number of wind turbines connected to the grid in Denmark. By the end of 1995 more than 3800
wind turbines were installed on-shore with a capacity of over 600 MW. The total production of electricity
from these turbines in 1995 was more than 1200 GWh, corresponding to approximately 3.6 % of the
Danish electricity consumption. )

For several years Denmark has pursued an energy policy with an increasing weight on environmental
aspects and new and renewable energy sources like wind energy. Therefore wind energy already plays an
important part as supplement to the traditional sources of fuel in the electricity production, and the share
of wind energy and other renewables is expected to increase significantly in the years to come.

ENERGY POLICY IN GENERAL

Denmark has a long tradition of conducting a vigorous energy policy, and implementing it with broad
political support and the keen commitment of a wide range of actors: energy companies, industry, grass
roots, municipalities, research circles and consumers.

The aim of the first energy strategy, Danish Energy Policy 1976, was to secure Denmark against crises
in supply such as the energy crisis of 1973-74. The following plan, Energy 81, could build further, given
the drastic price rises of energy after the crisis in 1979-80; it also emphasised socio-economic and
environmental considerations. After a period of building up large projects for facilities and markets for
natural gas and heat and power generation, the action plan, Energy 2000, followed in 1990, introducing
the goal of sustainable development of the energy sector.

Each of these plans has been followed up continuously, partly through political agreements and
legislation. Energy 2000 - follow-up, from 1993, comprises such action, and in 1995 the Government
carried legislation through Parliament on “the green packet for trade and industry”. In 1995, too, decisions
were made on increased future utilisation of renewable energy. These initiatives are to be part of securing
the fulfilment of the target of reducing CO, emissions during the period up to 2005.

The need for a new energy plan has come not least from international challenges. The development within
the European Union of opening energy markets has brought a need for a new foundation for energy policy
to ensure that overall environmental objectives can be maintained under new market conditions, while
taking advantage of increased integration.
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Denmark’s Energy Futures, a discussion paper published in December 1995, contains a technical analysis
of future scenarios for energy consumption and supply in Denmark. It has been followed and extended
by Energy 21, the fourth of the energy strategies, which lays down the energy-policy agenda for the
coming period.

. ACTIONS CONCERNING CLIMATE CHANGE

Denmark is a highly industrialised country that emits large quantities of substances that burden the
environment. For the energy sector, this is primarily the greenhouse gas, CO,, where Danish per capita
emissions are constantly among the highest in the world. The country has thus a particular duty to reduce
these emissions (figure 1&2).

The increasing greenhouse effect is a global problem, in every sense of the word, that demands
international actions to resolve it. It is the Government’s wish that Denmark shall continue to have an
active role in implementing these international efforts, and that the EU and other international cooperation
should be used to maximum effect to support this effort.

Denmark has set a national target for reducing the greenhouse gas, CO,. As by far the greatest part of these
CO, emissions derive from the use of energy, the target shall continue to be pursued mainly through
comprehensive actions in the energy sector.

. Ratified by Denmark and 154 other countries, the UN Climate Convention requires all its signatories to
act concerning emissions of greenhouse gases. Its target is to stop the growth in the atmosphere of
greenhouse gases at levels of concentration that do not cause dangerous climate changes.

As a first step on the way, the industrial countries have undertaken to ensure that their emissions in 2000
do not exceed those in 1990. Denmark is living up to this obligation.

The Government is maintaining this obligation so as to stabilise, by 2000, total Danish CO, emissions into
the atmosphere at a level below that in 1990 and, by 2005, to have reduced them by 20% from their 1988
levels.

This target includes the transport-sector target of stabilising its CO, emissions at their 1988 levels by 2005.
This means that to achieve the overall national target of a 20% reduction, the other energy areas must
achieve much larger proportional reductions than those of the transport sector. This is to be secured by
a substantial effort especially as to the consumption and supply of heat and power, including an increased
use of renewable energy.

DANISH CO, ACTIONS AFTER 2005

With Energy 21 the Government wishes to demonstrate its abiding will to fulfil its obligations. The long-
term perspective is that a further reduction of environmental impact shall be achieved after 2005.

As already stated, Denmark is willing to accept in international climate negotiations the reduction targets
that follow from the conclusions of the International Panel on Climate Change. Should this be decided,
Denmark and other highly-developed industrial countries with high CO, emissions would strive to reduce
them, by 2030, to half their 1990 levels (figure 2).

In contrast to the shorter-term target, that is a 20% reduction before 2005, the establishment of a longer-
term reduction is not to be understood as a new national target, but as the interim proposal for international
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negotiations on the climate and as a starting point for formulating both short-term and longer-term energy
policies.

A condition for the Government’s decision to aim at halving CO, emissions before 2030 is that
international efforts in both technological development and design of market conditions and mechanisms
support this Danish effort. ’

THE ROLE OF RENEWABLE ENERGY IN ENERGY 21

The long-term perspective over a period of 30 years is the development of an energy system in which an
increasing proportion of the energy consumption is covered by renewable energy. The assumption is that
there will be a gradual phasing in of renewable energy as technological and economic conditions make
the various renewable energy solutions commercially viable.

On the basis of the initiatives that have been launched, it is estimated that domestic renewable sources of
energy will contribute some 12-14% of the total gross energy consumption by 2005. The Government
intends to continue the development of renewable energy at an average annual rate of 1%. This entails
renewable energy increasing its share of the energy supply to about 35%, a development which will also
be necessary if it is decided to halve CO, emissions by 2030 relative to 1988 (figure 3&4).

In the short term, the development of renewable energy is expected to take place primarily by means of
increasing the use of bioenergy and wind power, which are also expected to provide the largest
contribution in the longer term. As a consequence of technological developments within individual fields,
other renewable energy technologies such as solar cells, heat pumps, and wave energy will become of
increasing importance (figure 5).

As early as in the autumn of 1995, the Government decided to intensify its activities in the field of
renewable energy by launching a number of concrete initiatives designed to increase the use of renewable
energy. It is estimated that these initiatives will result in a reduction of CO, by at least 1.5 million tonnes
in 2005, while at the same time supporting the Government's wish to see cleaner sources of energy gaining
increasingly larger importance in the energy supply of the future.

There will still be unexploited renewable energy resources available for increased use of renewable energy
in Denmark's energy supply, but further extension still calls for the application of a number of instruments.
It is necessary to support research and development in new and existing renewable energy technologies.
Other instruments include support for demonstration projects, investment grants, and a suitable structure
of taxation. In connection with the coming liberalisation of the electricity market, it must be ensured that
the instruments for continued expansion of the use of renewable energy in power production will be
available.

At the same time it is planned to increase the use of goal-oriented information campaigns.
WIND POWER IN ENERGY 21

In Denmark there are at present more than 3,800 wind turbines with a total capacity of about 600 MW and
annual power production of more than 1,200 GWh (figure 6). The most recent large wind turbines are so
competitive today that the use of electricity from wind turbines is one of the cheapest ways of reducing
CO, emission from power production. It is also expected that wind power from large new turbines already
in year 200 will competitive with coventional power production including a 20% capacity-backup factor
for the turbines. (figure 7).
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The total capacity in 2005 is presumed to be 1,500 MW and, as appears from the Government's Renewable
Energy Initiative Package from November 1995, a large number of the wind turbines are to be built by
the utilities. A considerable number will, however, still be privately owned. To meet the target for 2005,
it will be necessary to maintain a development rate of at least 100 MW/year.

The most economical way is still to erect wind turbines on land. But area resources on land are limited
when housing as well as nature and landscape considerations are to be taken into account. Furthermore,
wind conditions at sea are considerably better than at sites on land, and wind turbines erected offshore are
expected to become competitive in step with the development of technology.

The Government expects that a significant part of the expansion until 2005 will take place on land. As
wind turbines become larger and hence more difficult to place in landscapes, the number of new sites will
become limited. The increase of wind turbine capacity on land after 2005 will have to be effected, among
other things, by renovation of wind turbine areas as well as by removal or replacement of existing wind
turbines in accordance with regional and municipal planning. In the longer term it is to be expected that
the main part of new development will take place offshore.

The Government intends to continue its promotion of the employment and export opportunities by
continued research and development. This will support the Danish wind turbine industry, which is the
largest in the world, with a turnover in 1995 of more than DKK 4 billion, and exports of wind turbines
and wind turbine components of some DKK 3.5 billion corresponding to approx. 475 turbines. The total
share of the world market is shown in figure 8. The number of jobs in the sector has increased to over
9,000.

In order to provide individual households outside areas with district heating and natural gas supplies with
better opportunities to contribute to the use of cleaner energy, the Government will support development
of small wind turbines (household turbines) producing electricity for heat and power. The small wind
turbines are seen as a supplement to the general development of wind power.

The Government intends to:

* reach a decision on development of offshore wind turbines on the background of the action plan
for offshore wind turbines which will be completed before July 1, 1997

* make wind turbine planning a regular feature of regional and municipal planning
* present proposals on revision of the scheme for replacement of older wind turbines.
* on the basis of the outcome of the ongoing demonstration programme on household turbines,

evaluate the opportunities for promoting a development.
EFFECTS OF THE PLAN OF ACTION
Impacts of the Energy Plan are evaluated in relation to a reference scenario. It describes the development
that is expected should the existing energy policy with associated initiatives be continued without further
change (figure 4).
In the reference scenario, the taxes and subsidies and the like used hitherto are kept in force, and, as

energy demands increase and scrapping occurs, the present supply system is developed, maintained and
made more efficient.
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The main assumptions for the reference scenario are that the efficiency of electrical appliances, processes
and so forth improves only as a consequence of ‘natural’ technological development, and that such
improvements are implemented only as old equipment wears out or is replaced. Extensions of industrial
and combined heat and power plants continue as expected up to now, and the existing central power
stations and heat and power plants are replaced with the newest and most efficient coal-fired plants.

The biomass action plan is realised and the use of renewable energy is increased in accordance with the
Government’s publication, Renewable energy - new initiatives (November 1995). Initiatives regarding
wind energy being implemented are:

* The electric utilities must build 200 MW wind power capacity over the next 4 years

* The electric utilities must prepare an action plan off-shore wind farms, which will be
ready in 1997

* New regulations with improved access for private persons and companyies to invest
in wind turbines

* an information strategy for wind energy will be launghed

THE SENARIO OF THE ENERGY PLAN

Assumptions about economic developments and demands for energy are the same in the energy plan and
reference scenarios.

Up to 2005 calculations assume that besides the initiatives decided in the reference scenario, a number of
new initiatives are also realised within the main areas established in the action plan. Within the area of
renewables a further development of combined heat and power utilising natural gas and developing 200
MW offshore wind turbines, about 1 PJ landfill gas, and about 1 PJ geothermal heat.

ASSUMPTIONS AFI‘ER 2005
After 2005, efforts increase to promote measures that include conservation of heat and electricity; produc-

tion and use of energy-efficient appliances, processes and cars; and use of renewable energy plants. It is
expected that the measures regarding renewable energy in 2030 will entail in the following:

o developing wind turbines to a total output of 5,500 MW (of which 4,000 MW are from offshore
sites) - or alternatively solar cells and wave energy, provided these are competitive with wind

energy
o annually utilising about 100 PJ biomass and biogas, as well as about a further 45 PJ biomass,
including energy crops
o establishing geothermal facilities and large heat pump plants corresponding to basic heating of

about 25 PJ annually in district-heating areas; conversion of individual natural-gas supplies to
CHP; further extending heat supplies outside district-heating areas to renewable-energy based
faclhtles

In the mam, the aim is that, after 2005, the individual elements in the energy plan are given priority over

economic costs and CO,-shadow prices. This does not exclude, however, the incorporation of new but
socially attractive technologies as and when they are developed.
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Roughly speaking, the electricity-saving initiatives of the energy plan correspond to all the electricity
conservation (with a 6-year simple pay-back time at current electricity prices for households and the
public sector) being implemented in step with the ongoing replacement of appliances etc.

A prioritised development has taken place on the basis of cost evaluations of renewable energy supply
plants. Top priority is now given to developing wind turbines on land and in coastal waters, immediately
followed by utilisation of hitherto unexploited resources of waste, wood, straw and biogas.

Further electricity and heat demand is met by biomass, including energy crops as well as geothermal
energy and heat pumps. Utilisation of the accessible biomass resources and priority given to their use in
larger rather than smaller plants ensures that far the most important part of these extensions are achieved
at relatively low CO,-shadow price. In ﬁgure 9 is shown the actual CO,-shadow prices for different
renewable energies.

RESULTS OF THE PLAN SCENARIO

According to the plan scenario, the eventual energy consumption in 1994-2030 falls by about 14%, while
the gross consumption of energy falls by about 17%; developments in distribution of various fuels are
shown in figure 4.

In sum, the costs of fuel, operations and maintenance, as well as investments and reinvestment in supply
facilities and consumers’ installations, comprise on average 28 billion DKK annually in 1995-2005,
increasing to 41 billion DKK annually in 2020-30. These figures exclude investments in the transport
sector and the costs of the various measures.

References: Energy 21. Ministry of Environment & Energy. April 1996 (English version is available in
July 1996).
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THE WIND ENERGY MARKET IN THE U.K. AND IRELAND

David Lindley
Lindley and Associates
Woodfield House, Farm Lane, Jordans, Buckinghamshire HP9 2UP
United Kingdom

ABSTRACT

The market for renewable energy projects has been created in England and Wales by measures established
by the Electricity Act 1989 which created the Non-Fossil Fuel Obligation (NFFO). Identical market
enablement mechanisms now exist for Scotland and Northern Ireland whilst yet another version of the
NFFO mechanism has been established in Ireland. As a result, the UK now has 31 operational windfarms
with a total rating of 195MW whilst the completion of the first windfarm in Ireland is expected in early
1997. This paper gives details of these mechanisms and the impact they have had on the creation of a
renewables market. Current expectations are that additional wind energy capacity of about 900MW will
be added in the UK and Ireland by the end of the millennium. This implies a market worth between
US$525 million and US$600 million in turbine sales and a total turnkey investment cost of between
US$1.2 billion and US$1.5 billion.
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THE UK RENEWABLES MARKET

The UK market for Renewable Energy power projects was created as a by product of the financial
provision established by the Electricity Act 1989 to support the nuclear industry via the so called Non
Fossil Fuel Obligation (NFFO). Since the Act, three NFFO ‘orders’ for renewables projects have been
awarded, thus enabling the sponsors of these projects to proceed to finance and construct over 1200 MW
Declared Net Capacity (DNC) of new renewable energy electricity generating schemes. The announce-
ment of a new fourth tranche (NFFO 4) was made on 2 November 1995 and a fifth tranche is expected in
1998. At the same time that the third NFFO order was announced, both a Scottish Renewables Obliga-
tion (SRO) and a Northern Ireland Order NIO) were announced. The intention was that the Scottish
orders were made at the same time as the third, fourth and fifth NFFO orders.

The announcement made on 2 November 1995 by MrRichard Page, the Parliamentary Under-Secretary
of State at the Department of Trade and Industry reaffirmed that Government policy was to work towards
1500 MW DNC of new-renewables-based generation capacity in the UK by 2000. He said that the DTI
expected that a total of 900 MW of capacity will be built as a result of the first three NFFO orders in.
England and Wales, from current Scottish and Northern Ireland (SRO and NI-NFFO) orders, from
prospective future SRO and NI-NFFO orders, and from capacity built outside the NFFO/SRO arrange-
ments. The DTI have assumed that only two-thirds of projects (and capacity) contracted under future

NFFO arrangements will proceed to commissioning and they have concluded that new NFFO orders for .

England and Wales would have to contract for 900 MW of new capacity in order to deliver 600 MW of
operational capacity. He said that he expected the fourth and fifth orders would each contract for between
400 to 500 MW of new capacity. On the same day of the DTI’s press release for NFFO 4, George
Kynoch, Minister for Industry at The Scottish Office, announced the second order under the Scottish
Renewables Obligation (SRO) and said he would oblige Scottish Power and Hydro-Electric to secure
between 70 to 80 MW (DNC) from renewable sources.

The Office of Electricity Regulation (OFFER) has provided a detailed analysis of the results of the 1950
NFFO (NFFO 1) and the 1991 NFFO (NFFO 2) and these are shown in Tables 1 and 2 (from Ref. 1).
OFFER has also provided details of bids made in the NFFO 3 and SRO 1 competition (References 1 and
2). Tables 3 and 4 show the breakdown of the contracts awarded to different technologies in NFFO 3 and
SRO 1 respectively.

The first Northern Ireland order awarded contracts for a total of 15.6 MW (DNC) of renewables.

The net result of these orders is that by the year 2000 about 2500 MW (DNC) of contracts will have been
awarded under the three different Renewable Obligations in the UK in an attempt to obtain 1500 MW

(DNC) of operational capacity. Financing this capacity will require a total investment of well in excess of
US$2.25 billion.

THE TERMS OF THE NFFO CONTRACTS

Under the terms of contracts let in the first two NFFO’s (NFFO 1 and NFFO 2), projects were paid a
premium price for any electricity generated prior to the end of 1998. Once contracts were awarded,
developers had to get their projects constructed as soon as possible so that they could earn the premium
price as quickly as possible in order to maximise project revenues.

The 1998 contract termination date had a serious impact on the perception of renewables in two major
ways. The 1998 end date meant that any loans raised from banks would usually need to be repaid by 1998
(because the bank would look only at the NFFO contract period as being the only significant and secure
source of revenue). This in turn resulted in the prices paid in NFFO 2 being in the range 5.9 p/kWh (for
sewage gas) to 11 p/kWh for wind energy. Very few commentators seemed to understand at the time that
these high prices resulted from the short term of the contract.
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TABLE 1: STATUS OF 1990 NFFO PROJECTS [1]

Technology | Projects Projects Projects | Projects to | Comple-
Contracted | Generating | Termi- be Com- tion
nated missioned | Rates(%)
No | MW No | MW |No|MW |[No |MW |No |MW
Wind 9 |112.21 8 |11.7 1 051 - - 89 | 96
Hydro 26 |11.85 |20 |8.87 5 11851 0.66- | 77 | 75
Landfill gas {25 |35.5 20 13031 |5 |382]- - 80 | 88
Waste 4 |40.63 4 13963 (- |- - - 100 | 98
Combustion o
Other 4 14548 4 14548 |- |- - - 100 | 100
Combustion
Sewage Gas | 7 | 6.45 7 1645 |- |- - - |100 ]100
TOTALS 75 [152.11 |63 |142.44 |11 6.18 | 1 0.66 { 84 | 94

NOTE: TABLE 1 EXCLUDES A COLUMN FOR EXISTING PROJECTS. OF THE 75 PROJECTS
AWARDED CONTRACTS, 35 WERE ALREADY EXISTING AND GENERATING ELECTRICITY.
THUS, OF THE 150 MW DNC GRANTED PROJECTS, AROUND 100 MW DNC WAS NEW OR

REFURBISHED AND ABOUT 50 MW DNC WAS ALREADY GENERATING.

TABLE 2: STATUS OF 1991 NFFO PROJECTS [1]

Technology Projects Projects Projects Projects to be | Completion
Contracted Generating Terminated Commissioned | Rates (%)
No MW No MW No. | MW No MW No MW
Wind 49 84.43 23 47.15 21 25.32 5 10.83 47 56
Hydro 12 10.86 7 10.05 - - 5 0381 580 93
Landfill gas 28 48.45 26 44.73 2 2.06 - - 93 92
Waste 10 27148 2 315 6 214.38 2 25.6 20 12
Combustion
Other 4 30.15 1 125 1 8.45 2 9.2 25 41
Combustion '
Sewage gas 19 26.86 19 12686 - - - - 100 100
TOTALS 122 47223 78 172.79 30 250.20 14 46.34 64 37

NOTE: TABLE 2 ALSO EXCLUDES A COLUMN FOR EXISTING PROJECTS. OF THE 122
PROJECTS, 25 WERE EXISTING WITH AROUND 37 MW DNC ALREADY GENERATING.
MORE OR LESS ALL OF THE HYDO CONTRACTS WERE FOR EXISTING PROJECTS.
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TABLE 3: 1994 NFFO CONTRACTS

Technology Band Contracted Number of Lowest Weighted Highest
Capacity MW Projects Contracted Average Price | Contracted
DNC Price p/kWh p/kWh Price p/kWh

WIND 145.92 31 3.98 4.32 4.8
exceeding
1.6 MW DNC .
WIND 19.71 24 4.49 5.29 5.99
below 1.6MW
DNC
HYDRO 14.48 15 4.25 4.46 4.85
LANDFILL GAS 82.07 42 329 3.76 4.00
MUNICIPAL 241.87 20. 348 3.84 4.00
and INDUSTRIAL
WASTE
ENERGY CROPS
& AGRICUL-
TURAL &
FORESTRY
WASTE
Gasification

19.06 3 849 8.65 8.75
Residual 103.81 6 4.9 5.07 523
(Other)
TOTAL 626.92 141 - 435 -

SOURCE: DTI PRESS RELEASE, 1994, WARDLE MAKES THIRD RENEWABLE ENERGY
ORDER, 20 DECEMBER.

TABLE 4: 1994 SRO 1 CONTRACTS

Technology Contracted | Number of | Lowest Weig-—l.lted Highest

Band Capacity Projects Contracted | Average Contracted
MW DNC Price Price Price

p/kWh p/kWh p/kWh

WIND 45.6 12 3.79 3.99 4,17

HYDRO 17.3 15 3.24 3.84 4.15

WASTE 3.8 2 (5 to 6)

BIOMASS 9.8 1 (about 5)

TOTAL 76.5 30 -
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Prior to the third NFFO (NFFO 3) the Government established the Renewable Energy Advisory Group
(REAG) which reviewed the potential for Renewable Energy in the UK [3]. REAG recommended that
longer term contracts would result in more competitive prices and suggested that the contract length should
be closer to the maximum loan period that banks were prepared to contemplate. As a result, NFFO 3
contracts are of 15 years duration and may be taken up within five years of the contract being awarded.
This 5'year ‘period of grace’ in which to obtain planning consent and construct a particular project also
dealt with the second of the problems caused by the short contract term of NFFO 1 and NFFO 2. The 1998
end date had had a particularly serious impact on waste to energy projects where the time taken to obtain
planning consent and negotiate construction and waste supply contracts meant all too often that there was
too short a time left of the NFFO contract period to generate revenue sufficient to secure the investment
required.

The new 15 year contract period now more closely matches the loan period (of typically 12 years) that -

banks are willing to offer for alimited recourse ornon-recourse loan. Thus the repayments of principal and
interest are a smaller percentage of the revenue and as a result prices bid in NFFO 3 and SRO 1 fell
substantially and went a long way to dispel the image that electricity from renewables was expensive.

Table 5 (from reference 4) shows how this change in contract period coupled with reducing hardware costs
lowered the winning bid prices.

The table shows that many of these technologies are now generating electricity at a price that is compara-

ble to the ‘embedded generation’ value of electricity from conventional sources which has been estimated
by some to be about 3.5p/kWh.

TABLE 5: NFFO PRICE FALLS

Technology Technology Band Price | Technology Band Price
1991 NFFO 1994 NFFO
p/kWh p/kWh (average)
Wind 11 - 4.32 (1.6 MW DNC +)
5.29 (under 1.6 MW dnc)
Hydro 6.00 4.46
Landfill gas 5.7 3.76
Waste Combustion 6.55 3.84
Other Combustion - 59 5.07
Sewage Gas 5.9 - -
AVERAGE 6.84 4.45

NOTE: [THE REDUCTION IN PRICE OF DIFFERENT TECHNOLOGIES (THE ‘BAND PRICE’)
SHOWN IN TABLE 5 IS DUE TO THREE MAIN REASONS, FIRST, NFF03 CONTRACTS ARE
FOR 15 YEARS RATHER THAN FOR 6-8 YEARS AS WITH NFFO1 AND NFFO2
CONTRACTS. THIS MEANS THAT CAPITAL REPAYMENTS ARE LESS PER kWh FOR NFFO3
CONTRACTS. SECOND, THERE HAS BEEN A MARKED FALL IN THE ECONOMIC COSTS
OF RENEWABLE ENERGY TECHNOLOGY HARDWARE. THIRD, IT IS LIKELY THAT THE
COST OF APPOINTING PLANNERS, LAWYERS AND OTHER INDIVIDUALS NECESSARY
TO DEVELOP A PROJECT HAVE ALSO FALLEN AS THEY HAVE GAINED MORE
EXPERIENCE.
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THE 1996 COMPETITION FOR NFFQO, SRO AND NI-NFFO

In March 1996, the Department of Trade and Industry (DTI) announced that the bids for nearly 900
projects had been received from potential generators of electricity from renewables for the fourth compe-
tition (NFFO 4) for England and Wales. Bids had been invited for seven renewable energy technologies
and the results are shown in Table 6.

TABLE 6: EXPRESSIONS OF INTEREST BY RENEWABLE ENERGY TECHNOLOGY IN NFFO 4

Technology Number Capacity
MW (DNC)

Landfill Gas. 177 358

Waste Fired Combined Heat and Power 89 1982

Waste by Fluidised Bed Combustion 195 3801

Wind Power . 227 1461

Hydro Power 79 40

Agricultural Waste by Anaerobic Digestion 34 48

Energy Crops by Gasification / Pyrolysis 89 707

Total ' 890 8397

The table shows that a staggering 227 wind energy projects were bid, representing 1461 MW (DNC),
equivalent to about 3400 MW (nameplate) of turbines. By January 15, 1997, generators will be required
to go firm on their bids and it is expected that the lowest bids will be awarded contracts sometime in the
first quarter of 1997. The NFFO 4 order is expected to require the Regional Electricity Companies (REC’s)
to contract for 400 to 500 MW (DNC) of new capacity and the Government expects the prices to fall
below those for NFFO 3. If this occurs, the price for wind will perhaps fall from its current NFFO 3
average (see Table 3) of 4.32 pence/kWh to less than 4 pence/kWh (about 6 cents/kWh). In a similar time
scale, bids were received for the second Scottish Renewables Order (SRO 2) and the number of bids
received for each technology is shown in Table 7.

TABLE 7: EXPRESSIONS OF INTEREST BY RENWEWABLE ENERGY

TECHNOLOGIES IN SRO 2
Technology Number Capacity
MW (DNC)

Wind 177 . 198.3
Hydro 46 43.8
Waste to Energy 19 105.2
Biomass 7 | 512
Total 249 398.5

72




Again, a huge number of ‘expressions of interest’ have been shown for wind energy with 177 projects
amounting to 198.3 MW(DNC), equivalent to about 930 MW nameplate. It is expected that contracts will
be issued (as in England and Wales for NFFO 4) in the first quarter of 1997 and that the total order will
amount to about 50 MW (DNC) (i.e. about 116 MW nameplate).

The scope for the development of wind energy in Northern Ireland is likely to be limited. In the first
Northern Ireland NFFO (NI - NFFO 1), six, 5§ MW (nameplate) projects were awarded contracts. It is
widely expected that a large waste to energy project will dominate the second set of contract awards and
itis therefore unlikely that there will be more than six new wmdfarm contracts (amounting to no more than
30 MW nameplate) awarded.

Putting the English and Welsh (NFFO 4), Scottish (SRO 2) and Northem Ireland (NI - NFFO 2) orders
together, it seems likely that an additional 600 MW (nameplate) of contracts for wind will be let. If a
similar size of order is given in 1998/99, the total new market potential for the UK amount to about
1200MW by the year 2000. If two thirds of these fail (as the DTI assumes) because of planning and other
difficulties, the actual market will amount to about 800 MW, equivalent to about 1300 - 600 kW rated
turbines with a sales value of about US$525 to US$600 million and a total turnkey construction cost of
between US$1.2 billion and US$ 1.5 billion.

THE MARKET IN IRELAND

The Irish Government in Dublin has itself created a market enablement mechanism for Renewable Energy
and this has been called the Alternative Energy Requirement (A.E.R). In the first award under this scheme
in March 1995, ten contracts for wind energy projects with a total nameplate rating of 73.5 MW were
made with winning bid prices of about 6 to 6.5 cents/kWh. Not one of these projects has yet commenced

- construction, though two projects are said to be close to proceeding. One of these, a 15 MW project being
developed by Scottish Power was awarded final planning approval by Donegal County Council in March
but is currently awaiting the outcome of a last minute planning appeal. Another small 1.2 MW project at
Arigna received planning approval in the second week of June 1996. Other projects are still in various
stages of the planning process. ,

On 27 April 1996, the Irish Government announced a completely new long term strategy for renewables.
The announcement said that the Government expected to secure electricity supply from an additional 100
MW of installed capacity from renewable energy sources by the end of 1999 and that it would allow third
party access to the electricity network for Renewable Generators who wish to sell ‘green’ electricity
directly to consumers. For wind energy, it has set a target of 30 MW (nameplate) of installed capacity each
year for 1997, 1998 and 1999 to be procured through an annual competition. It is to offer capital grant aid
of up to £65,000/MW installed. Contracts will be awarded through competitive bidding and the maximum
price that will be paid is 4 pence/kWh (about 6 cents/kWh). The next competition will be in August 1996.
A further target has been set to have 30 MW of wind capacity installed each year between 2000 and 2010
with an overall target of 470 MW of installed wind energy capacity by 2010. This is reportedly seen as a
minimum target.

Another key element of strategy was the announcement that the Government is to examine the strategic
impact of taxation on environmental policy and will bring forward specific tax measures for the 1997
Budget. It says that in this context it proposes in addition to the current Business Expansion Scheme
eligibility, to pursue other fiscal measures to make investment in the renewables and energy efficiency
Sectors more attractive.

UK WINDFARMS UPDATE

Alist of existing windfarms in the United Kingdom is given in Table 8.
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TABLE 8: UK WIND FARM STATUS (AS AT 15 JUNE 1996)

2| 3 5 £185| 23
5 T 3 15128 | 8¢
Wind Project Developer or Operator S ] & gis5ls8| &8¢
Operating:
Delabole, Cornwall Wind Electric 1 Nov-91 Vestas 10 { 400 4 3,185
Haverigg, Cumbria Windcluster 2 Aug-92 Vestas 5 |225]| 1.125 896
Carland Cross, Cornwall Renewable Energy Systems 2 Aug-92 Vestas 15 | 400 6 4,778
Cemmaes, Powys National Wind Power 1 Nov-92 WEG 24 {300 7.2 5,734
Blood Hill, Norfolk Euros Power 2 Dec-92 Vestas 10 | 225 | 2.25 1,792
Chelker Reservoir, Yorkshire Yorkshire Water Services 1 Dec-92 WEG 4 | 300 1.2 956
Rhyd-y-groes, Anglesey EcoGen 2 Dec-92 Bonus 24 1300 7.2 5,734
Blyth Harbour, Northumberland __[Border Wind 2 Jan-93 | WindMaster | 8 | 300) 2.7 2.150
Great Orton, Cumbria Carter Wind Technology 2 Jan-93 Carters 10 | 300 3 2,389
Llandinam EcoGen ) 2 "~ Jan-93 Mitsubishi | 103300 | 30.9 24,608
Coal Clough, Lancashire Renewable Energy Systems 2 Feb-93 . Vestas 24 1 400{ 9.6 7.645.
Cold Northcott, Cornwall National Wind Power 2 Apr-83 WEG 21 300 6.3 5,017
Goonhilly Downs, Cornwall Cornwall Light and Power 2 Apr-93 Vestas 14 1 400 5.6 4,460
Liangwyryfon, Dyfed National Wind Power 2 Jun-93 WEG 20 | 300 6 4,778
Ovenden Moor, Yorkshire Yorkshire Windpower 1 Jun-93 Vestas 23 | 400| 9.2 7,327
Taff-Ely, Mid Glamorgan East Midlands Electricity. 2 Aug-93 Nordtank 20 | 450 9 7,167
Kirkby Moor, Cumbria Nationa! Wind Power 1 Sep-93 Vestas 12 1400| 4.8 3,823
Royd Moor, South Yorkshire Yorkshire Water Services 2 Dec-93 Bonus 13 | 450 | 65.85 4,659
Bryn Titli, Powys National Wind Power 2 Jul-94 Bonus 22 1450 9.9 7,884
St Breock, Cornwall EcoGen 2 Jul-94 Bonus 11 1450 | 4.95 3,942
Caton Moor, Lancashire New World Power 2 Dec-94 | WindMaster | 10 | 300 3 2,389
Dytfryn Brodyn, Dyfed New World Power 2 Dec-94 Nordtank 11 | 500} 5.5 4,380
Corkey, Antrim B9 Energy Services NI 1 Mar-95 Nordtank 10 | 500 5 3,982
Four Burrows, Cornwall New World Power 2 Mar-95 Bonus 15 | 300| 4.5 3,584
Rigged Hill, Limavady B9 Energy Services NI 1 Mar-95 Nordtank 10 | 500 5 3,982
Ethot’s Hill, Antrim B9 Energy Services NI 1 Apr-95 Vestas 10 | 500 5 3,982
Bessie Bell, Tyrone Colham Energy NI 1 Oct-95 Vestas 10 | 500 5 3,982
Hagshaw Hill{S10),Lanarkshire Trigen SRO1[. Nov-85 Bonus 10 | 600 5.9 4,699
Hagshaw Hill(S15),Lanarkshire __ {Trigen SRO1| Nov-85 Bonus 15 | 600 9.4 7,486
Slieve Rushen, Fermanagh Sean Quinn Group NI 1 Dec-95 Vestas 10 | 500 5 3,982
Trysglwyn, Anglesey National Wind Power 3 Apr-98 Bonus 14 | 400{ 5.6 4,460
Total Commissioned 505 "~ 1195.68 | 155.83
Under construction
Werfa, Mid Glamorgan Windstar Turbines 2 - Wind Harvest| 20 | 25 0.5 398
CarnoA, Powys National Wind Power 3 Bonus 28 | 600 16.8 13,379
CarnoB, Powys National Wind Power 3 Bonus 28 (600 16.8 | 13,379
Siddick, Cumbria Windcluster 3 7 |600| 4.17 | 3.321
PolwhatRig, Kirkcudbrightshire __|National Wind Power SRO1 Nordtank | 16| 600 | 10°8 | 7.796
Gallow Rig, Kirkudbrightshire National Wind Power SRO1 Nordtank 18 | 600 10.8 7,796
Awaiting construction
Bendealt, Ross-shire National Wind Power SRO1 8.81 | 7.016
[MealtanTuric, Ross-shire National Wind Power SRO1 7.84 | 6,243
Rheidol, Dyfed PowerGen 3 2.33 1,856
Laggan, Islay Windcluster SRO1 2.98 2,373
Largie, Kintyre Trigen SRO1 14.86 | 11,834
Kirkstanton Airfield, Cumbria Windcluster 3 4 1600 2.98 2,373
Oldside, Cumbria Windcluster 3 9 |600]| 5.36 4,269
Harlock Hill, Cumbria The Wind Company Ltd 3 3.46 2,755
Llanbabo MANWEB/Kenetech 3 25
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About 20 other windfarms with NFFO 3 and SRO 1 contracts are in various stages of the planning process
whilst about 30 others with NFFO 3 contracts are recorded as having ‘planning applications not yet
submitted or status unknown’.

CRITICISMS OF THE NFFO MECHANISM

Itis generally accepted that the NFFO/SRO mechanism has been extremely successful in driving down the
prices of wind generated electricity to the lowest anywhere in Europe. Unfortunately, the intense competi-
tion results in the exploitation of the highest wind speed sites, and these often coincide with areas valued
for their scenic beauty. This has resulted in about 15 Public Inquiries for specific projects and what is
perceived as increasing opposition from some quarters. The low winning bid prices means that lower wind
speed sites (often atleast as good as those that are being developed elsewhere in Europe) are not favoured.

The ‘tranche’ system, which requires a competitive bidding process at a given time results in flurries of
activity, interspersed with long periods of inactivity. This causes problems for local authorities as well as
developers, manufacturers and others in the industry. For the wind industry, the stop-start nature of the
process has meant it has been difficult to support project development teams through long periods of
inactivity. The extraodinarily competitive nature (i.e. over 400 projects with nameplate rating of over 3800
MW registered for NFFO 4 and SRO 2) means there is less than a 1 in 6 chance of bemg awarded a
contract,

Combining this low probability of success with a 1 in 3 (or greater) chance of failing to obtain planning
consent and/or finance results in the developer having about a 1 in 10 chance of being awarded a contract
for a project thateventually gets built. This implies a fairly substantial high risk investment in the develop-
ment process and this has already resulted in many organisations withdrawing from the business. The
mechanism has also been criticised by some because of its failure to encourage a British Wind Turbine
Manufacturing Industry. The competitive nature of the process is such as to give advantage to established
wind turbine suppliers. As a result, UK windfarms have been supplied by 7 different manufacturers, only
two of which are UK based. The others are Danish (3), Japanese (1) and Belgian (1). Less than 14% of the
UK’s operational turbines have been made in the UK and only the Wind Energy Group and Carter remain
as UK manufacturers.

There is also some concern that the price has been driven to such a low level that margins are too small to
support refurbishment and major maintenance of the plant in the second half of its expected life. The price
levels of the bids themselves are mostly driven by the rate of return requirements of the investors and this
to alarge extent explains why most investors in UK windfarms are major ‘blue-chip’ lowly geared compa-
nies, many of which are already in the electricity generation and distribution business.

For this and other reasons, the UK has so far got no ‘community’ owned windfarms such as exist in
Germany and Denmark where windmill guilds, cooperatives and individuals own the majority of the 1750
MW of wind turbines that exist in those two countries (5, 6).

CONCLUSIONS

The creation of the Non Fossil Fuel obligation and similar schemes in Scotland and Northern Ireland as
market enablement mechanisms for Renewable Energy in the UK has proved successful in driving down
prices of electricity from wind energy. The highly competitive nature of the bidding process combined with
its cyclical nature has so far however inhibited the development of wind energy at anything other than high
altitude high wind speed sites and has already driven many developers and investors out of the business.

Some modification to the market enablement structure is now needed to encourage development at lower
wind speed sites and to encourage a wider spread of ownership. The total potential market for the UK and
Ireland to the year 2000 is likely to approach 1300 MW of which it is estimated that about 800 to 900 MW
will be constructed unless the planning environment deteriorates.
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Large Wind Turbine Development in Europe

Prof. Arthouros Zervos
Center for Renewable Energy Sources
19 kim Marathonos Avenue
19009 Pikermi, Attikis
Greece

ABSTRACT
During the last few years we have witnessed in Europe the development of a new

generation of wind turbines ranging from 1000-1500 kW size. They are presently being
tested and they are scheduled to reach the market in late 1996 early 1997. The

European Commission has played a key role by funding the research leading to the-

development of these turbines. The most visible initiative at present is the WEGA
program - the development, together with Europe’s leading wind industry players of a new
generation of turbines in the MW range. By the year 1997 different European
manufacturers will have introduced almost a dozen new MW machine types to the
international market, half of them rated at 1.5 MW.

STRATEGIES AND TRENDS OF EUROPEAN TECHNOLOGY

Wind Energy has created an important new market. The total installed European capacity
6 years ago was limited to a few hundred MW while in spring 1996 had exceeded 2500
MW. At the same time quality was dramatically improved and prices have come down
and are currently slipping below $1.100/kW for turn key-installations.

On the other hand the size of commercially available grid connected horizontal axis wind
turbines has evolved from 50 kW in the early 80’s to 500 to 800 kW today.

Wind energy technology has developed tremendously over the last decade. At the same
time the European industry has reached a certain level of technological matureness and
competitiveness. European Union and National R, D and D programs played an
important role in this direction.

Some highlights of European trends are shown in Table 1. This global picture of the
European situation shows an impressive technical improvement : on average European
machines produced 1700 kWh per kW installed in 1994 while in 1986 only 580 kWh per
kW were produced. This trend is confirmed for the 20 top machines: in 1986 the best
machines had a specific energy production between 800 and 1200 kWh per m2 and year,
in 1994 1800 kWh per m2 were reached by the very best ones.

R&D, which was by and large industrially based, contributed to this improvement in quality

and a reduction in the cost of wind turbines: efficiency, reliability, availability and noise
have been greatly improved and machines have become simpler and lighter.
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Table 1

Trends in Turbine Sizes

1977178 + 10kW unit size
1984/85 + 100kW unit size
1996/97 + 1500kW unit size

Trends in Quality (kWh m2a™)

20 Top machines Europ. average of all machines

1986 800-1200 + 200 (580 KWh a™ per kw)
1994 1400-1800 + 680 (1700 kWh a™* per kW)

Many different design concepts are in use, the most used being three bladed, stall or
pitch regulated, operating at near fixed rotational speed. However, there was also at least
one technological breakthrough, i.e. the gearless turbine introduced by Enercon in
Germany at the beginning of the 1990's. These new direct drive generators have become
an important target for research and technological innovation in Europe with the aim of
exploring all possible modifications to the basic concept.

Much emphasis in European R&D is also devoted to the improvement of blades, better
profiles and new materials.

A central issue in development is the increase in size. Large-size machines are desirable
mainly because they permit a better exploitation of wind in a given land area: doubling the
turbine diameter from 25 to 50 m will approximately double the energy yield of the
location. Larger machines also offer economic savings in production and grid connection
and are easier to operate and maintain. These savings largely offset the greater
complexity of transport and erection of large machines.

The range of sizes is a critical issue. During the 1980’s when commercial turbines had a
diameter of not more than 20m, leading R&D programs in the US and Germany were
focusing on much larger machines up to 100m in diameter. Today we know that the MOD
and GROWIAN projects failed as they were premature and their diameters were
excessive. Instead, the trends observed over the last few years were a diameter increase
from 20m (100 KW+/-) to 40m (500 kW - today’s leading machines in the commercial
market). This trend will continue over the next 2 or 3 years up to 66m diameter (+/- 1,5
MW). ' ‘

Only in the longer term we will know if there can be 80 or 90m diameter multi MW

machines. That will rather remain as an interesting question for technological strategy
beyond the year 2000.
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THE EUROPEAN COMMISSION’S WEGA PROGRAMS

WEGA | was initiated by the Directorate General Xl for Science Research and
Development (DG XlI) of the European Commission in the mid 1980’s. Three machines
were developed, two of 60m diameter, one of 56m. They were erected in 1988/89, one in
Tjaereborg (DK) on the North Sea coast, one at Cabo Villano (Spain) on the Atlantic coast
and one at Richborough in England, also on the North. Sea coast. With specific
towerhead masses of 111 kg/kW, 153 kg/kW and 83 kg/kW respectively they were too
heavy and consequently not economical. Nevertheless the WEGA | program can be
considered a success. It's goal was not the development of commercnal machines but an
experimental exploratlon [1]

The program lead actually to the following results:

e a good knowledge of the problems involved in MW size machines. A detailed
investigation carried out on behalf of DG Xll reviewed the critical design elements and
concluded that weight and cost of all 3 turbines could have been reduced by between
30 and 45%.

e a subsequent study by a European team, relating to the principles of MW machines,
established a clear analysis of the scope for the next development step, the WEGA I
program [2].

e the sites in Denmark and Spain have become centres for broader wind development,
e.g. wind farms were installed later in Cabo Villano, while Tjaereborg hosted new
innovative prototypes.

At the beginning of the 90’s a certain number of large wind turbines ranging from 750 kW
to 3 MW were installed in several European countries (Table 2). They tried to avoid the
mistakes of the past, to introduce innovative elements and to reduce the weight.

Table 2 : Large Wind Turbines in Europe
installed in 1992-1993

Manufacturers Rated | Diam | Number | Power | Generator Head Total

Power | (m) of Control Weight | Weight
(kW) blades (tons) (tons)
Kvaerner Turbin AB | 3000 80 2 pitch induction 162 1661
MBB-(AEOLUS II) 3000 80 2 pitch | synchronous 162 1662
WEST-(Gamma 60) | 1500 60 2 yaw synchronous 110 231
HMZ/Windmaster 1200 45 2 stall + | induction 98 200
pitch
Husumer 750 46 3 pitch | induction - -
Schiffswerft
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At the same period the WEGA Il program was initiated by DG Xll of the European
Commission. The overall cost of the program is approximately 25 Mio ECUs. Most
machines are already installed.[3] The sizes of machines are about the same as those in
WEGA I. However, there are many improvements which can be seen on Table 3.

Table 3 :New Generation of Large Wind Turbines in Europe
(installed after 1994)

Manufacturers | Rated | Diam | Number | Power | Generator | Head | Total Weight
Power {m) of Control Weight (tons)
(kW) blades ) (tons)
Enercon* 1500 66 3 pitch synchronous; 100 220
direct drive
Nordtank** 1500 60 3 stall induction 98 193
Tacke 1500 65 3 pitch induction 97 237
Vestas*™* 1500 63 3 pitch | induction 76 156
(or 57) variable
slip10%
Husumer 1000 54 3 pitch induction 73 161
Schiffswerft**
NedWind*** 1000 52.6 2 stall + induction 65 110
pitch
Nordex 1000 526 | 3 stall induction 74 164
(NW53) '
Nordic Wind 1000 53 2 stall induction 42 93
Power*
Bonus* 750 50 3 stall induction 59 107
*supported by Joule **supported by THERMIE ***supported by JOULE and THERMIE

They can be summarized as follows:

the work is carried by Europe’s leading industry which is more motivated and
experienced in innovation and developement than were most of the organizations
involved in WEGA |.

there is reasonable involvement of electric utilities to address the problem of grid
integration.

there is a larger number of machines and a much wider range of different technologies
and concepts than in WEGA 1. All together, there is a unique richness and a variety of
new approaches which only a broad European dimension and the corresponding EU
program could deliver.

this time the outcome is very positive in terms of weight, technological quality and cost
prospects. Virtually all machines have lower “towerhead” masses than the best of the
WEGA | turbines, one as low as 42 kg/kW. The prototypes of WEGA Il will be used to
solve teething problems. Some of them will lead directlly to commercialization as early
as the end of 1996. :

eventually the WEGA 1l machines can play the same role as WEGA | did for future
developments: a broad and extensive measuring and monitoring program is being
carried out on all machines in the frame of a Commission contract. WEGA Il will not
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only strengthen European wide understanding and agreements towards norms and
standards, but also lay the ground for still further developments in what could become
WEGA Il

Eventually WEGA Il became the European pilot program and trend setter for MW turbines
. in as much as most leading European manufacturers followed in this direction. As Table
3 shows the European Commission is currently funding three 1.5 MW turbines and three
1 MW turbines. As part of the Joule program they are either official parts of WEGA Il or
at least involved in the WEGA Il monitoring project.

As mentioned already, others have followed : Tacke has completed a 1.5 MW turbine
and Nordex and HSW are each completing a 1.0 MW turbine. All in all we currently see
~ the completion of 9 different turbines in the MW range from Europe’s leading industry,
four 1.5 MW turbines and four 1 MW ones.

From all the above we can conclude that wind energy in Europe has not only been a
tremendous recent commercial success but has also seen an impressive development of
technology innovation especially in the large wind turbine sizes.
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STATUS REPORT OF WIND ENERGY PROGRAM IN THE PHILIPPINES
Pio J. Benavidez
National Power Corporation
Agham Road corner Quezon Avenue, Quezon City, 1100
Philippines

Abstract

This paper discusses the wind resource assessment activities being undertaken by the National
Power Corporation at the extreme northern part of Luzon island. Preliminary results from the
10-month wind data are presented. This will give prospective wind developers an idea on the
vast resources of wind energy available in the northern part of the country. This paper will also
discuss briefly the stand-alone 10 kW wind turbine system that was commissioned early this year
and the guidelines being drafted for the entry of new and renewable energy sources in the
country’s energy generation mix.

- 1.0 Overview

The Philippines has joined international efforts in harnessing wind for power generation along
with other clean sources of energy. The government has made one of its priorities the
development and utilization of renewable energy sources, as enunciated in the country’s Energy
Plan.

In 1995, the National Power Corporation (NPC) in cooperation with the Department of Science
and Technology has launched an extensive wind resource assessment for large scale wind park in
northern Luzon island particularly Ilocos Norte. As of July 1995, seven (7) multi-level wind
monitoring stations were set-up to measure and record wind speeds and direction.

NPC has successfully commissioned a 10 kW Bergey Excel-R wind turbine situated in a remote
fishing village in Ilocos Norte. This project will undergo 2 years performance monitoring to
demonstrate the technical and economic viability of harnessing wind energy for power
generation. NPC personnel are expected to gain experience in the installation, operation and
maintenance of the wind turbine machine.

The guidelines which will pave the way for participation of the private sector in power
generation using new and renewable energy sources (NRES) is being drafted by NPC. The
ultimate goal is to have installed 300 MW of generating capacity from NRES by year 2003.
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2.0 Wind Resource Assessment Activities in Northern Luzon

Documentation of the Philippine wind resources has indicated that the extreme northern Luzon
is potentially a very attractive site for wind power generation. In July 1995, NPC launched an
extensive wind resource assessment project for large scale wind park in Ilocos Norte, about 500
kilometers north of Manila. A total of seven (7) 30-meter multiple level wind monitoring
stations were set up encompassing the municipalities of Burgos, Bangui and Pagudpud. The
sites, stretching about sixty-five (65) kilometers of coastline at the northwestern corner of Luzon,
are characterized by ridgelines, mountains, gently rolling plains and some plains at the lowlands.
A load-end substation rated at 50 MVA, 115/69 KV is situated in Laoag City, approximately 35
km south of Burgos and 75km south of Pagudpud. The nearest utility grid to the sites is the 13.2
kv distribution line owned by the local electric cooperative. NPC is currently constructing a new
transmission line going to Laoag Substation with a rated capacity of 150 MVA. Location map is
presented in Figure 1.

At present, there are 10 months of wind data collected from wind monitoring stations in Ilocos
Norte. The mean wind speeds during northeast monsoon (October - April) are far stronger and
consistent compared to the mean wind speeds during southwest monsoon (May - September).
Table 1 shows the monthly mean wind speeds.

Considering the wind data collected at Subec, Pagudpud, the highest monthly mean wind speed
was recorded on December 1995 at 32 mph. Figure 2 shows the distribution of wind speeds at
Subec site from June 1995 to March 1996. It is anticipated that a typical 225 kW wind turbine
installed at the site would be able to operate 1462 hours at rated capacity. The total wind kinetic
energy is computed by multiplying the power of the wind per square meter of cross section for
each bin with the number of hours of wind in that bin. Using that formula, Subec site had 6,184
kwh of wind energy per square meter. Figure 3 shows the wind energy at Subec site.

3.0 10 kW Bergey Excel-R Wind Turbine

The 10 kW wind turbine generator is a stand-alone system that supplies electricity to a remote
community, small fishing village of 23 rural houses, in Pagudpud, Hocos Norte, approximately
80 km northeast of Laoag City. The project consists of the following: 10 kW Bergey Excel-R
wind turbine generator mounted on top of a 24 m lattice tower, voltage system controller, DC
control panel, 700 AH deep cycle lead acid batteries, 10 kVA static inverter and the associated
transmission lines. The WTG is located about 800 meters from the fishing village, its load
center. The load is composed of compact fluorescent lamps and small appliances. Figure 4
shows the schematic diagram of the stand-alone WTG.

The mini power plant was commissioned on March 1996. It will undergo (2) years testing and
performance monitoring to demonstrate the technical and economic viability of harnessing wind
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energy for electricity production. The plant is being operated by four (4) technical personnel
shifting every 8 hour daily. Recording of the wind speeds and direction, system voltage,
frequency, energy consumption and specific gravity of the battery cells are done on hourly basis
to monitor the performance of the plant. It is also equipped with automatic data acquisition
system which monitors the wind speeds and direction, system voltage and power output of the
wind turbine generator.

4.0 New and Renewable Energy Sources (NRES)

NPC is opening a window for the entry of 50 MW per year of NRES starting the year 1998. Its
objectives are to support the establishment of renewable energy power project that could be
economically added into the grid, to sign a long-term power purchase agreement (PPA) with a
broad spectrum of renewable energy technologies, and to supplement petroleum-based
generation in small islands with indigenous NRES technologies. A total of 300 MW of
generating capacity from NRES is expected to have been installed from 1998 - 2003. Solicitation
of proposal will start from 01 July and end on 01 December 1996.
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Table 1

Mean Wind Speed in llocos Norte

(in Miles per Hour)

Monitoring Period

Burg

0S

Bangui -

Pagudpud

Bayog*

Pagali*

Saoit*

Agaga*

Bangui**

Caparispisan*

. Subec*

Jan-95

" 'Feb-95

Mar-95-

Apr-95

May-95

Jun-95

10.3

9.7

13

11.7

8.9

Jul-95

8.8

8.7

8.2

10.7

8.8

9.6

7.9

Aug-95

7.3

7.7

6.4

8.2

10

8.3

Sep-95

114

13.4

9.9

11.2

10

14.5

13

Oct-95

16.7

204

14.3

16.1

14.9

18.9

18.9

Nov-95

22.7

25.3

18.2

20.4

. 194

22.8

25.7

Dec-95

27.7

28.8

224

25.9

25.1

26.6

3241

Jan-96

18.5

20.5

14.8

14.8

14.8

224

23.6

Feb-96

21.2

22

17.2

18.3

18.2

22,7

24.8

Mar-96

134

14.1

10.8

10.3

10.9

17.5

16.2

Apr-96

May-96

Jun-86

Jul-96

Aug-96

Sep-96

Oct-96

Nov-96

Dec-96

Note:

* - data taken @ 30 m height tower

** - data taken @ 20 m height tower
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10 kW Hemote Power System

Pagudpud, Tlocos Norte,

Philippines
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POTENTIAL MARKET OF WIND FARM IN CHINA

" Pengfei Shi
New Energy Division
Hydropower Planning General Institute
3 Yiqu Zhongjie, Liupukang, Beijing 100011
CHINA

ABSTRACT

Wind energy resources are abundant in China, in southeast coast area along with the rapid
economic growth, electricity demand has been sharply increased, due to complex terrain detailed
assessments are in urgent need. Advanced methodology and computer model should be
developed. In this paper the existing wind farms, installed capacity, manufacturers share and
projects in the near future are presented. For further development of wind farm in large scale,
different ways of local manufacturing wind turbine generators (WTG) are going on. Current policy
and barriers are analyzed. '

WIND ENERGY RESOURCE

Estimated by the Chinese Academy of Méteorological Science, wind energy potential near surface
ground in China is 253 GW. This data reflects the total amount of wind energy technically
available to be utilized, without consider the social and economical conditions. Provinces and
Autonomous Regions favorable to wind farm construction are located in southeast coast areas
and north of inland China, see Fig.1.

Along the coastal areas of southeast China, for lack of coal mine and oil resources, the fuel for
thermal power plants have to be transport from far away. Hydro-power resources in Zhejiang and
Fujian province have been fully exploited, due to autumn and winter are dry seasons, hydro-power
generation reduced. However, wind is very strong in these seasons, so losses of hydro-power
could be compensated by wind power. Many windy sites with annual average wind speed over 7
m/s are found in coastal areas and nearby islands.

In addition, Guangdong, Fujian and Zhejiang are more open to the outside world. During last
decade the highest economic growth rate has been achieved in this region and the demand of
electric power has sharply increased. High price of electricity could be afford by many
enterprises. Hundreds MW of diesel generators were installed to ease the tension of power
supply, which makes wind power more attractive in competition.

91




TABLE 1  WIND ENERGY POTENTIAL FAVOURIBLE FOR WIND FARM
IN SOME PROVINCES

Province Wind Potential Province Wind Potential
(MwW) (MW)
Inner Mongolia 61780 Shandong 3940
Xinjiang 34 330 Jiangxi 2930
Heilongjiang 17 230 Jiangsu 2380
Gansu ‘ 11 430 Guangdong 1950
Jilin 6 380 Zhejiang 1640
Hebei 6120 Fujian 1370
Liaoning 6 060 Hainan 640
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FIG. 1 PROVINCES IN CHINA FAVORABLE TO WIND FARM
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In northwest of China there are many sites located in vast and flat terrain with annual mean
wind speed over 6 m/s. These sites are suitable for large wind turbine generators, such
as Dabancheng windy site in Xinjiang Autonomous region, where 1000 sq. km of areas are
available for wind farms; Huitengxile site in Inner Mongolia Autonomous Region with 300 sq.
km land ready for wind farm construction. More good sites could be found along with the further
macro siting.

The study on wind potential that could be economically exploited is a vital issue in the
implementation of wind energy programs. The government intends to raise more allocated
funds for the detailed survey of wind energy resource.

New macro siting methods are being developed by the National Renewable Energy Laboratory
(NREL) of U.S.A.. A computer based map of the favorable wind resource areas superimposed
on the hill-shaded relief map, has been produced by the wind resource assessment team at the
NREL, for the Nan'ao Island Wind Farm Case Study supported by the World Bank. The map
provide a comprehensive guide to siting viable wind farms on the island. The comparison
between real site survey and computer-based map has been made and the results are
satisfactory. ‘

EXISTING WIND FARMS

By the end of 1995 the installed capacity of grid connected wind turbine generators (WTG) had

TABLE 2 EXISTING WIND FARM SITES IN CHINA
AND INSTALLED CAPACITY BY END 1995

No, Site Province Instailed KW No. of units
(1) Dabancheng Xinjiang 12 750 47
(2) Nan'ao Guangdong 8 680 43
(3) Zhurihe Inner Mongolia 4 200 28
(4) Shangdu Inner Mongolia - 3875 17
(5) Donggang Liaoning 1555 6
(6) Cangnan Zhejiang 1255 4
(7) Pingtan Fujian 1055 6
(8) Hengshan Liaoning 1000 4
(9) Xilin Inner Mongolia 1000 4
(10)  Shengsi Zhejiang 426 15
(11)  Rongcheng Shandong - 165 3
(12)  Changdao Shandong 110 2
(13)  Dongfang Hainan 55 1
Total 36 126 180
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been up to 36 MW. The details on the existing wind farms and manufacturers market share
are shown in Table 2, Table 3, the development of installed capacity during past 10 years see
Fig. 2. '
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FIG. 2 INSTALLED CAPACITY IN CHINA DURING 1986-1995

The current largest wind farm was constructed at Dabancheng of Xinjiang Autonomous
Region. It is the first .one with the capacity over 10 MW, and also with the biggest
machine 500 kW WTG installed. This wind farm was initiated with the aid from Danish
Government, and later continue the development by using foreign soft loan. The Regional
authority agreed to purchase electricity generated by wind at the rate of 0.87 Yuan/kWh, in
order to pay back bank loan within the period of 8-10 years.

Better economic benefits have been achieved in Nan'ao wind farm, Guangdong Province.
Nan'ao is an island county, very rich in wind energy potential, more than 8 m/s of annual
average wind speed has been recorded on site. The government of Nan'ao County paid more
attention on wind power generaﬁon, the planning of wind farm construction was initiated in
1985, as the first phase two 150 kW and one 90 kW wind turbine generators were erected and
connected to power grid in June 1989. Based on this demonstration project, 40 machines were
installed in following years, totaled 8680 kW by the end of 1995.
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TABLE 3 MANUFACTURERS MARKET SHARE IN 1995

Company Nordtank Bonus Nordex Husumer

Country Denmark Denmark Denmark Germany

Installed kW 18 790 6 350 4 000 3 000

Share 52.0% 17.6 % 11.1% 8.3 %

Company US Windpower Chinese Windmaster Newind
- Country USA China Belgium Sweden

Installed kW 1100 1076 800 390

Share 3.0% 3.0% 22% 11 %

Company Aeroman Vestas Micon

Country Germany Denmark Denmark

Installed kW 300 220 100

Share 0.8% 0.6 % 0.3 %

Good performance has been shown during opération, the average capacity factor of Nan'ao
wind farm is 30.8%. In 1995 total wind power generation up to 12.3 million kWh, equivalent to
44% of total power consumption of the whole county, this figure shows the important role of
wind farm in island economy

development and daily life of islanders. Electricity sold to power company at the rate of 0.70
Yuan (USD 0.084) per kWh, it is the same as the nearby oil thermal power plant on mainland,
a reasonable profit has been obtained for further development.

Inner Mongolia is rich in wind energy potential, there are three wind farms with 9MW in total are
in operation, another new site, Huitengxile, the most promising one with vast area of flat terrain,
available to install 400 MW of WTGs and the local grid which has already been connected to
the very strong North China Power Network, as an energy base, it might be available to export
wind power to Beijing in the future. ‘

CURRENT POLICY AND BARRIERS

In order to facilitate the progress of making huge potential market into real market, following
measures for administration and market incentive have been taken by the Ministry of Electric
Power (MEP).

- The electric power administrative bureaus at different levels should positively assist to

conduct the pre-construction work of local wind farm, including planning, feasibility study and
wind energy resources measurement. Meanwhile they are also responsible for the review of
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wind farm's design and coordination in wind farm's connection with power networks.

- The network management department should allow connecting wind farm with power
network at the nearest distance and purchase all electricity generated by wind and transmitted
to power network.

- The pricing of electricity selling to power networks from a wind farm shall be made on the’
basis of the generation cost, plus pay-back of principle and interest from investment, plus
reasonable profit. In case this price is higher than the average price of the network, the
difference should be shared by the whole network. The electric power companies will be
responsible for the purchase.

The development of wind farm to be hindered by the following barriers: High cost of imported
WTGs; high rate of import duty for WTG (12%) and rate of VAT (17%) and other taxation; also
high interest (15%) loan from domestic bank. Under such conditions during the period of pay
back bank loan, price of electricity generated by wind farm should be as high as 1 Yuan/kWh
(USD 0.12), it is difficult to be accepted by local authorities. In China the final dicision maker for
electricity price is the government at provincial level.

ON GOING PROJECTS AND POTENTIAL MARKETS

In 1996 a big progress could be made on the construction of wind farm, since many contracts
were finally signd, and the domestic investment up to 800 million Yuan is available from the
State Economy and Trade Commision (SETC), enough for 70-80 MW installed capacity.
Foreign investment up to 40 million USD are also available for 40-50 MW. The distribution
reference to Table 4.

In January 1995, 12 provincial (regional) power companies submitted their preliminary wind
power development plans (1995 - 2000) to the Ministry of Electric Power (MEP). The
Hydropower Planning General Institute, as the administration institution of the pre-
construction period of wind power development designated by the MEP, summarized all
local plans as shown in Table 4.

Local plans are ambitious to result in the total installed capacity nationwide by the year
2000 reaching 1300 MW. However, considering that wind power development in large
scale is just at the beginning, many difficulties have to be overcome, the target of 1000 MW
nationwide is announced by the MEP. Based on the available domestic funds, the goal of 400
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MW was set by the State Planning Commission (SPC) in May 1996, this plan has also been
listed in Table 4, shown as upper figures marked with "*".

TABLE 4 ESTIMATED INSTALLED CAPACITY OF WIND POWER IN CHINA (MW)

Location End of 1995 | Increased Increased in End of
(reference to Fig. 1) in 1996 . 1997-2000 2000
SpPC* MEP spC* MEP
222* 400*
Nationwide 36.13 141.5
1124 1302
North China 35* 80*
Hebei 0 0:6 52 53
Inner Mongolia 9.08 35.0 337 381
Northeast 48* ‘ 60*
Liaoning . 2.56 9.0 101 113
Jilin 0 0 56 56
Heilongjiang 0 0 55 ’ 55
East China 44* 80*
Shandong 0.27 0 54 55
Zhejiang 1.68 28.2 70 100
Fujian ' 1.06 4.8 96 102
Jiangxi 0 0 50 50
South China 32* 60*
Guangdong 8.68 8.1 194 211
Hainan 0.06 11.4 14 25
Northwest 23* 80*
Xinjiang 12.75 44.4 45 102
Others 40" 40

(Based on the development plan submitted by local electric power bureaus in January 1995

and the plan from State Planning Commission in May 1996)

The development of wind power in China as an industry has been initiated. From now on to
the year 2000, the achievements must be obtained via international cooperation, both in
technology and finance, the main fields are specified as follows:

- Grants from international organizations, to support demonstration projects, resource

assessment, technology ftransfer and indigenous manufacture, measurement
instrumentation and personal training;
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- Soft loans provided by international financial facilies and the government of
industrialized countries;

- Encouragement to all potential foreign investors, public or private, to set joint
venture, or cooperation production or by means of BOT, efc.

- Manufacture of medium and large size WTGs, importing matured technology and
establishing production lines. At the beginning most of the components may come from foreign
firms and are assembled in China, then the local made qualified parts could be increased
gradually;

- Research, Development and test of WTGs.

CONCLUDING REMARKS

Detailed assessment of wind energy resources should be continued, computer-based new
methodologies are being developed, and a common standard classification should be adopted
by developers, that would be beneficial to the growing wind power market.

To utilize wind energy in large scale for power generation will improve the structure of power
industry in China, reducing the pollution caused by coal fired power plants. Incentives should
be formulated by the government at state level.

In the next two to three years, large WTGs have to be imported, international cooperation is
crucial for technology transfer, to establish domestic wind industry in the near future.
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Abstract

A great amount of preliminary work has been undertaken by many New Zealand and Australian
Power/Generation Companies regarding Wind Power. Turbines are installed in Australia and New
Zealand to test the wind and the technical applicability in the Australian wind diesel and the New
Zealand high wind speed environment. Projects in Esperance, Thursday Island and King Island
illustrate Australia’s willingness to embrace wind power in hybrid wind diesel applications. A single
Wind Turbine Generator (WTG) has been successfully operational in New Zealand’s Capital for the
last 3 years. A new 3.5 MW wind farm is operational and Resource Consent has been granted for a 65
MW wind farm in New Zealand. DesignPower is very proud to be involved in many of the New
Zealand and Australian projects. It is obvious that wind power is just starting here, however the start
has been promising and it is expected that wind power is here to stay.

This paper will address some of the issues associated with wind power in New Zealand and Australia,
particularly those that are different from Europe and America. It shows the opportunities and
challenges regarding the operation of WTGs in these countries. It addresses the non subsidised
electrical pricing structure and the influence of the economically necessary high wind speeds or diesel
systems on the choice of technology, particularly the control algorithm of WTGs and the subsystems. It
reviews several of the issues associated with predicting the amount of energy that a WTG can generate,
again taking into account the high wind speed control algorithms. It further addresses the issue of
embedded generation and the influence that a wind farm might have on the electrical network. It
continues to address issues associated with wind diesel systems. The paper concludes that wind power
will be viable in the near future both in New Zealand and Australia, but also that care should be taken
with data analysis and hardware choices during the next phase of implementation of wind power in
New Zealand and Australia.

Introduction

It is well recognised within the wind industry that New Zealand is a windy country with wind speeds at
many locations exceeding an annual average wind speed of 10 m/s. It has been mentioned that New
Zealand is one of two new international markets that holds promise to generate a large amount of
electricity with wind turbine generators.

Australia does not have a resource as large as New Zealand. Australia however has many communities
isolated from a large coal fired electricity networks. Many of these communities are situated in
moderately windy locations. Australia will have its own unique opportunities for wind generated
electricity.
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In New Zealand, the Electricity Corporation of New Zealand (ECNZ) has been investigating the
potential for wind generation for some years now, having undertaken resource, siting and economic
studies with DesignPower as lead consultant. One WTG has been operated by ECNZ in Wellington for
the last 3 years with record breaking outputs, during which time DesignPower has been researching its
operation on ECNZ’s behalf.

A number of Power Companies in New Zealand have also been active with wind power investigations,
and the first fully commercial 3.5 MW wind farm is now producing power in the southern Wairarapa.
Resource Consents (planning approval) have been granted for another wind farm with a total installed
capacity of 65 MW. Several power companies have secured land for future wind farm developments.

In Australia wind power is being generated in Western Australia, the Northern territories and
Tasmania. The Western Power 2.3 MW wind farm at Esperance in Western Australia has been
successful in replacing a large percentage of fuel usage in an existing diesel mini grid. Several power
companies are investigating the possibility of utilising the wind by undertaking studies to find prime
wind sites in their area followed by undertaking anemometer and feasibility studies. It is expected that
future wind farms in Australia will be similar to the Esperance wind diesel system. This is evident in
potential projects on Thursday Island, King Island (4 MW diesel grid) and the halted 10 MW Toora
wind farm development.

This paper will address some of the issues associated with wind power in New Zealand and Australia.
In particular it looks at the opportunities for wind power generated electricity in these countries and
what kind of technological advancements and solutions will help the integration of more wind power in
the existing energy generation mix in both countries.

At present there are not many turbines installed in both countries. However the opportunities are there
if the bottom line economic hurdle can be taken.

This hurdle is in New Zealand in regards to the cost of existing and new generation projects. The
system is largely fuelled by existing cheap hydro power, and newly built gas fired cogeneration
projects are not expensive either. However there is a growth of electricity usage of between 2-4% on an
annual basis. This will require additional installed capacity and it is expected that wind power can then
be economically utilised particularly as embedded energy projects in areas with an average annual
wind speed exceeding 10 m/s.

The economic hurdle in Australia can be overcome particularly in areas not connected to the low cost
coal fired electricity networks. Such systems are characterised by small, normally diesel fuelled, mini
grids. Many dozens of these mini grids have been identified throughout the coastal area in the west,
south and east of Australia and its islands where moderate wind speeds occur which might be
economic if compared with non subsidised diesel fuel prices.

Wind Power Economics

Much has been written about wind power economics. It is an important issue because every wind farm
project has to be economic in itself and thus competitive with other available existing or new energy
options in New Zealand and Australia'. It is different from European or American analysis where
governmental subsidies are available for this form of renewable energy.

The economics of a wind power project are evaluated by researching the cost of installing a wind farm
(including the cost of financing the installation which in itself includes a project risk factor), the cost of
Operating and Maintaining the wind farm and the cost of replacing components during its lifetime (see
Figure . 1).

! South Australia seems to be willing to give some subsidy to wind power. In a report entitled
“Towards the renewable Energy Target for South Australia” the ministry sets a 300 MW wind power
target with a A$45 million subsidy.
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The amount of energy that the wind farm will produce is estimated and the monetary worth of this
energy determined from present electricity (energy and transmission) prices and/or from fuel prices.

ECONOMICS
Costs Revenue
Amount of Worth of
Energy Generated Energy
| (ECNZ Charges,

Trans Power Charges,

Up front costs Q  Wind Speed Distribution .

O & M Costs Q  Average Wind Speed Daily Seasonal Effects)

Replacement Costs O Cut-out Hysteresis
Costof Financing O WTG Availability
Q Array Losses
Q  Electrical Losses

LODOD

Figure 1- ECONOMICS OF WINDFARMING

The cost of wind energy depends on many variables including transportation cost of the WTG to the
wind farm site. This factor might be particularly important in the more remote locations in Australia.
The cost of energy in New Zealand is estimated to be around NZ$0.07-0.09 (US$0.05-0.06) per kWh
for the 10 m/s wind sites. In the windy areas in Australia this cost is estimated to be around A$0.10
(US$0.08) per kWh.

This energy price tag would suggest that wind power is only economic at a very few, high wind speed
sites in New Zealand and expensive diesel mini grids in Australia. It is believed however that present
electricity prices will increase over the next few years due to an increase of energy usage in New
Zealand and a removal of diesel fuel subsidies in Australia. Obviously wind power also has other
advantages which are in line with governmental policies, such as the reduction of greenhouse gas
emissions. These advantages are at present not translated to a monetary benefit for wind power.

Most industrial power generation projects are economically evaluated by combining a Life Cycle Cost
analysis with the project’s revenue to derive an Internal Rate of Return for the evaluated project. The
revenue is based on the worth of electricity and the amount of electricity that is generated by the wind
farm project.

Value of Wind Power Energy

The prices of electricity in New Zealand and Australia for utility connected areas are based on energy
_ and transmission charges. Roughly the combined average cost is at present around NZ$0.07 (US$0.05)
per kWh.,

A more detailed study reveals that the energy charge in both countries is built up from several different
components depending on time of day and the season. Hence it is not possible to simply equate average
energy charges to the average wind generation value, since the wind value depend on the diurnal and
seasonal wind patterns which are normally synchronised with energy demand. This makes the value of
wind power generated electricity more valuable than just the average energy charge (see Figure 2).
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Figure 2 - TIME TRACES OF LOAD AND WIND FARM OUTPUT

For simplicity it can be said that the energy part of the total electricity charge in New Zealand is about
70% or $NZ0.04.5-0.05 (US$0.03-0.035) per kWh.

The transmission charge (Trans Power charges in New Zealand) at present are all based on the assets
value of the transmission network and again in simple terms equate to about 30% of the total energy
charge or about NZ$0.02-0.022 (US$0.015) per kWh in New Zealand. These prices and price
variations are somewhat similar in Australia. The difficulty in both countries is that these transmission
and distribution charges are normally based on the value of the asset. Embedded generation projects
(and for that matter energy efficiency matters as well) will thus not have a 100% benefit for their
portion of energy that is bypassing the transmission network. It isestimated that only a part of the
transmission charges can be avoided which depends on the Iocal situation.

Annual Energy Production

Accurate annual energy generation forecasting methodologies are expected to be different from those
methodologies employed in other countries which have a lower annual average wind speed than those
speeds encountered in New Zealand. Annual energy productions are normally calculated in lower wind
speed countries based on average hourly or 10 minute wind speed observations from a specific site,
which is cross correlated with a long term historical data set to obtain long term representative values.
A distribution curve, based on this data, in combination with a WTG power curve yields the possible
amount of energy that a WTG could generate at that particular site if its availability is 100 %.

" Wake effects, historical or expected availability of the chosen WTG, as well as topographical
characteristics and electrical losses will result in an expected net energy production. These calculations
are crucial to the evaluation of the economic viability of a wind farm project.

This approach however is not accurate enough for the New Zealand situation because the wind speeds
encountered in New Zealand are higher than the wind speeds of European and Australian wind farms.
Particularly, because the New Zealand wind climate is driven by weather fronts with high peak wind
speeds and a return period of about 5 days. The Fourier Transformation shown below illustrates both
the diurnal wind speed effects, the 5 day weather-front recurrence and the high wind speeds (see
Figure 3).
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It is possible that large amounts of energy can be lost due to hysteresis effects of the power curve
around the cut-out wind speed due to these high wind speeds (see Figure 4).
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Figure 4- POWER CURVE HYSTERESIS EFFECT

This phenomena is not taken into account in the ‘normal European’ energy calculations. Using these
normal European calculation methodologies which combines distribution curves and WTG
powercurves might overestimate the annual energy production. The New Zealand high wind speed
regime might greatly reduce the amount of energy that is thought to be generated using the European.
methodology. Deficits of more than 10% can occur when using the European methodology without
considerations to the control methodology of the WTG and the wind speed versus time relationships.
DesignPower has recently been awarded a research project related to these hysteresis effect. It is hoped
that results and recommendations regarding improved WTG control methodologies which will reduce
these hysteresis losses, will be published in 18 months time.

Another issue relates to the fatigue life of WTGs which is among others a function of the average wind
speed. The higher the average wind speed is, the more time that a WTG operates to control the power

output. It is this particular operating window when the wind speed is between rated wind speed and
cut-out wind speed that fatigue accumulates the fastest.
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Based on a Rayleigh wind speed distribution curves it can be calculated that WTGs installed in the
high wind speed sites in New Zealand could spend 7 times longer in this fatigue sensitive operating
window.

Both factors might have a detrimental effect on the cost of wind power, especially if they are not well
defined in which case financiers might require a higher rate of return to cover for the uncertainties
(risk) of the project. It is thus most important to address these issues accurately.

Extreme Wind Speeds

Extreme wind speed events have always been important in designing WTGs and in choosing the right
WTG for a specific development. This again is more important to the New Zealand environment than
most of the Australian environment’. Numerous overseas failures are attributed to extreme events even
though many of them have actually occurred below the specified maximum design wind speeds. It is
important to have a clear understanding of the maximum wind speeds that can be expected at the New
Zealand sites particularly because of the correlation between average wind speed and maximum wind
speed.
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Figure 5- GENERIC EXTREME WIND SPEEDS GRAPH (20% accuracy)

The higher the average wind speed (which is advantageous for the economics of wind generation) the
higher the maximum expected gust wind speed can be (which is disadvantageous for the economics of
wind farming).

The New Zealand Building Code gives an indication as to the maximum expected wind speed for a
specific site. However it is believed that more accurate maximum gust wind speed predictions are
necessary to minimise investment risks. DesignPower is involved in research carried out by Victoria
University regarding these extreme high wind speeds.

Figure 5 gives a generic relationship between maximum gust wind speed and average annual wind

speed. It should be noted however that at many potential New Zealand wind farm sites, the maximum
expected 3 sec gust wind speed with a return period of 50 years can be between 70 and 80 m/s.

Hysteresis Effects

It was mentioned earlier in this paper that energy predictions should take into account power curve
hysteresis effects. Such calculations should use WTG specific control algorithms. Energy calculations

2 Generally speaking the wind speeds are higher in New Zealand than Australia. Although wind speeds
have been measured in excess of 9 m/s annual average wind speed in Tasmania (at 30 mAGL).
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are then based on high sample rate wind speed observations or simulations based on the interpolation
of hourly or 10 minute wind speed information. This in combination with the control algorithm gives
the aerodynamic behaviour of the investigated WTG. Specific control parameters like maximum
generator slip, rpm, power values, wind speed values and standard deviation values among others can
then be investigated and taken into account in calculating the annual energy production of a single
WTG within a wind farm. Either a hysteresis factor for a whole wind farm can be calculated or several
calculations should be performed on representative WTG locations throughout the wind farm.

It should be mentioned that these calculations do not necessarily mean that the energy production is
lower than those calculated using the ‘normal European’ methodology. This advanced methodology
will highlight those turbines types and models that will be most advantageous to be installed on the
investigated high wind speed sites. It will thus give developers and investors a better understanding of
the energy production of proposed wind farm developments. This will reduce the risk involved in
developing a site which will have a positive effect on the acceptable Internal Rate of Return.

Network Issues

Hysteresis effects and maximum wind speed issues are not of such a great concern in the Australian
market. More important in Australia is the integration of wind power into an existing diesel mini grid.
In New Zealand, which has an extensive transmission and distribution system, diesel networks are not
that important (although there are some on small islands). Network issues related to New Zealand have
to deal with weak electricity distribution lines will be used in embedded energy projects.

Network Issues; wind diesel hybrid systems (Australia)

In order to adequately integrate a WTG into an existing diesel generation system, there must be a
concerted effort to optimise the total system for the specific community. This requires investigating
load management opportunities in order to lessen the seasonal and diurnal variation in electricity
demand. This might also includes very short term load management in order to cope with wind
variations of the order of 1 minute. This again very much depends on the local system and the
penetration rate of the WTGs.
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It is important to determine whether existing diesel sets are capable of performing to the required level
or if one or more replacement diesel sets would be more suitable. The older diesel sets may well be
near the end of their useful life, and thus require replacement soon anyway. It will always be easier to
develop an optimum wind diesel system if the diesel engine can be specifically chosen to suit the duty
as dictated by the overall control system.

In order to cope with the variable nature of wind generated electricity either a high degree of load
management is necessary, or short term energy storage or one has to settle for a non optimum energy
system. Energy storage can be in the form of batteries, flywheel or hydraulic accumulator.
Approximately 30 seconds of energy storage provides a major reduction in both fuel consumption and
diesel start/stop cycles, with very little benefit beyond 5 minutes energy storage (unless storage greater
than 4 days is applied). In reality an non optimum system from a technological point of view might be
chosen to make a system cost effective. Most systems will not have a storage system.

Recent developments are investigating running diesel engines at negative loads to absorb surplus
energy from the WTG, and to significantly reduce fuel consumption. This appears to be potentially
viable, though practical matters of low lubricant temperatures and glazing of the cylinder bores needs
to be researched.

Examples of good wind diesel systems is the Esperance system in Western Australia which has an
annual fuel reduction of more than 30% over the previous diesel only mini grid. It is estimated that
many other communities like Esperance will be looking at wind diesel option in the near future.

Network Issues; embedded generation projects (New Zealand)

New Zealand is expected to have many wind farm projects embedded in the local power companies
distribution area. Many future wind farms will be similar in size to the 3.5 MW Haunui wind farm in
the Wairarapa although there will be exception like the 65 MW Tararua Wind Farm development.

DesignPower is involved in carrying out Electrical Load Flow studies on the effect of embedding a
wind farm into a local distribution network. Such an analysis determines whether the existing
distribution network or transmission system can cope with the extra power generated by a wind farm
(bi-directional power flow). Studies such as these are important due to the varying and directional
nature of the new load flow. The studies involve both static and dynamic analysis and are
recommended for all embedded generation projects.
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The voltage of an existing distribution network affects the ability of the network to cope with new
generation. If the network voltage is low, it may mean that excessive distribution losses will occur if
the new energy injection has to be carried any distance to the load which is often the case in those
remote embedded wind farm projects. It may in fact be advisable to upgrade the distribution network
to a higher voltage than that required for load capacity in order to reduce inherent losses to an
economic level,

Voltage fluctuations with long time constants may arise because wind turbine generators employing
induction generators do not have the capability to control the reactive power. Such voltage fluctuations
can be eliminated by introducing voltage regulators into the system. Whether voltage fluctuations will
occur depends on the specific characteristics of the system being studied. Both synchronous generators
and AC-DC-AC converter systems can compensate the reactive power component if actively
controlled.

As well as the static load flow modelling (under different load conditions) that results from an
electrical Load Flow analysis, it is important to incorporate the dynamic behaviour of a wind farm to
ensure that flicker curves are adhered to. This is also important in wind diesel systems.

Summary and Conclusion

This paper has discussed the opportunities that New Zealand and Australian Power Companies see
regarding generating utility grade electricity with Wind Turbine Generators. Several companies are
now accumulating site specific data to evaluate the suitability of economically converting the wind into
electricity. Several factors, but not all, that should be taken into account in the economic evaluation of
wind farm developments have been discussed in this paper, particularly the importance of
understanding the control algorithms of WTGs and their effects on energy production. It can be
concluded that wind power will be technically and economically viable in the near future but also that
care should be taken during the next phase of the implementation of wind power in New Zealand.
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ABSTRACT

If “market” is defined by hardware in the ground (as it should be), then the Canadian wind power
market has been virtually non-existent (only 23 MW to date). The potential on the other hand is
enormous (6400 MW likely to be developed). This potential has not been pursued because of
unregulated electric utility monopolies, lack of political knowledge and interest, and punitive tax
treatment for renewables. Recent initiatives including utility restructuring, federal plans for green
power procurement, and proposed tax measures suggest that situation has potential for change.
Interested parties should start familiarizing themselves with the Canadian players / market now, in
order to be ready to move when the time comes (likely in the next three years).

INTRODUCTION

With worldwide installed wind capacity projected to grow from the current 5000 MW to 18,500
MW by 2005, and with that growth representing a market opportunity of more than $18 billion,
why would anyone want to invest time and money in Canada - especially when you consider there
are only 23 MW currently installed, and a single 600 kW Tacke machine was the only significant
installation in 1995?

THE BAD NEWS - WHAT CANADA DOES NOT HAVE

Canada’s electric utilities are, with a couple of exceptions, self-regulated (an oxymoron) generation
monopolies. In other words, they do what they want. Yes, Canada is a developing country. To date,
Canada’s electric utilities have not wanted non-utility generation competition, and they have not
wanted wind power.

There is no federal, national electricity policy and nothing akin to U.S. PURPA legislation.
Electricity policy is provincial jurisdiction and most provinces elect not to regulate their own
utility. Provincial governments have certainly never attempted to suggest what kind of power
utilities should buy at what price.

There is no equivalent to the British non-fossil fuel Obligation

Most of Canada’s electric utilities are, or claim to be, in capacity surplus. This becomes a problem
even in a restructured market like Alberta where one has to wait for the existing capacity to reach
retirement age.
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Electricity in Canada is cheap. Or at least we pretend it is. Actually it isn’t cheap, but rather than
have the price reflect cost, our electric utilities have elected to accumulate huge debts to keep rates
artificially low. Ontario Hydro’s debt, for example, is $Cdn32 billion. Hydro Quebec isina
similar position.

There is very little knowledge in Canada about the benefits of wind power, and as such, there is
very little political interest or will.

There is certainly nothing approaching a renewable energy set-aside or equivalent of “Renewables
Portfolio Standards™ (Note possible exceptions in Ontario where we are awaiting the results of a
60 MW renewables request for proposals, and Quebec where a set-aside was recently
recommended but is not as yet in place).

While Canada’s electric utilities are under pressure from customers and independent producers to
restructure and permit competition, it is only in two or three provinces where anything is happening
and, with the exception of Alberta, Canada is far behind what has been happening in the U.S. or
UK., for example.

The recent problems at Kenetech have erected a roadblock in the Quebec market. Hydro Quebec
does not want to commit to any further projects beyond their 100 MW contract with Energie
Eolienne Kenetech because the original plan was to complete this one project and then, based on a
performance evaluation, decide how to proceed from there. But it is not clear how, if at all, this
project will proceed. This contract will be in default by mid-March, 1997 after which time, if it has
not proceeded, new opportunities may open up in Quebec.

THE GOOD NEWS - WHAT CANADA DOES HAVE

Canada has no techn-ology to speak of and almost no manufacturing. This may not be good news
for Canadians, but it is for those of you who want to set up joint ventures with Canadian firms for
the use and potential manufacture of your technology in Canada.

The public is interested in wind. CanWEA receives 50 calls a week from Canadians seeking
information on wind power. While most of these inquiries don’t have to do with utility scale
projects, this level of interest speaks well for the under 100 kW stand alone machines or small
clusters of machines.

There is an enormous wind resource in Canada. Assuming a very conservative assumption of seven
percent penetration of each provincial utility’s currently installed capacity, and taking into account
utility concerns about wind penetration levels and power quality, the likely potential for wind in
Canada is 6400 MW. Based on wind resource assessments the actual potential is far greater than
this, but it appears to us to be a realistic starting point.

In January 1996, the federal government announced its intentions to pursue the concept of green
power procurement. The green industry has been encouraging Ottawa to think of itself as a
customer and wind proponents have already had discussions with government officials about how
they can deliver the green kWhrs to them.
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In March, 1996 after much effort by the Independent Power Stakeholder Task Force, the federal
government announced a new tax class - the Canadian Renewable and Conservation Expenses
(CRCE) intended to assist renewable energy exploration and development. It’s a small step in the
right direction and we hope for more policy in subsequent budgets

Canada’s electric utilities face considerable pressure to restructure. In some provinces like Alberta,
the electric system has been restructured (as of January 1, 1996) and there is a growing
opportunity to deal directly with customers. (About 10% of generation is now “playing” in the
power pool. The remainder is existing capacity and discussions are ongoing as to how long this
“entitlement / obligation” or transition phase will last. It is likely that over the next three years,
about 200 MW of new capacity will be required). In others like Ontario, there is a lot of talk about
restructuring and a lot of resistance from the utility against moving too quickly. In places like
Quebec, Saskatchewan or Manitoba there is no talk of change. Nova Scotia Power, a public
monopoly, was replaced by a private monopoly which achieved nothing in terms of competition.

In Quebec, the recent (March, 1996) report on the public debate on energy called for renewable
energy set-asides to aid in the development of wind technology and take advantage of the
considerable resource. This report is now in the hands of the Quebec government which is to issue
a new provincial energy policy this autumn. It remains to be seen whether the government will
mandate Hydro Quebec to be more proactive with respect to wind procurement.

Canada is in the process of negotiating greenhouse gas emission reductions on the international
stage. Like a lot of other nations involved in the post-Rio initiative, national governments have to
devise strategies to deliver on the CO2 reduction targets as agreed to in international protocols.
Wind generated kWhrs offers one of the solutions to the question, how do we get there from here.

All this takes place in the context of utilities and governments that are broke which should translate
into industry involvement on a performance basis only.

LEARNING MORE ABOUT THE CANADIAN MARKET

As the overheads suggest, there are many markets in the world more attractive than Canada - at
least at first blush. But patience may be a virtue and if you have patience and perhaps pockets of
medium depth, you should start positioning yourself to take advantage of the 6400 MW Canadian
potential.

In fact, of course, some companies are already in the process of doing just that. Some decide to
establish a small branch office, or to joint venture with an existing Canadian company, or retain a
local representative to keep them posted on developments as they occur prior to deciding when to
get involved in a more serious way. In the past, these approaches have been and are being used by
Tacke, Vestas, Kenetech and Atlantic Orient Corporation.

The message here is that there are Canadian companies who know the regulatory environment,
know the environmental assessment process, know the wind resource, know the technology (even
though it comes from offshore), and know how to do systems packaging. They are looking for
partners in financing, partners in hardware, partners in project development. Canadian companies
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don’t expect to do it all on their own and the same partnering approach should apply to any
offshore firm hoping to be successful in Canada. )

Certainly to me, though I am a happy warrior Canadian, the most important goal is to get that wind
hardware in the ground. In other words, it matters not that the technology is Danish, Dutch,
German or American. What matters is that we get, as quickly as possible, the environmental and
economic wealth generation benefits to be derived from an aggressive policy of wind power
procurement.

If you are going to succeed in the Canadian market, it is no different than succeeding in any other
market - you need to understand the marketplace, you need to understand how Canada works, you
need to find yourself a Canadian collaborator. To find out more about what could potentially be the
most exciting market in the world in the period 1998 to 2010, come to the 12th annual conference
of the Canadian Wind Energy Association to be held in Alberta, October 6 - 9, 1996.
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NEW WIND CAPACITY SELECTED GROWTH MARKETS

INSTALLED IN 1995 R 00 Y
(SELECTED COUNTRIES) (Taken from AWEA Projections)
GERMANY 498 MW
U.S. 2730 MW
INDIA . 383 MW
HOLLAND 106 MW INDIA 2500 MW
DENMARK 75 MW CHINA 1300 MW
SPAIN 73 MW GERMANY 1300 MW
U.K. 46 MW
| SPAIN 1275 MW
U.S. 41 MW
CANADA 6aw  CANADA 585 MW
ACHIEVABLE POTENTIAL,
TARGETS, AND PROJECTIONS
OF WIND POWER
DEVELOPMENT
IN CANADA (in MW)
AWEA CanWEA Passmore

(Projections)  (Targets) (Potential)
Year

2000 183 500 1000
2005 585 1500* 3000

2010 1100* 5000 6400

* Extrapolations

113







ELECTRIC RESTRUCTURING: OBSERVATIONS ABOUT
WHAT IS IN THE PUBLIC INTEREST

Commissioner James J. Hoecker
Federal Energy Regulatory Commission

[Commissioner Hoecker was unable to attend;
these are his prepared remarks]

L

The electric utility industry has changed and it is likely to change even more. That -
much is axiomatic. We know that, as a matter of good public policy (not to mention good
politics), electric service must continue to be universally available, reliable, and reasonably
priced. But, beyond that, I will bet that each of us views the road ahead and the possible
destination somewhat differently. What level of service quality, what discipline on price, and
what innovations will be attained after we prescribe a dose of competition for traditional
electric utilities? Will the economic response of the industry be relatively uniform, in terms
of the number of cents it takes to produce a kilowatt-hour? Will utilities choose to divest
themselves of certain functions? Or, will they be forced to do so? And, what will become of
the relationship between the local utility and its customers? These are questions worthy of
discussion and, indeed, electricity regulators across the country are trying hard to ascertain the
right answers for their jurisdictions. The process is turning out to be anything but simple.

In the final analysis, we are reshaping what we collectively deem to be "in the public
interest." More and more, the public interest is becoming identified with "competition" --
known variously as customer choice, open access, or light-handed regulation by its many
advocates. Electric generation is now widely perceived to be competitive and the public
interest increasingly requires access to more than one source of supply. The best illustration
of how the public interest is being redefined involves the FERC's standards for approving
mergers among major investor-owned utilities. At one time the courts told the Commission
not to break a sweat reviewing mergers under section 203 of the Federal Power Act. The
public interest required only that the Commission ensure circumstances (mainly, rates) were
not made worse by a specific merger. Today, given the effort being expended to infuse the $
world of regulated monopoly with the forces of competition, the FERC must examine more
closely whether the consolidation of vast generation resources under one corporate roof
might subvert the very competition we seek to create through open access.: "Consistent with
the public interest" has new and added meaning.

I submit to you that, at this moment, we may more confidently conduct a post mortem
on the bad old system and announce why it is being discarded than we can foretell the net
gains which the consuming public will obtain from restructuring. - There is no indication that
the public will cease to demand electric service that is both efficient and reliable, or that it is
prepared to take risks in exchange for cheaper power. So, we had better take care to ensure
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that competition is both "in the public interest" as we have come to understand it and as the
new competitive realities dictate. '

What does all this mean? Will the price of power be the only determinant of the
success or failure of restructuring? Sometimes it seems so. When the FERC recently
adopted Order No. 888, it projected annual savings of $3.8 to $5.4 billion from transmission
open access. In fact, that was the big story. That indeed will constitute a major shot in the
economic arm of the country. And, the Commission's efforts to open the bulk power market
are a necessary, if not sufficient, predicate for retail competition, a broadly-competitive
industry, and even greater savings. But, Order No. 888 and the scores of state restructuring
proceedings necessarily raise important issues in addition to reducing the price of power.

These non-price aspects of restructuring have not proved very newsworthy, as far as I
can tell. In two or three pretty good speeches this spring, which were (lamentably) widely
ignored, I talked about the "other" restructuring -- that is, how competition will affect not just
the efficiency of established utilities, their organizational structures, the nature of the
regulatory compact, and the evolution of regional markets, but how competition will affect the
industry's work force, the environment, energy conservation efforts, renewable energy, utility-
supported social programs, and even regulators themselves and the nature of their work.
These are key subtexts to the debate about how to restructure. But, I find that these are
topics not calculated to bring the Fourth Estate to its feet. I am nevertheless pleased to see
many groups, among them the American Wind Energy Association (AWEA) paying attention
to stranded benefits and to long-term "public goods" -- including energy diversity,
environmental protection, and jobs -- which ought to be a part of any calculation of the risks
and benefits of restructuring.

Today, I want to continue my quixotic pursuit of this theme -- even though it is less
within our purview in Washington than it is within that of the states. First, however, a word
from my sponsor -- I mean by that, of course, the Commission's recent Order Nos. 888 and
889. '

II. :

On April 24 of this year, the Commission adopted a Final Rule requiring open access
transmission service (or Order No. 888) and a Final Rule requiring Open Access Same-time
Information Systems or "OASIS" (Order No. 889). It also issued a Notice of Proposed
Rulemaking which could lead to uniform capacity reservation tariffs for transmission services.
Our intent was simple: open the U.S. electric transmission system to competitive generation
on a non-discriminatory basis and good things will happen. Order No. 888 challenges the
monopoly power of investor-owned utilities by integrating and even commoditizing network
transmission services, while also ensuring continued state control of end-user markets.

Let me be slightly more specific. First, Order No. 888 requires that transmission-
owning utilities must offer transmission services to all eligible customers on a non-
discriminatory basis. To ensure this result, the Order requires utilities to file, within 60 days,
open access transmission tariffs that contain minimum terms and conditions of service. A
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.model pro forma tariff for utilities to follow is included in the rule. The utilities may propose
their own rates for service.

Second, utilities must "unbundle" their services. In other words, they must take
transmission service under the same tariffs with which they serve others, separately pricing
each service, including ancillary services. Entities that are not jurisdictional public utilities
(e.g., municipal utilities or cooperatives), but which obtain open access transmission from
investor-owned utilities pursuant to our rules, must reciprocate by providing comparable
transmission service if they own transmission facilities.

Third, the Commission will allow utilities to seek recovery of all legitimate, prudent,
and verifiable costs that may be stranded because their customers use open access
transmission service to obtain power elsewhere.

Finally, recognizing that competitive markets do not consist of wires and turbines
alone, we require utilities to create or participate in an information system, the "OASIS." The
OASIS will provide transmission customers with electronic information about available
transmission capacity, prices, and other information necessary to obtain services; it must do so
according to the technical standards and protocols of Order No. 889.

Open access in the bulk power market will exert strong pressure for retail markets to
"open up." While the restructuring of the electric utility industry will be substantially more
complex than the same realignment among natural gas pipelines, I expect that competition
within retail markets will occur much more quickly. Where gas markets tend to be discrete
and the city-gate has permitted LDCs to be more insular, retail electricity markets are part of
a more integrated whole and price disparities between service areas or among jurisdictions
are more difficult to justify according to purely local economics. The pressure from captive
customers to access cheaper supplies off-system will prove irresistible. In sum, the shake-up
in this industry will be from stem to stern.

I believe that FERC's actions are healthy preconditions for wholesale competition.
Order No. 888 does not prescribe any industry structure. Nor does it predetermine how
regulated utilities will respond to the possibilities it creates. We know that, as of
July 9, 1996, utilities will have formulated and filed open access tariffs that ensure a
minimum quality of transmission service. We know that the California utilities, pursuant to a
CPUC-inspired search for a more rational market model, are moving farther and faster in
redesigning their large and highly influential markets. We know that power pools will have
to change their lifestyles by year's end. And, many state PUCs are working hard examining
what will be best for their jurisdictional ratepayers in the brave new world. Like the FERC,
they will have to deal with stranded costs, the role of municipal utilities and cooperatives, and
the status of current requirements contracts. Unlike the FERC, however, the states will have
the virtually exclusive task of deciding the future of so-called stranded benefits.

IIL

Because I am sure you have read FERC's ponderous work product in its entirety, I
need not expound upon it further. Let me therefore turn to three important questions. First,
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can renewables successfully participate in an increasingly competitive marketplace? Second,
is there a continuing role for federal and state governments with respect to renewables? And,
if so, can such actions be taken without distorting the marketplace?

The role of renewable resources as well as energy efficiency and conservation efforts
will be tough to figure out in a restructured industry. There exist well-founded apprehensions
about the future of private and public efforts to promote the economically-, environmentally-,
and socially-responsible uses of energy resources because the focus of all the talk the
industry's transformation is seemingly on lower electricity prices. And, as you know,
government funding to support research and development of renewable technologies is
anything but abundant. The House of Representatives, for example, recently proposed to cut
$285 million from the Energy Department's renewable and energy efficiency programs for FY
1997. On the other hand, the House Renewable Energy Caucus, a bipartisan caucus with 78
members from 36 states, supports continued funding for renewable resources. The Caucus
argues persuasively that continued investment in renewables is necessary for, among other
things, diversification of the domestic energy market, reduction of our dependence on foreign
suppliers, and retention of America's competitive edge through exports of more than $1
billion in solar, photovoltaics, and other renewables applications.

So what can safely be said about the future of renewables?

A. Can renewables and conservation compete?

I believe that the two main competitors to fossil fuel generation -- conservation and
renewables -- can effectively compete in the restructured environment. Investments by
utilities in their customers' energy efficiency have both deferred capacity additions and helped
mitigate utility risk. It is also encouraging that non-utility generation from renewable electric
sources grew 8.6 percent between 1990 and 1994. The wind industry, in particular, has made
important strides over the last 10 years; it has increased the reliability and efficiency of wind
turbines to as much as 98 percent availability, while decreasing costs by more than 80 percent
to prices as low as 3.9 cents per kWh. All this was in a less competitive, cost-driven
environment, but such statistics suggest that wind energy, in its second decade of existence,
can be a strong competitor in domestic and international energy markets. Other technologies
may not fare so well, however.

For well-positioned technologies, a more competitive marketplace characterized by
transmission access offers positive opportunities for renewable resources. Yet, it is important
to acknowledge that new technologies are particularly vulnerable to market barriers erected in
situations involving market dominance.

. New technologies generally are not favored by incumbents, and firms that own
existing generating facilities can use their position in the market to block entry;

. Manufacturers and developers of innovative technologies are usually small

entrepreneurs and new market entrants w1th less in the way of economic
leverage;
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. Innovative technologies may not be easily accommodated by traditional
accounting and operational practices;

. Financing for innovative technologies may be difficult; for example, renewable
projects have high up-front capital costs and typically require long-term
financing; and

. New technologies cannot compete where there is excess generation capacity (as
is the case in much of the country today), unless the new technology is
incredibly cheap, the existing technology is very expensive, or some regulation
or legislation causes the economics to change.

Many of these obstacles to development of renewable resources may be eased as the
electric generation marketplace becomes increasingly competitive. FERC's open access
policies may benefit renewables by encouraging greater regionalization of the electric market
through transmission pricing innovations, regional transmission groups, independent system
operators, and so forth. This trend toward regionally-based transmission services will help to
facilitate the participation of renewable generating facilities in the marketplace. High quality
renewable resources are often remote from load centers and, therefore, are more affected by
the terms and conditions of transmission service than conventional generating facilities. If
transmission must be secured across the territories of several utilities under current
circumstances, pancaked rates could make remote generation less economic and could lead to
inefficient choices of generation resources. The regional planning and operation of
transmission will allow resource areas to be matched to demand areas and will lead to more
competitively priced power.

Energy efficiency will have advantages as well. The market will place a premium on
technologies that improve efficiency and performance. As the popularity of traditional cost-
of-service ratemaking declines, the drive to add to rate base will be replaced with a strong
cost-consciousness. Furthermore, an open market environment will encourage generation
suppliers to minimize their risks. Investments in renewable resources and conserving energy
offer relatively stable costs as compared to the risk of fluctuating fossil fuel prices. For these
reasons, renewable resources and efficiency measures should prove to be attractive
components of a utility's overall generation portfolio.

Finally, it must be remembered that, as restructuring makes electricity a more
customer-driven business, utilities will no longer be the sole decisionmakers about generation
resources. Customers also will play a significant role in determining the market for
renewables. Numerous studies and polls have shown that consumers would even tolerate
higher prices for electricity in order to take advantage of environmentally benign generation
sources. Several utilities have already begun offering their customers "green pricing." The
marketing techniques being employed in New Hampshire's retail wheeling pilot program,
including Green Mountain Power's "eco-credit” concept, suggest that more of these programs
are likely to follow as the electricity market opens to competition.
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B. Does government have a role?

There is the very pressing question about the continuing role for regulators or other
government entities in helping "manage" the production, transmission, and sale of electric
energy or in financially assisting renewable technologies. I confess that, for the most part,
the need to address such questions is not in my job description. I have some limited
observations to make, however.

First, some commenters have expressed concern that Order No. 888 and full
competition will reduce the ability of the states to provide renewable energy programs. This
is incorrect. Influence over energy conservation, efficiency, and resource procurement
strategies fall largely to state regulators. Nothing in FERC's open access initiative should
inhibit the exercise of traditional state authority over these issues. Order No. 888 leaves state
jurisdiction over the retail market essentially untouched. Even in an unbundled retail
environment, where some transmission facilities used to serve retail customers may become
FERC jurisdictional, states retain exclusive jurisdiction over local distribution and related
social and efficiency programs.

I wish to emphasize that states will retain authority over utility resource procurement
decisions. This will not simply involve the authority to site facilities and manage utility
construction and procurement decisions through IRP. I believe the FERC can and will make
clear that state regulators can prescribe portfolio standards, such as that proposed for
renewables by AWEA. Those standards will determine the acceptability of any and all power
sold to customers within those jurisdictions, even if delivered from outside, according to the
source of that power. There's a tough Commerce Clause question here, naturally. But I have
few doubts about state authority to order retail utilities to develop portfolio standards.

The only federal interest in all this is that such state requirements must be applied on
a non-discriminatory basis (e.g., that the program treats in-state and out-of-state suppliers
similarly) and in a way that avoids an undue burden on interstate commerce. At bottom, the
future of renewable, conservation, and efficiency programs, and other utility-supported social
programs is tied heavily to the ability of state and federal regulators to reach workable
jurisdictional accommodations.

C. Will government involvement with renewables distort the market?

One could argue more than plausibly that government involvement in promoting
renewables is increasingly inappropriate. Some regulatory attempts to promote conservation
and renewable resources in the past have unquestionably frustrated economic efficiency or
placed uneven burdens on energy providers. This may make these programs targets for
elimination. Renewable technologies and efficiency strategies are very competitive with
many kinds of installed capacity. However, renewables that are not competitive at the
margins (i.e., against gas turbine generation) will tend to raise the average system cost of
power. In a market dominated by short-term objectives, this is a significant disadvantage.

However,- 1 would argue that some governmental support for renewables and

conservation is both helpful and, for the time being, necessary. It is part of government's job
to think long-term; industry must assist that process. AWEA's proposed portfolio standard
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provides an interesting example of how to develop a program that both supports renewable
resources and conforms to the realities of a competitive marketplace. Under AWEA's
proposal, retail suppliers would be fiee to meet minimum renewable resource requirements by
the least-cost means available -- either by owning renewables, purchasing renewable energy,
or purchasing renewable "credits" if such a credit trading scheme were developed. This
proposal closely resembles the SO2 allowance trading scheme endorsed by the Congress in
the Clean Air Act as a way to achieve environmental protection through effective use of
market mechanisms.

I clearly am not alone in my assessment that renewable programs can be successfully
incorporated into fully competitive markets through the good offices of regulatory agencies.
Both California and New York have included renewable provisions in their restructuring
plans. The CPUC's final rule governing restructuring includes a minimum renewables
purchase requirement and makes credits for meeting this requirement tradeable. A recent
New York ruling on retail competition requires a system benefits charge that will be used to
fund energy efficiency and renewables. According to the New York Public Service
Commission, the environmental surcharge will be non-bypassable because it will be assessed
on distribution charges. :

Iv. .

The coming competitive environment that FERC envisions is one characterized by
access, choice, and equity. The opportunities presented in this market can be significant. So
can the risks, admittedly. To what extent are the industry and public policymakers prepared
to support renewable resources and conservation efforts in a climate heavily influenced by the
push for low-priced electricity? This is a key policy question for all of us in the future. I
believe that, for a time at least, free market competition must be tempered by protection for
certain fundamental principles, including reliability, conservation, environmental protection,
equitable and universal access, and promotion of economic development. The task for
regulators is to identify areas where the market may fail to provide adequately those benefits
that most Americans will continue to regard as "in the public interest" and then to compensate
for those failures.

In the future, regulators and the proponents of alternative generation and conservation
will be challenged to find competitively-neutral, market-based ways to provide the same
social and economic benefits formerly derived only pursuant to state mandate. I believe we
are up to this challenge and that a vital and viable renewable energy industry will yield
end-results for our society and our environment that will be well worth the effort.

Thank you.
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SOME PERSPECTIVES ON THE ELECTRIC INDUSTRY

Jonathan H. Winer
Vice President & Chief Operating Officer
Mountain Energy, Inc.
35 Green Mountain Drive
South Burlington, VT 05403 USA

INTRODUCTION AND BACKGROUND

To assess and predict future directions in the electric industry, consideration of the past may be
helpful. The 1960°s were characterized by declining unit energy costs, resulting from economies of scale
in large generating facilities. The 1965 Northeast blackout raiséd concerns about reliability; the Noﬁh
American Reliability Council was formed, and transmission system reinforcements were the order of the

day.

The 70’s saw the dramatic rise of oil prices, with some shortages. Nuclear power reliance
increased substantially, but Three-Mile Island’s troubles in 1979 caused a dramatic change in direction.
PURPA was passed in 1978 as was the Fuel Use Act, which essentially banned the use of natural gas for

electric generation.

In the early 80’s, as utility power plant costs escalated, we implemented PURPA, relying on
continuation of the previous decade’s oil price escalation. Reacting to concerns about over-reliance on
foreign energy sources, substantial state government initiatives fostered the growth of all domestic
alternatives, including wind. Later in the decade, long-term integrated resource planning including
demand-side management became the way to address the spectre of expensive central station power

plants and the expected resumption of oil and gas price escalation. This approach continued even though
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oil prices declined 50% during the decade! Utilities i;l many regions could not actively market
electricity (their product) because the mandate was conservation. We began to see that power generation
could be a competitive activity, utilities conducted large scale resource bidding programs often receiving
offers totalling 30 to 50 times more power than they were seeking. It also became increasingly difficult

to site transmission facilities, at least in the northeast.

In the early 90’s, most of the generation was being built by independents. But just as this trend
has taken hold, further shifts are océurring. Trade journals have few articles about new power supply
needs in the United States, but instead cover buyouts of long-term contracts for power thét is not priced
competitively in the long-term or the short—tefm. There is far more text on international opportunities,
including such distant locations as Sri Lanka, than on domestic needs. And the international needs are,

indeed, huge.

Fuel prices continue to be relatively low and generally are below the pre-1974 embargo prices on
a real basis. The building of large centralrstation generating and transmission facilities is rare and risky
fmanci;ﬂly. First, utilities and consumers have become more efficient in the use of generating capacity.
Second, these facilities are hard to permit and cause a big impact on rates in their early years. Sales
growth does not normally occur in such large blocks. Accordingly, many utilities look to smaller scale
generation with shorter lead times that can often be located closer to the customers, reducing
transmission needs and providing electrical system support. Long-term resource planning has become
very difficult as we no longer know who will be whose cﬁstomer in a few years, or even now as various
pilot programs unfold. Certainly, taking the long view on resource decisions during these uncertain

times may be inconsistent with short-term financial survival.
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To sum up this is where we have been:

1960’s Reliability, Transmission

1970°s Large plants (many nuclear), Escalating Oil Prices
1980°s PURPA, Conservation

1990’s Transmission Access, Unbundling, Deregulation

So, where are we going from here?

INDUSTRY SHIFTS
Current Rules New World
Revenue requirement Profit/cash flow analysis
Allowed Rate of Return and Market prices and efficiency determine
Cost Recovery " any profit margin
Regulator is proxy for customer choice Direct access of customers to suppliers
Bundled service that affects all Unbundled service with greater variability
customers similarly - ofrrisk allocation and greater direct account-

ability to customers

Obligation to serve Some obligation, but with an emphasis on

identifying and pursuing other markets

COMPONENTS OF THE NEW ELECTRIC WORLD

1. ELECTRICITY IS BECOMING A COMMODITY - many utilities are not oriented to
commodity transactions.

2. PRICE IS VERY IMPORTANT, with certain customers providing low profit margins -
in Argentina recently, wholesale electricity was being given away as part of competition.

3. HOW LOYAL WILL CUSTOMERS BE? Phone service and UK results show not very.

4. Pzaople will treat CALLS FROM CUSTOMERS AS OPPORTUNITIES not
interruptions.

5. CUSTOMIZED SERVICE will be more prevalent as we move further away from the
“one size fits all” requirements. This will utilize and drive major technology advances.

125

e



ISSUES FOR CONSIDERATION

1. How will capital assets be financed? Will the merchant plant model work?
2. Will consolidation result in too few sellers? Great capital capability may be needed.
3. Will all customers have access to the new market?
4, Will R&D funding continue to be available to support the development of
new technologies?
5. How will customers be informed? Will they really pay more for certain types of power?

In New Hampshire, Green Mountain Power has staked out a green position with
favorable reaction from customers. It is still too early to assess, of course.

HOW WILL RENEWABLES FARE IN THE INCREASINGLY COMPETITIVE WORLD?
1. The ability to add smaller increments of generation efficiently is an advantage. Wind
plant “clusters” such as our Searsburg site are consistent with this advantage.
2. Some (maﬁy) customers favor renewables and they will be able to chose.
3. If price is king, and the direct cost of renewables is higher than new “traditional”
generation, will renewables survive? Certainly, many utilities recognize the need to

have renewables well-represented in their generation portfolio.

4. GMP’s studies and observations are that the public will support some higher price for
renewables. Low external costs and dispersed generation are important factors.

WHAT CAN BE DONE?

1. We need continued R&D funding at the national level to promote technology
improvement for new and existing technologies that are disadvantaged in the price
focused market. :

2. The full cost of producing power, including external costs, needs to be considered.

Emission taxes at the national level would allow this to happen through the market.

3. Put some “societal” costs of renewables on the T&D charges to level the playing field.
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Greater consumer information. Lack of information causes consumers to be skeptical
about renewables. Education may increase consumers’ willingness to pay for the
benefits of renewables. We must also guard against overselling the benefits. In
obtaining approval for our Vermont project, GMP was careful to address the costs and
the benefits of windpower. If we promote both sides, potential opponents feel we are
being evenhanded and are less concerned.

Remind people not to be 100% committed to one energy strategy. Such an approach
requires major changes every five to ten years. Some reliance on the domestic wind
resource should reduce the risk of energy portfolios.

CONCLUSION

The era of “regulators knowing best” is changing. Now, the “rules” are or are about to be set

directly by customers. And the new “rules” will differ based on the variety of customer needs. We must

talk directly to customers and find out what they are willing to support financially. This will require

careful listening to people who have usually been told what they had to do regarding electricity. At

Green Mountain Power, we think many customers want renewables including windpower. And this has

been a basis for our company’s approach in Vermont, in New Hampshire and through other parts of the

country.
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BUILDING A SUSTAINABLE MARKET FOR RENEWABLES

Nancy Rader
AWEA West Coast Representative

My comments today are going to be.a little bit California-centric, since I’ve been representing
AWEA in California for the last 2 years. But we’ve done a lot of thinking in California about
how to assure that the benefits of renewables are not lost in competitive electric markets, and
we’ve thought a lot about how different policies might work. I think that much of what we’ve
learned applies to other areas of the country as well, and perhaps internationally.

The reason we’ve chosen to aggressively pursue the Renewables Portfolio Standard in California
is because it will create a stable economic environment for the wind industry and other renewable
energy industries during this very unstable transition to a more competitive electric industry.

But it also fits with competitive, deregulated markets because the whole reason the electric
industry is being deregulated is because we think that markets are more efficient in delivering the
electric services we want than are regulators and public agencies. In the same way, this market-
based renewables policy will deliver the renewable energy that we know consumers want at the
lowest possible cost.

So, first, let me briefly describe the Renewables Portfolio Standard concept. Since the California
Public Utilities Commission adopted this policy approach in its December 1995 restructuring
order, we’ve put a lot of thought into the details of how it would work.

Essentially, in California, what this policy says is that it makes sense to ensure that a meaningful
fraction of our electric supply come from non-polluting, renewable energy that also acts as a
hedge against over-reliance on fossil-fuel, and which directly supports about 5,000 jobs and rural
economies across state. And, further, that these goals are too important to gamble on and risk
losing as we move to retail competition.

Therefore, we’re going to create a simple market rule that says, if retail suppliers want to do
business in California, they must maintain a resource portfolio that includes at least 10%
renewable energy--about the amount of energy in California that is currently supplied by wind,
solar, biomass and geothermal resources. And this level would rise to 11% over five years. It’s
a tradable obligation, because it is based on a system of tradable “renewable energy credits,” --
RECs for short -- which makes it flexible and which allows for maximum efficiency in meeting
the standard.

So, for example, when a wind generator sells its power, it also generates RECs -- one REC for
each k€Wh it generates. Those RECs are an entirely separate product from the power itself. So,
the generator might sell its power into the power market, and RECs into the REC market or
bundle power together with RECs. And retail sellers, who must purchase these credits, have the
same options.
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The only thing the government does is certify that renewable energy generation has occurred and
issue the RECs, and then verify that each retail seller has enough RECs at the end of the year. A
penalty exceeding the cost of compliance would be imposed on those not in compliance, which
will result in virtually full compliance.

I’'m often asked how much the RECs are worth. But no one sets the value of these credits--the
market sets the value. Based on the laws of economics, the price of credits should reflect the
difference between the marginal cost of generic power, and the marginal cost of renewable
power. So, it sets up a market competition among renewables--but renewables do not_have to
compete against non-renewables, that is, fossil fuel, nuclear power plants (whose cost recovery
will be guaranteed in California), and even hydropower, which is not included in this policy as a
renewable for a variety of reasons.

The system of renewable energy credits works just like the tradable allowance system under the
federal Clean Air Act that is working so well, and which has dramatically reduced the cost of
sulfur dioxide reduction, compared to what was expected.

What the Portfolio Standard does, then, is put in place a simple market rule and let the market
decide how to meet the rule at the least cost.

Think of it -- every retail seller now has an interest in driving down the cost of renewables,
because they are in competition with every other retail seller who must also meet its renewables
obligation. Now it’s not you on your own trying to raise low-cost capital, and trying to get the
market rules to work right for wind. Now it’s you and the largest players in this industry trying
to figure out how to drive your costs down.

That’s what makes the difference in this approach. That’s what makes it efficient, and that’s
what will drive the cost of renewables down.

Now, coﬁpme this to the other most frequently mentioned approach to supporting renewables in
competitive markets--at least in California. And that is the “systems benefits charge” -- a
surcharge on the bills of all customers which would create a pool of funds to support renewables.

Like Randy Swisher said yesterday, the systems benefits charge approach is necessary and
appropriate for supporting low income and RD&D programs, but it is not the best approach for
supporting market-ready renewables in competitive markets.

In California, the Environmental Defense Fund, EDF, has proposed an “Auctioned Renewables
Credit” as the most efficient way to spend the funds that are collected through the systems
benefits charge. Even though the PUC specifically rejected this approach, a number of parties
continue to advocate it (and I must say that these parties are not exactly renewable energy’s best
friends).

Under EDF’s approach, developers would bid for a per-kWh production subsidy which would be
paid out for 10 years. The lowest bid wins. Then, the winning project must meet milestones to

130




make sure the project is advancing -- if milestones are missed, the funds are turned back into the
pot, and we start all over again.

So, first of all, you have that inefficiency: if you miss getting a permit by one week, for
example, you lose your funds. That kind of arbitrary rule--which is necessary when you’re tying
up the public’s funds--creates inefficiencies that would not exist under a market-oriented
approach.

Second, funds are only awarded to new projects, even if it is cheaper to support an existing
project that would otherwise cease to operate. This is clearly inefficient, but, under this
approach, only new projects would be allowed to bid.

Third, this approach creates an opportunity for speculative bidding, because--in a price-only
competition--no weight is given for holding a contract, having the necessary permits, having a
good company track-record, or any of the other barometers of success that are commonly used in
business transactions. So there is nothing to prevent a bidder from imposing his wishful thinking
on the program, and stalling the public benefits that are supposed to flow from the program.

Of course, all of these details are almost beside-the-point since the system benefits charge as
proposed in California would do nothing to support existing projects or the 10% level of
diversity currently provided by renewables in California.

In fact, the current surcharge proposal would support the operation of only about 200-600 MW of
capacity at most -- in its fifth effective year -- which could be 2003 or later just due to the nature
of the program. This compares to the 3,600 MW of renewables that are currently operating and
would be immediately supported under the Portfolio Standard.

So, clearly, if the goal is sustainability, the surcharge approach being put forward in California is
certainly not aimed at getting us there, nor would it be the most efficient way to get us there. The
Portfolio Standard is much more suitable for achieving the goal of sustainability because it
simply puts electric markets on a more sustainable path, as opposed to the circuitous route of the
surcharge.

And, by the way, any economist who is true to economic theory knows that markets can be very
efficiently unsustainable, and that achieving sustainability doesn’t mean we have to compromise
efficiency. (See the July 1996 edition of The Electricity Journal for an article by myself and
economist Richard Norgaard on this point.)

Similarly, if the goal is to correct the market barriers that we can expect to hinder renewables in
competitive markets, then the Portfolio Standard most directly overcomes those barriers. Once
you create a market for renewables by requiring retail sellers to get engaged with renewables,
you automatically overcome the difficulty of obtaining long-term financing in short-term
markets, and the transactions costs and institutional barriers associated with marketing a unique
resource, especially on a retail level.
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By contrast, under the surcharge approach, these barriers are not removed, they will just result in
increasing the amount of the subsidy that is required in order to get the project over these
hurdles and into the market -- so that our limited public dollars will go less far.

Now I’d briefly like to address the argument that is often made that retail choice -- that is,
“green pricing” and “green marketing” programs -- are all that renewables need in restructured
markets.

There’s nothing wrong with the concept of consumers having the ability to choose more
environmentally-sound sources of electric power. Done right, it’s a fine idea. By “done right”, I
mean that consumers need to know what they’re getting and not pay more than they need to for
renewable power.

But I worry about it being done wrong. I worry that utilities may invest in the highest-cost
renewables instead of the lowest-cost ones. I worry that retail suppliers may overcharge for the
renewable power they are supplying--kind of like putting a higher price tag on a cheap bottle of
wine and watching sales increase. And I worry about putting a “green seal-of-approval” on gas
and large hydro, which is already happening in New England.

For meaningful customer choice, I think we will need some meaningful consumer disclosure
requirements--not some generic green stamp, but exactly how many kilowatt-hours of renewable
energy the consumer is paying for, so that consumers can really do some comparison shopping
and so that suppliers truly diversify their supply, and don’t Jjust put a lot of pretty pictures of
windfarms in their TV commercials. This will require a system of tradable credits just like what
would occur under the Portfolio Standard--which is one reason why the Portfolio Standard fits
very well with green marketing.

But, more fundamentally, our environmental problems, the value of resource diversity, and the
value of local economic development are too important to leave to volunteerism. As Christine
Ervin said, we know from Econ 101 that markets contain many barriers to goods that create

public benefits--that is, benefits that accrue to society at large, not to the purchasing consumer.

For the same reason that no one advocates repealing the Clean Air Act once we get retail
competition -- even though consumers will have the ability to choose something besides coal --
we cannot assume that consumer choice alone will be sufficient to sustain the renewable energy
industries in this country or to achieve a more sustainable electric system, even though public
opinion polls clearly show that there is strong public support for these goals.

In fact, creating a stable economic environment for the renewable energy industries -- putting in
place the market floor and infrastructure that would be established by the Renewables Portfolio
Standard -- is essential if consumers are going to have much choice at all, because the industries
need a healthy base from which to compete for additional “green” sales.

The notion that consumer choice, by itself, is enough actually disempowers consumers -- in their
dual role as citizens -- from their right to affect, through our democracy, the rules that govern the
marketplace.
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In closing, I want to take this opportunity to emphasize how critically important it is that anyone
with a stake in the California wind industry get involved in AWEA’s effort to pass the RPS this
summer. Our bill, AB 1202, is now in a Senate-Assembly conference committee, and what
happens in the next 8 weeks will be critical to getting it to the Governor’s desk in September.
We need for all of you to get involved, and I urge anyone connected with the Californid industry
to stop by our Portfolio Standard booth out in the hall to find out how you can get involved in
this campaign which is so critical to the future of the wind industry.

Thank you very much.

Comments in Response to Questions:

Comments on Green Pricing -- The flipside of green pricing, another way of viewing it, is that it
lets commercial and industrial consumers off the hook for paying for their fair share of clean
energy and a diverse resource base. It’s important to remind ourselves that this would really be
the consequence of relying solely on residential consumers to promote renewables in a more
competitive electric industry.

Also, I think it’s very important to remind ourselves that electricity is “invisible” -- most
consumers don’t even know where electricity comes from. It’s not like cans and bottles sitting
on your kitchen floor making you feel guilty. It’s much less tangible. Unlike organic produce,
you can’t see it and enjoy it, and it doesn’t contribute directly to your own personal health.

People often make the comparison between green pricing and the fact that people recycle cans
and bottles and buy recycled paper. But remember that these markets, and the infrastructure to
support these markets, was developed through laws, like municipal recycling laws and state and
federal minimum content requirements for recycled paper. These laws allowed consumers to
have a choice at all. In the same way, renewable energy needs a policy floor to strengthen our
industry -- a base from which we can market to consumers.

How will the different renewables be supported by a policy that doesn’t distinguish between
renewables? In California, the wind, geothermal and solar thermal electric industries have
agreed that we’re willing to compete amongst each other -- that we’re in close enough
competitive range not to need separate policies to support each of our technologies. We’re
promising competition in the RPS, and I think that’s what helps sell the policy. The biomass
industry, because of the extra costs associated with its fuel collection and processing, does need
some extra policy support, and it can justify that support because of the extra benefits that that
industry brings. So, within our 10% standard, there is a 1.8% biomass standard. This is less than
what is currently provided by biomass, which will force them to compete.

For technologies that are not yet ready to compete and do not currently have significant market

share, like photovoltaics, we are advocating that the system benefits charge include funds to help
leverage these technologies into the market created by the Portfolio Standard.
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STRATEGIES FOR PROMOTING RENEWABLES
IN A NEW ELECTRIC INDUSTRY ‘

BRUCE C. DRIVER
ATTORNEY & CONSULTANT

2260 BASELINE ROAD
SUITE 101
BOULDER, CO 80302

I. INTRODUCTION & SUMMARY

This paper describes strategies for promoting renewable resources
in an era characterized by competitive pressures in the electric
industry. It begins with a background section to describe the
perspective from which I am writing and the nature of the pressures
confronting renewables in 1996. Then, the paper turns to a
discussion of the regulatory and other options to promote
renewables in this environment.

The major conclusion ‘of the paper is that there is no "magic
pullet" to guide the development “of renewables through the
developing competitive era within the electric industry. Indeed,
it appears that the job can get done only through a combination of
different measures at all levels of government. The author
believes that among the most effective measures are likely to be:

--a national renewable resources generation standard;

—-conditions attached to restructuring events;

--regional interstate compacts;

--regional risk-sharing consortia supported by federal
and state tax and fiscal policy; and

--state "systems benefits charges;"

II. BACKGROUND

A. Perspective I write this paper from the perspective of an
environmental organization that has developed a 20-year "hlueprint"
for the electric industry in the six-state region in which it is
active. The organization is the Land and Water Fund of the Rockies
(LAW Fund), whose Energy Project advocates for clean power in a
six-state region-—Arizona, Colorado, Nevada, New Mexico, Utah and
Wyoming. I am Special Counsel to the Energy Project as well as an
author of its blueprint, "How the West Can Win: A Blueprint for a

Clean and Affordable Energy Future," published in April, 1996.
The LAW Fund’s goal is to reduce the environmental impacts of

meeting the demand for electric energy services. In our region,
where we face the need for over 15,000 megawatts (MW) of new
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electric resource capacity (demand- and supply-side) in the next 20
years, we cannot achieve our goal without renewable resources.
Indeed, the LAW Fund believes that the region should right now
start figuring out how we can add roughly 5,000 MW of solar
electric generation capacity, nearly 3500 MW (1500 effective on
peak) of wind power capacity and almost 2000 MW of geothermal
capacity to the region’s electric resource capacity by 2015 without
unacceptable economic costs.

B. The Problem A higher share of the life-cycle costs of most
renewable technologies than of fossil fuel technologies is capital
rather than fuel or operating and maintenance expenses. Moreover,
some renewable technologies are presently more expensive than
fossil fuel technologies, even on a life cycle basis.

These characteristics place renewable resources at a disadvantage
as competition advances in the electric industry. 1In particular,
vertically-integrated monopoly utilities, fearing the loss of
captive retail customers, are increasingly reluctant to incur new
capital costs the recovery of which from ratepayers is in doubt.
These utilities also do not want to incur costs that could raise
their rates and, thus, make their electricity less competitive.

As a result, utilities are attempting to abandon their commitments
to acquire renewable resources, at least where they rely on
regulated electricity customers to recover costs. The effect of
this development on renewable resources could be devastating. In
the LAW Fund’s region the effect could be to choke off the supply
of capital to emerging technologies at the very time that we must
be learning how to rely on them to meet a significant fraction of
new electric loads.

III. ELEMENTS OF A STRATEGY TO PROMOTE RENEWABLES

A. State IlLevel Policies

1. Utilities Regulation-General

In theory, there are three ways to respond to the situation

described immediately above. The first is to use existing
regulatory power over still-vertically-integrated utilities to
encourage them to invest in renewables. Integrated Resource

Planning (IRP) that is sensitive to competitive pressures is the
principal tool. There are still some states, including some in the
LAW Fund’s region, where this approach has remaining validity, at
least in the short to mid-term, while states decide if or when they
will move towards retail competition.

A second model is to expedite the transition to competitive
markets. The three main steps here are disaggregation of today’s
vertically-integrated wutilities, retail customer choice and
implementation of measures to overcome market failures which may




place renewables at a dlsadvantage in a fully competltlve market.
This model is also a model in which renewables can survive, indeed,
prosper.

A third model, what some utilities in the LAW Fund’s region seem to
want, is "unregulated monopoly" status, or the lifting of IRP and
the abandonment of clean power programs even while the utility
stays vertically integrated and struggles to prevent retail
customer choice. This model will not work for renewables.

2. Utilities Regulation--the Specifics
(a) IRP/Rate-basing Renewables

Most utilities are backing away from this means of promoting
renewables. They fear that "mandating" investments in renewables
through IRP will place them at a competitive disadvantage.

The author makes reference to this strategy, however, because, in
most states, it will likely be many years before retail electric
competition is fully implemented. As a result, many utilities will
continue to serve mainly captive customers. Arguably, these
utilities owe these customers a modicum of investment in renewable
resources, even though the investment may be expensive relative to
the market price of power in the short run. The duty stems from
the fact that, as long as most of us have no choice of utlllty
supplier, we have to depend on the local utility to acquire
resources that are not only the best for the utility’s short-term
financial position, but also meet other public objectives, such as
environmental protection, risk diversity and sustainability.

(b) Green Marketing

At least some utilities believe that their sole obllgatlon to the
public interest in promotlng renewable resources is to implement a
green marketing or green pricing program.

Green marketing refers to prov1d1ng consumers with the option of
buying products that are made with less environmental impact than
traditional products. There is no reason why this concept cannot
be applied to the sale of electrlclty and, indeed, several
utilities have established green pricing programs by which
customers are usually given a choice to pay (more) for electricity
generated cleanly.

Nonetheless, there are two kinds of problems with green pricing.
One is that it depends solely on the market for promotion of
renewables. Arguably, there are "market failures" (among thenm,
high discount rates that excuse present-day purchasers of energy
from ignoring the long—run) that undervalue investments in
renewables. Too, green pricing focuses on the expense of
renewables while ignoring the risks and costs associated with less
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clean resources. To level the playing field, why not have "brown
pricing"” for power from dirty resources, or at least the
identification on utility bills of the amount of power purchased by
a customer from such resources?

As a result of these problems with green-pricing, some rate basing
of renewables through IRP is appropriate public policy, pending the
establishment of a portfolio standard, systems benefit charge or,
ultimately, competition that is fair to renewables.

(c) Portfolio Standard-

One theoretically forceful way of promoting renewables is to
require that, by a certain date, a fixed percentage of the
electricity supplied in a state be generated by renewable
technologies. The requirement should fall on all power suppliers
(so as to overcome anti-competitive effect), namely utilities,
independent power producers and self-generators. Obligations to
supply renewable energy could be freely tradeable, leaving the
market to select the least-cost means of meeting the standard.

Legislation would be necessary to implement a standard in most
states because many PUCs regulate neither municipal or cooperative
utilities nor independent power producers or self-generators.

One question raised by a portfolio standard that includes tradeable
obligations is whether it will bias the market towards relatively
inexpensive renewables technologies. If so, how will more
expensive technologies with great long-term potential find reliable
funding? Another issue is whether the establishment of a portfolio
standard for renewables might divert capital into renewables and
away from other clean power investments, especially energy
efficiency. Both concerns can be addressed through the creation of
Systems Benefits Charges in addition to a portfolio standard.

If the effect of the implementation of a portfolio standard were
predictably to raise electric rates in a state, one wonders whether
many individual states will, on their own, implement a standard.
This concern suggests that a national standard may need to be
established by Congress.

(d) Systems Benefits Charges

Systems Benefits Charges, applied to "non-bypassable" distribution
assets, have been proposed to fund Demand-Side Management and low
income energy assistance. These charges could also be used to fund
research, development and demonstration of more expensive
renewables technologies.

One question raised by using a systems benefits charge for this

purpose is whether there will exist the political will in most
states to provide assistance to renewables both through a portfolio
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standard and a systems benefits charge.

(e) Net Metering and Other Ways of Promoting
Distributed Generation

Certain renewables, especially photovoltaics and wind, may in the
short run at least expand market penetration primarily in
distributed generation configurations.

One way of encouraging distributed generation is through net
metering, in which a distributed energy producer’s meter runs
backwards at time in which its energy production exceeds its on-
site needs. Of course, the economic impact on the utility of this
proposal depends on whether its avoidable costs exceed or fall
below the rates it charges to this customer.

(f) Breaking up vertically-integrated utilities

Arguably, vertically-integrated utilities will be able to exercise
market power to find markets for their often above-market and
sometimes dirty power, even though transmission assets are now
subject to FERC*’s open-~access order. Thus, many have concluded
that fair and open competition in retail . electric markets is
unobtainable without disaggregation of vertically-integrated
utilities.

Vertical disaggregation also creates the possibility to "re-~
charter" the distribution or transmission/distribution utility that
is left after generation assets are spun off. The new T&D entity
might be a non-profit company directed to acquire renewable
resources as part of its portfolio of resources. For an intriguing
proposal of this nature, see the LAW Fund proposal to disaggregate
Nevada Power Company, described in "Breaking up is not so hard to
do: A Disaggregation proposal," Eric Blank, Rick Gilliam and Jon
Wellinghoff, The Electricity Journal, May, 1996.

(g) Attaching Conditions to Restructuring Transactions

Some utilities need regulatory approval of mergers and other
restructuring transactions. Why not urge that PUCs condition such
approval on the allocation of some fraction of transaction benefits
to renewable resources? This is the LAW Fund’s strategy in the
pending Public Service Company of Colorado/Southwestern Public
Service Company merger.

Other restructuring decisions offer greater possibilities. For
example, why not provide that, if a utility is to be permitted to
recover uneconomic generation costs when retail competition is
implemented, a portion of the revenues accumulated go to funding
renewable resources? And states might be urged to condition the
implementation of retail competition on establishment of a
renewables portfolio standard or systems benefits charge.
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3. Tax policy

Several studies suggest that state and local governments could give
a boost to renewables simply by establishing tax parity between
renewable resources and their fossil fuel competitor. In this
regard, state and local taxes based on the assessed value of an
asset are biased against renewables because of their capital
intensity relative to fossil fuel resources.

B. Federal Level Policies

The federal government has been involved in the promotion of
renewable resources for nearly 25 years. During that time Congress
has appropriated billions of dollars to encourage the development
of renewable resources for their resource diversity, environmental
and other attributes. The emergence of electric industry
restructuring is Jjustification to maintain federal support for
renewables, if only to assure that the focus on short-term price in
electric markets does not result in loss of the benefits of the
federal investment in renewables. Of special importance is the
role of the federal government in helping to overcome the tendency
among the states to avoid the support of renewables out of the fear
that to promote them will have an anti-competitive effect if other
states do not follow suit. ~

1. Utility and Environmental Regulation

There is a long list of federal regulatory measures, some of which
require legislation, which could be taken to encourage renewables
at the national level. Among them are a national minimum
renewables generation standard, which could be implemented by the
states and which could be met by any means, such as through a
portfolio standard applying to power generators, a systems benefits
charge or even green pricing. :

A second idea is to clarify federal electricity regulation so that
states may continue to promote renewables, energy efficiency and

other similar investments without preemption under the Federal
Power Act. Such preemption was threatened under opinions rendered
by the Federal Energy regulatory Commission in 1995.

In this regard, however, the electric industry is increasingly a
regional industry, characterized by large-scale regional power
flows, regional transmission groups and other indicia of
regionalization. In this environment it may prove difficult for
any one state to muster the strength to encourage utilities,
independent power producers and others to invest in resources for
other than their short-term economic value, regardless of
clarification that, to do so, is not preempted by federal law. It
may be essential for states to pool their electric regulatory and
siting authorities in interstate bodies so that the states can have
some effect on power investments. Thus, a third idea for federal
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involvement is for Congress to pass legislation to encourage states
to form interstate compacts for the purpose of promoting renewables
and/or clean power technologies generally. Any such compact might
also be useful in establishing a regional market for the trading of
renewable credlts under a national or state renewable supply
requirements.

Another idea 1is for the federal government to encourage
disaggregation of vertically integrated utilities such as through
reduction of the federal tax consequences of dlsaggregatlon.
Disaggregation should alleviate the pressure of utility market
power on competitive markets.

Federal involvement in encouraging renewables could also extend to
the establishment of environmental regulatory comparability between
old and new power plants in the name of fostering fair competition.
Applying New Source Performance Standards to old power plants—-
those that the drafters of the original Clean Air Act thought would
be retired by now--may cause some of these plants finally to be
retired, opening up a place for new renewable resources to meet
loads.

Congress could also attach conditions to any mandate to the states
to implement retail wheeling. Similarly, if Congress should order
that states allow utilities to recover stranded costs, it might
also order that a share of those costs be allocated to the
financing of renewable resources.

Finally, federal power marketing administrations, especially the
Western Area Power Administration (WAPA), could encourage
renewables through power purchase set-asides. Indeed, WAPA has
proposed a renewables purchase of 30 MW. Congress is also
considering legislation that would transfer the ownership of PMA
facilities to non-federal ownership. Authorization of these
transactions is another opportunity to promote renewables, in this
case through conditions to any such transfer. For example, a new,
non-federal owner of a federally constructed dam might be required
to use a portion of the output of the dam to firm up intermittent
renewable resources.

2. Tax and Fiscal Policy

Federal support of the National Renewable Energy Laboratory has
been critical to the development of new renewables technologies as
has the wind tax credit been important to wind power development.
There may be other ways in which the federal government can help
through tax and fiscal measures. For example, federal financial
support is at the core of the Solar Enterprise Zone in southern
Nevada. Renewables developers and advocates need to be creative in
thinking up ways to garner federal support, support that is
sensitive to federal budget realities.
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C. Other strategies

A number of mechanisms exist by which to spread the financial risk
of renewables development that do not directly depend on
government. For example, renewable developers, especially those
seeking to gain experience with less-developed and/or more
expensive technologies, may gain a toehold in the electric market
by sharing the fuel input of generating facilities with natural gas
in so-called hybrid facilities. Another way of spreading
development risk is to form consortia with other interests, such as
exemplified by the Arlington, Wyoming windfarm.

IV. CONCLUSION

The road ahead for renewables may look rocky, especially when
compared with the favorable regulatory environments of California
in the early 1980s or Maine later on. However, these halcyon days
have been gone for some time and there is no returning to them. In
any event, there are many techniques for promoting renewables in
the new electric industry. The problem will be in deciding where
the community should put its energy to provide the best basis for
encouraging private capital to flow to renewables.

-
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ABSTRACT

This paper highlights research investigating the ownership of renewable energy technologies to mitigate
risks faced by the electric utility industry. Renewable energy technology attributes of fuel costs,
environmental costs, lead time, modularity, and investment reversibility are discussed. Incorporating
some of these attributes into an economic evaluation is illustrated using a municipal utility’s decision to
invest in either wind generation or natural gas based generation. The research concludes that wind and
other modular renewable energy technologies, such as photovoltaics, have the potential to provide
decision makers with physical risk-management investments.

INTRODUCTION

Regulatory and technical forces are causing electric utilities to move from a natural monopoly to a more
competitive environment. Associated with this movement is an increasing concern about how to manage
the risks associated with the electric supply business. There are several approaches to managing these
risks. One approach is to purchase financial instruments such as- options and futures contracts (Ref. 1).
Another approach is to own physical assets that have low risk attributes or characteristics (Refs. 2, 3).

This research investigates the potential of mitigating risk by owning renewable energy technologies.
Explicit consideration is given to the attributes of fuel costs, environmental costs, lead time, modularity,
and investment reversibility. Ownership perspectives include investor-owned utilities (IOUs), municipal
utilities, independent power producers (IPPs), and power consumers. Analytical approaches include risk-
adjusted discount rates within a dynamic discounted cash flow framework, option valuation, decision
analysis, and future/forward contract comparisons. See Ref. 4 for complete study results.

The research concludes that renewable energy technologies, particularly the modular technologies such
as wind and photovoltaics, have the potential to provide decision makers with physical risk-management
investments.

RENEWABLE ENERGY ATTRIBUTES
Fuel Costs

One of the most often stated positive attributes of renewable technologies is that they have no fuel costs.
As a result, there is no uncertainty associated with the future fuel costs to operate a renewable power
plant. All ownership perspectives mentioned earlier can benefit from this attribute. Different ownership
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perspectives, however, will benefit to a different degree with those experiencing the most uncertainty
realizing the greatest benefit. Currently, this includes IPPs and power consumers because fluctuations in
fuel costs (or electricity prices) directly affect the profit of IPPs, the profit of commercial and industrial
users of electricity, and the well-being of residential consumers who use power for their residential
needs. I0Us and municipal utilities that generate power realize less benefit from a reduction in fuel cost
variability because they currently pass this uncertainty on to customers through fuel adjustment clauses.
In a more competitive environment, however, it is unlikely that this practice will continue.

When comparing renewable plants to fossil-based plants, the absence of fuel cost uncertainty must be
added as a benefit of the renewable plant or counted as a cost of the fossil-based plant. Cost analysis for
fossil-based plants typically projects a stream of expected fuel costs, discounts the results, and considers
the present value cost as part of the cost of the plant. This analytical approach, however, improperly
converts the uncertain stream of future fuel costs into a stream of certain costs without accounting for the
reduced uncertainty.

One way to account for this uncertainty is to determine the premium charged for a fixed-price long-term
fuel contract (e.g., a natural gas contract) over a series of spot-market based purchases (Ref. 5). Such a
contract is analogous to a financial swap (i.e., a series of forward contracts). A second approach is based
on utility theory and involves assessing the decision maker’s utility function to determine his or her
willingness to pay for “certainty” fuel instead of “risky” spot-market based fuel.

Environmental Costs

Another attraction of renewables is that they produce low or no environmental emissions. Quantifying
the value of this benefit, however, is controversial. A good part of the debate stems from the fact that the
various participants in the process may have vastly different valuations.

The perspective taken in this paper is that of the plant owner, including investors in IPPs, utilities, or
power customers. Plant owners can incur two types of costs associated with emissions. First, there is the
additional cost of building the plant to comply with current environmental standards. This cost, which is
minimal when environmental standards are low, is usually included in evaluating all types of plants, both
fossil-based and renewable.

Second, there is the cost associated with future environmental standards that have not yet been
established. As Swezey and Wan point out, “prospective environmental cleanup costs of fossil-fuel-
based plants are never considered up-front when generation investment decisions are made (Ref. 6).”
These future costs have the potential to be quite high. Pacific Gas and Electric Company, for example,
estimates that compliance with NO, emissions rules for its existing power plants could require capital
expenditures of up to $355 million over the next ten years (Ref. 7). It is likely that these costs were not
anticipated by Pacific Gas and Electric Company when the plants were initially constructed. Power
plants that are considered to be very clean by today’s standards (e.g., natural gas based generation) may
fare very poorly in five years. o

A conceptual framework that can be used to view this future cost is that the decision to build any
pollution generating source includes the plant owner’s decision to give a valuable option to the
government. The option gives the government the right (but not the obligation) to change emissions
standards or impose externality costs (i.e., environmental taxes) associated with environmental damages
at any time and require that all generators meet the standards. The result of this is that there is a positive
probability that the plant owner will incur costs in the future. The cost of this option must be accounted
for when comparing fossil-based to renewable plants. Either fossil-based plant owners require
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compensation for the option that is given to the government or renewable plant owners need to be given
a credit. The benefit of low or zero future environmental costs depends on who owns the plant, because
some owners are more likely to incur environmental costs. For example, utilities and IPPs are likely to
experience more stringent regulation than power consumers who own plants.

Lead Time

Projects with short lead times tend to have greater certainty associated with their installed cost because
of fewer cost overruns and less lost revenue caused by plant delays. This is of interest to any party that
is responsible for plant construction, although it is most significant for IPPs because utilities and power
consumers frequently install generation facilities through a contracting procedure, thus shifting the
construction risk away from themselves to the contractor. ,

IOUs and municipal utilities are still considered to be regulated natural monopolies, which requires them
to serve all customers regardless of whether or not it is profitable to do so. The interaction between
demand uncertainty, plant lead time, and capacity additions is of concern to these utilities. The smaller
the utility, the greater the concern. For this reason, municipal utilities might be particularly concerned
about demand uncertainty at the generation system level.

A typical approach to assessing the interaction between demand uncertainty, plant lead time, and
capacity additions is to develop scenarios of high, medium, and low demand (Ref. 8) and to calculate the
expected present value cost of meeting demand using plants with different lead times.

This approach, however, does not capture the dynamic nature of demand growth. Demand growth can
change over time so that demand can grow or not grow at each point in time. For example, rather than
always having high, medium, or low demand growth, actual demand may be high the first year, low the
second year, and medium the third year. This leads to the situation where the number of scenarios equals
the possible growth rate at each time period raised to the power of the number of time periods. For
example, if demand growth rate can take on three levels at any time and there are ten time periods, there
is a total of 3'° or almost 60,000 possible scenarios. '

Taking the dynamic nature of demand growth into account rather than simply examining three scenarios
results in a valuation that more accurately captures the effect of demand uncertainty. This will often
result in an increase in the value of plants with short lead times over the value of plants with longer lead
times. : :

Modularity

Plant modularity affects plant availability in several ways. First, from a revenue perspective, modular
plants begin producing power (and thus revenue for utilities and IPPs or cost-savings for power
consumers) earlier than non-modular plants. Modular plants begin producing power earlier than non-
modular plants because each segment of a modular plant can come on line as it is completed.

Second, from an operational perspective,' modular plants have less variance in their equipment
availability than non-modular plants when equipment failures in the modular plant are independently
distributed. A non-modular plant can be considered to be either operating or not operating. Modular
plants, by contrast, can have partial availability. For example, a modular plant with two identical
segments has three possible levels of availability: the plant is 100% available if both segments are
functional; it is 50% available if either the first or the second segment is functional; and it is unavailable
if both segments are non-functional.
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The greater the number of segments in the modular plant (i.e., the more modular the plant is) the lower
the variance. This means that there is a greater reliability associated with the availability of modular
plants than with non-modular plants. Wind and photovoltaic plants are modular and are composed ofa
large number of identical parts.

In addition, a modular plant ties up fewer capital resources during the construction of the total plant. The
project developer needs only enough working capital to finance one segment at a time. Once the first
segment is completed, it can be fully financed, and the proceeds used to finance the next segment. This
benefit is of particular interest to companies with limited financial resources, such as IPPs.

This benefit is similar to the benefit realized by a developer that chooses to build single-family dwellings
rather than an apartment building. The full financial resources are tied up -in the apartment building
before it is sold while the single family dwellings can be sold as they are completed, thus requiring less
working capital.

Moreover, continued construction of a modular plant is often contingent on the success of the previous
phase so that there is the opportunity to stop the project without incurring a total loss after each segment
is completed. This is because the completed increments of the project are used to produce revenue
whether or not the project is fully completed. The same is not true for non-modular projects. While’
there is always the opportunity to halt construction, doing this on a non-modular project results in a loss
of all capital invested to date, less the partially completed project’s salvage value. While modularity thus
provides value to utilities who want to control demand uncertainty, it is also of value to investors who
are funding an IPP and are unsatisfied with the project’s progress.

For these reasons, utilities are investing in small plants, such as gas turbines. Even smaller investments
may further increase the risk-mitigation value.

Investment Reversibili

Investment reversibility is the degree to which an investment is reversible once it is completed. This is
of interest to plant owners because they need to know if a plant can be salvaged and what its value is in
an alternative application. Modular plants are likely to have a higher salvage value than non-modular
plants because it is more feasible to move modular plants to areas of higher value or even for use in other
applications. The degree of reversibility is a function of the difficulty and cost in moving the technology .
to another location and the feasibility of using it in different applications.

This value is not merely a hypothetical one. Consider, for example, the case of the 6 MW Carrisa Plains
PV plant facility (California). Its original owner (Arco Solar) sold the plant for strategic reasons to
another company. This company dismantled the plant and resold the modules at a retail price of $4,000
to $5,000 per kilowatt at a time when new modules were selling for $6,500 to $7,000 per kKW.

ILLUSTRATION OF PRINCIPLES
Municipal Utility Purchases Wind Generation

Municipal utilities represent an important market for wind technologies for several reasons. First, they
are likely to continue investing in power plants as opposed to only purchasing power from other power
producers. Second, they appear to be able to represent the preferences of their customers for renewable
energy technologies in their purchase decisions. Third, they have a lower cost of capital, thus reducing
some of the bias against generation technologies that have high initial capital costs and low operation and
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maintenance costs. Fourth, their tax-exempt status eliminates the tax benefit of expenses (e.g., fuel
costs) over long-term capital costs.

This illustration compares the cost of a municipal utility’s investment in wind generation with its cost of
an investment in natural gas-based generation. The risk-mitigation benefits associated with the wind
generation that are presented include the elimination of natural gas fuel price uncertainty, the elimination
of potential future environmental costs associated with carbon emissions, and the value of more
effectively matching generation system capacity with demand. The following discussion is meant for
purposes of illustration and is not meant to imply that these are the only attributes of importance in this
scenario.

g;épacitx and Demand

The municipal utility’s historical and projected peak demand and its existing generation system capacity
are presented in Figure. 1. The current year is 1995 and the peak demand for this year is 480 MW. The
lower solid line describes what historical peak demand has been from 1991 to 1995. The dashed lines
describe projected peak demand with the light lines corresponding to the possible peak demands and the
heavy line corresponding to the average peak demand. The utility has been experiencing an annual load
growth of either 10 MW/year or 0 MW/year, each with an equal probability of 0.5. The utility believes
that this same trend will continue in the future. The figure suggests that there will be no excess system
capacity if peak demand increases for two consecutive years.
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Figure 1. System capacity and peak demand.
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Generation Alternatives

The utility has decided that it will either purchase a 50-MW natural gas-based plant or an equivalent
amount of wind generation. It has completed a detailed, multi-year wind resource assessment program
and has evaluated the match between the wind plant output and its peak load. Results indicate that a
wind plant would have a 40% annual capacity factor (combined wind resource and equipment
availability) and would provide generation system capacity equal to 40% of its nameplate capacity.

The natural gas-based plant can be operated at an 80% annual capacity factor for 20 years and has a 20%
forced outage rate. Thus, a 100-MW wind plant is needed to provide the same generation capacity and
the same amount of energy as the natural gas-based generation (i.e., a 50-MW natural gas-based plant
with a 20% forced outage rate and 80% capacity factor increases system capacity by 40 MW and
produces 350 GWh/year; a 100-MW wind plant increases system capacity by 40 MW and produces 350
GWh/year). Both alternatives will be fully financed by tax-free municipal bonds at 5%.

The plants differ in two major ways. First, the natural gas plant must be constructed all at one time,
while the wind plant can be constructed in 25-MW segments so that each segment increases system

capacity by 10 MW. Second, the natural gas plant has a 2-year lead time while each segment of the wind
plant has a 1-year lead time.

Construction on the natural gas plant must begin immediately in 1995 so that the plant will be available
if demand increases by 10 MW/year for two consecutive years. The top dashed line in Figure 2 presents
system capacity with the natural gas-based generation.

In terms of the wind plant, the time at which each of the 25-MW wind plant segments must be built is
uncertain. For example, construction on the first segment will begin when peak demand reaches 490
MW for the first time. This can happen in 1996 (0.5 probability), 1997 (0.25 probability), 1998 (0.125
probability), etc. The mathematical formulation of how to calculate the probability of demand reaching a
certain point for the first time is fully developed in Reference 4. When this calculation is repeated for
each of the four segments and the results summed, the expected increase in system capacity is as
presented by the lower dashed capacity line in Figure 2.
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Figure 2. Capacity increases associated with gas and wind plants.
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Wind Plant Costs

Two costs associated with the wind generation are its initial capital cost and its O&M cost; it is assumed
that there are no firming costs and no added transmission costs. The wind plant capital cost is $800/kW
and the O&M cost is $0.005/kWh. The annual O&M cost is $18/kW-year based on a 40% capacity
factor. Using a discount rate of 5% (equal to the municipals cost of capital) for the 20 year life, the total

20 :
present value cost equals $800+ %=$1,025/kw. Thus, the total cost of a 25-MW segment
Ti= A

equals $26 million.

The total present value cost of the wind plant equals the expected discounted cost of when each segment

L
is installed. As discussed in Reference 4, the expected cost of an investment equals Co(l 1/ ) ,
+r/p

where Cj is 'the investment cost, 7 is the real discount rate, and p is the probability of the load growing in
a given year (0.5). In this analysis, L equals 1, 2, 3, and 4 for. the first, second, third, and fourth wind

plant segments.  Since ( ) equals (11—1), the total expected wind plant cost is

1+r/p

1Y (1Y (1Y (1Y
26| — | +[ =1 +[ = +{ =1 |, or $82 million.
[(1.1) (1.1) (1.1) (1.1) or $82 million
Natural Gas-Based Plant Costs

Three costs associated with the natural gas-based plant are its capital cost, fuel cost, and potential future
environmental costs. In terms of the capital cost, a 50-MW natural gas plant has a $25 million capital
cost if its per unit cost is $500/kW.

In terms of the fuel cost, the natural gas plant is operated so that it produces the same amount of energy
per year as the wind plant. For example, if only one segment of the wind plant is on-line, then the gas
plant has a 20% annual capacity factor. The risk associated with natural gas price fluctuations is
mitigated by committing to purchase four sets of 20-year natural gas contracts, one for when each of the
four wind plant segments would have been needed. Each contract will supply 87.5 GWh/year worth of
fuel (i.e., the same amount of electricity as produced by the 25-MW segment of the wind plant).

This requires a natural gas contract of 525,000 MBtu, assuming a constant heat rate of 6,000 BtwkWh
for simplicity. If the contracted natural gas price is $2.50/MBtu, then the annual contract cost is $1.3
million (this translates to an annual energy cost of $0.015/kWh). If this is the contracted price for 20

20
years, then this cost, discounted at the rate of debt over a 20-year period, equals z—, =$16 million.

=1 A

The expected present value cost of these four fuel contracts must be calculated because the contracts are:
not entered into until each segment of the wind plant would have begun operation. The calculation is
similar to that performed for the wind plant cost. The only difference is that the contract costs occur one
year later (and thus must be discounted by an additional year) than the wind plant costs because there is
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1o lead time associated with the fuel contracts. The present value cost of the four fuel contracts equals
(16)(1)1+ L 2+ ! 3+ LY or $48 milli

— |[| — — — —1 | million.

1.05 |\ 11 11 L1 11
The third cost is the potential cost associated with future environmental regulations. While there are
many potential regulations that could affect the cost of the natural gas-based plant, only the potential cost

of carbon emissions because of the government developing regulations because of problems with global
warming is considered.

There are 0.0145 tons of carbon/MBtu of natural gas (Ref. 9). Thus, the annual carbon emissions for
each fuel contract equals 7,600 tons of carbon (0.0145 tons of carbon/MBtu times 525,000 MBtu). There
is a total annual emissions of 30,450 tons of carbon when all four contracts have been purchased.

Bernow, et. al. (Ref. 10) have developed a set of scenarios of the potential future costs associated with
carbon emissions. They have cases of no taxes, medium taxes ($37/ton), and high taxes ($110/ton).

By year 10, Figure 2 indicates that the full output of the v;/ind plant is needed and thus the natural gas-
based generation will be producing at its full power (i.e., demand will have grown sufficiently to require
all of the.generation). Assume that the carbon taxes are instituted in 2005 and that they last for 10 years

2 (tax)30,450
of the plant’s life. The total present value cost equals Z(—ll(—)—s-,——— =
=11 .

present value cost is $5 million at a tax rate of $37/ton and $16 million at a tax rate of $110/ton. Ifit is
assumed that each of the three possible tax rates are equally likely, then the expected cost associated with
carbon emissions equals $7 million.

(tax)(144,350) so that the

The total cost of the natural gas-based generation equals the sum of its capital, fuel, and potential
environmental costs. This total equals $25 million + $48 million + $7 million, or $80 million. This cost
is almost identical to the wind plants cost of $82 million.

CONCLUSIONS AND FUTURE DIRECTIONS

Regulatory and technical forces are causing electric utilities to move from a natural monopoly to a more
competitive environment. This change is causing an increasing concern about how to manage the risks
associated with the electric supply business. This paper discussed the risk-mitigation potential of
renewable energy technologies from several ownership perspectives. Specific attention was given to the
attributes of fuel costs, environmental costs, modularity, lead time, availability, initial capital costs, and
investment reversibility.

The conclusion of this research is that renewable energy technologies, particularly the modular
technologies such as wind and photovoltaics, have attributes that may be attractive to a variety of
decision makers depending on the uncertainties that are the greatest concern to them.

An illustrative example of a municipal utility considering either wind or natural gas-based generation
shows that the consideration of risk attributes could significantly affect the decision process.

A full report that develops the equations for the discussed risk factors as well as presenting illustrative
examples for wind and photovoltaic technologies with different project owner perspectives is
forthcoming. We plan to carry the work further by applying a comprehensive set of risk factors to actual
utility situations and future potential decisions through collaboration with decision makers and plant
owners.
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ABSTRACT

This paper presents preliminary results of a study to evaluate the risk-reduction benefits of wind
power for a case study utility system using decision analysis techniques. The costs and risks of
two alternative decisions—whether to build a 400 MW gas-fired combined cycle plant or a 1600
MW wind plant in 2003—were compared through computer simulations as fuel prices,
environmental regulatory costs, wind and conventional power plant availability, and load growth
were allowed to vary. Three different market scenarios were examined: traditional regulation, a
short-term power pool, and fixed-price contracts of varying duration. The study concludes that,
from the perspective of ratepayers, wind energy provides a net levelized risk-reduction benefit of
$3.4 to'$7.8/MWh under traditional regulation, and less in the other scenarios. From the
perspective of the utility plant owners, wind provides a significant risk benefit in the unregunlated
market scenarios but none in a regulated market. The methodology and findings should help
inform utility resource planning and industry restructuring efforts.

INTRODUCTION

The question of uncertainty and risk in electric utility resource planning has received
considerable attention in recent years. During the 1980s, many utilities suffered losses because of
unexpectedly high plant construction costs and low growth in electricity demand. Since then, the
introduction of competition to the electric industry has created additional risks for power
companies. No longer will utilities be able to count on regulatory protections and a base of
captive consumers to provide a stable market and adequate return on their investments. New risk
management strategies will have to be considered.
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One approach to managing risk is for a utility company to invest in diverse power sources such
as wind power plants. Since wind plants consume no fuel, can be built in relatively small
increments with short construction lead times, and generate no pollutants, it is often said that
they offer significant protection from risks associated with conventional fossil-fuel power plants.
There have been few efforts to quantify these benefits, however.'

This study compares the costs and risks of two competing resource options, a gas-fired combined
cycle plant and a wind plant, both utility-owned, through decision analysis. The case study utility
is Texas Utilities Electric, a very large investor-owned company serving an area with substantial,
high-quality wind resources. We chose a specific moment in the future—the year 2003—when
the utility currently plans to build a large fossil-fueled power plant, and examined the
implications for the utility’s expected revenues, costs, and profits if a wind plant were to be built
instead. The uncertain inputs include fuel prices, environmental regulations (specifically, CO,
controls), wind and conventional power plant availability, and load growth. The study did not
address any benefits of modularity or short construction lead time, although the model could be
adapted to do so.

OVERVIEW OF THE MODEL

The model we developed and used, the Strategic Resources Planning (SRP) model, generates
resource expansion plans and estimates capital and operating expenses for the utility over a 20-
year period. The resource plans and their estimated costs differ with each Monte Carlo draw of
the uncertain inputs. For example, if gas prices increase sharply relative to coal prices in a
particular draw, the model may select coal or wind instead of gas in its build decisions. The
results of all the simulations are collected and presented as both an expected value and standard
deviation of any indicator of interest (such as present-value revenue requirements or annual net -
income). Simulations are run until the relative standard error of mean revenues is less than one
percent. This usually takes about 300 runs. The wind and gas scenarios are run simultaneously,
using the same uncertain inputs, resulting in a very precise determination of the differences
between them. :

The capital costs and operating characteristics of new and existing fossil plants are based on TU
Electric FERC Form 1 data as well as filings before the Texas Public Utilities Commission. The
wind capital cost is assumed to decrease from $908/kW in 1996 to $845/kW in 2003. The wind
capacity factor, 36 percent, is derived from DOE Candidate Wind Site data collected near
Amarillo, Texas, assuming a 40 meter tower height and a power curve for the Enercon E-40 wind
turbine. The initial 1600 MW of wind capacity is assumed to have a capacity value of 25 percent,
which is in accordance with several studies of capacity value on other utility systems. Additions
beyond 1600 MW are assumed to have decreasing capacity value.

Fuel Price Trends and Variations

The purchase of fossil fuels for use in power plants is one of TU Electric’s largest expense items,
constituting about $1.2 billion out of total operating revenues of $5.6 billion in 1994. It is also

! Two exceptions are Shimon Awerbuch, “Measuring the Costs of Photovoltaics in an Electric Utility
Planning Framework,” Progress in Photovoltaics, vol. 1, 153-164 (1993); and Jonathan M. Jacobs and
Thomas E. Huntley, Pacific Gas and Electric Company, “Valuation of Fuel Diversity,” Submitted for
Hearings before the California Energy Commission (February/March 1992). Both consider only risks
resulting from uncertain fuel prices.
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one of the most variable and unpredictable and hence important to simulate in this study. From
1976 to 1985, gas prices paid by TU Electric rose at an average real (inflation-adjusted) rate of
15.7 percent, while coal prices rose at an average rate of 10.2 percent; from 1986 to 1993,
however, gas prices fell at a 5.8 percent rate, while the rate of decline of coal prices averaged 1.5
percent. These large variations are reflected in the standard deviation of annual real price
changes, which from 1976 to 1993 was 16.6 percent for gas and 10.2 percent for coal.

TU Electric’s recent fuel price projections indicate that the company expects fuel prices to be
much more stable in the future, however. Filings for the 1995 Integrated Resource Plan show an
expected real growth rate in gas prices of 1.9 percent per year from 1994 to 2014, with a possible
high rate of 2.8 percent and low rate of 0.5 percent. Little or no change is expected in the price of
coal or lignite.

In the SRP model, it is assumed that fuel price variations follow a random-walk process, with an
adjustment for price “shocks” caused by weather, temporary supply shortages or surpluses, and
other factors. This approach is easy to model and can readily reproduce historical price behavior.
In a random walk, each annual change in price establishes a new starting point from which the
next year’s price is calculated. Price shocks are assumed to disappear after one year.

The initial gas price is $2.10 per million Btu, and the initial coal price is $1.55 per million Btu
(both 1996 dollars). The random changes in price are drawn from a normal (Gaussian)
distribution. The mean of this distribution is taken from TU Electric’s median price forecasts,
i.e., 1.9 percent for gas and zero for coal. For the standard deviations, we consider two cases. In
the high-risk case, we assume that prices will be about as unpredictable and volatile in the future
as they have been in the past 25 years. This implies, for gas, a standard deviation of 12 percent in
the random walk and 10 percent in the price shocks, resulting in a combined standard deviation
of 16 percent. The random walk process results in a long-term range of variation in price that is
about three times as large as TU’s forecast range. The low risk case is defined by TU’s forecast
range, which leads to a standard deviation of 4 percent in the random walk and of 6 percent in the
price shocks. The volatility of coal prices is assumed to be about two-thirds that of gas prices in
both cases.

Load Growth

Unexpected changes in loads can affect the utility company’s revenues and profits as well as
prices paid by its customers. The past record shows that loads have been variable, although not as
variable as gas and even coal prices have been. From 1977 to 1993, the standard deviation in
annual changes in TU’s loads has been 5 percent. TU Electric’s 1995 load forecast suggests a
continuation of historical load behavior in the future. The company predicts an average rate of
growth in peak loads of 2.5 percent (compared to the historical 3.4 percent) from 1994 to 2004,
with a 40 percent chance that the rate may be as high as 3.9 percent and a 40 percent chance that
it may be as low as 0.9 percent.

Loads are modeled in the same way as fuel prices, with a combination of a random walk and one-
year load shocks due to weather, short-term economic activity, and other factors. As before, the
random variables are generated from a normal distribution. Based on TU Electric’s projections
(and taking into account planned demand-side management efforts), we assume a mean rate of
increase of 1.93 percent, with a standard deviation of 3.8 percent to match the range of TU
Electric’s ten-year forecast. The one-year load shocks are assumed to have a standard deviation
of 3.25 percent, yielding a combined standard deviation in load changes of 5 percent. Annual
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energy demand is assumed to vary in an identical fashion, following the same random walk but
with an independently generated energy shock.

Environmental Costs

Environmental regulatory risks are more difficult to simulate because of the paucity of
meaningful historical data on which to base predictions. Nevertheless, the potential liability for
electric utilities and their customers appears large. According to EIA data, investor-owned
utilities have invested about $60 billion in environmental compliance costs over the past several
decades; TU electric’s cumulative investment is $2.4 billion. The greatest future cost may be that
of greenhouse-gas regulation, although additional NO, and SO, controls as well as new limits on
toxic metals such as mercury and cadmium may also prove expensive. For simplicity, we have
chosen to represent all potential environmental regulatory costs as a CO, tax or fee, which may
be implemented through an emissions allowance trading regime.

The characterization of the CO, regulatory risk in the SRP model has two components. The first
is the probability that CO, controls will be imposed. We assume that in the high-risk case, that
probability is 70 percent over the 20 years after the first year of operation of the wind or gas
plant. In the low risk case, the probability that some kind of controls will be imposed over the
same period is assumed to be just 30 percent.

The second component is the probability distribution of CO, taxes or emissions allowance costs.
In an emissions allowance trading regime, the price of an allowance should be equal to the
average marginal cost of reducing CO, emissions to the level mandated by law. Different studies
have produced estimates of the marginal control cost ranging from $10 to $150 per ton for
reductions of 20 to 50 percent. Costs near the upper end of this range are not likely to be
politically supportable, however, unless the impacts of greenhouse warming prove very severe
indeed. We believe a fair range of estimates for the probable cost of control under an emissions
trading regime would be $5 to $35 per ton, with a mean value of $25 per ton. The assumed
probability distribution is Gaussian with a zero mean from which only positive values are drawn.
In order to yield the desired mean control cost, the standard deviation of this distribution is $31.3
per ton.

Plant Availability

Uncertainty in plant availability has frequently been ignored in utility resource planning, even
though it can have a powerful impact on reliability and cost of service when a utility system is
dominated by a few very large plants. It is especially important to consider in this study because
the availability of wind plants is likely to vary much more than that of fossil-fuel plants.

The variability in the annual output of wind power plants is well understood and easily modeled.
To estimate its magnitude we simulated the performance of a wind plant using the Enercon E-40
wind turbine and four years of wind data collected in the DOE Candidate Wind Site program
near Amarillo, Texas. The resulting annual average capacity factor of the wind plant is
approximately 36 percent (assuming a 5 percent wind speed reduction due to wake losses and a 2
percent average power reduction caused by individual turbine outages), with a standard deviation
of 6.5 percent.

The uncertainty in wind plant output is incorporated into the model by randomly selecting a
" capacity factor in each year from a normal distribution with the given mean and standard
deviation. When the capacity factor is lower than expected, the model draws more generation
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than usual from fossil resources. When the capacity factor is higher than expected, the opposite
occurs.

Estimates of fluctuations in the availability of fossil-fuel and nuclear plants are more difficult to
come by directly, but can be derived from five-year historical data for large numbers of plants
published in the National Electric Reliability Council Generating Availability Report. Over the
five-year period of record, approximately 5 percent of all fossil-steam units-had an FOR of more
than 20 percent, whereas 40 percent had an FOR of less than 5 percent. From the NERC data one
can derive an implied standard deviation in FOR for individual units by multiplying the observed
standard deviation for different unit classes by the square root of the number of units in each
class. Since the figures no doubt include some plants that are especially prone to failure, we
scaled down the resulting estimates for this study. For existing plants as well as new coal plants,
we assume a standard deviation in FOR of 10 percent. For gas-fired combustion turbines and
combined cycle units, the standard deviation was assumed to be 5 percent. Since the variations in
output of individual fossil units are uncorrelated, the standard deviation in the average FOR of all
units in the TU system is only about 1 percent.

RESULTS

First, we review the base (fossil) and alternate (wind) plans under expected conditions, that is,
allowing no deviations in fuel prices, load growth, environmental costs, or plant availability. The
cost streams are discounted at two different discount rates, the utility’s weighted average cost of
capital (WACC), 9.64 percent, and the presumed risk-free discount rate, 7.5 percent. In either
case, the forced addition of the wind plant in 2003 increases revenues and net income and
decreases costs. (Note that net income equals revenue minus cost.) The higher net income is
necessary to compensate company shareholders for their larger investment in the wind plant, as is
evident from the fact that the return on equity (ROE) in both cases is the same.

Table 1. Comparison of Base and Alternate Plans (million 1996 dollars)*

Parameter Discounted at WACC Discounted at Risk-Free Rate
Base Plan  Alternate Plan Change Base Plan  Alternate Plan Change
PV of Revenues $69,737 $70,059 $322 $83,598 $83,906 $308
PV of Costs $63,817 $63,685 -$132 $76,674 $76,469 -$205
PV of Net Income $5,920 $6,374 . $454 $6,924 $7,437 $513
Average ROE (%) 10.76% 10.76% 0.00% 10.76% 10.76% 0.00%

*Regulated market scenario, expected conditions.

If risks and environmental externalities were ignored, the gas-fired combined cycle unit would
appear to be the preferred choice, since it is approximately $300 million less expensive for
ratepayers. The following sections describe the effects of taking risk into account on the expected
means and variances of the key parameters. Three market scenarios are examined: a regulated E
market, a power pool market, and a market dominated by fixed-price contracts.

Regulated Market Scenario

In this scenario, electricity prices are not market-determined but set by the regulatory system to
achieve a target rate of return on equity (ROE) for TU Electric’s stockholders. Changes in fuel
prices and environmental costs are passed on to customers through a fuel-cost adjustment to the
base electricity rate. Consequently, it can be expected that shareholders will have the least to
gain from investing in wind as a risk-management strategy, whereas ratepayers will have the
most to gain.
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Table 2. Summary of Results (High Risk Assumptions)

Scenario Revenues Costs Net Income ROE
Mean  Std.Dev. Mean Std. Dev. Mean Std.Dev. Mean Std. Dev.
Regulated Market Gas $91,159 $17,503 $83,629 $16,337 $7,530 $1,843 10.70% 1.14%
Wind $91,180 $17,039 $83,154 $15,846 $8,026 $1,857 10.71% 1.11%
Change $21 -$464 -$474 -$492 $496 . $14  0.00% -0.03%
Unregulated Market Gas $100,270 $23,705 $88,111 $17,973 $12,159 $7,379 21.80% 11.32%
Power Pool Wind $100,053 $23,759 $87,595 $17,667 $12,459 $7,523 21.50% 11.01%
Change -$216 $55 -$516 -$306 $300 $144 -031% -0.31%
Unregulated Market Gas $91,902 $16,143 $84,079 . $15,954 $7,823  $2,098 11.01% 2.68%
_ Fixed-Price Contracts Wind $91,984 $15,755 $83,609 $15474 $8,375 $2,085 11.14% 2.47%
Clinge $82 -$388 -$470 -$480 $552 -$13 0.13% -0.21%

*All figures are present values over 20 years (2003-2022) discounted at 7.5 percent, converted to 1996 dolars. Revenu
and net income are in millions of dollars. Standard deviations reflect variations between iterations, not between years.

This is confirmed by the first row of Table 2, which shows the expected present value and
standard deviation of revenues, costs, net income, and average return on equity for both the gas
and wind cases and the differences between them. (High-risk environmental and fuel cost
distributions are assumed.) The mean present value of revenues in the regulated scenario is $21
million greater with wind than without wind, indicating that this case is still likely to be slightly
more expensive for ratepayers, despite the possibly of CO, regulation. However, the standard
deviation in revenues is $464 million less, indicating that the wind investment is significantly
less risky. By contrast, the mean return on equity is virtually the same in both cases.

Different views of the data provide additional insights into the effects of replacing the gas-fired
plant with the wind plant. Figure 1 shows a scatter plot of present-value revenues for the wind
and gas cases in the regulated market scenario. The points in the closely spaced, upward sloping
group show the intersection of values for the wind and gas cases. The points in the larger,
downward sloping group show the difference in revenues between the wind and gas cases as a
function.of the gas case revenues. The important thing to observe is that when the present value
of revenues is high, the wind case tends to be less expensive than the gas case, whereas when the
present value is low,
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Figure 1. Present value of revenues, regulated market
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complicated to model than the regulated market. The risks seen by the utility and its customers
depend on many factors, such as the nature and degree of competition, corporate structures, the
role of regulation, the design and functioning of the power pool, and the contractual relationships
between the utility company and its customers and fuel suppliers. We cannot incorporate all such
factors into the model. Instead, we consider two scenarios that illustrate a plausible range of
sensitivity to risk: a power pool scenario, and a fixed-price contract scenario.

The critical difference between the two scenarios is that, in the power pool, TU Electric’s plants
compete against comparable fossil, nuclear, and renewable plants on the basis of short-term
variable operating costs. Capacity payments are proportional to loss-of-load probability, as is
done in the UK Pool. In the fixed-price contract scenario, the price of power is fixed for periods
ranging from one to five years. In both cases, the capamty build decisions are assumed to be the
same as in the regulated market scenario.

The results are summarized in the bottom two rows of Table 2. It is important to note, first, that
the power pool scenario poses much greater risks for both customers and company shareholders
than the fixed-price contract scenario, whether wind is present or not. The reason is that the
capacity payments in the power pool are highly volatile, as they depend on reserve margin, which
varies with fluctuations in load.

Moreover, the effect of substituting wind for gas varies strikingly between the two unregulated
market scenarios. In the power pool scenario, the addition of wind appears to increase the
standard deviation of revenues, but it decreases the standard deviation of the return on equity.
The expected revenues, net income, and return on equity are all somewhat lower with wind, to
the benefit of electricity consumers but to the detriment of company shareholders. The main
reason is that the wind plant slightly reduces the amount of high-cost fossil generation needed to
supply loads at the margin and therefore reduces the variable portion of the electricity price. The
results of the contract scenario, on the other hand, closely resemble those of the regulated market
scenario. The main difference is the reduction in the standard deviation of return on equity
resulting from the wind addition, which is accompanied by a slight increase in the mean ROE.
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VALUING RISK REDUCTION

A critical issue in interpreting the results of this study is estimating the value of changes in risk
either for ratepayers or utility company shareholders. There is, first, the possibility of a change in
the expected, or mean, outcome, which occurs if the probability distributions of the input
parameters are skewed in some fashion. In our study, the only such skewed distribution is that of
environmental regulatory costs, which we believe are far more likely to increase than to decrease.
The effect of this bias is easy to account for, and indeed we already see its effect in the

difference in mean revenues between the gas and wind cases in the regulated market scenario,
which in Table 1 (with no variations in the input parameters) is $308 million, but in Table 2 is
$21 million. Thus, one can say that accounting for high environmental regulatory risks reduces
the mean revenues of the wind case rélative to the gas case by $287 million.

More challenging is the problem of assigning a value to changes in the variability of a cash flow.
This is accomplished in decision analysis by calculating a risk premium, which is proportional to
the variance (or standard deviation squared) of the parameter of interest, an approach derived
from expected utility theory. The certainty equivalent of the cash flow, which is the amount it is
worth to a decision maker absent any risks, combines the mean with the risk premium in the
equation,

CE =(CF) —%acpz ,

where ¢ is known as the risk aversion coefficient. In the case of future cash flows, the certainty
equivalent can be converted to a present value by discounting at a suitable risk-free discount rate.

The risk aversion coefficient can be measured directly by surveying the opinions or observing the
investment behavior of the key decision makers or stakeholders. Absent such information,
decision analysts generally assume that it is approximately equal to the reciprocal of one to two
times expected income. In this study, we assume that, from the perspective of ratepayers, the risk
aversion coefficient equals the reciprocal of 1.25 times revenues, whereas from the perspective
of shareholders, it equals the reciprocal of 1.25 times expected return on equity.>

When the above equation is applied to the annual means and standard deviations calculated by
the model, and the wind and gas cases are compared, the result is an estimate of the total risk-
reduction benefit of wind energy, shown in Table 3.

The total benefit has two components, a change in mean revenues (due entirely to environmental
regulatory risks), and a change in the risk premium. Together, they indicate the consequences of
taking risks into account in the comparison of the two resource options. For example, the total
wind risk benefit from the ratepayer perspective in the high-risk, regulated market scenario is
$385 million, which includes the $287 million shift in mean revenues noted previously, and a
$98 million shift due to a reduction in the risk premium. This implies that when risks are
considered, the certainty equivalent of the wind case revenues will be $77 million less ($308
million minus $385 million) than the certainty equivalent of the gas case revenues, making the
wind plant the more attractive option for ratepayers. If low risks are assumed, the total ratepayer
benefit is $171 million, which is not enough to tip the scales in favor of the wind plant.

2 Support for these assumptions is provided in Jonathan M. Jacobs and Thomas E. Huntley, Pacific Gas and
Electric Company, “Valuation of Fuel Diversity,” Submitted for Hearings before the California Energy
Commission (February/March 1992).
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Table 3. Summary of Wind Risk Benefits*

Scenario Risk Ratepayer Perspective Shareholder Perspective
Change in Changein  Total Wind  Change in Change in Total Wind
Mean Revenue Risk Premium _Risk Benefit _Mean ROE __ Risk Premium__Risk Benefit

RegulatedMarket __ High - ($287) _ (898) . 385 . 000% _ -0.02% 0.02%
) o “‘”Lg_\y - _“(§y}4)m g$27) o $17l ‘0.00’% -0.02% 0.02%
PowerPool ~  High __$9 836 (865 . 05% - _ -097% . 148%
e low o 8100 835 865 013%  -089%  L03%
Contract __ High ____ (8260) (878) . $338 0.12% __ -038% __ 050%

Low ($123) ($21) $145 0.05% -0.12% 0.17%

*Figures for the ratepayer perspective are in millions of 1996 dollars.

Regardless of its ultimate effect on the build decision, the risk benefit of the wind plant for
ratepayers in the regulated market and contract market scenarios appears substantial. In the
regulated market scenario, for example, the benefit is equivalent in real levelized terms to $3.4 to
$7.8/MWh of wind generation. In contrast, the wind risk benefit for the ratepayer in the power
pool scenario appears to be much smaller, and under high risk assumptions, is actually negative.
The explanation for this effect is unclear, but is likely connected to the way wind energy affects
the dispatch of high-cost fossil-fuel plants operating at the margin.

The risk benefits from the shareholder perspective are the mirror image of those from the
ratepayer perspective. In the power pool scenario, shareholders receive a major risk benefit from
the wind plant that is equivalent to an extra return on equity of 1 to 1.5 percentage points. In the
contract scenario, the benefit to shareholders appears smaller but still substantial—0.17 to 0.5
percentage points. As already noted, there is little or no risk benefit for shareholders in the
regulated market scenario.

CONCLUSIONS

The initial findings of this study suggest that risk should be an important consideration in
evaluating competing wind and gas-fired combined cycle plants. For the most part, accounting
for risk appears to act to the benefit of wind energy. The benefits of reduced exposure to fuel-
price and environmental regulatory risks are not offset by the greater uncertainty in the annual
average availability of wind plants compared to conventional plants.

Risks are distributed much differently in a regulated market than in an unregulated market,
however. In a regulated market, utility company shareholders see few of the risks of fossil fuels
and hence have little incentive to invest in risk-mitigation options such as wind power. This may
help explain why many utilities have not eagerly embraced wind technology. An unregulated
market may provide greater incentive for utility investment in wind energy based on risk
considerations. Although this incentive is theoretically largest in a power pool, the extreme
volatility of prices in such a market may serve to mask the incentive to a considerable degree. A
market dominated by fixed-price contracts may be most favorable to wind, as the risk benefits
will then be distributed more or less evenly between customers and utility company shareholders,
giving both a modest incentive to go with wind. (This analysis did not consider the possibility
that fossil-fuel risks may be passed on to or shared with fuel suppliers, however, which may
reduce the risk benefits of wind but could also result in higher fuel prices.)

Most importantly, this study has demonstrated that decision analysis can be a useful tool for
estimating the risk-reduction benefits of wind energy under a range of market conditions.
Analytical tools like the SRP model should be used to help inform traditional methods of utility
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resource planning as well as regulatory and legislative efforts to create a level playing field for
wind and other renewable technologies in a deregulated electricity market.

The results presented in this paper are preliminary and undergoing review. The authors wish to
thank the U.S. Department of Energy and National Renewable Energy Laboratory for their
support of this work.
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INTRODUCTION

The U.S. Department of Energy (DOE) Wind Energy Program, the National Renewable Energy
Laboratory (NREL) and Sandia National Laboratories periodically re-evaluate their characterization of
the state-of wind technology and revisit wind research and development cost and performance goals.
These characterizations, goals and supporting analyses are part of a larger effort in the DOE Office of
Energy Efficiency and Renewable Energy to establish a consistent data base of technology progress
information for its major programs. The data developed are used to communicate the competitive status
of wind to various stakeholders, and to support various analytical exercises such as market impact studies
and analysis of alternative research paths.

1995 marked the conclusion of a number of DOE-supported advanced turbine design efforts. Results
from the next major round of DOE-supported research contracts are expected near the latter part of the
century. This timing presents an opportunity for incorporating recent progress and results from the
federal program, and from industry progress, into technology goals and projections for the end of the
century and beyond. This paper discusses future trends for domestic wind farm applications (bulk
power), incorporating recent turbine research efforts under significantly different market assumptions than
assumed in previous DOE estimates. Updated cost/performance projections are presented, along with
underlying assumptions and discussions of potential alternative wind turbine design paths. Additionally,
issues regarding the market valuation of wind technology in a restructured electricity market are
discussed.

TECHNOLOGY CHARACTERIZATION BACKGROUND

The U.S. Department of Energy (DOE) Wind Energy Program’s current work in expressing wind
technology trends for the U.S. bulk power market, termed "Technology Characterizations,” (TCs) is the
third in a series of efforts dating from 1989, at which time input was prepared for the National Energy
Strategy. That initial work included an industry survey and the use of Electric Power Research Institute
(EPRI) and other outside data, as well as national laboratory input.’? The second effort in 1993 had a
more detailed analytical basis, with information taken from the DOE/NREL Advanced Wind Turbine
Near Term Conceptual Design Studies and other development programs of the period.>* Current work
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utilizes data from ongoing DOE/NREL Next Generation Turbine Research, and other industry turbine
development and DOE research efforts. The latter DOE information includes results from the recently-
completed Near-Term Product Improvement projects and Next Generation Phase I Concept Definition
Studies. Currently three contracts are under negotiation for design and prototyping of next generation
turbines. DOE plans to complete an updated (1996) version of its "Technology Characterization for
Advanced Horizontal Axis Wind Turbines in Windfarms" in July, 1996.

DOE technology characterizations are used for responding to numerous requests for an overall description
of technology cost and performance trends. The data is commonly used to answer questions from a
variety of private and government sources, to provide input for market studies, for internal DOE
quantification of potential benefits from program research efforts, and as one of the inputs to the Energy
Information Agency’s (EIA) annual market projections.

ANALYTICAL BASIS FOR CHARACTERIZATIONS

Approach to Trend Description

The Technology Characterization is presented as time trends of sets of cost and performance figures
("figures of merit") for wind farms that are considered to be broadly representative of each time period.
Characterizations for current and near-term technology are based on a composite description of existing
and proposed machines. The decision to represent a composite is based on the recognition that there is
more than one design currently on the market and that there is more than one pathway to improved cost
and performance characteristics. For later years, a representative technology path is built up from
broader expectations of advances in certain subsystems or in certain technology areas (such as
materials).>¢ In formulating overall cost and performance figures of merit, estimations of expected cost
and performance improvements for particular turbine subsystems were compared against known overall
bounds (such as the Betz limit, raw material cost, etc.) as a reasonability check on projections,
particularly in study end years.

Composite descriptions of windfarm cost and performance are not projections of the future for specific
turbine designs. Rather, they are constructed to represent projected overall trends. For instance, actual
capital and O&M costs, as seen in the market, may not follow a smooth downward curve as shown in
the TC. As new turbines are introduced, costs may be higher until production increases and sufficient
experience with O&M is developed in the field. Thus, although one might expect to see a downward
trend over time, the path may be "saw-toothed" along the way as new technology is developed. This will
be especially true with a technology in the earlier phases of commercial maturity (such as wind turbines)
when large improvements are realized with each new generation of technology.

Figure 1 shows composite trends expected in wind turbine development. One of the concepts that the
figure illustrates is that while there may be incremental advances in the technology, (technology "jumps”
from one horizontal arrow to another), at the same time, there is an ongoing process of optimization.
(This is shown as the bottom arrow "feeding" the incremental improvements above). It is recognized that
designs are not driven solely by economic and technical factors. Manufacturer inertia and the nature of
the market will also dictate the length of time that design features remain in the market. Additionally,
designs will be driven in part by the need to conform to certain design standards in order to receive
certifications that enable sales in some areas overseas.

Uncertainty In Assumptions

There is a higher level of certainty regarding near-term characterizations. However, some uncertainty
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FIGURE 1. WIND ENERGY TECHNOLOGY EVOLUTION

exists even in these projections. The description of 1995 technology, for instance, is not considered
validated until a sufficient number of turbines have proven their performance and operating cost
characteristics over a number of years. A major source of uncertainty in turbine capital cost estimates
comes from trying to infer turbine and windfarm costs from quoted prices. That is, pricing strategies
can make it difficult to determine true costs. There are also key uncertainties in several assumptions
made in the TC for combining cost and performance into an overall cost of energy (COE) figure of merit.
These include values for balance of station (BOS) costs (all initial project costs other than the wind
turbine capital cost), losses, and values of O&M. Although values for these assumptions have been
formed from information collected from various industry and research sources, DOE welcomes additional
industry and other stakeholder comment and input to improve the level of certainty regarding these
values.

Description of 1995 Technology

1995 technology is a composite of fixed and variable speed options, but generally involves the use of one
or more Jow cost induction generators. It is distinguished from earlier technology (1993 in the previous
Technology Characterization) by the substantial use of power electronics (for power conversion and/or
dynamic braking) and the use of NREL advanced airfoil designs. Projects using these types of technology
currently exist. Turbine availability is high, and not expected to appreciably increase in following years.

Windfarms for all years are assumed to be comprised of 100 turbines. A key assumption for 1995
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technology is that costs are based on a cumulative production volume of approximately 500 units. This
level of production serves as the baseline for future cost reductions due to volume effects.

2000 Technology Trends

Projections for the year 2000 include as their basis, information from the NREL Next Generation Turbine
Research program. The direction of the 2000 technology, as reflected in the TC, is generally toward
larger generators and rotors, variable speed or multiple speed, increased used of power electronics, more
sophisticated control electronics, taller towers, and in some cases advanced generators. Figure 1 lists two
alternative technology paths for 2000: 1) a variable speed synchronous generator with fully rated
converter (electronics that allow elimination of the gear box), and 2) a doubly fed generator, that is seen
as an interim, low cost variable speed generation option, with a geared transmission.

These two alternatives hardly begin to cover the possible configurations that could encompass, for
example, vertical axis wind turbines, but they provide examples of potentially popular viable technologies
for the time period. It is expected that all configurations for 2000 will incorporate advanced airfoils.
1t will be possible to design turbines for greater reliability based on a better knowledge of wind inflow
characteristics and how they impact structural design, and appropriately improved modeling tools. It is
expected that there will be improvements in turbine blades, particularly with respect to better integration
of blade structural and aerodynamic design with appropriate manufacturing processes.

Progress is also expected in areas outside of cost and performance of the individual turbine. For
example, more accurate micrositing models are expected to be developed, which will contribute to a
reduction in wind farm array losses. Better local weather forecasting, along with appropriate utility
operator training, is expected to raise the value of wind generation to the utility. A discussion of the
importance of such value issues in today’s market is found later in the paper.

2005 Technology Trends

Advances in 2005 are expected to be driven in part by an additional cycle of NREL-sponsored turbine
development projects. As indicated in Figure 1, it is expected that a move will begin toward direct drive
systems, with lower cost power electronics and increasing sophistication in control electronics, and rotor
aileron or pitch activation. Permanent magnet generators may become cost-effective for wind farm-size
turbines. The trend is expected to continue toward larger machines and higher towers in this time frame.

2010 and Future Technology

Performance gains are expected to level off in later years, with cost gains impacted primarily by volume
effects (learning effects for customized components and volume discounts for off-the shelf components)
and new manufacturing processes made viable by higher levels of turbine production. Specific technical
advances are expected in the areas of materials (especially blade materials), advanced techniques and
components to enhance turbine "load shedding" ability, and resultant ability to use larger rotor diameters
(and so increase energy capture without increasing rotor efficiency). Continuing advances in electronics
and electronics cost reduction are expected. Turbine generator rating is not expected to increase
significantly during the period, as inverse economies of scale may hinder turbine development much -
beyond one megawatt. ‘

QUANTIFICATION OF PERFORMANCE AND COST PROJECTIONS

For the trend information above to be fully useful in DOE program activities, expected progress must
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be quantified. Multiple metrics, or "figures of merit" are used in the characterizing progress. This is
necessary in order to portray the three basic categories of performance advances, cost advances, and
overall cost/performance ratio. Additionally, different figures of merit for each of these categories allows
description of advances from a number of different perspectives. Presenting turbine efficiency, for
example, lends perspective on single turbine engineering performance, while net capacity factor clearly
shows total turbine (or wind farm) productivity after all losses and availability have been accounted for.

System-Level Characteristics

Turbine Characteristics: Figure 2 shows representative turbine and windfarm characteristics between
1995 and 2030. Turbine size is shown increasing from 300 kW in 1995 to 1 MW in 2005, remaining
at this size through the latter years. Tower hub height is shown rising throughout the years, to 100
meters in 2030. This is indicative of a general trend toward taller towers. However, tower height is a
site-specific choice and actual heights for turbines will probably be found on either side of those presented
in the characterizations for any given year.

System Performance Characteristics: Performance gains are shown in Figure 2 in terms of capacity factor
and net annual energy output per unit of rotor swept area. Net capacity factor increases substantially in
the years 2000 and 2005, with less dramatic gains in the later years, from 26.2% in 1995 to 36.9% in
2030 (in a Class 4 wind regime). Changes in assumed losses reflect improvements in control losses and
blade soiling losses in
the early years, and
array losses in 2005.
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FIGURE 2. WINDFARM PROJECTED CHARACTERISTICS
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characterized as level at 98%.

System Cost Characteristics: Installed farm cost numbers include turbine cost, shipping, installation and
balance of station (grading, substation, engineering fees, etc). Costs are shown in Figure 2 moving from
a current $825/kW to $625/kW in 2030. These reductions are influenced primarily by reductions in
materials and eliminations in subsystems (geared transmission) in the near-term. In the long-term, the
majority of weight (and therefore cost) reduction is assumed to have been extracted through improved
design. The remaining gains therefore come from increased volume of production and improved
manufacturing processes associated in part with the production volume increases. Although lower costs
are not an inevitable result of higher sales volume, there are several specific volume effects that
reasonably can be expected to lower turbine and windfarm costs in the future. First, increasing sales may
allow a move to a new manufacturing technologies that lower production costs. Second, there is an
established learning effect in similar products that indicates (logarithmically) decreasing product costs as
cumulative sales increase. Third, as production volume increases, there is an opportumty for larger
volume discounts on off-the-shelf components for turbines.’

Subsystem Performance Improvements

Estimates of performance for all years are formed using turbine energy output simulation software that
takes into account overall system characteristics starting from rotor performance curves. This enables
rapid evaluation of the effect on economics of changes in various subsystems. The C, (coefficient of
performance) curve for 1995, for instance, is modeled as a fixed speed, fixed pitch machine, while the
2000 turbine has a power curve typical of a variable speed machine (maintaining rated power above the
rated wind speed). Generally, progression in rotor performance is characterized less by increases in peak
C, and more by maintenance of -a relatively high C, over a larger wind speed range. Additionally, a
lower turbine cut-in speed is modeled as an advance in 2000 and beyond. Generator, transmission and
power electronics performance (efficiency) are not explicitly modeled. Currently, these efficiencies are
incorporated into the C, curves used.

Tower heights increase throughout the projection period. This is not an indication that in the real world
towers will gradually increase in height, but rather an indicator that the optimized system will trend
toward higher towers, with specifics defined by the project site. Improvements in design software and
general reductions in turbine weight per unit output will permit this shift in the optimum design point for
turbine towers.

Other performance gains are reflected in changes in losses for turbines and farms. Blade soiling losses,
specifically, are expected to be reduced early on. Array losses will be slightly reduced as micrositing
software improves. Greater understanding of wind inflow characteristics and more sophisticated control
algorithms should allow reductions in control losses.

Subsystem Cosf Improvements

Table 1 summarizes the key qualitative assumptions driving subsystem cost improvements. The rotor
subsystem is a significant cost driver. Cost increases (per kilowatt of generator rating) in the rotor
subsystem are assumed for the years 2000 and 2005. The 2005 increase is due to the combined effects
.of a move to variable pitch blades and a significant increase in rotor diameter. (A percentage of blade
cost tends to increase approximately with the cube of rotor diameter.) However, cost increases in 2005
are offset somewhat from improved manufacturing techniques resulting from the DOE/industry cost-
shared Blade Manufacturing Project.
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TABLE 1. ASSUMPTIONS FOR MAJOR SUBSYSTEM COST DRIVERS

1995-2000 2000-2005 20052010 2010-2030
Rotor Increase from larger Increase from size. Increase from size Incremental reductions
size Reduction from advanced from lighter & smarter
manufacturing rotors
Tower Largest increase from Decrease from smarter Incremental increases with height (less than linear due
largest height increase lighter, flexible top of to lighter components at top of tower)
tower system
Generator Induction - cheapest, Synchronous - a little 1st generation Incremental improvements
off-the-shelf higher cost permanent magnet - in permanent magnet cost
highest cost
Electrical 1st generation variable Major cost drop as Incremental improvements
speed is expensive technology matures
Drive Train Direct drive - No transmission
BOS Incremental reductions from learning, maybe warranties

Tower costs increase significantly in 2000, with incremental variations in the per kilowatt costs in out
years. In the later years, cost per kilowatt increases at a rate lower than the tower height increases due
to assumed advances in the ability to shed aerodynamic loads and design lighter turbine structures.
Generator cost increases (per kW) up to 2005, as a result of moves to higher performance technologies.
Sample technologies might be synchronous or doubly fed generators in 2000, and permanent magnet
generators in 2005. Advances in manufacturing and design, and volume effects account for the cost
decreases in the latter years.

Power and control electronics and other electrical costs show a significant increase in year 2000, as
variable speed power electronics are used to enable direct drive to be implemented. Cost decreases
through 2010 result from power electronics technology advances and, to some extent, increases in sales.
Cost reductions in the latter years result primarily from volume effects. A major cost decrease in the
transmission system is realized in 2000 as gearing is eliminated. This more than offsets the higher
electronics, tower and rotor costs experienced during the same period.

, #MARKET CHANGES AND DOE COST GOALS

The domestic market for wind energy has changed dramatically and continues to change, presenting a
serious challenge for the wind energy industry. Five years ago, after a decade of substantial wind
progress and with natural gas prices seen as heading toward $4.00 per MMBtu by 2000, wind energy
looked like a likely candidate for utility/Independent Power Producer (IPP) use as a fuel saving
technology. Now, although the technology continues to progress steadily and recent international turbine
deployment has been substantial, installation of large scale windfarms has stalled domestically, due to the
confluence of low fossil fuel prices, utility restructuring and continuing improvements in natural gas-fired
turbine efficiencies. With an increasing emphasis on spot market purchases (at less than 2 cents/kWh in
many cases) and a trend toward natural gas combined cycle installations on those occasions where new
facilities are needed, current wind installations tend to be fewer, smaller, and based on benefits other than
cost. "Value," not "cost,” will continue to be a key determinant of market success.
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Cost of Energy Projections

The highest level and most commonly used figure of merit is levelized cost of energy (COE), expressed
in cents per kilowatt-hour. This is a useful metric as it combines both elements of cost and performance
and is recognized outside of the wind industry. COE figures used by DOE, however, have often differed
from the (wide-ranging) numbers quoted for wind industry installations and project bids. It is important
to point out that these apparent discrepancies have stemmed not from fundamentally differing opinions
concerning the state of technology, but rather primarily from different financing and wind resource
assumptions. For instance, current market projects and bids usually include federal renewable energy
production incentives (REPI) or tax credits, depending on whether the project is for supply to investor-
owned or municipally-owned utilities, respectively. DOE’s COE figures do not include these incentives.
Also, financial aspects may vary widely for different projects.

Another common difference between market and DOE Technology Characterization numbers is that DOE
quotes COE in constant dollars because of the ease of use for technology tracking and in economic
modeling (such as the national energy modeling performed by the Energy Information Administration).
In contrast, bids and contracts are in current dollars, which appear higher than constant dollar figures.

DOE has historically quoted COE for Class 4 winds, in line with DOE goals to help make wind energy
economically competitive in these regimes. Industry installations have tended to be at higher wind sites,
with consequent confusion over "real” costs of wind energy. Although near-term wind installations will
continue to target good wind resource sites, in order for wind to contribute large amounts of electricity
to the nation’s supply, opportunities in regions of the U.S. that have lower wind resources must also
become economic by improving the technology. Figure 3 indicates the relative quantities of wind
resource in various regimes, emphasizing the tremendous depth of the Class 4 resource.® Note, however,
that current turbine deployments still use only a fraction of the available Class 5 and 6 lands.

The current Technology Characterizations partially address these issues and the changing nature of the
marketplace by presenting a matrix of COE’s, corresponding to various combinations of wind regimes
and ownership/financing structures and using the cost and performance numbers from the TC. Figure
4 shows COEs from this matrix for year 2000 and 2030. It is important to note that these COE values
are draft numbers and are
subject to small changes
as work is completed
later this summer. The
range of COEs is
representative of different
potential markets that are 16,500 Km*— 8% (0.8 Q)

emerging as market 232,000 Km, AL R 0294 ‘ %
restructuring continues. ™~ \ ~ ﬁ% (9Q)
' \

\ *‘ X
COE figures were \\ \ \\\\\\ 3
obtained using cash flow \\ \ 3

10,000 Km? — — 6% (0.6 Q)

modeling . with realistic Potential Land Area Energy Potential

H : : Potential Land Area (Assumes PNL Energy Potential at 50m Hub Height (Percent
financing and tax Moderate Land Exclusion Scenario) Within of 1995 Total US. Utiity Prociuction -(3,000
assumptions for the 10 Miles of Transmission Faciliies Billion KWh or 10 Quads)
different scenarios | N Class 4 {*iClass 5 Bl Classb |

Investor Owned Utility
(IOU) and Municipally-
or publicly-owned FIGURE 3. AVAILABLE WIND RESOURCE
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ownership cases (MUNI)
use the cost-based 5
revenue requirements
method to figure COE,
while Independent Power
Producer (IPP)
Ownership uses a market-
based Discounted Cash
Flow-Return On
Investment (DCE-ROI)
method.  The MUNI
projects are most
advantageous to wind
because financing is 100
percent tax-free debt (no
expensive equity) over
the plant lifetime, 8 10U B Muni O IPP
assumed to be 30 years.
MUNIs also pay no
income or property taxes. FIGURE 4. FINANCING AND RESOURCE IMPACTS ON COE
IOU is next -costly,

financed with 50 percent debt and 50 percent equity over the plant life (again, 30 years). IPPs use project
financing which retires debt over the shortest period (for example, 15 years), and uses more debt
financing than IOUs, but with a much higher equity rate. Together, these characteristics make IPP the
highest cost form of financing. A more detailed discussion of financial assumptions can be found in the
1996 Technology Characterization.

2000 2030

£ =N

(1)

COE (cents/kWh)
N

-

Class 4 ss 6 Class 4

Class 6—

The figure shows that COEs for the same technology could conceivably range from a low of about
$0.023/kWh (Muni, class 6) to a high of about $0.043/kWh (IPP, class 4) in year 2000. Obviously, the
resource and ownership/financing structure have a large effect on the COE. How well these COEs will
enable a specific wind project to compete will depend on the payment the windfarm developer/owner can
collect plus any additional value of the windfarm, as perceived by the utility and its customers. In fact,
a windfarm with a higher COE may be competitive in some locations while one with a lower COE is not
competitive in others.

MARKET WILL EMPHASIZE VALUE

The Technology Characterizations put a heavy emphasis on cost of energy to evaluate progress and
viability of individual renewable electric generating technologies, and to compare technologies against
each other. However, as a key determinant of market success, value issues ("what is it worth” versus
"what it costs") are particularly important to examine and, if possible, quantify in this difficult market
environment. Table 2 lists some of these cost and value factors. Other papers presented in this
conference session detail recent DOE efforts to analyze certain factors listed in the table %!

In arenas where values beyond short-term price are recognized, wind power is currently being adopted.
For example, in Minnesota, a regulatory mandate reflecting public preferences and non-monetary values,
combined with a good wind resource area and utilization of the federal production credit has resulted in
an independent power project with levelized purchase prices of around 3 cents/kWh. For the near-term
market, wind energy will need to continue to exploit niches where additional value is reflected. In
addition to treatment of value, other characteristics make for suitable wind customers. Low cost of
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TABLE 2. MARKET SUCCESS DETERMINANTS

Cost Factors Value Factors
Technology performance, capital and operating costs Capacity and energy avoided costs
Wind resource quality . Price certainty (i.e., no fuel escalation risk)
Financing Generation mix diversity
Taxes Environmental impacts
Policy incentives "| Modularity, short lead times
Project ownership Economic development
Permitting processes Regulatory directives
Land cost/lease/royalty terms Public preference:s
Transmission (construction/upgrades and access/wheeling) Distributed utility value

financing is a particularly desirable characteristic for capital-intensive technologies such as wind. Publicly
owned utilities, with their access to favorable financing, their responsiveness to customers, and a less
cumbersome regulatory environment, are likely candidates for wind development. Other examples of
potential markets are cooperatives, power marketers, renewable power aggregators and direct access
customers. The Federal Wind Program will continue to work to increase the understanding and
recognition of various aspects of value to utilities and their customers. Specifically, DOE is looking
forward to working closely with National Wind Coordinating Council (NWCC) members and others to
identify near-term market openings and to help package wind for these opportunities.
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ABSTRACT

A general description is provided of the basic mathematics and use of Weibull statistical models
for modeling component failures and maintenance costs as a function of time. The applicability of
the model to wind turbine components and subsystems is discussed with illustrative examples of
typical component reliabilities drawn from actual field experiences. Example results indicate the
dominant role of key susbsystems based on a combination of their failure frequency and
repair/replacement costs. The value of the model is discussed as a means of defining (1)
maintenance practices, (2) areas in which to focus product improvements, (3) spare parts
inventory, and (4) long-term trends in maintenance costs as an important element in project cash
flow projections used by developers, investors, and lenders.

1. INTRODUCTION

During the past one to two years, perhaps half of the current wind energy projects in California
reached the 11-th year in the Interim Standard Offer Number 4 (ISO4) Power Purchase Contracts
at which time the utility buyback rate dropped from 13 to 14 to less than 5 cents per kWh. Over
the next one to two years a majority of the remaining projects will reach that same price “cliff’. A
major concemn to any project operator, that is working under such conditions, is to be able to
understand and reduce the operation and maintenance (O&M) costs for the project. It is especially
important to be able to project O&M costs if the owner seeks to refinance or sell the project.

For older projects with mature equipment, a major portion of O&M costs is driven by the
unscheduled maintenance costs associated with equipment replacements due to wear out or
failures. A recognized method of predicting component wear out or failures is to apply a Weibull
analysis method [1]. The analytical procedure is based on a knowledge of historical failure-rates
for similar equipment that is operated in a similar environment. The approach has been applied by
the military and is used widely in several industries that manufacture mechanical and electronic
components [2, 3] - where suppliers must understand and control equipment reliability and know
their costs well. Much has been written about the use and value of Weibull analyses [eg., refs. 4
and 5] since Waloddi Weibull published his seminal paper on the subject in 1951 [6].

2. WEIBULL THEORY

Definitions: If turbine components and subsystems are not subject to design or manufacturing
defects that can lead to “infant mortality” (i.e., early failures based on poor quality control or

-
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defects), a given population will wear out or fail, as a finction of time, in a manner that is
described by a “bell-shaped” curve. The Weibull function is a two-parameter distribution that
describes the failure rates, and provides sufficient mathematical flexibility to adjust the description
to match most cases observed by components in service. Equation (1) is the generalized Weibull
distribution :

(9= [b/6t/6)""] exp [-t/6)"] ™

where: tis time (typically hours of service),
b is the Weibull Shape (also called slope) Parameter,
0 is the Characteristic Life (also called scale parameter) at which time 63.2 percent of the
initial population of components is expected to fail or wear out.

Application: To determine the percentage of expected component failures afier the passage of
time T, equation (1) is integrated from time zero to time = T and results as follows:
T
F(T)= j‘ fi)dt = 1 -exp[-(T/6)°] )
0

12

Figure 1 is a typical
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mal wear out. For most wind turbine components, and the data that we discuss in this paper, it has
been assumed that b=3.5 (i.e., a symmetric bell curve) until more is known from field experiences.

The expected failure rate in a given year (eg., between year T and year T+1) is determined as
the difference between the cumulative failures after successive years (i.e., years T and T+1) by
applying equation (2) for each year - to determine F(T+1) - F(T). In addition, the Characteristic
Life, is determined most simply by solving for 6 in Equation (2) - that results in:

T
Characteristic Life =0 = 3)
[n[1/(1-F(T)]*™

...where In is the natural logarithm.

The mean life (i.e. MTBF or mean time between failures), in which 50 percent of the
components are expected to fail, is a frequently reported parameter in reliability data. It is related
to 6 through Equation (4), which is derived by solving Equation (2) for t, while setting F(T) equal
to 0.5, the probability of failure at the mean life.

Mean Life =0 * (In 2)*® )

Failure Rates With Replacements: The annual failure rates described by equations (1) through
(4) apply to a fixed population of components that are not replaced. Thus, the Weibull failure-rate
curve (Figure 1) rolls off after the peak failure rate, because the population of remaining
components is so reduced that the failure rate falls. In real life, however, as components fail, they
are replaced - usually with new or completely rebuilt units that usually display the same reliability
characteristics of the original population. Then, the subset of new components that are added each
year creates their own bell-shaped curve of projected failures, but the first year in each new curve
is displaced from the time of initial equipment startup by the number of years of service of the
original components. When replacements are taken into account in this manner, the “normal”
failure-rate curve does not drop off
as shown in Figure 3. Rather it
asymptotically approaches a failure
rate that is equal to the inverse of : ’/‘\ \
the Mean Time Between Failures S M0 \ \ 1y
(MTBF) multiplied by the THTHL

population of components in the
project.  During the  years
immediately after the MTBF period
for the initial population, the failure
rate for an ideal system oscillates
with a period equal to the MTBF, : -
but with lower amplitudes over H iNFE il
time. Figure 3 compares the o 14 S N SEIEHH I

1936 2002 2008 014 2020 2026 2032 2038 044 2050

12

-
o
.

-}
e —
]
—
~
A
]
o
1§
1
1§

H

Number of AnnudliFallures
o oo’

N
1
!.

failure-rate curves for the case of no

replacements (a symmetric bell-

shaped curve) and full replacements Figure 3. Comparison of Failure-Rate Curves Both
of all components when failures occur. With and Without Replacements

- 175




Wind _Turbine Reliability/Availability Relationships: Average wind turbine availability is
perhaps the best, simple yardstick by which the reliability of a wind turbine is judged. Under ideal

operating conditions, the availability of a fleet of wind turbines is driven by historical component
reliability data that define MTBF and Mean Time To Repair (MTTR) as indicated in equation (5):

: Outage Time/yr (Op Hrslyr) MTTR,
Availability, A=1 - | oo | = 1 - z )
Total Time/yr 8760 i]| MTBF;

...where Op Hrs/yr is the total number of hours per year that the turbines operate and the
summation of fractions involving MTBF and MTTR applies across all turbine components. In
reality, in the wind turbine industry it is not generally reasonable to expect to know the MTTR and
MTBF of the thousands of turbine ¢components (including electronic components). However, in
military programs such is typically expected. Equation (5) points out several important factors to
consider in designing for high reliability, projecting reliability, or assessing reliability projections:

(1) The equal, but inverse importance of MTTR and MTBF in achieving availability goals shows
that it is as important to cut repair time in half as it is to double MTBF. This factor supports
the need for quick response to problems and the availability of a proper spare parts inventory.

(2) Due to the summation of the reliability fractions over all components, the importance of
following a general design philosophy aimed at increasing reliability: “...keep it simple
stupid”, or KISS, is demonstrated mathematically. This is true because the fewer the number
of components that can result in an outage, the higher is the expected availability.

(3) The more turbine operating hours per year at a site, the lower the availability (due to wear out)
unless careful preventive maintenance is practiced.

3. KEY WIND TURBINE COMPONENTS OF CONCERN

Table 1 lists the major categories of components that are a concern for horizontal-axis wind
turbines (HAWTSs) and, where there is enough experience to develop data, the ranges of typical
values for Mean Time Between Failure (MTBF) when 50 percent of the components are expected
to fail. As a crude guide, Table 1 also indicates the typical types of failure modes. The
components shown are of key importance, because if they are unreliable, they can incur significant
costs, and most importantly, cause significant losses of operating time and revenue. The MTBF
values are generally applicable to well designed turbines (i.e., electrical and mechanical loads
within allowable levels, minimal degradation due to environment, etc.) that are maintained in
accordance with manufacturers requirements. Some of the components listed are not always found
on HAWT: - such as pitch hydraulic systems, bearings, and linkages that are omitted from fixed-
pitch rotors.

3.1. Expected Component Life

The ranges of expected component life indicated in Table 1 are based on real experiences in the
wind industry and vary with the factors that are discussed below. Because well-designed, wind
turbines have only operated for up to 14 years in the U. S., some of the MTBF expectations listed
in Table 1 that exceed 14 years are projections based on observations of current condition and
wear factors as well as Weibull projections based on current failure history.
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Table 1. Key Wind Turbine Components with Reliability Concerns
and Ranges of Typlcal lees

o Lomponant i,
(ior Subsystem: ﬁx Neer Faity 2 - 5 '

Blades > 10 years Uncertam (vanable)

Gearbox 12-20 Rubber oil seals (if present)
12-20 Bearings and gears

Main Bearings >10 Brinelling, spalling

Yaw pinion 5-12 Gear wear or breakage

Yaw slew ring gear 8-16 Gear wear or breakage

Yaw Bearings >10 Brinelling, spalling

Pitch Bearings >8 Brinelling, spalling

Pitch Linkages 4-8 Bearings

Hydraulics, Pitch 5-10 Seals

Brakes 3-8 Pads, Calipers, Valves

Generators 8-12 Bearings, seals & windings

Electronic Boards 5-8 Uncertain (variable)

Sensors (eg., tachs) 3-6 Uncertain (variable)

* MTBF is when §0 percent of population is expected to fail.
# Failure Modes and Lives Vary Substantially with Stresses, Lubrication,
Cleanliness, Temperature and Other Environmental Factors

3.2, Failure Modes and Major Factors Influencing Component Longevity

A major failure mode of current large, maturely designed, utility-interconnected wind turbines is
through the loss of control (a “runaway”) under adverse or emergency conditions (lightning, loss of
utility load, loss of brakes, etc.). If such does not occur, and turbines are maintained properly, they
will generally operate with reasonable reliability for several years. Most of the failure modes listed
in Table 1 are self explanatory. For specific components such as bearings, the typical failure
mechanisms are listed. The discussion below outlines design practices and factors that contribute
to lengthening or shortening the life of wind turbine mechanical and electrical components.

3.2.1. Mechanical Components

Preventive Maintenance: Similar to automobiles, every commercial wind turbine has a specified
set of scheduled maintenance steps that should be carried out periodically to assure that a
reasonable life is achieved. If such practices are carried out regularly, the mechanical components
on mature, well-designed machines will often operate reliably for prolonged periods. If scheduled
maintenance is not properly executed at reasonable intervals, it can lead to high wear and safety
concerns in the following areas:

High bearing wear from dirty or old oil (dirty oil and/or filters, bumned oil, etc.);

Ineffective solenoid valves from clogged hydraulic lines (lack of filters or dirty filters);

High gear wear from lack of proper adjustment of bearing shims and gear clearances; and
Overall turbine safety concerns under emergency conditions if brake pads or hydraulic
actuators are worn or acting sluggishly.

Load Environment: The loading spectrum applied to wind turbine components must be properly
specified and, at least analytically, the components must accommodate the loads for a prolonged
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period of operation (several years) without significant wear. Excessive mechanical loads are
often indicated through structural cracking or high wear.

Modal Dynamics: A key factor that often does not show up in loads analyses is the modal
dynamic response of various subsystems to forced excitation. The forcing on a wind turbine is
largely provided by the turbine rotor. If the forced oscillation occurs at frequencies that coincide
with a natural resonance of a structural member, large oscillations and loads can result. On most
structures, high modal excitation is not permitted unless the response is highly damped.

Design Margins: The design margins of mechanical components (i.c., allowable stress limits of
material versus applied stress) in fatigue and in limit loads (i.e., maximum or survival load) are the
best indicators of whether a component will exhibit long-term reliability. These factors are derived
through a knowledge of the loads and stresses applied, and are computed from either (1) detailed
analyses of stresses in the member or (2) direct stress measurements made during service.

Surface Wear and Fatigue: A high-incidence failure mode of mechanical components is
associated with various surface wear mechanisms or fatigue cracks in structures due to repetitive
stress cycles. Rapid surface wear can result from (1) brinelling (denting), (2) spalling (surface
breakdown/loss due to rolling contact), or (3) fretting (material loss due to abrasion/adhesion
during oscillation of contacting surfaces). Such wear factors depend on the design margins, proper
clamping of bolts and preloads, stress concentrations, and lubrication. Wear and fatigue failures
lend to Weibull failure modeling and are amenable to prediction, but only through field experience
or accelerated life tests can one gain high confidence in the durability of product wear surfaces.

Contamination of Rolling and Sliding Surfaces: Bearings, gears, sliding sleeves and seals can
wear rapidly if subjected to high loads, high duty cycle, contaminants, and/or lack of lubrication.
Lubricants become largely ineffective in the presence of contaminants, so cleanliness and
maintenance of filters is a first line of defense in avoiding mechanical wear.

High Duty Cycles: Wear of components, such as hydraulic actuators, brake pads, pitch bearings,
and rotating and sliding seals can increase dramatically over the levels planned if the duty cycle
(i.e., number of rotations or actions per year) substantially exceeds the design level. For example,
reliability analysis indicates that a failure mode must be clearly understood in order to define the
Weibull factors that govern the failure rates. In some cases, such as normal household light bulbs,
failure rates of components may be more a function of the number of start/stop cycles than of total
operating time. It is recognized in the design of wind turbines that it is important to reduce the
number of start/stop cycles - especially for those machines in which there is sudden shock load to
the drivetrain and/or high generator in-rush current each time that the turbine synchronizes with the
network. These factors become a part of the overall design for maximum reliability, availability,
and project profit. -

Environmental Factors: Environmental factors; such as heat, dust, dirt, .humidity, salt, acid,
lightning, and ice; have been implicated in reducing component reliability and must be taken into
account (minimized or accommodated) in the design and in developing realistic life projections.

Quality Assurance: Well-designed parts can fail because they may not have been manufactured
properly. Quality assurance during manufacturing strives to assure that the material properties,
component dimensions, heat treatment, or assembly procedures are as designed and specified.
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3.2.2, Electrical Components

Environmental Factors: The majority of the above-listed environmental factors also influence the
life projections of encased electrical components. A predominant factor in most applications is the
thermal environment, because most components are housed in sealed or air-filtered boxes and
subjected to particularly harsh vibration environments. Depending on the selection process applied
to electronic components, some components in military applications can operate with acceptable
reliability up to temperatures approaching 100 °C. For wind turbines, very high temperature
environments are generally not encountered, so less selective components can often be used.
Lightning can also create significant problems at sites with a high incidence of lightning and/or
with turbines that have a poor grounding system. A significant reliability (and outage) concern for
wind turbines as they age is that sensors and non-solid-state circuit elements, such as tachometers,
relays, current transformers, etc., although relatively inexpensive, can fail at a relatively high rate.
Older, reliable turbines often find that the predominant source of unscheduled outage is related to
electronic and electrical components.

Loading Versus Rated Capability: Overloaded components with excess voltage or current will
always lead to shorter lives. Very often the relationship of age to load is very non-linear - similar
to relationships between mechanical loading and age.

4. RESULTS FROM WIND TURBINE FIELD EXPERIENCES

Historical Reliability Data. To derive statistical failure-rate data for wind turbines, specific
reliability data were acquired from several wind projects that have operated for periods of up to 12
years. High quality reliability data are difficult to obtain from most current operational wind
plants, because budget constraints have often led to inadequate record keeping. However, the small
quantity of data that we acquired were screened to remove information that was based on faulty
designs that were later redesigned and retrofitted. [Estimates were made of future component
failures, permitting the computation of © (Characteristic life) and the mean life (i.e., MTBF) using
Equations (3) and (4). A Shape Factor value of b=3.5 was also assumed. The results of these
calculations for a 12-year old project are shown in Table 2.

The underlying failure-rate Table 2. Component Failure Experiences from Field Operation
data that led to the values

listed in Table 2 were not No. 83.2% | 50.0%
available for the first five Turbine . % of Charact. [Mean Life
years of wind park Subgystem Failed | Yrs| b {Life (yrs)] (yrs)

. Gearbox Seals 2.7] 10| 3.5] _ 26.0 25.2
operation, but good data were Yaw Twist Sensor 25.9] 10/ 3.5] 141 12.7
available for the second five Yaw Gearbox 13.3] 10| 3.5 __17.2 15.5] -
years of operation. However, Yaw Slew Ring _ 12.8] 10| 35| 17,6 15.9
through the application of Yaw Pinion * 93.4 9| 3.5 6.8 6.1

. S Yaw Motors 30.5] 10| 3.5]  13.3 12.0
Weibull analysis it was Brake System 9.4] 10]3.5] _19.6 17.6
possible to reasonably project Hydraul. Pump Motor 46| 10/ 3.6]  23.9 21.6
that the expected failure rates Brake Valves/Switches | 37.5] 10| 3.6] _ 12.4 11.2
that occurred during the first Generators 21.3] 10| 3.5 15.0 13.5
five years of operation were Generator Contactor 80.1] 10| 3.5 8.7 7.9

25 percent of the cumulative
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failures in the second five years. A sensitivity study was carried out to determine the effect of
the estimated failure percentages for the first 5 years on the calculation of 6 and MTFB for each
component. The results showed that key failure parameters were relatively insensitive to the data
from the first five years of operation - due to the relative strength of the data from the second five
years of operation. By extending the analysis, it is possible to project the future failures for each
subsystem.

Figures 4 through 6 are plots of measured and projected reliability data for brakes, generators,
and yaw gearboxes, respectively,
from one wind project that
has operated for more than
10 years. The data show that
the subsystems had actual,
cumulative failures of 32, 80,
and 303, respectively, during
the S-year period of 1990

40
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Number of Component Failures/Year
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through 1994. The Weibull e | [ e
analysis allowed us to fill in 15

the assumed failures in the 10

first five-year period.. The

Figures clearly show that 5

there was a ‘“campaign” to - P &

replace badly worn or failed 185 1987 1989 1991 1993 1995 1957 1999 2001 2003

generators (in 1991) and yaw
gearboxes (in 1994). 1t is Figure 4. Weibull Reliability Projections for Brake Systems
often less costly to carry out

several similar maintenance @
actions at once, if actions can
be temporarily delayed until
quantity purchases can be
negotiated or the proper
crane and/or personnel are
available. The same types of
plots can readily be
developed for all components
in the turbine for which
detailed replacement data are
available.

Assumed Failures| [Actual Failures
(20)
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Number of Component Failures
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o
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G 2
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As shown in the figures,
the Weibull analysis (without v
replacements), made it Figure 5. Weibull Reliability Projections for Generators
possible to project the annual
failure frequency of the remaining components installed in the original turbines. If replacements
were properly taken into account, as indicated in Figure 3, the annual failure rates would
eventually settle out at a value approximately equal to 70 or 80 percent of the peak value -
depending on the MTBF value and the total population in the wind park. Thus, knowing the
failure frequency and cost for various key parts, as well as the personnel and crane time required
for replacements, it is possible to credibly project unscheduled maintenance costs over the life of a
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project. Most importantly, it is possible to project the life and costs during the period of a bank
loan or when a major invest- ) :

ment seeks to receive a good 120
rate of return. If product .
improvement efforts lead to
improved reliability, the
historical database on which
projections have been made
will have to be altered to
reflect the changes.
Generally, such data’ must
await a few years of field
service to be reasonably

accurate. l' .
)

2

- |Assumed Failures|[ [Actual Failures - Projected Failures
" (76) (303) : “0)

8

8
|
i
|

Number of Component Failures/Year
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. 1A ] [ 3 i =
Reliability Modeling. Based Oloss iss7 1985 1991 1593 1995 1597 1999 3001 2003
on a knowledge of how well-
designed wind turbine Figure 6. Weibull Reliability Projections for Yaw Gearboxes

components perform in service,

prior to project inception it is possible to reasonably estimate operation costs as well as scheduled
and unscheduled maintenance costs. Generally, both operations and scheduled maintenance costs
can be predicted ‘

accurately. Asknown from Table 3. Weibull Parameters For Estimating Maintenance Costs

prior projects, unscheduled R
maintenance  costs  are Mean Life -
largely  governed by —lyrs)
reliability and replacement ;i:g
experiences on  large 6 10.3
components such as those g :g;
listed in Table 3. The Yaw SlewRIng" o[ 3. ) 174
values listed in Table 3 are Yaw Pinion - 25 71 35 10.0 9.0
estimates based on (1) a

knowledge of the

component design margins,
(2) results from prior field
tests of prototypes, and (3)
accelerated  life  tests
conducted in the laboratory
- using simulated but
representative loads. The
information listed in Table
3 make it possible to
predict replacement
frequency and unscheduled
maintenance costs.

Component Fallures Per Year Par 100 Turbines

Years of Operation

Figure 7 is a plot of
the projected failures per Figure 7. Projected Rate of Major Component Failures
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year for the major components listed in Table 3 - when failures of replacements are not taken into
account. It is clear that the yaw pinion, pitch system, and hydraulic system are dominant factors
based only on repair frequency. _

When actual replacement
costs and typical hourly rates %
for personnel and cranes are
included in a cost model, the  sa00
costs projections shown in

Total Cost

Cost Per Year, $: " .

Figure 8 result. The estimates Sp
R R $160,000 1!t

show that the major items K
such as blades and main s
gearboxes, which generally *** g
cxhibit high reliability, can 3
be the most significant x| 3
>

unscheduled cost items. If
such items are even slightly © —
more unrecliable than 1 2 3 4 5 5 7 s ) 0 o1 12 1w’ s
expected,  very high Year

maintenance costs can result. Figure 8. Estimated Unsched. Maint. Costs, Major Subsystems
The ecstimates shown in

Figure 8 also indicate that unscheduled maintenance costs for up to a five-year warranty period
can be expected to be minimal compared to those following the expiration of the warranty.

5. SUMMARY

Annual wind turbine unscheduled maintenance costs can be expected to increase non-linearly in
the early years (first 15 to 20 years) of wind project operation. Such costs can be modelled by a
Weibull frequency distribution for annual component failures, that describes a “bell-shaped” curve.
Sufficient historical component and subsystem reliability data are becoming available so that they
can be analyzed through such procedures to project future reliability rates and costs for
unscheduled maintenance. Such projections can be very useful in avoiding surprises, planning
future costs, turbine upgrade programs aimed at reducing significant maintenance costs, and
credibly estimating project financial performance over a multi-year period.
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CHOOSING THE APPROPRIATE SIZE WIND TURBINE

Robert Lynette
FloWind Corporation
900 A Street, Suite 300
San Rafael, California, USA

Within the past several years, wind turbines rated at 400 kW and higher have been introduced into the
market, and some manufacturers are developing machines rated at 750 - 1,000+ kW. This raises the
question: What is the appropriate size for utility-grade wind turbines today? The answer depends upon the
site where the machines will be used and the local conditions. The issues are:

e Site-Related
e Visual, noise, erosion, television interference, interference with aviation
¢ Siting efficiency

e Logistics
e Adequacy of roads and bridges to accept large vehicles
e  Availability and cost of cranes for erection and maintenance
e Capability of local repair/overhauls

s  Cost Effectiveness
o Capital costs
¢  Wind Turbine
e Infrastructure costs
e Maintenance costs

o Technical/Financial Risk

The interests of the involved parties are shown in Figure 1.

Resource Costof
Party Social*| Use** |Reliability|Energy|Profit| Risk

Governments
Community

oo oo
I lCIEIEE

Customers

Land Owners
Investors
Bankers

*Visual, noise, flora, fauna, erosion, TV, aircraft interference
**Land and wind resource

Figure 1, Interests of the Involved Parties
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Site-Related Issues
Visual issues are a matter of local preferences and will not be addressed here, except to note that:

o Fewer, larger machines, with ratings up to 600 kW have proven more acceptable than larger numbers
of lower-rated machines in Western Europe where space is limited; and

¢ Television and aircraft interference may become a problem with multi-megawatt wind turbines.

Siting efficiency refers to a measure of the wind energy capacity that can be installed on a given piece of
land. On flat, or semi-flat land, the same capacity can be installed per unit of land regardless of the size of
the machines, as long as the ratio of the ratings of the machines to the swept area is constant. (This is not
intuitive, but those readers that are new to the technology can prove it to themselves by making the
calculations.) However, where land is predominately of a ridgeline character, higher installed capacities
can be achieved with bigger machines. This is a desirable characteristic of larger machines in such areas,
especially where space is severely limited (e.g., Western Europe).

Logistics Issues
In many parts of the world, the transportation infrastructure is a barrier to moving large rotor blades, and

in some areas, the roads and bridges are not sound enough to accommodate the heavy trucks required to
bring very large machines to the wind sites. Such issues are easily settled by analyses of the local
conditions.

The availability and cost of cranes, booms, and other materials handling machinery is most important when
choosing a wind turbine. Large cranes are readily available in developed countries, but can be difficult to
obtain in many developing countries, and their maintenance is a specialized business that must be
considered. Further, in many rapidly developing countries, cranes that are available today may become
more expensive, or not be available for extended periods, due to competing demands for their use.
Purchase of a crane for maintenance is only cost effective for large wind power stations, and again crane
maintenance must be considered. Gin poles can be used in place of large cranes, but the setup costs are
very high. Fairly large cranes (75 tons or higher) are also required to remove and replace large wind
turbines’ major components. Purchasers of wind turbines for wind power station applications are advised
to examine all of these issues carefully before deciding on the size of the wind turbines they will use.

Cost Effectiveness and Risk Issues
The wind energy industry has debated the issue of wind turbine size vs. cost for at least 20 years. No clear
answer has emerged because:

1. Technology changes impact the relative cost of different sized wind turbines, so the answers are
constantly changing. This includes materials technology, production processes, as well as the machine
technology.

2. The industry has never reach production levels that allow.significant economies in the production of
wind turbine-unique components. Off-the-shelf components are rare in our industry, particularly on the
larger machines.
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3. There is insufficient experience with the larger machines to accurately determine their operation and
maintenance costs.

For the present, machines rated at 200 - 500 kW appear to have approximately the same costs per kWh,
although some manufacturers are claiming that the larger machines are more cost effective. There is
general agreement within the industry however, that there is not a major capital cost differential among
machines rated at 500 - 800 kW. The answer to the size vs. machine cost is still open, and will remain so
for some time.

However, one area of agreement within the industry is that the wind power stations’ infrastructure costs
decrease with wind turbine size. Most of the savings are realized with machines rated at 250 kW, but
further savings are being realized with higher-rated machines. The potential savings with machines rated
higher than 250 kW appear to be about $10 - $30 per kW, or 1 - 3% of the turnkey cost of a project. An
exception to this generalization may be in developing countries, where materials handling equipment and
the transportation infrastructure are frequently not adequate to handle the larger components.

Another important logistics consideration is the ability to repair and overhaul major components in-country.
If a gearbox or generator is very large, and can only be worked on in the supplier’s country, it will cost far
more than indigenous repairs. Unless the wind turbine seller is willing to provide a 10-year warranty, such
issues must be carefully examined by buyers, and realistic maintenance costs that reflect these logistics
issues should be factored into the financial projections. Most manufacturers of large wind turbines are
claiming lower maintenance costs per kWh. Such assumptions may or may not prove true in the long run.
Since most wind turbine fatigue problems do not appear until 2 - 4 years of operation, the lack of
experience with the larger machines means that we do not yet know their long-run costs.

Finally, and most importantly, buyers must realistically asses the technical and financial risks associated
with different sized machines. The 1980s provide us with some good experience with newly-introduced
wind turbines. During the 1980s, machine sizes grew from 40 kW to approximately 250 kW. Many new-
generation machines experienced structural/fatigue problems during the first five years of operation. The
problems were serious enough to put more than 70% of all the wind turbine companies into bankruptcy.
Today we know much more about the aerodynamics and structural dynamics of wind turbines, and our
experience base in much larger than in the 1980s, so we should expect to see fewer problems. But the
problems become more expensive to correct as the size of the machines increase. Perhaps this is why most
manufacturers are offering only one or two-year warranties on the larger machines.

In the 1980s, many manufacturers offered five-year warranties that were backed by third-party insurance.
The wind turbine owners were loss payees on the insurance policies, so that if a manufacturer got into
financial trouble and was unable to correct the machines’ problems, the insurance company paid for the
corrective actions. Unfortunately, the insurance industry lost several hundred millions of dollars in the
wind energy industry, and, with a few exceptions, they stopped providing comprehensive five-year coverage
for large arrays of wind turbines. The industry must earn a reputation for reliability before the insurance
industry will come back into this industry in earnest. Recent blade problems with at least three different
machines rated at 400 kW and higher do not help the situation.

Perspective buyers must devise ways to protect their investment. If third-party insurance is not available,
owners could insist that wind turbine manufacturers provide a five-year warranty covering the machines’
performance (power curve), availability, and design, manufacturing, and materials defects. But, this
protects the buyer only as long as the manufacturer is financially viable, and many wind turbine
manufacturers do not have the financial reserves to cover major problems. Imagine a manufacturer who
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has produced 1,000 wind turbines rated at 600 kW, and in the third year of operation the gearboxes begin
to fail. Since most gearbox suppliers will only provide one or two year warranties, the financial burden
falls on the wind turbine manufacturer. A retrofit of the gearboxes could easily cost $10,000 - $20,000
each, or $10 - $20 million dollars for the fleet of 1,000 machines. This is well beyond the financial
capabilities of most of the industry’s manufacturers, and they would be forced into bankruptcy, leaving the
machine owners with the financial burden.

The technological risks associated with the newer, larger machines (or for that matter, new smaller
machines) has not yet been internalized in the price of the machines. Table 1 shows the potential risks to
the investors and lenders. The best method of protection is to obtain warranty insurance. However,
insurance companies also recognize the risks associated with the newer, larger machines, and are reluctant
to provide such coverage. One way to provide a reasonable level of protection is to require the seller to
place a portion of the sales price into an account that must be maintained for five years, and can only be
used to correct machine problems. Of course, to safeguard the buyers, they must have a security interest in
the account, so that should the manufacturer go into bankruptcy, the funds would become available to the
buyers, and not the general creditors. Based on experience and the example in Table 1, a reserve account
representing 15 -20% of the project cost appears prudent.

Table 1, Potential Exposure to Costly Retrofits

Worst Case Qutcome Exposure*
Replace wind turbine 65 - 70%
Lost revenues (1-2 years) 30-40%
Total 95 - 110%

Very Possible Outcome
Retrofits (2 - 3 major) 5-15%
Lost revenues (6 months) 5-10%
Total 10 - 25%

*Percent of project turnkey cost.

Today, investors have a wide range of choices of turbine configurations and sizes. Like most business
decisions, they must make a choice based on the perceived risk-reward ratio. If investors and lending
institutions insist that manufacturers reduce the technology risk by providing extended warranties, backed
up by third-party insurance or a protected reserve account, those companies who will not stand behind their
products will be quickly weeded out and the industry will begin to rebuild its reputation.
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FROM MEDIUM-SIZED TO MEGAWATT TURBINES ....

Willem van Dongen
NedWind bv
P.O.Box 118

3910 AC Rhenen
The Netherlands

ABSTRACT
First and Further Generations

One of the world’s first 500 kW turbines was installed in 1989 in the Netherlands. This forerunner of
the current NedWind 500 kW range also represents the earliest predesign of the NedWind megawatt
turbine.

After the first 500 kW turbines with steel rotor blades and rotor diameter of 34 m, several design
modifications followed, e.g. the rotor diameter was increased to 35 m and a tip brake was added.
Later polyester blades were introduced and the rotor diameter was increased with 5 m. The drive train
was also redesigned. Improvements on the 500 kW turbine concept has resulted in decreased cost,
whereas annual energy output has increased to approx. 1.3 million kWh.

Wind energy can substantially contribute to electricity supply. Maximum output in kiloWatthours is
the target. Further improvement of the existing technology and implementation of flexible
components may well prove to be a way to increase energy output, not only in medium or large sized
wind turbines.

INTRODUCTION

To keep abreast in the wind energy industry, a turbine manufacturer must continually dare to invest in
development of new products. NedWind, a Dutch pioneer in wind energy and a long established
producer of wind turbines, has proven its capabilities in producing innovations more than once. The
current product range includes the series NedWind 30 (250 kW), NedWind 40 (500 kW) and
NedWind 50 (1,000 kW).

Developments since the first generation of the 500 kW Series has resulted not only in the worldwide
installation of many wind farms including the first off shore wind farm in the Netherlands using 500
kW turbines, but also in the production of several 1,000 kW turbines.

NedWind further improved on earlier versions of 250 kW turbines and reduced the amount of
components in the nacelle with 50% resulting in a turbine with either two or three blades to fit a range
of wind conditions. .

NedWind turbines are fitted with two independent braking systems, i.e., an aerodynamic brake
effected by negative pitching of the blades and a mechanical brake of extaordinary high reliability.
Both systems are of the ‘fail safe’ type.

Industrial computer systems control and protect the entire turbine. The latest system also stores
important parameters for later retrieval, enables downloading of turbine status and performance
information as well as allowing operation of turbines by remote control. The monitoring system can
be connected to turbines located anywhere in the world. Via a modem and computer, over 200 turbine
control functions can be monitored. Such parameters as wind speed, performance, availability and
turbine status etc. can be tracked.
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SUMMARY OF METHODOLOGY

NedWind constantly looks for ways to better the price performance ratio of its turbines.

Active Stall Control (ASC)

Maintenance of tip brakes in earlier turbine generations which had steel blades required cranes or
other equipment. Furthermore, steel blades attracted lightning. Therefore NedWind began using
polyester blades with full span pitch control. This was followed by the introduction of NedWind’s
Active Stall Control system (ASC) for the purpose of promoting design flexibility and power curve
optimization.

All NedWind turbines feature ASC. The active negative pitching system combines the advantage of
stall controlled behaviour in high winds with the means of accurately adjusting rotor power to the
desired nominal value. Actively forced stall is very effective in regulating maximum power by
eliminating damaging power spikes. Blade pitching also is used to optimize the power curve. Finally,
negative pitching of the blades is applied as an aerodynamic brake.

In addition, ASC allows adjustments of the turbine characteristics. If noise emission is to be
attenuated, for example at night or in certain wind directions, blade pitch can be automatically
adjusted for minimum noise production. Alternately, the blades can be pitched for maximum
performance. Blade pitch can also be used to allow turbine operation on heavily loaded grids.

Power Curves NedWind 35 and NW41
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FIGURE 1 - COMPARISON OF POWER CURVES

Dual speed

Dual speed offers benefits for wind turbine operation in areas with low average wind speeds.
In combination with Active Stall Control, dual speed turbines have several advantages over a single
speed version.

- At a site with low average wind speeds, the power curve is optimized
by switching to lower rotor speed near 8 m/s.
- Decreasing noise level, which is relevant especially in densely populated areas or
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at night time, is possible by operating at low rpm in low wind speeds. Whereas formerly

a turbine had to be shut down in order to meet strict noise emission levels, noise can now be
regulated by adjusting the blades for minimum noise production while maintaining
maximum performance in the given conditions.

Power Curves NW44 Single/Double speed
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FIGURE 2 - COMPARISON OF POWER CURVE (SINGLE SPEED VERSUS DUAL SPEED)

Flexibility in Design

In order to allow wind energy utilization in coastal areas as well as in regions with lower wind speeds,
the design of rotor and tower can be varied to meet the requirements of a specific site.

Since the first generation of 500 kW turbines, the rotor diameter for NedWind’s 500 kW turbines
have increased from 35 to 41 to up to 44 meters. This has resulted in optimum performance of the
turbines.
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Extension and design improvement of turbine towers is another means to maximize output at a low
average wind speed site. In the 500 kW turbine range, hub heights have increased from 39 to 50 to up
to 65 meters.

Towers are dimensioned according to specific wind environments and wind speed classifications.
The difference in tower shape is influenced by the following requirements:

1. The design must withstand (heavy) buckling loading standards. -

2. The tower must have a natural vibrational frequency which lies within the desired range.
3. The weight of the tower should be minimal.

4. The maximum allowable tower section length is 23 meters.

Requirements 1. and 3. are influenced by changing the shape of the tower. If the tower wall thickness
is changed (to meet the buckling standard) the frequency of the tower will change. Tower stiffness is
then adjusted to arrive at the proper natural vibrational frequency by choosing the shape.

A tower can be made more stiff when the “bottle shape” is chosen, and less stiff by choosing the
“tapered/cylindrical™ shape.

The design of a tower for specific wind regime is a continuing process in which several designs are
considered after which a design which best fits the requirements, is chosen.

0%

NW43R9 NW44/50 NW4aL68

FIGURE 4 - TOWER SHAPES
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Yawing device

A unique device for yawing the turbines has been used in all of the NedWind 500 kW Series turbines.
This device uses a high tensile steel cable and double action hydraulic cylinders.

@ NedWind by

%%uworking principies of the NecdWind 40 yaw machankm,

Fixed nocelo by means of tighianed yow cable.

Reilovng the cablo to yow.

@ Pulling the cable fo the apposiie ste.

Tightening the cable and yaw the naceolie by
puling the coble back.

FIGURE 5 - WORKING PRINCIPLES OF YAW MECHANISM

The megawatt turbines do not feature the above described yawing device. Due to the larger
dimensions of the turbines, yawing is accomplished by the conventional means of a yaw motor driven

pinnion engaged with a bull gear which is attached to the tower.
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Modular Drive Train/Power Conversion System

NedWind applies one (or more) standard 250 kW generator(s) in its turbines, for the purpose of
improving efficiency and power factor. At full power, all generators are grid connected. Depending
on the power produced at a given time, one or more generators are connected to the grid. In this way
generator efficiency is optimized. ‘

RESULTS

Price Performance Ratio

NedWind has made continuous improvement in turbine design and performance, which has resulted
in turbines which are low in both capital and maintenance costs.

It will not be long before the wind turbines surpasses fossil fuels both in terms of cost effectiveness
and price.

Price Performance Ratio
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FIGURE 6 - PRICE PERFORMANCE RATIO

Flexibility

NedWind turbines are remarkable items of modern Dutch state-of-the-art innovative technology.
NedWind’s turbines are designed to make use of scarce sites for implementation of wind energy, on
shore as well as off shore.

Dimensioning of rotor diameters, towers and other components will further evolve with the focus on
designing turbines to fit a specific wind regime.

Off-shore application

Some five years back wind turbines were relatively rigid generators, designed for application in a
coastal wind climate and constructed in accordance to respective wind conditions and load spectra.
On inland sites performance of such wind turbines decreased, however application off-shore in the
IJsselmeer proved feasible, with certain modifications to turbine construction and installation.
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The project has established proof that off-shore wind energy is a promising option for the Dutch
energy supply and has given insight in the effect of this wind turbine project on its surrounding (water
landscape, birds, fish).

Four NedWind turbines with a capacity of 500
kW were installed in a line configuration
parallel to the dyke around the Wieringermeer.

The distance to the coast is 800 meters; the
water depth is some 5 meters. The NedWind
turbines were at that time the largest
commercially available and were therefore
chosen in order to achieve minimal operational
costs

The turbines are placed on steel monopiles.
This type of foundation is more flexible than
the conventional concrete foundation usually
used on land.

FIGURE 7 - WIND FARM LELY - OFF-SHORE

Parameters for the design calculations include ground data, ice loads, permissible material load and
wind turbine data on frequencies and loads at the foot of the tower. Foundation design is such that
natural frequencies of foundation/turbine do not coincide with those of the rotor or their harmonic
frequencies.

Other reasons to apply steel monopiles for the foundation are that this type of foundation can be
delivered pre-fabricated, can be placed quickly, can easily be adapted to the turbine placed on top of
it. Natural frequency of the construction required the diameter of the monopiles to be 3.7 meters. The
monopiles stand on clay in the sand layer in the bottom; the length of the piles was determined by the
depth of this sand layer and varies from 26 to 28 meters.

The diameter of the turbine tower is 3.2 meters; a concrete floor on the monopile amchors the tower
to the foundation. At 2.5 meters above water surface a base with mooring facility with special rubber
shock absorbers is constructed around the tower to prevent serious damage to ship and foundation in
case of a collission.

For connection to the grid each turbine has a 10 kV station in the tower, containing a transformer
from 400 to 10,000 Volt and a switching system which could be used to turn off the particular turbine.

The wall of the transformer station is insulated to prevent condensation on the inside and mechanical
ventilation prevents high temperatures in the transformer area. Moulding resin transformers were
applied in order to prevent oil leakage. Since the water in the 1Jsselmeer is used for the drink water
supply, the turbines were additionally fitted with double oil sealing rings and oil throughs.

In order to keep maintenance costs low, extra hoisting facilities were fitted in the nacelle for the
inspection and maintenance of the rotor blades. A new control system for remote monitoring limits
the number of inspection tours to the wind farm. :
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In view of extensive nautical activities in the vicinity of the wind farm and to limit hazard to
shipping, security measurements were taken. Red colour accents are used on the towers and nose
cones; horizontal positioning of the blades when the turbines are not operational is implemented; at
night the wind turbines are marked with orange flashing lights; instruction signs for shipping on the
bases are illuminated.

An innovative aspect is the implementation of a detection system for fog and thunder storms, which
stops the turbines and ensures horizontal parking of the blades at certain weather conditions, thereby
reducing the chance of lightning strokes by 50%.

The installation of the wind farm was realised within a few months. Foundation work started mid
April 1994. Within four weeks monopiles and concrete floors on top of the piles were realized. Cables
were laid and turbines bases were placed. Early June preparations for mounting the turbines were
started. Towers were pre-assembled and rotors were mounted on the nacelles in the nearby working
harbour. Due to calm weather and tight planning mounting the four turbines off-shore was done in
two days. After that the transformer stations were installed and remaining assembly work was
completed. The turbines were put into operation before the end of June 1994.

Building wind turbines on water is more expensive than a comparable project on land, primarily due
to costs for foundations, grid connection, hoisting and security measurements for shipping.

This first off-shore project in the Netherlands proved to be some 30% higher in cost as compared to
an identical windfarm constructed on land.

Since output and performance of modern wind turbines are steadily increasing, expectations are that
an off-shore project consisting of several larger turbines can operate even more cost efficiently.
However, due attention should be given to the choice of foundation, mooring and hoisting facilities,
provisions for connection to the grid. These aspects will vary and are directly related to the projected
site for a wind farm on water.

Important factors in favour of implementing wind energy off-shore are:
growing scarcity of suitable sites for wind energy on land;

limited terrain roughness and unimpeded wind supply;

- less opposition with respect to visual impact of the turbines;

length of licencing procedures.

The Megawatt Series

Important factors in favour of implementing megawatt scale turbines on land are:
- growing scarcity of suitables sites for wind energy;

- optimal utilization of a site with higher installed capacity;

- advantages relating to costs for infrastructure and grid connection.

In 1991 NedWind started the development of a megawatt turbine. Subsidies were granted by the
European Committe and the NOVEM. Design and construction of the prototype in Spijk and the
second turbine in Medemblik were covered by Thermie projects; the measurement program and
verification of the Spijk turbine was covered by a Joule project.

The two-bladed megawatt NedWind 50 Series design, available in single or two speed version,
meanwhile consists of turbine types NW53 and NWS55. Dimensioning -of rotor diameter and hub
height is adjusted to match the requirements of a specific wind environment.
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Certification according to NEN6096/2: type NW53 - November 1994; type NW55 - March 1996.

Objectives of the measurement program for the prototype:

- Obtain detailed dynamic load and response data from a large stall regulated turbine.

- Evaluate the current design methods against measured data and hence to improve
the predictive tools.

- Verify the NedWind 50 Series design.

Main conclusions of this measurement program are:

- An extensive measurement program has shown to be of major importance for
verifying design models when upgrading turbine designs.

- Both noise and performance improvements could be achieved by optimized control
strategy. Measured noise levels: 102.9 dB(A) at high rpm and 90.4 dB(A) at low rpm.

- Optimizing of yawing procedure resulted in a higher performance.

- Measured blade loads are generally in reasonable agreement with the calculations. At
higher wind speeds the dynamic loads are somewhat higher than predicted. Ongoing
analysis of measurements will reveal more details.

The prototype of the NedWind megawatt turbine was installed in Spijk in February 1994. The Spijk
turbine has a rotordiameter of 52.6 meters and a hub height of 40.7 meters. These dimensions
negatively influenced the aesthetic value and in the installation of later turbines this fact was taken
into consideration.

The prototype was tested as a dual speed turbine, consisting of 6 generators of which 2 were operated
in lower wind speeds respectively at lower rpm. In current megawatt turbine types of the dual speed
version 4 double wound generators are implemented.

Results of the measurement program on the Spijk turbine convinced NedWind of the feasibility of the
megawatt turbine and the NW53 turbine type became commercially available. Design of the turbine is
basically similar to that of the 500 kW-series. The modular drive train, Active Stall Control and dual
speed are comparable. However, in view of the weight of the nacelle, yawing by means of steel cables
as is done by medium-sized turbines proved to be cumbersome and this system was substituted for a
yawing device with a gear ring and two yaw engines. ‘

The world’s first megawatt turbine to be commercially operated, situated at Medemblik, was installed
in May 1995 at the same spot as the NEWECS-45 experimental 1,000 kW turbine was erected at the
end of 1985.

In April 1995 the old turbine was taken down and the 60 meter tower was shortened to 53 meters. The
new megawatt turbine was then mounted on the exisiting tower on May 23. Annual output is
estimated to be approx. 2.3 million kWh. Output in the first year (including the test period) totalled
1.8 million kWh.

The now proven megawatt technology resulted in the development of turbine type NW55, which
dimensioning is fit for implementation on inland sites.

The first windfarm featuring megawatt turbines in the Netherlands is situated in Moerdijk on an
industrial location along the Hollands Diep waterway.

The annual output of this wind farm consisting of 4 NedWind turbines type NW55 is prognosed to be
some 6.8 million kWh. Rotordiameter is 55 meters, hub height is 60 meters. The Moerdijk wind farm
became operational in May 1996.
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CONCLUSIONS

- Wind energy is a renewable source and can substantially contribute to the supply of electricity.

Installation of wind farms require a short time period compared to the installation of traditional power
plants.
Generating electrical power by means of wind energy has no harmful effect on the environment
because the emission of toxic substances, which contribute to global warming and acid rain, are
avoided. It is thus critical that use of wind energy is further expanded and in order to do so a low price
performance ratio is important for wind energy to be able to succesfully compete with fossil fuels.

Maximum output in kilowatt hours is also important. This can be accomplished by optimizing turbine
performance to a specific wind zone.

During the past five years, the wind energy industry trend has been to improve on the output of a
turbine by increasing turbine size. NedWind is also engaged in increasing turbine size.

Further improvement of the existing technology and using flexible components may well prove to be
a way to increase energy output and cost effectiveness in both medium and large size wind turbines.
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ABSTRACT:

The Danish company Nordtank is one of the pioneers within the wind turbine industry. Since
1981 Nordtank has installed worldwide more than 2300 wind turbine generators with a total name
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plate capacity that is exceeding 350 MW.

This paper will describe two major wind turbine technology developments that Nordtank has

accomplished during the last year:

*

Site Optimization of Nordtank wind turbines: Nordtank has developed a flexible design
concept for its WTGs in the 500/600 kW range, in order to offer the optimal WTG
solution for any given site and wind regime.

Nordtank's 1.5 MW wind turbine: In September 1995, Nordtank was the first company to
install a commercial 1.5 MW WTG. This paper will document the development process,
the design as well as operations of the Nordtank 1.5 MW WTG.
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L INTRODUCTION

The Danish company Nordtank is one of the pioneers within the wind turbine industry. Since
1981 Nordtank has installed worldwide more than 2300 wind turbine generators with a total name
plate capacity that is exceeding 350 MW.

This paper will discuss:

*

Site Optimization of Nordtank Wind Turbines
Nordtank has developed a flexible design concept for its WTGs in the 500/600 kW range,
in order to offer the optimal WTG solution for any given site and wind regime.

Nordtank's 1.5 MW wind turbine:
In September 1995, Nordtank was the first company to install a commercial 1.5 MW

WTG. This paper will discuss the development process, the design as well as operations of
the Nordtank 1.5 MW WTG.

1L SITE OPTIMIZATION OF NORDTANK WIND TURBINES

The opening up of new and widely divergent markets has demanded an extremely flexible
approach towards wind turbine construction. The Nordtank product range has expanded
considerable in recent years, with the main objective to develop wind energy conversion machines
that can run profitable in any given case.

In the following you will find the site specific parameters that affect the wind turbine choice:

*

Wind Regime:
Mean Wind Speed;
Turbulence;
Shear Factor;
Exposure to extreme wind speeds;
- Air Density.

Climate:
Monthly Mean Temperatures;
Extreme Temperatures;
Exposure to Lightning and other extreme weather conditions.

Site Conditions:

Site Accessibility;
Terrain Conditions.
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* Power Quality
Specific grid requirements;
Isolated or Independent Grid.

* General:
Availability of sites;
Permitting;
Available Infrastructure;
Visual impact;
Noise.

It is impossible to develop an all-round wind turbine, that will perform optimally in all wide ranges
of above mentioned parameters. For example: the windy mountain ridges in Southern California
require a different wind turbine than the off-shore wind projects in the Netherlands.

In order to meet the demands of the various sites (and countries), Nordtank has developed for its
wind turbines in the 500-600 kW range, a site-customizing concept that will result in the optimal
solution for any given situation. The following components of the Nordtank turbines in the 500 -
600 kW range can be adapted to the specific project requirements:

* Rotor Diameter:

Nordtank's WTGs in the 500-600 kW range can be equipped with either a 37m,
41m and/or a 43m rotor.

* Tower Height:

Nordtank's 500-600 kW WTGs can utilize various tower designs, which will result
in hub heights from 35m up to 60m.

* Fixed Pitch Setting of the blades:
Based upon the actual air density at the site, Nordtank will pitch the blades upon
installation, in order to compensate for air density In this way Nordtank will
minimize potential losses due to reduced air density.
The turbulence intensity at the site has also influence on the pitch settmg of the
blades. For example, off shore wind regime have typically a low turbulence, which
will allow a more positive pitch setting of the blades.

* Type of Generator:
In addition to generators with various name plate ratings, Nordtank's WTGs in the
500-600 kW range can be equipped as an-option with dual wound generators,
which give the turbine a lower name plate rating at lower wind speeds and
therefore the efficiency at lower wind speeds will improve. This option is feasible
in lower wind regimes.

* Drive Train:
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* Type of Tower:

As a standard Nordtank uses tubular towers. As an option Nordtank has lattice
tower designs available for its wind turbines in low to moderate wind regimes.

Power Conditioning Equipment:

Nordtank's wind turbines are equipped with full power factor correction
equipment, in order to meet the IEEE 519 standards. In addition, Nordtank can

add other power conditioning equipment to meet the requirements of the specific
grid condition.

* Cold Weather Package:

If the wind turbine has regularly exposure to ambient femperatures lower than -20
degrees Celsius, Nordtank recommends to utilize different steel grades for some

components; to add heating elements to some components; different cabling
insulation, etc.

Nordtank is currently offering the following configurations of turbines in the 500-600 kW range
(identification WTG: nameplate capacity / rotor diameter):
* NTK 500/37H

¥ K K ¥ X ¥ ¥

NTK 500/37
NTK 500/41
NTK 550/41
NTK 600/37
NTK 600/41
NTK 600/43
NTK 600/180/43

In the following you will find two case histories that will illustrate Nordtank optimal solution
concept for its wind turbines in the 500-600 kW range:

* Corkey Wind Power Plant, Ireland:

+ 4+ ++ o+

+

Host Utility: Irish Utility.
Current owner and operator: Scottish Power, UK.
Years of Operation: 1.5 year (start up December, 1994).
Capacity: 5 MW.
Current Availability: > 98%.
Nordtank's responsibility: supply and installation of WTG.
Wind Regime: Mean wind speed > 10 m/s
Remarks: During first year of operation: nett capacity factor 46.3%
During the winter months nett capacity factor > 60%
Wind Turbine Optimization:
10 NTK 500/37H WTGs
Rotor: 37 m
Tubular tower, hub height 35 m.
Reinforced drive train in order to withstand the extreme high winds
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* NUON Off-shore Wind Power Plant, the Netherlands:
Host Utility: Nuon (Dutch utility).
Current owner and operator: Nuon.
Years of Operation: under construction, start up October '96.
Capacity: 11.4 MW.
Nordtank's responsibility: turnkey installation of off-shore wind power plant.
Wind regime: Mean wind speed approx. 7.5 m/s
Wind Turbine Optimization:
19 NTK 600/43 WTGs
Rotor: 43 m
Tubular tower, hub height 50 m.

+ 4+ + o+

1L NORDTANK'S 1.5 MW WIND TURBINE

A. THE DEVELOPMENT PROCESS OF THE NTK 1.5 MW WTG.

The development process of the Nordtank 1.5 MW Wind Turbine started in 1992. At that time
Nordtank got awarded a grant to develop a 1.1 MW wind turbine under the THERMIE
(Demonstration program) and JOULE (Research program) programs of the European Union.

The development program of Nordtank 1.5 MW WTG can be divided in the following phases:

* Phase 1: Design & Engineering; from January 1993 to January 1993.

*  Phase2: Implementation; from January 1995 to September 1995.

* . Phase 3: Commissioning, from September 1995 to October 1995.

* Phase 4: Operation, data collection; from October 1995 to January 1997.

The objective of the development program was to design a one-MW-plus wind turbine, which
would be competitive with medium sized wind turbines (500 kW class) on price per kWh basis.
Nordtank has designed the wind turbine in collaboration with the reputable design company,
Jacob Jensen Design from Denmark (well-known worldwide as designer of Bang & Olufsen audio

equipment). Several design alternatives have been evaluated, taking aesthetic, economical and
technical criteria into consideration.
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During the summer of 1994 five scale (1:40) models were made for the final evaluation and
selection of the "solution". The solution expresses Nordtank's design philosophy:

* To create turbines with a smooth, aerodynamic look, which reduces the visual impact on

the landscape.
* "Things should be made as simple as possible"
Some basic design parameters of the Nordtank 1.5 MW WTG:

* Three blades, upwind, rotor diameter: 60 m

Double conical tubular tower, resulting hub height 60m
* nameplate rating: 1500 kW at 16 m/s

total weight of the turbine (incl. tower and transformer): approx. 193 tons

B. THE DESIGN OF THE NTK 1.5 MW WTG

The design of the Nordtank 1.5 MW WTG has quite some similarities with the Nordtank wind
turbines in the 500-600 kW range. The main design characteristics, such as stall-controlled power
output regulation, constant speed rotor, active yaw system, induction generator and blade tip
brakes, have remained the same. However, the design of Nordtank 1.5 MW WTG differs from
Nordtank previous wind turbines in various design aspects, such as:

* Design of the machine foundation:
The nacelle of Nordtank 1.5 MW WTG has been designed as a hollow box profile in

comparison with a single curved steel shell (known as the submarine) for Nordtank's
smaller WTGs.

* Design of drive train: ‘
The design of the drive drain of Nordtank 1.5 MW WTG has the following characteristics:

+- Three point suspension of main shaft and gear box, which minimizes alignment
problems and simplifies the suspension compared to four point suspension of the
smaller turbines. ‘
o+ Two generators.
+ Two output shafts in the gear box, which make it possible to apply two separate

brake discs which renders a higher safety level for the mechanical braking system.
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Design of tower:

The design of the tower is constrained by a maximum diameter of 4.2 m, due to
transportation considerations. Furthermore, the double conical tower is a result of the
Jacob Jensen Design studies: the double conic tower results in a smoother change from the
tower to the nacelle, which is improving the aesthetics. The transformer is placed in the
top of the tower, in order to reduce energy losses in the cables.

O. & M. aspects:

+ The turbine can, to a large extent, be serviced without an external crane; By
mounting an internal crane it is possible to replace the generators if any damage

should occur. Separate hoisting equipment is available for possible replacement of
the blades.

+ As an option, it is possible to access the nacelle through a internal elevator. This
option has been utilized at the first NTK 1.5 MW WTG.

Improved noise reduction:

The following steps have been taken to reduce the noise emission from the 1.5 MW
turbine:

+ Most importantly, the rotor is designed to rotate with a tip speed of only 60
m/s, which is relatively low compared to other turbines.

+ Supports for the gear box and generators are mounted on a stiff structure
reducing the noise emission.

+ The air intake and outlet in the nacelle are mounted with noise reducing
material.
+ Furthermore, the whole nacelle cover is constructed as a sandwich of glass

fibre reinforced polyester (GRP), which also reduces the noise emission.

Lightning protection:

Lightning protection is important due to the extreme height (90 m) of the WTG.
Therefore, the following lightning protection features have béen included in the design of
the Nordtank 1.5 MW WTG:

+ Down-conductors positioned in the blades leading to the rotor.
+ Two aerials placed on top of the nacelle near the rotor.

+ One aerial placed on top of the wind vane.

+ Spark gaps at main shaft and yawing system.
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C. OPERATING EXPERIENCE WITH THE 1.5 MW TURBINE

The first Nordtank 1.5 MW Wind Turbine was fabricated during the first half of 1995. The
installation of the first Nordtank 1.5 MW WTG took place in early September, 1996, at the
Tjaereborg site on the Western Coast of Denmark.

The turbine was connected to the grid for the first time on September 7, 1995, at 8:30 pm, at a
mean speed of 14-15 m/s. Within 10 minutes, the turbine reached 1.5 MW, its name plate rating!

At the end of September, the turbine was operating in a storm with gusts up to 32 m/s and
operated at the nominal power for nearly 6 hours, resulting in a lot of operating experience.

On the 18th of October, RISO, the independent Danish test institution allowed the turbine to
operate in automatic mode after the blade test was performed: measuring flapwise and edgewise
deflection, applying a shear force at the measuring blade (pulling from the tower).

Despite the fact that the overall performance of Nordtank's 1.5 MW WTG has met its

expectations, various minor adjustments have been made since the inauguration of the WTG, such
as:
* In October 1995 and February 1996, the blades were pitched to adjust the stall-power, and

the stall point is now 1.5 MW, its design name plate capacity. Actually, the turbine was
overproducing up to 1700 kW.

* In January 1996, the inner bearing on the high speed shaft No. 2 burned and had to be
changed. The fault arose apparently because of incorrect mounting of the bearing. No
problems have been experienced after the modification.

Up till June 1, 1996, the turbine has been operating for 2838 hours and has produced
approximately 1800 MWh (average effective capacity 605 kW). The maximum technical
availability was reached in December: 97.5%.

A preliminary noise measurement has been performed and showed results well below the 104
dB(A), which is the criteria on the Tjaereborg site. The measurement indicated a level of
approximately 101.3 dB(A) pressure level, which is relatively low compared to the noise level of
500 kW turbines (characteristic noise level 97-98 dB).
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D. FUTURE UTILIZATION OF THE NORTANK 1.5 MW WTG

Nordtank Energy Group is very pleased with the development of its 1.5 MW WTG. The
development process has resulted in the following achievements:

* It is possible to manufacture a commercial 1.5 MW stall-regulated turbine with a cost

price per kWh nearly the same as for the medium sized wind turbines.

* The Nordtank 1.5 MW WTG is a MW+ turbine with a reduced visual impact, making the
turbine a nice element in the nature and more acceptable to opponents of wind energy.

* The stall regulation of the 1.5 MW Wind Turbine functions well.

* The 1.5 MW wind turbine supplies power with an acceptable power quality: The two

generator concept in combination with the thyristor soft connection application reduces

the possibility of power peaks during grid-connection remarkably.
* The turbine operates at a very low noise level. By utilizing Nordtank's 1.5 MW wind w

turbines, the total installed capacity per square meter would increase significantly, if the
noise level on the ground area would be the critical design parameter: A 6 MW wind
power plant utilizing 4 NTK 1.5 MW WTG would require 40% less site area than a 6 MW
wind park, consisting out of 12 NTK 500 kW WTGs.

The major disadvantage of Nordtank 1.5 MW WTG is that the turbine can only be utilized, if
sufficient infrastructure is available at the site, such as access roads, crane availability, etc. These
factors have a huge influence on the economics of the 1.5 MW wind turbine.

Currently, Nordtank's 1.5 MW WTG is competitive for the European markets, that have site
constraints: By using Nordtank's 1.5 MW WTG, the available site will be utilized most efficiently.
Various installations of the Nordtank 1.5 MW wind turbine are planned for the near future.

Nordtank R. & D. department is continuously working on the further improvement of the
Nordtank 1.5 MW Wind Turbine, in order to make the turbine more competitive for a wider
range of markets. Nordtank is working on the development of additional configurations of its 1.5
MW WTG: larger rotor diameters and higher towers, in order to make the 1.5 MW wind turbine
more efficient for low wind regimes.
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RESULTS FROM POWER QUALITY MEASUREMENTS IN GERMANY - AN OVERVIEW

Gerhard J. Gerdes, Fritz Santjer
German Wind Energy Institute, DEWI
Ebertstr. 96
D-26382 Wilhelmshaven
Germany

Abstract

Grid interferences caused by wind turbines (WT) are getting a severe problem in Germany with the fast
increasing number of installed turbines. The wind energy capacity was doubled annually in the past three
years. The actual situation and the plannings for the next years will lead to a situation, where high wind
energy penetration will exercise a big influence on the power and voltage quality of local utility net-
works. Measurements performed in Germany according to a national guideline show a big variety in
power quality performance of WT’s, which does affect the requirements for grid connection and thus the
economical situation of wind energy projects to a large extent. The results from more than 25 power
quality measurements will be discussed in this paper.

1 Imntroduction

Power Quality of wind turbines (WT’s) is getting an important issue in Germany now. The reason lies on
one hand in the high power and voltage quality ensured by the utility to the customers on the other hand
in the relatively high installation densities of WT’s of the 500 kW class in relatively low populated areas.

Germany during the past five years had the largest wind energy installation growth in the world. 300 MW
installation in 1994 and 500 MW in 1995 contributed to the world wide annual installation to nearly
50 %. By the end of 1995 in Germany 1136 MW wind energy were installed, until the year 2010 more
than 2500 MW are planned. Alone in the State of Schleswig-Holstein 1200 MW will be installed in 2010,
if plannings become true. This means an average contribution of wind energy to the electricity supply in
Schleswig-Holstein of more than 25 % (no growth in electricity consumption is assumed), in an agricul-
tural structured area with comparatively low density and low infrastructure of the electrical network. A
share of 25 % in average could mean in situations, where high wind speeds occur at the same time as
local consumption is low, a penetration of more than 100 %. In this situation, where Schleswig-Holstein
is rather exporting wind energy, the network power quality is strongly influenced by the electrical per-
formance of the installed WT’s. In order to use the existing grid capacities most efficiently and to keep
network reinforcement to a minimum, the power quality performance of the connected WT’s has to be as
high as possible to keep grid interferences to a minimum.

In Germany power quality certifications are required for connecting a WT to the grid. The data given in
the certification sheets are used by the utilities to calculate grid connection costs according to the electri-
cal performance of the WT, to determine the grid capacity required and to examine the influence of the
WT on the network power quality. The costs for grid connection strongly depends on the grid capacity
used and thus on the power quality of the WT.

2 What is power quality?

The term power quality of a WT describes the electrical performance of the turbine's electricity generat-
ing system. It reflects the generation of grid interferences and thus the influence of a WT on the power
and voltage quality of the grid. Grid interferences caused by WT’s are mainly voltage distortions, which
can be described in different time domains:
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e harmonics above 50 Hz

o flicker 0.01-35Hz
e voltage rise <0.01 Hz
e transients random

In addition to the voltage distortions reactive power consumption and power factor have to be consid-
ered.

The grid interferences are induced by different distortion causes, which are mostly turbine specific. The
influencing parameters are listed in table 1. Causes like average power production, turbulence intensity
and wind shear are determined by meteorological and terrain conditions. The remaining causes are all
due to the technical performance of the WT’s, which are not only given by the characteristics of the
electrical components like generators, transformers etc. but include also the aerodynamical and mechani-
cal characteristics of rotor and drive train.

TABLE 1: Grid interferences caused by wind turbines.

Parameter Cause
Voltage rise . average power production
Voltage fluctuations switching operations,
and flicker : tower shadow effect,
blade pitching error,
yaw error,
wind shear,

fluctuations of wind speed, turbulence intensity

Harmonics frequency inverter,
thyristor controller,
capacitors
Reactive power consumption inductive components or generating systems

An example showing the extent of WT power fluctuations is depicted in figure 1. The 40 s-time-print
shows active power output of a stall controlled 500 kW WT with induction generator and the line volt-
age. The WT is operating at an average power of approx. 10 - 15 % related to rated power. The peak-to-
peak power fluctuation amounts to 20 % of rated power and to more than 100 % of average power. The
frequency of the fluctuation of 1.5 Hz is corresponding to the blade passing frequency of the rotor and
shows, that the fluctuation is due to the tower shadow effect.

The influence on the line voltage is low, below 1 % of the nominal value, which is due to the relatively
high stiffness of the grid and low mean power production. In a situation of low grid short circuit power
the voltage change will be distinctly higher. The example shows not the typical behaviour of a WT, most
turbines have a better performance but single turbines will show an even worse performance.

This example shows how big power fluctuations are, compared to other, conventional power generation
methods, which are not depending on stochastical input sources. The influence of a single WT on grid
power quality will be smoothed by installation of large numbers of turbines connected to a utility grid. In
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relation to the total installed power the short term power fluctuations will decrease with increasing num-
ber of turbines. But still the grid capacity has to be dimensioned according to the total occurring interfer-
ences. Investigations /1/ show, that a general rule of 1/y; can be assumed for flicker and harmonics, if
the single interferences are statistical random. In case of mutual interferences, see /2/ and /3/, or reso-
nance problems grid interferences may result, which are not smoothed by the number of WT’s but may
lead to severe distortions.
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FIGURE 1: Power output fluctuations of a stall controlled 500 kW turbine with induction generator. Fre-
quency of the fluctuation is 1.5 Hz, corresponding to the blade passing frequency.

3 Results from power quality measurements

As mentioned above, in Germany power quality measurements are required in case of connection of a
WT to the utility grid. Due to missing European and international standards a guideline for power quality
measurements on WT’s was developed by a group of governmental authorities, utilities, manufacturers,
research and measuring institutes, /4/. The initial guideline was established in 1993 and a number of
changes and improvements resulting from the continuous application in daily measurement work went
into the guideline. This guideline is acknowledged by the association of German electricity suppliers
(VDEW) and is referred to in their recommendation for connection of local generation units to the me-
dium voltage line /5/.

According to the guideline the power quality measurements are performed for harmonics, flicker and
transients during normal and switching operations separately as well as for power factor, reactive power
consumption and power peaks. An overview of measurements on more than 25 WT’s performed by the
measuring institutes Windtest Kaiser-Wilhelm-Koog, WindConsult and by the German Wind Energy-
Institute will be given in the following.
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All grid interferences produced by a WT are strongly influenced by the short circuit power and grid im-
pedance angle of the connected network. To suppress the network influence on the evaluation results, all
measurements are carried out current and/or power based. Especially flicker, which is defined as a volt-
age distortion, has to be determined by current and voltage measurements and the results have to be re-
calculated to standard grid impedance angles and short circuit powers, which are given in the German
guideline.

The flicker coefficient ¢ for different WT classes is depicted in fig. 2. The WT’s are divided in three
rated power classes and in two power control types, pitch and stall. A solid horizontal line is indicating
the average flicker value for an entire class, while the bar shows the difference between the worst, maxi-
mum achieved value and the best, minimum achieved value in the class. Flicker is a measure for voltage
fluctuations leading to a visual recognition of light flickering by the human eye. The flicker level should
be below the recognition level of the human eye in 99 % of the time of a year. If it exceeds this level, the
flicker has to be reduced either by grid reinforcement or constructural changes at the WT.

The flicker coefficient ¢ determines the ratio between short circuit power and generator rated apparent
power to acchieve a long term flicker level of Py =1. With known short circuit power, generator rated
power, grid impedance angle and generator phase angle the flicker level can be calculated from ¢ for a
given point of common coupling (see /5/). The flicker coefficient ¢ gives a normalised, dimensionless
measure of the flicker, independent from network situation and thus suitable to compare WT’s of differ-

ent size and type.

A large difference can be seen between maximum and minimum values of different classes as well as for
values within one class. In the > 600 kW-class a difference of factor 9 can be recognised between the best
and the worst WT. The average values are also showing a big variance ranging from a flicker coefficient
c=11 to c=64. Generally a value below 20 is of no relevance for power quality considerations. A value
up to 40 will be acceptable in many cases, where other power quality parameters are exceeding their
minimum levels.
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FIGURE 2: Flicker coefficient ¢ for 6 WT classes
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Figures 3 and 4 show in the same way the differences in power output fluctuation for instantaneous val-
ues (fig.3) and 10-minute average values (fig.4). The instantaneous power peaks give the relation be-
tween the maximum occurred power peak during the measurements, recorded with an averaging time of
8 to 16 line periods, related to the rated WT power output. The measured values are varying between a
minimum of 1.04 for a 400 - 600 kW-class pitch controlled turbine to 2.2 for a stall controlled WT in the
same power class. This means the latter WT produces a short term power of more than twice the rated
power, while the first WT limits the maximum short term power output to nearly the rated value.

The average values, reflecting all WT’s instead of just single turbines, show a smaller difference between
the lowest value of 1.21 and the highest value of 1.59. The pitch machines in the classes 600 kW show in
average a better performance than the stall machines, which is due to that fact, that the most investigated
pitch WT’s are full or partially speed variable.
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FIGURE 3: Instantaneous power peaks

The comparison of 10-minute average power output related to the rated power of the WT’s in fig. 4 re-
flects a much smoother behaviour of the turbines. The 10-minute value is important for the grid capacity
layout considering the thermal load of the transmission lines. The extreme values are varying between
1,0 for the best and 1.25 for the worst machine. This means, the thermal grid capacity has to be dimen-
sioned 25 % larger in the worst case. If no other power quality parameters are of importance, the differ-
ence in grid connection costs would also be 25 % in this case.

The average values of the WT-classes are ranging from 1.01. to 1.15. The pitch controlled WT’s in the
range above 400 kW have very low 10-minute power peak values, which is typical for pitch machines, if
the control is adjusted properly. The average values of the stall WT’s are generally higher due to the
typical exceeding of rated power by the stall control, which can be seen in the most stationary power
performance characteristics of stall turbines. In the 400 - 600 kW-class the 10-minute peak of the average
stall WT lies 13 % above that one of the average pitch WT.

211




1.4

1.3 1+
o Maximum
2
5 '
Q 1.2+
T
Q
el
o Average _ o,
~—
3 11 +
=
[+
n .

1.0l —p— ? e E——

Minimum
0.9 } : } } }
Pitch Stail Pitch Stall Pitch Stall
<400 kW <400 kW 400 - 600 kW 400 - 600 kW > 600 kW > 600 kW

FIGURE 4: 10-minute-average power peaks

The relation between the maximum occurring current to the rated current is defined as the k-factor. The
highest k-factors typically occur during switching operations and are caused by inrush currents. The
maximum current is an important parameter in dimensioning the electrical equipment like transformers,
switches, fuses etc..

Figure 5 shows the variations of the k-factor for different WT classes. The absolute minimum is 1.04
while the maximum of 4.6 is more than four times higher. The class mean values vary between 1.1 and
2.4. In general pitch controlled WT’s show lower inrush currents than the stall turbines, which is due to
the better active control characteristics of the pitch machines. The gradient of rotational speed at the
moment when the WT reaches the synchronising speed can be rather steep for stall turbines. Pitch tur-
bines can be controlled towards a very slow increase of rotational speed.

It can be stated in general, that the k-factor of WT’s should not exceed a value of 2. The mean values of
the stall turbines are distorted by only a few WT’s with rather high k-factors. The most turbines already
have a k-factor below 2. The limitation of the inrush current is a matter of the design of the soft start
controller.
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4 Summary

The measurement overview shows that power quality mainly not depends on the converter type or size.
Good or poor power quality can not be assigned to specific WT classes and in several classes a wide span
of performance can be recognised.

To a large extent high power quality is a matter of construction and control design. Aerodynamical and
mechanical characteristics of rotor and drive train have a big influence on the electrical power output
performance. Stall or pitch controlled turbines both can show either good or bad power quality. It can be
seen from the single measurements, that only the pitch controlled WT’s with partial or full variable speed
not differ much from each other, these turbines are all lying in the range of good power quality measures.

The broad band of power quality measurement results show a span of factor 2 in performance for a large
number of WT’s and a factor of 3 or 4 for only a few turbines. In case of grid connection a performance
difference of factor 2 means also that the grid capacity required varies by a factor 2 and thus the costs for
grid connection may also be doubled, if the poorer machine is chosen. '

In Germany the grid connection costs depend very much on the local network situation and on the al-
ready installed wind energy capacity. In areas with high wind energy penetration in the local networks
the grid connection costs are ranging up to 20 % of the total turbine installation costs. Due to this big
influence of electrical performance on the economic situation of wind energy projects, the WT’s of high
power quality will have better chances in future wind energy installations in Germany. And looking to-
wards growing interests in wind energy installations in other countries, where the grid infrastructure may
be comparatively weak, power quality will also become an important factor in other parts of the world.
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Abstract

Induction generator has been used since the early development of utility-scale wind turbine generation. An
induction generator is the generator of choice because of its ruggedness and low cost. With an induction
generator, the operating speed of the wind turbine is limited to a narrow range (almost constant speed). Dual-
speed operation can be accomplished by using an induction generator with two different sets of winding

configurations or by using a dual output drive train to drive two induction generators with two different rated
speeds,

With single-speed operation, the wind turbine operates at different power coefficients (Cp) as the wind speed
varies. Operation at maximum Cp can occur only at a single wirid speed. However, if the wind speed varies
across a wider range, the operating Cp will vary significantly. Dual-speed operation has the advantage of
enabling the wind turbine to operate at near maximum Cp over a wider range of wind speeds. Thus, annual
energy production can be increased. The dual-speed mode may generate less energy than a variable-speed mode;
nevertheless, it offers an alternative which captures more energy than single-speed operation.

In this paper, dual-speed operation of a wind turbine is investigated. Annual energy production is compared
between single-speed and dual-speed operation. One type of control algorithm for dual-speed operation is
proposed. Some results from a dynamic simulation will be presented to show how the control algorithm works
as the wind turbine is exposed to varying wind speeds.

L Introduction

Utility-size wind turbines have been developed for many years [1]. The reliability of wind turbine generators
has improved dramatically. More attention is directed to improve energy capture, load alleviation, and other
characteristics that will bring down the cost of energy. Many avenues have been explored and considered such
as the development of variable-speed wind turbines [2-5] and some variable-speed systems use direct drives to
eliminate the operation and maintenance and the losses of the gearbox even in small scale applications [6-8].
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wind turbine generation

The system under consideration is shown in Figure 1. The wind turbine is connected to two induction generators
via a gearbox. The smaller generator (generator 1) has a slower synchronous speed and the larger generator
(generator 2) has a higher synchronous speed. Dual-speed operation can also be implemented by using an
induction generator with two sets of windings; each winding has a different number of poles [9]. Using two
speed systems instead of single-speed generation has several advantages. In the starting mode, for direct on-line
start, the smaller induction motor (higher leakage inductances and resistances) is used to start the wind turbine,
thus the inrush current will be lower. The efficiency of an induction generator is normally designed to have an
optimum efficiency near its rated power. Thus in the lower power region (lower rpm), the wind turbine can be
operated with a smaller generator and it is operated until it reaches its rated power. At low power output, the
efficiency can be improved by using the smaller generator.

This paper is divided into 5 sections. In section II, the background of dual-speed operation will be discussed.
In section I0I, the control algorithm will be presented and in section IV the energy calculation will be explored
(detailed information regarding energy calculation can be found in reference [10]). Finally, the conclusion will
be discussed in section V.

II. Dual-Speed Operation

In a fixed-frequency operation, a wind turbine starts generating poWer when the rpm reaches a certain rotor
speed. An induction generator starts to generate power when the rpm is higher than synchronous speed. The
synchronous speed can be computed as:

Synchronous rpm = 120 * frequency / poles. @

Thus for a constant frequency operation, the more poles the generator has, the lower the synchronous rpm. It
can be expected that the higher the synchronous rpm, the higher the wind speed will be before the generator
starts generating. Figure 3 shows the power generated by the wind turbine for different rotor speeds (high-speed
shaft rpm). For an induction generator, the rotor rpm varies with the slip. The slip is normally very small (<5%).
Thus practically, the rotor speed in this paper is considered to be constant.
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In Figure 2, the output power of a wind turbine for different wind speeds are shown as a function of rpm. The
peak power operating points for different wind speeds are given as Pa, Pb, Pc, and Pd. Suppose that the wind
turbine is operated only at RPM2, in the higher wind speed region (Vc and Vd), the wind turbine may operate
close toits peak Cp (Pc" and Pd"); thus the difference from maximum power generated is small. However, in
the lower wind speed region (Va and Vb), operation at RPM2 of the wind turbine will generate a much lower
power than maximum power at maximum Cp. Similarly, if the wind turbine is operated only at RPM]1, it will
be optimized for lower wind speed regions and the operation in the higher wind speed region will be inefficient.
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Figure 3. Fixed speed and max Cp operation of a Figure 4. Power versus wind speed for dual-speed
wind turbine operation

From the Cp characteristic, the power versus wind speed can be drawn for different rpm. It can be expected that
at higher rpm settings, peak power will occur at a higher wind speed. The maximum power that can be generated
by the wind turbine operating at fixed speed does not correspond to the Cpmax. At the rotor speed settings, the
system starts generating at higher wind speed (i.e., at 1600 rpm, the system starts generating below 5 m/sec
while at 2400 rpm it starts generating at about 7 m/sec). A fixed speed turbine operates at maximum Cp only
at one particular wind speed. Operation at other wind speeds is not at maximum Cp.

Dual-speed generation can be accomplished by using a single generator with a two winding arrangement
(generator with dual pole configuration 4/6 or 6/8 poles). It can also be implemented by using two different
generators (i.e., one generator has four poles and the other one has six poles). The dual-speed operation of a
wind turbine generator has the advantage of capturing more energy compared to single-speed operation.

1L Control Algorithm of the System

The operation of a wind turbine at two different speeds is described by Figure 4. The system can be started by
operating the induction machine at lower rpm to start the wind turbine. As the rotor speed reaches the (lower)
synchronous speed, the wind turbine starts generating and continues to generate until another set point is
reached. For example, we may specify a preset power (Pchosen) as the set point. Once the Pchosen is reached,
and the wind continues to increase for AT seconds, the wind turbine should be transferred to the higher pm
mode, rpm2. During the transition, the rotor is accelerated by the wind. In the acceleration mode (from rpml
to rpm2), there is no electrical connection to the utility, thus the energy from the wind is converted entirely to
kinetic energy to increase the rotor speed.

At low wind speeds, the generator is started by motoring the lower speed motor. Unless any kind of soft start
is in place, the start-up is a direct on-line start which will draw current from the utility. Fortunately, with a
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smaller induction motor to start, the current drawn from the utility will not be as large as the larger induction
motor. When the rotor speed reaches the rpm1, the wind turbine starts generating at rotor speed rpm1 (with a
variation of a few percent of slip). The generated power increases until it reaches a chosen power (Pchosen)
setting. The operation can be determined from the following simple logic:

if (power <Pchosen) then
use rpm1
else if (power > Pchosen) then
use rpm?2
end if
where
power = measured power
rpml = lower rotor speed (smaller generator) (along AEC......... )
rpm2 = higher rotor speed (larger generator) (alongCD G ........ )
ptargetl = 0.5 p C, e Area (Radius/TSRtarget)’ o’ (point E)
ptarget2 = 0.5 p et Area (Radius/TSRtarget)’ o’ - (point D)

ptargetl <pchosen < ptarget2

The Pchosen is the set point at which the transfer from rpm1 to rpm2 should be initiated. This power should be
chosen between point C' to C" as shown in Figure 4. As shown in Figure 4, the best possible power choice
would be point C. At this point the power that can be generated has the maximum gain with respect to power
generated by single-speed operation. The difference in power generation between variable-speed (VS) and
single-speed rpm?2 is area OBDFG. The difference in power generation between dual-speed (DS) generation and
single-speed-rpm2 is area ABC and will be called AP.

With this option, the generator must be wound to operate at two different speed settings (for example, the
generator might be wound to operate at switchable poles such as six and eight). Another option is to operate
the wind turbine with two generators of different pole number, such that the lower-speed generator is sized to
Pchosen, and the higher-speed generator is sized to take the whole power. For a four pole and a six pole
generator, the size of the smaller generator (six poles) can be estimated with a cube relationship, about 8/27
(about 30%) of the size of the larger generator.

The transfer can also be implemented by sensing the rotor slip. When the generated power reaches Pchosen and
the wind speed keeps increasing after some AT, the wind turbine operation must be transferred to another setting,
1.e., operation in high speed rpm (rpm2). Unlike variable-speed operation, the dual-speed operation will have
a transient operation during the transition from rpm1 to rpm2. During the transfer of operation of the wind
turbine from rpm1 to rpm?2, the low-speed generation must be deactivated, and thus the generated power will go
tozero. As the wind speed increases, the energy from the wind accelerates the rotor speed and the energy from
the wind is fully converted into kinetic energy and stored in the inertia of the rotor. When the rotor speed reaches
pm2, the generator is reconnected again with new synchronous speed at rpm2. Thus the transfer at point Cis
not instantaneous. We could expect that there are transient phenomena in the wind turbine during this transition.

To illustrate the implementation of dual-speed wind turbine generation, Figure 5 and Figure 6 are given to
represent a simulation of the system. In Figure 5, the wind speed input is shown. The wind speed used is ten-
minute data that has an average of 6 m/s with a rough wind condition. In Figure 6, the rotor speed is shown to
follow the wind speed variation, in the low wind speed region the system operates with rpm1 and in the higher
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wind speed region the system operates with rpm2. When the wind speed increases, the power generated
increases until it reaches the power limit which can be detected by power sensor or slip sensor. The transfer from
generator 1 to generator 2 can happen if there is enough wind to accelerate the wind turbine from rpml to rpm?2.
During the transfer, both generators are off.line. The system is in an idle condition for a preset idle-time. If
during that time the wind speed decreases, the rotor speed will not increase to 1pm2, the system will reconnect
the wind turbine to generator 1. On the other hand, if there is enough energy in the wind to bring the rotor speed
to rpm?2 within the preset idle-time, the system will be connected to generator 2.

When generator 2 is operated, and the wind speed decreases, the system will be transferred back to generator 1.
The transfer from generator 2 to generator 1 happens by switching from generator 2 to generator 1, thus there

o Power Coefficient for Dual-Speed Operation o Power Coefficient for Single-Speed Operation
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Figure 7. Power coefficient, Cp, for dual-speed Figure 8. Power coefficient for single-speed
operation, operation.
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is noidle time during the transfer from generator 2 to generator 1. Thus generator 1 is operated in the braking
mode to change the rotor speed from rpm2 to rpml. To limit the number of speed transitions, a more
sophisticated algorithm must be used. The algorithm must be designed to maximize energy while minimizing
the number of times the wind turbine changes its speed.

IV. Energy Production

The energy production can be illustrated by showing the characteristics of the wind turbine in dual-speed mode
using the wind speed input presented in Figure 5. In Figure 7, the power coefficient Cp of dual-speed operation
is shown. The power coefficient varies as the wind speed varies and the rotor rpm follows the trends of the wind
speed in two discrete values. As a comparison, a wind turbine with generator 2 only is shown in Figure 8 to
illustrate single-speed (rpm2) wind turbine operation. As can be expected, the operating Cp for a single-speed
system in general is lower than the Cp for a dual-speed system.

The energy collected by the two different systems is shown in Figure 9 and Figure 10. In Figure 9, the dual-
speed energy captured during the 10-minute simulation is shown. Note that this is the total energy generated
by both generators. The energy generated by a single-speed wind turbine system (generator 2) is shown in

Figure 10. It can be seen that there is a significant difference between dual-speed operation and single-speed
operation.’

The annual energy production (AEP) can be computed by employing a Rayleigh Distribution at a specific site,
for example at 2 5.8 m/s site. The AEP is computed for different wind turbine systems. In Figure 11 and Figure
12, annual energy is-computed from steady-state analysis. Energy can be computed by multiplying the power
generated at each wind speed by the density function at a particular wind site and then integrating the result and
multiplying by the number of hours per year to get annual energy.

The annual energy distribution generated for different wind speeds is given in Figure 11. From Figure 11, it can
easily be seen that dual-speed operation has a significant gain in the lower wind speed region for the site of
5.8 m/sec annual wind speed average. Annual energy generated for different wind speed averages can be
illustrated in Figure 12. It can be seen that the AEP for dual-speed operation is higher than the AEP of a single-
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speed/fixed-speed system especially in the lower annual-wind-speed average, the contribution of generator 1
(lower rpm) is very significant. The annual energy increase can be computed and the percent change can be
plotted. In Figure 13 and Figure 14, the annual energy increases (actual and percentage) are shown. The
baseline for annual energy is single-speed operation at rpm2. The annual energy increase is computed as shown
in Equation 2 and Equation 3:

AEI= (Annual Energy New System - Annual Energy RPM2) @
%AEI = (AEI/ Annual Energy RPM2) x 100% . €))

Two points are marked on each curve; one corresponds to 5.8 m/s sites and the other corresponds to maximum
points.

V. Conclusion

Dual-speed operation has advantages over single-speed operation in terms of the energy capture, higher efficiency
in the low power output, and lower starting transients. The initial investmentis slightly higher than for single-
speed operation; however, it is lower than for variable-speed operation. Induction generation is a mature
technology and is very rugged. Thus operation and maintenance is easier and cheaper. The control strategy used
in this simulation can be improved and modified for different wind sites.
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Appendix: General data of the wind turbine generation systems.

The wind turbine parameter:

Blade diameter=26m

Rated power =285 kKW

Highest xpm = 57 rpm (low speed shaft)
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ABSTRACT

This paper reviews some technical and commercial issues now topical for wind energy developments in
Europe. The technical issues are important because of the weak nature of the existing electricity systems in
rural or upland areas. Several commercial issues are considered which may improve the economics of wind
energy as market incentives are gradually withdrawn.

1. TECHNICAL ISSUES

In Europe, wind turbine insﬂﬂaﬁon§ vary from single machines around 50 to 500 kW rating, to large wind
farms. The former may be connected to the public low-voltage (< 1000 V) or medium-voltage (< 35 kV)
networks. The latter are connected to networks in the range 10 to 220 kV.

Particularly in the less densely populated parts of Europe, the existing electrical networks in the areas of
good wind resource are sparse and ‘weak’ (in the sense of low short-circuit powers). Whenever permitted
by the utility, it is advantageous to connect the proposed wind farm to the closest feasible point on the
existing network, because:

e capital cost is reduced;
e construction time is reduced;
o problems with obtaining permission for the new overhead line may be reduced.

Clearly the ultimate limit on the generation that can be connected to a particular point on an existing
network is the thermal rating of plant such as transformers and lines (though it should be noted that wind
farm developers may well be prepared to accept curtailment of output on a few occasions per year when the
network is operating near its limits, for example due to planned outages or high ambient temperatures).
However, on weak networks, other factors can often limit the installed generation capacity, and these are
discussed below.
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11 Steady-state voltage

The real and reactive power due to the wind farm will affect voltages on the network as it flows through the
network impedances. For weaker networks (low short-circuit power or ‘fault level’, i.e. high system
impedances), the effects are greater. Fault levels can be less than 70 MVA at 33 kV. The effect will
(except in unusual circumstances) be greatest at the ‘point of common coupling’ (pcc), the point on the
network where other consumers are (or could be) connected. Usually the pec is also the boundary between
the utility and the wind farm.

The ratio of the inductive component of the equivalent system impedance to the resistive component (X/R
ratio) is also important. This ratio is often found to be around 2, which fortunately-tends to minimise the
effects on network voltage.

A simple analysis requires only the equivalent network impedance as seen from the pcc. The voltage
variation (from zero to full wind farm output) can be compared with any limit specified by the utility.
The disadvantages of this simple approach are:

e the utility is likely only to specify the acceptable voltage range due to all loads and generation,
not just the wind farm;

o the simple analysis takes no account of the effect of customer loads on the network;

o the effects of automatic network voltage control (by transformer tap-changers or switched
capacitor banks) are ignored.

Therefore if the simple analysis or the network configuration give cause for concern, a more detailed study
using power-system analysis software is required.

Typical accepted ranges are:

e Spain: +7%
o UK:<132kV+6%,2132kV+10%
e EN50160:+10%

EN 50160 [2] is a recent European Standard produced as part of the move towards a ‘single market’ in
electricity trading within Europe. Its purpose is to define common limits for the ‘quality’ of power (more
correctly, the quality of voltage) experienced by a consumer. Currently the standard has no legal force: if
and when the single market for electricity is established, it is likely that existing national or utility
requirements will have to be superseded by this standard or its successors.
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If steady-state voltage is a problem for a particular development, the solutions are:

e connection to a stronger part of the network, in particular a transformer station fed from a
higher-voltage network;

o choosing variable-speed turbines which permit optimum control of power factor;

e for fixed-speed machines, choosing the level of power-factor correction capacitors to minimise
the effect on voltage, rather than to minimise reactive power charges.  This may require
additional switched capacitor banks.

1.2 Voltage step changes

This issue is closely related to steady-state voltage, and the same calculation methods are used.  Utilities
specify limits on the maximum instantaneous step change in voltage that a customer (load or generation)
can cause. Typical values are:

Spain: 5% for embedded generation with induction generators, or 2% for wind turbines
UK: 3%

Germany: 2%

EN 50160: 5% frequently, 10% infrequently

There is plenty of scope for discussion on the cases to be considered. An argument that has been accepted
by utilities in the UK is as follows:

o turbine start-up is not an issue, because starts are unlikely to be coincident (some
manufacturers can ensure this through their wind farm supervisory control system), and
because soft-start units are fitted to reduce inrush currents;

e simultaneous shut down of all turbines in a wind farm will only occur in fault conditions (due to
faults on the network, or if network voltage or frequency go outside the acceptable range), and
therefore does not need to be considered.

Therefore the case to be considered is where one or (for a large wind farm) possibly two wind turbines shut
down simultaneously from full power, due to high winds.

Usually, a wind farm which meets the limits on steady-state voltage range is likely also to meet the voltage
step change limits, unless it consists of only a small number of turbines.

Note however that when calculating the steady-state voltage range, the effect of automatic network voltage
control (transformer tap-changing, or switching of capacitor banks) can be taken into consideration, as the
‘steady-state’ implies these have had time to operate. For step voltage changes, this cannot be assumed.
Therefore for situations where the impedance of a transformer with automatic tap-changer control forms a
significant part of the total equivalent system impedance, step voltage changes may assume greater
importance,
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1.3 Flicker

Wind turbines result in fluctuations in real and reactive power, and hence voltage, in the utility network.
Voltage fluctuations can cause customer annoyance through the phenomenon of “flicker” {3,4]. For any
given sequence of voltage fluctuations, it is possible to determine the flicker severity, a measure of the
likelihood of customer annoyance. Both short term (10 minute measurement period, Psr) and long term
(120 minute measurement period, Pr7) measures of flicker severity are recognised.

Typical accepted limits for the flicker produced by an installation are:

e UK:Psr<05 [5]
e Germany: Psy <0.46 [6]

In Spain, the same objective is aimed for by a requirement that the total generator rating is no more than
5% of the short-circuit power of the network at the point of connection. This requirement can be much
more restrictive than limits on flicker. '

Concerns about flicker are forcing manufacturers towards variable-speed or similar solutions: see, for
example, the Vestas Optislip system [7]. ‘

Work is currently underway within IEC to develop a standard which allows the flicker caused on a
particular network by a group of wind turbines to be predicted. Measurements of flicker on a single
turbine of the same type are required. Turbulence intensity needs to be taken into account, but the
principal effect is the ‘smoothing’ of power fluctuations from multiple turbines.  Theory and experience
both indicate that flicker increases with the square root of the number of wind turbines. Because of this,
flicker is usually only an issue for small numbers of wind turbines, and in that respect is similar to the issue
of voltage step changes.

14 Harmonics ;
Harmonics are generated by soft-start units, but this is generally ignored because of the short duration and
the low probability of coincident starts.

For variable-speed turbines, where harmonic currents are generated continuously, filters are often
necessary. Filter design can be site-specific, and filters are bulky and add cost, and so there is a move
towards wind turbines with pulse-width modulated (PWM) control of the network-side converter, using
power transistors, despite the increased cost.
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National and utility regulations all set limits on harmonic distortion, but use different methods of
calculation. Some set absolute current limits, others set limits proportional to the short-circuit level. This
makes comparison difficult.

On weak rural networks, there can be significant existing levels of harmonics, from domestic consumers.

15 Voltage unbalance

On weak networks in rural areas, the majority of customer loads are single-phase. If these are not
correctly shared out between the phases, voltage unbalance will result. Induction machines connected to
such networks will act to reduce the unbalance [8], but in the process will be subject to overheating. It is
known that in some cases voltage unbalance has been above the specified levels, and significant wind
turbine downtime has occurred. If this problem is anticipated in advance for a particular site, it can be
avoided by suitable specification of the electrical equipment.

2. COMMERCIAL ISSUES

In European countries, wind turbines exist because of ‘market stimulation’ or similar measures. This
support is expected to reduce to zero as the technology improves. It is therefore necessary to examine all
avenues to improve wind energy economics. There are three main options, which are discussed below.
The issue of the value of pollution avoided is not covered here. The emphasis in this section is on the
situation in the UK, as in some respects liberalisation of the electricity market is far advanced.

It should be noted that a ‘premium price’ for wind-generated electricity, or capital subsidies, are not
necessarily the only benefits enjoyed by wind energy developers under current support arrangements. The
existence of a guaranteed purchaser, contracting in advance to buy all the wind farm output, no matter how
variable, at an agreed price for a period of many years, is a major benefit not available to other generators.

2.1 Benefits to the network

Embedded generation (generation of any kind which is connected to a distribution network with significant
local load) can confer benefits on that network, for which payment may be possible. Some of these
potential benefits are discussed here.

2.1.1 Losses

Overall losses in a large electricity system can be in the range 5 to 10%, with the higher values appropriate
to networks where power has to be transported long distances. Most of the losses occur at the lower
voltage (distribution) levels, Embedded generation can clearly reduce these losses if its output is similar to
the demand in the area. But equally, for example in upland areas with low load density, a large
development can increase overall losses. Accurate calculation of the benefit is site-specific. In the UK,
loss adjustment factors can be calculated, and applied to the output of the wind farm.
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2.1.2 Capacity credit

The value of intermittent generation in replacing the need for conventional generation capacity has been
extensively studied, but usually for large systems with dispersed generation. A similar analysis for
embedded generation [3] has to take into account the lower reliability of the distribution system. The
particular problem for intermittent generation is that the correlation of output and demand is crucial in
determining the capacity credit value, but clearly (for wind) this can vary significantly from year to year.
In the UK, a mechanism exists which seems to deal with this issue satisfactorily. The electricity
distribution companies are charged on their demand during the three half-hours of highest total system
demand in any year (the ‘triad periods’). Embedded generation running during triad periods clearly reduces
the distribution company’s demand, and creates a ‘triad benefit’, a percentage of which will be paid to the
generator. For two National Windpower wind farms [9), the benefit is of the order of 5% of annual energy
output. The procedure is clear and unambiguous, and satisfactorily credits wind for the good correlation
(in northern Europe) between wind speed and demand, on an annual timescale. The disadvantage is that the
generator takes the risk of the coincidence of peak demand with high wind farm output: although this can
be treated statistically, there may be significant interannual variations.

2.1.3  Use of system charges

These are charges levied in the UK to cover the costs for provision of the distribution system plant. Recent
judgements by the regulatory authority are establishing a principle that, if the effect of the wind farm will
always be to reduce the currents flowing through the network (i.e. to reduce the required distribution plant
capacity), some of these charges should not be applied.

214  Other issues ,
There are some other areas where embedded wind turbines could in theory provide benefits to the network.
These are:

e Deferral of system reinforcement
e Network voltage control
e Harmonic filtering (specifically for variable-speed wind turbines)

However, it is difficult to argue that there is any real benefit from an intermittent generation source. The
potential worth, in financial terms, is not likely to be significant, and there is currently no mechanism by
which a developer could be paid for these benefits.

22 On-site generation

If an industrial consumer generates on-site, the value of the electricity generated is the value of the
electricity purchases displaced. This is significantly more than the price that would be obtained by direct
sale to an electricity distribution company. With seasonal-time-of-day (STOD) tariffs, typical energy
charges in the UK are 6 to 8 c/kWh for the weekday non-peak period, compared to the ‘pool price’ of
around 3 to 4 c/kWh. Other benefits are:

e industrial organisations should be able to get finance more cheaply than a wind energy
developer, as the risks are lower;
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e there may be fewer problems with planning permission, as the development can be seen by local
people as directly benefitting a local employer, rather than a remote faceless wind development
company;

e the effect on visual appearance may not be as contentious as on a rural site.

Clearly, wind speeds will not be as high as upland or rural sites, and it is not known if the number of
industrial sites with good daily and annual demand profiles in reasonably windy areas adds up to a
significant market.

A study to investigate the economics of such arrangements is currently in progress, funded by the UK
Department of Trade and Industry. Initial findings are:

e On-site generation under STOD tariffs is more attractive than under Maximum Demand tariffs,
as the presence of intermittent generation may not significantly reduce the site maximum
demand in any month;

e most industrial customers now purchase their electricity through negotiated contracts, rather
than under published tariffs. Although details of contracts are confidential, it appears that the
cost of energy under such contracts is of the order of 4.5 ¢/kWh, so the potential savings are
reduced.

- It may also be the case that, because the load factor of a customer with on-site intermittent generation will
undoubtedly become worse, the fixed elements of contracts with an electricity supply company will become
more expensive.

23  Green pricing

The aim here is to allow customers to pay more for electricity from non-polluting sources if they wish. In
principle, this is currently possible in the UK for customers with a demand over 100 kW (a limit due to be
removed altogether in 1998). In practice, it is hard to do because the flow of energy from supplier to
customers has to balance over each half-hour: if it doesn’t, ‘top-up’ units have to be purchased or ‘spill’
units sold. The costs of doing this are high. The situation is worst for highly variable generation sources
(such as wind) and customers with poor load factors (such as domestic consumers). Industrial consumers
are more attractive, but ecological and moral arguments may carry less weight than with domestic
consumers, :

The green power market currently becoming established in Sweden is more hopeful because:

e consumer pressures are forcing industries to buy green electricity;

e the sites for wind generation are closer to the load centres than the hydro stations that form a
major part of Swedish generation, thus saving losses;

e possibly because of the large hydro component, the energy purchased from non-polluting
sources only needs to be balanced with that supplied to consumers over the long term.
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This latter point represents a significant economic benefit for green power supply companies.
3 CONCLUSIONS

Wind energy development in the rural and upland areas of Europe has to consider the particular technical
issues of connection to weak electricity networks. These issues also apply elsewhere in the world, where
very large wind farms with dedicated connections to transmission systems are not possible because of land
usage, population density or market structure. The commercial factors for the sale of wind-generated
electricity emerging within Europe may also be applicable elsewhere in the world, particularly where
electricity markets are being deregu