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Dear Sir or Madam,
T wish to object Strongly against these Proposed wind farmg,

.
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Accordingly I would like o ask for the Publjc Inquiry on both wind farms to pe re-opened in
order for us to have reasonabje time to research fresh evidence and make our case as strong as
possible,
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Objections to proposed wind farms at Carnedd Wen and Llanbrynmair.

v . m

My objections, reviewed in 2016.

I note we are invited to give evidence regarding the impact of the individual impact
of the proposed Carnedd Wen and Llanbrynmair windfarms, their combined impact,
the impact of both or either of these combined with existing wind farms, if we believe
their impact could be mitigated in any way, and any other information that has come
to light.

This matter has only arisen again because of the determination of the wind industry to
get what it wants. It is well known that Big Business has never been known to put
ethical concerns before corporate greed — this should be born in mind when
considering any representation it has to make.

Scenic Impact plus some Environmental Issues (Peat Bog and Flooding.)

Carnedd Wen — This is a wonderful wild upland area, with Carnedd wen itself being
523 metres. Yet a vast number of turbines, more than a quarter of the height of the hill
they stand on, will constitute a shocking eyesore on the way to Machynlleth or
Dolgellau. Even those who don't currently object to wind farms (and for years | was
one of them) are likely to describe that as too much of a “good” thing! They will
stand on peat bog, and so release huge amounts of Co2 into the atmosphere. The
River Dovey rises here, and because of its origins high in the Cambrian Mountains
and its relatively short length, it is prone to flooding and some roads can become
impassable. (Wikipedia). Fortunately there are now no plans to exacerbate flooding
along the banks of the Severn by windfarms under discussion at the 2104 Public
Enquiry. Worcester is temporarily safe, but Machynlleth, with a population of 2,000
plus outlying villages doesn't matter — or doesn't it? It adds weight to the idea that the
area is seen as too remote to matter.

As you know, the Carnedd Wen turbines are so tall, they will also blight the view
from Snowdonia. As the Countryside Act of 1968 states in Point 1 1, Conservation of
Natural Beauty, under the heading: Nature Conservation, National Parks and access
to open country:—

"In the exercise of their functions relating to land under any enactment every

- minister, Government department and public body shall have regard to the
desirability of conserving the natural beauty and amenity of the countryside.".
his Act of Parliament carries great statutory weight and must remain the guiding
principle in matters affecting the countryside. (1).
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I have checked — this law has not changed, so is as important as ever. Why are the
powers-that-be now prepared to ignore it?

Llanbrynmair is so close to Carnedd Wen that the combined effect would be even
worse. Since we already have an overload of windfarms in Montgomeryshire, the
cumulative effect is to turn hills worthy of AONB (Area of Outstanding Natural
Beauty) status into trashed industrial desolation, flagrantly ignoring the Countryside
Act (1) to humour small numbers of developers and shareholders. And what happens
to the promised financial benefits as well as the landscape as soon as the short-term
technology of wind “energy” is replaced by better renewables? Who is going to
restore the area? Will we be left with left with redundant excrescences! Obviously,
extensive damage to a historic landscape can never be completely reversed.

The Power of the Wind.

The power of the wind is the wind speed cubed. Wind turbines only work efficiently
with wind speeds of 40 — 50 mph. At 10 mph, wind power is not a quarter of the
power of a 40 mph wind. It is 1.56% of the power! (2).

Montgomeryshire is not a windy county, and it has not become windier since the
Public Enquiry!

Therefore these wind farms will not add appreciably to our supply of green energy.
They will merely make money for the industry, to the detriment of the areas where
they are sited.

As I stated before, the Advertising Standards Authority has called wind farm
promoters to account for misrepresenting the efficiency of turbines in displacing
carbon emissions. (3). All the wind industry's evidence needs to be double-checked to
see if their figures take windless periods into account. The industry claims that the
entire country is only windless for one hour every five years, yet when a large part of
the UK has windless conditions, the rest frequently only experiences light winds. In
view of the rate at which wind power diminishes, they are insufficient to make up a
deficit.

Also, Eric Rosenbloom states in the shortest version of "A Problem with Wind
Power" (4), a problem about sites with good strong winds is that they are too windy.
The turbines can't handle strong gusts and automatically shut down, (typically around
55 mph). So "good" sites turn out to be very little more productive than less windy
ones. As I said before, this a splendid reason for leaving our hills alone, to contribute
to the economy as they do at present!
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This was written a few years ago. Has the situation *Genuinely* improved (as
opposed to listening to industry spin?)

Do the industry's figures now include parasitic consumption, for example, for de-
icing blades? (5.)At the time of my previous submission, this was omitted to make
their figures of net energy production look better.

Last night, working against the clock, I found a paper by Professor Gordon Hughes,
published by the Renewable Energy Foundation, about wear and tear on turbines. He
established that turbines are unlikely to last nearly as long as the industry forecasts.
(6). (Evidence I haven't seen before!) This was published in 2012, but do newer
turbines really last any longer?

Professor Hughes said: “It might be expected that the average performance
of recently installed units would be higher than that of older units. This should reflect
improvements in turbine design and reliability as well as in the identification of good

sites for wind generation. However, that is not the pattern for onshore wind farms in
the UK

“Not only is the performance of the onshore wind plants in the UK commissioned in
recent years significantly worse than that for wind farms commissioned before 2005 )
but it is possible that this is a direct consequence of an overly rapid expansion of
capacity. In essence, the evidence suggests that the industry does not have the
capability to identify, develop and operate new onshore wind farms at the rate
envisaged by UK government targets while maintaining a satisfactory average level
of performance.

On Page 18, diagrams show why less can be expected of wind farms in Britain
compared with wind farms in Denmark.

Professor Hughes went on to conclude: “This is consistent with a pattern in which the
most favourable sites are developed first. Equally, it could mean that wind developers
have been unable to keep up with the rate of new investment while maintaining the
quality of development and operations. For example, the site design or selection of
turbine characteristics may make less effective use of the available wind resources for
the sites available than was the case in the past.

“Whatever the reasons, the deterioration in initial performance means that the
expected returns from the expansion in wind capacity, both for investors and in terms
of the reduction in CO2 emissions, have been falling without a concomitant decrease
in the private and social costs
that are borne by customers and the general public. Clearly this is unsatisfactory at
best and it suggests that the benefits claimed for current policies cannot be taken at
face value.”
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The wind industry didn't like this — but they were hardly likely to!

The blades also need to be cleaned of dead insects regularly, because the build-up can
reduce their efficiency by 25%.(7.)

The question is — have these issues improved? There is some hope of keeping
blades cleaner of insects, according to Veldkamp of the Energy Center of the
Netherlands in Petten (7). According to Professor Hughes, it sounds doubtful.

We should never overlook the wisdom of Jack Steinberger, who won the Nobel Prize
for science, and now studies renewable energy. In his words: "Wind is not the future”.
He went on to say that "wind represents an illusory technology — a cul-de-sac that
would prove uneconomic and a waste of resources in the battle against climate
change." (8).

What's good enough for a winner of the Nobel Prize is surely good enough for us!
Tourism.

The main source of income of Powys is tourism. In 2012 it brought £656,000,000
into the county (9), but it can be seen from the latest STEAM report (2013, pdf 10,)
that figures are falling slightly £653,370.000. Surveys commissioned by the wind
industry attempt to prove that most tourists do not object to wind farms. Please bear
in mind that surveys normally “prove” whatever the commissioning body wants them
to prove. These turbines are inordinately large in proportion to the hills they will
stand on and movement draws the eye, therefore they will dominate the view no
matter where they are placed.

Yet the industry claims that these giant turbines blend into the landscape and only a
vocal minority objects! As I've already shown, the wind industry bends the truth
when it comes to protecting financial interests, so surely it's right to exercise a certain
amount of suspicion regarding their “surveys”, and montages of turbines softly
blending into the landscape.

Main roads. The AILS (abnormal indivisible loads) involved in construction
will obviously produce traffic jams, which repel tourists. These will be ongoing
because turbine blades break. As my MP, Glyn Davies, points out on his website, the
movement of turbine parts for another wind farm is taking place during August, the
peak season for tourists. Apparently the wind industry doesn't take this intto account.

~ Minor roads. The proposed sites can only be reached by widening these lanes.
This involves the destruction of mature trees and hedgerows. These have been
growing for hundreds of years, therefore new planting will not mitigate the effect in
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our lifetimes. On hillsides, this damage will be visible from other roads, and from
footpaths that otherwise attract visitors.

These points are unchanged. They strongly deter tourists, so are critically important
to the local economy. If the countryside is treated with respect, tourists are a reliable
ongoing source of income, unlike payments from the wind industry, which can end
when the wind farm is no longer viable. All are critically important to the local
environment, and should not be set aside.

I note a sentence in a Regeneris report to the effect that if people don't spend money
in one place they will spend it in another, so overall the effect on the area is the same.
In other words, it is “acceptable” for some areas to be spoiled!

If the people canvassed in a survey are indifferent to changes in Mid-Wales. “Well,
they've got to put the wind farms somewhere...” why are their opinions as important
as those of people who have educated themselves on the subject? It lends strength to
the viewpoint that Montgomeryshire has been dumped on because it is viewed as
remote, with relatively few people here to complain.

Would indifference be the same if the turbines were:

a. Situated in the Cotswolds?
b. Situated on brownfield sites near these people's homes?

The Tourism Company's Mid Wales Regional Tourism Strategy states that tourism is
inordinately important. (11).

Payments to local people and organisations.

People can jump at the apparently generous sums of money for community projects
given by wind companies to win people round, Surely the industry gives benefits
only to remove local objections, not out of genuine concern for the community. How
long do the benefits last? Are they unaffected by the end of subsidies for onshore
wind? If the companies go out of business, what then? The words 'bribe’ and
'transient' come to mind...

What these communities need is an honest appraisal of benefits brought versus
damage caused. Did they receive such an appraisal, or was potential damage glossed
over with spin?
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Well-being, and its benefits to the wider economy.

I stated this before but an including it because it is far too important to overlook;
neither has it diminished since the Public Inquiry.

The population of the West Midlands is 5.6 million, (12), so with a UK population of
63 million, nearly 10% of the UK population lives within easy reach of these hills.
The cost to the economy of work related stress is nearly £6.5 billion. (13). This
causes workers to lose 10.4 million working days, one of the highest average days
lost per case figure amongst the recognised health complaints. (14, Page 2).

The cost of mental illness to the economy every year is £105.2 billion pounds. (15,
Page 2). This includes direct costs of services, lost productivity at work, and reduced
quality of life. The Health and Social Care Act 2012 makes it explicit that mental
health problems should be treated as seriously as physical health problems.

Meanwhile, enjoying the great outdoors is nature's own stress buster. (16). How much
worse would the situation be without our tranquil hills? But if you are stressed out at
work most of the time, do you really want to waste your precious leisure time getting
stressed out in a traffic jam?

The figures above show that the hills of Mid-Wales, in their present state, have a
value to the economy of many millions of pounds, not just to local businesses, but
also to economies in the West Midlands and elsewhere. Just what percentage of all
UK businesses are involved? What alternative weekend destinations, easily reached
from the West Midlands, offer the same level of peace and quiet? To commit
irreversible damage by going ahead with the proposed highly visible wind farms and
pylons and all the alterations to access roads, in the hope that people will accept so
much industrialisation, continues to seriously jeopardise this state of affairs.

Since the many thousands of wind turbines worldwide haven't reduced global
warming by even half a degree, why exactly are those under consideration going to
make a difference?How exactly can they make a difference? Surely the only
difference lies in the companies' profit margins!

Neodymium.

Are the proposed turbines now free of neodymium? If not, does it still come from
Baotou in China, an area like the Desolation of Mordor? (17.)Are the turbines as
much at risk of catching fire as their predecessors, because if so, fires in giant
turbines cannot-be put out (18) and so neodymium oxide, the most toxic substance on
earth, will still be blown around the area by the wind.
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As I wrote — If you eat Welsh Lamb, beware! It can enter the human food chain!

Similar problems exist downwind of coal-fired power stations, but surely we are
trying to overcome these problems , not replicate them! Try searching the websites of
Greenpeace and FOE for neodymium. There's no mention of it... (19).

Also, do turbines still catch fire, and how can they be put out? (1 8.)

Wildlife.

I posed the question:
How many water birds, otters, and endangered water voles live, not only in the Welsh
hills, but down the courses of the Severn and Wye? (20, 21.)

Fewer than before because they get scarcer all the time! If it wasn't for the very
tight time constraints, I would be able to produce well-researched figures.

Most birds are in decline everywhere, so whether you accept the numbers killed by
cats or not, this is not an excuse for killing even more!

We have to teach children to look out for traffic, but how can we teach birds to
look out for turbines?

There is an argument that quotes the number of birds killed by cars, cats and so on,
then states an allegedly lower number killed by turbines. This follows the aesthetic
argument that the landscape is already blighted in many ways, so why not blight it
some more?

I've been an ornithologist for nearly 70 years and, as I said before, I'm aware that
numbers of even common birds like sparrows and starlings are going down. It
follows that bird populations need all the help and protection we can give them.
Fatalities have been under-reported, either because of scavengers, because wind farm
employees don't search over a sufficiently wide area, or because they actually hide
carcasses. (22 — 27).

Ornithologists employed to do studies can lose their jobs if their findings disagree
with the requirements of the industry, so they humour the hand that feeds them. I
found evidence of the duplicity of the RSPB, with an open letter questioning their
policy of claiming that turbines don't automatically endanger birds, while recetving
money from the wind industry with soothing noises about birds avoiding “carefully
sited” wind farms, or flying past unharmed. This can be shown to be spin intended to
pacify supporters. I am unaware that they have changed their policy. (27 —29).
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Whenever a turbine is stationary, birds are attracted to it because they instinctively
feel safe perching as high as possible.

Although most birds are hit by rapidly turning blade tips that can throw their bodies
outside a search area, people wonder how birds can fly “stupidly” into wind turbines.
The answer — their eyes are set on the sides of their heads so they don't have forward-
facing vision like us, to see things straight ahead that have never existed before in the
millions of years since they evolved (30).

I have a photo published to show Red Kites allegedly avoiding

turbines. (31). In fact it proves that kites not only circle around turbines, so can
easily turn into the path of a descending blade, but also that wind farms are not
“carefully sited” away from birds. This photo can be reasonably compared to a photo
of children playing on a busy trunk road! Would we respond with attitudes like: “This
pair has crossed without being hit, so it must be safe to let others copy them...”? Yet
children are more intelligent than red kites and traffic is slower than whirling blade
tips — they go much faster than the slowly turning centre.

Bats, swifts, and swallows are worth billions to the economy.

No-one yet knows why flying insects are attracted to turbines, but wherever there are
large gatherings, winged predators will follow. Being focused on their prey, not
danger from above, swallows and swifts fall victim like the kites. (32). All bats are
protected species, and are affected by the different air pressures around swooshing
turbine blades. They suffer barotrauma and their lungs explode. (33 — 34). Swifts,
swallows and bats are worth billions to the economy because they prey on insects that
invade crops, so reducing the need for insecticides. (35).

[There is a difference between the natural extinctions that have always occurred and
extinctions caused by us. (36) In Nature, species have time to evolve — when we
interfere they are wiped out before they have any chance to evolve. Therefore
extinctions caused by humanity are not the same — they are far more serious.]

Searching the internet, I have found articles that admit some fatalities, but predictably
go into denial over the massive impact on populations. I've also seen attempts to
debunk this article based on the fact that Mr Hambler hasn't put his figures for bird
deaths into a wider perspective; however these articles ignore the basic fact that, as
I've said before, despite the success of some, most birds species are in decline and
every avoidable death is a greater threat to their future.

Authors of many of these papers. Clive Hambler and Mark Duchamp, have become
colleagues, and shed even more light on the subject in “The Tip of the Iceberg”, (37)
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Their attitude to the slaughter of birds and bats by wind farms is politically incorrect
in a world where we are supposed to believe soothing sounds from organisations like
the RSPB, in receipt of wind industry money.

I believe developers view a number of deaths, over and above those that occur
naturally, as “acceptable”. Don't we have laws in this country against cruelty to
animals? I am not a “bunnyhugger”,but I do practise the virtue of

compassion. I can visualise the suffering of a kite that flops around helplessly with
one wing chopped off until it finally succumbs to gangrene and starvation. What
about the bats? They must suffocate in terror after excruciating chest pain.

We are talking about about significant numbers, not one or two unlucky accidents.
Leaving human motives aside, does this trauma sound any less than the popular
image of fox-hunting? Given that wind energy is deeply flawed in any case, what
business do we have to put a dubious supply of energy before suffering on this scale
when more animal-friendly alternatives deliver more reliable energy? With so many
populations in decline, each dead bird or bat should be seen in the light of the lost
generations that could have descended from it.

>

In Conclusion.

As the Valuing our Environment Partnership concluded in its 2006 review. “The
environment is fundamental to prosperity in Wales”.
(http://www.diamondsinthelandscape.org .uk/voe_review 2001 -
_2006_english.pdf) This is unchanged, so we shouldn't risk trashing it!

Montgomeryshire has countryside worthy of AONB status. It forms a natural bridge
between the Shropshire Hills AONB and the Snowdonia National Park, with no
natural deterioration of the scenery. If developed sympathetically, it could enjoy
prestige and income almost rivalling the National Parks, which would be sustainable
development. Wind projects are likely to be temporary, but permanent damage
committed in their name STILL cannot be over-emphasised! '

The official description of an AONB is that it is an area equal in value to a National
Park and its distinctive character and natural beauty is so outstanding that it is in the
nation's interest to safeguard it. (38).

“In the nation's interest to safeguard it”! This is what Montgomeryshire deserves!

Please! You made the right decision before! Why let it be overturned?
Please!
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http://www.countryguardian.net/When%20the%20Wind %20Blows.htm

" WHEN THE WIND BLOWS"
Faculty of Building Journal, October 2000

The proliferation of commercial wind ‘farms’ is a serious current and long
term threat to the countryside, the range of life forms and the ways of life
that it supports. The reality of the wind industry is a far cry from the
superficially attractive concept of electricity generated by windpower.
Country Guardian (the national campaign to oppose electricity generation
by wind in unsuitable locations and to promote energy conservation)
believes that investing in commercial wind power according to the
Government’s policy to reduce CO2 emissions is misguided, ineffective
and neither environmentally nor socially benign.

The organisation accepts that the countryside and the landscape have
always changed and will continue to do so but is also are concerned about
the type, extent and pace of change. Good planning is about balance. The
irreparable ecological damage, loss of amenity and the distressing divisions
within communities caused by commercial wind turbines far outweigh any
benefit their insignificant and unreliable contribution to our energy needs
may bring with their correspondingly small and uncertain pollution
savings. The significant damage to the countryside and huge financial
burden cannot possibly be justified.

It is the impact of these installations and their side-effects that are opposed
- not wind energy itself. Wind power can be a particularly useful method of
electricity generation for households, farms, estates and small communities
sited away from the national electricity grid. Installations may be
acceptable if they :-

a) do not detract from the natural scale and character of the local and
neighbouring environments.

b) do not endanger people living nearby, or those visiting the adjacent
countryside, either on foot or horse.

¢) do not blight the lives of people living nearby with noise, flicker and
moving shadows.

d) do not create divisions amongst local people.

e) do not lead to people becoming economically disadvantaged through
reduced property values.

f) do not disadvantage the local economy and tourist industry.
Government and Local policy should be supportive of renewable energy
but always provided that it does not create undue adverse impact on the

Page 1 of 7.



countryside. The Countryside Act of 1968 states:-
"In the exercise of their functions relating to
land under any enactment every minister,
Government department and public body shall
have regard to the desirability of conserving the
natural beauty and amenity of the countryside."
This Act of Parliament carries great statutory
weight and must remain the guiding principle in
matters affecting the countryside.

Policy on renewable electricity generation must not be decided by
developers anxious to make money from Government or European
Commission subsidies and grants. The countryside is far too precious to be
a football of political ideologies.

Country Guardian is not a "NIMBY" ("Not In My Backyard") organisation
in the sense as used by the advocates of commercial wind ‘farms’ The
stigma carried by such a label (implying self-interest above all else) is a
very effective and frequently used technique for suppressing questions
from people who quite legitimately and understandably are anxious to
know why gigantic industrial structures are suddenly appearing all over the
land and in their "back yards". The mindless accusation of "NIMBYism" is
contemptible - it seeks to denigrate our basic instincts to preserve our
environment in exchange for abstractions like ‘the global environment’ or
‘a green future’.

The informed public are now aware that these gigantic industrial wind
machines are little more than symbols, or a salve to the ‘green’ and
essentially urban conscience of those who feel powerless to control the
many excesses of our wasteful, polluting society. Country Guardian shares
those concerns but is dismayed at the way in which they are exploited by
those who are able to manipulate public sympathies. Conservation of
energy coupled with restraint in use should be the first priority. It is the
logical and common-sense answer to our energy problems, along with
improving the technology to clean up our fossil fuelled power stations. The
development of clean energy should not entail being stampeded into the
irreversible ruination of our fast-diminishing countryside.

Country Guardian is by no means the only organisation to express deep
concern about commercial windpower. Over the past 10-12 years many

well-known organisations and experts have expressed similar reservations.
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In 1997 the Countryside Commission said:

"We do not feel it makes sense to tackle one environmental problem by
creating another"

The Financial Times (20th May 1999) reported that "The National Trust,
the conservation charity,....denounced the "false hopes and flawed
solutions" offered by many "green energy" schemes, such as wind farms
and wood -fuelled power stations. "We shall not be seduced by what
appears to be 'green' renewable energy solutions which will make little real
difference to fossil use," the National Trust said. The charity added that it
was particularly concerned about wind energy."

Developers claim that wind power makes a ‘significant contribution’ to
offsetting polluting emissions from fossil-fuelled power stations and
thereby reduce the effects of global warming. Professor Ian Fells of
Newcastle University, a world expert on energy, submitted evidence to the
House of Commons, Trade and Industry Committee, Energy Policy, in June
1998, that the [then] world’s total output of wind energy was less than 5%
of the UK’s requirement for electricity. This would mean if all the tens of
thousands of wind turbines in the world could somehow have been centred
on the UK we would still have had to back up their unreliable output with
an equal amount of conventional, reliable power.

In his comment on the HC194-1, Report and Proceedings of the (ETRA)
Committee, Vol.1, Session 1998-1999, Vol. 171-I1. expert Professor M.A
Laughton, FEng, of London University wrote "Nowhere can I find any
mention of reservations expressed by either knowledgeable organisations or
those who wish to protect the environment. Instead the Committee urges
the Government to even greater efforts to produce a wholly unworkable
electricity supply system to the ruination of the landscape."

Edward Luscombe, C.Eng., B.Sc. (Eng.), MIEE says "To us these
windfarms are a disaster in the countryside, we know their effect on
‘global warming’ is pathetically tiny, but to the Government they are seen
as ‘proof positive’ to a gullible populace that something really is being
done to reduce CO2 emissions."

"Prof. David Bellamy writing in the Mid-Wales Journal on Friday July 18th
1997, claimed the turbines did not make much electricity and were a ‘blot
on the landscape’. . ... .. "they are not environmentally friendly."

Philip Stott, Professor of Biogeography, University of London, in a Teletext
of 8th of December 1997 expressed similar sentiments:- "Climate will
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continue to change catastrophically, gradually and unpredictably, whatever
happens at the Kyoto conference. We fool ourselves by thinking that we
can "halt" climate change by fiddling with one or two politically selected
variables".

Repeatedly one hears the phrase that wind energy is "better than nuclear"
from people who are well-motivated but either uninformed or misinformed.
The idea that weather-dependent wind farms’ could cause the closure of
huge nuclear power stations is a myth which is fostered by the proponents
of commercial wind ¢’farms’ in order to discredit their opponents. Of
course, wind power does not replace nuclear or conventional power
stations: it may displace some of their power for those periods when the
wind happens to be blowing between the cut-in and cut-out speeds of
approximately 11mph and 55mph respectively.

However much we dislike nuclear power it is a fact that we obtain 25% -
30% of our electricity from this source and if we cease to use it we shall
have to burn more fossil fuel producing more CO2 where there was none
before. The ‘dash for gas’ and nuclear power have enabled the UK to
achieve its target for 2000. Commercial wind turbines attract huge
subsidies so it is no wonder that the developers are trying to persuade the
government to alter the planning system and deprive the public of their
democratic right to refuse to have these gigantic, inefficient industrial
machines invading and spoiling the countryside and their lives. The wind
industry is run by business men, so naturally their main aim is to make money
— as much as possible. They are not environmentalists nor are they ‘green’.
Country Guardian is frequently informed by councillors and planning
officers that the developers seek to libel our organisation as being ‘funded
by the nuclear industry’. This is simply not true.

The following statements indicate quite the reverse.

Dr. David Lindley of National Wind Power, when speaking in the House of
Lords in 1998 said, "It should be said, first of all, so nobody thinks we are
anti-nuclear, it so happens we all work for companies which are involved in
some way in the construction of nuclear power stations so we are hardly
anti-nuclear".

Dr. Ian Mays, when Chairman of the British Wind Energy Association and
submitting evidence to the Welsh Affairs Select Committee in March 1994
said "The future, I believe, can only be renewables and nuclear in some sort
of combination."
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The public’s real-life experience of commercial wind ‘farms’ is being
expressed all over the UK in the form of rejection after rejection of
planning applications. The Government Inspector, David Lavender, in
1999, dismissed National Wind Power’s Appeal to put the largest wind
‘farm’ in England on Barningham High Moor. Summing up he said:-
"... it seems to me that the individual contribution to energy generation
needs from High Moor would be insignificant and unreliable, and that
pollution savings would be both correspondingly small and uncertain."

He concluded that he could find:". . . nothing to persuade me that the
desirability of exploiting a clean, renewable energy resource at this
prominent skyline site outweighs other important policy considerations
which include avoiding damage to attractive areas of landscape."

>

The following points may help to illustrate how the Inspector could reach
such a decision :-

1) "A five-fold increase in wind turbines would only replace1/1000th of the
fossil fuel use in the UK." (National Trust. "A Call for the Wild", May
1999)

2) Government figures for windpower (UK), year ending June 1998, show
an average 26.7% output of capacity from a total installed capacity of 318
MW. Result - about 85 MW of an intermittent supply of electricity
(dependent on back-up) from nearly 750 wind turbines. This would not be
enough to run the QE2 at maximum power. The QE2 generates 90MW
when operating at maximum power - "sufficient to light up the whole of
Southampton" (Captain Carr). The supply is reliable.

3) Statistics, based on ETSU figures for year ending June 1998, show the
average capacity of output from all the wind ‘farms’ in Wales (nearly 350
wind turbines) at 24.4% of their total 143 MW.of installed capacity. Result
- 35 MW of an unreliable, intermittent supply of electricity - less than half
of the 90MW of reliable electricity needed to operate the liner QE2 on
maximum power. '

4) In 1997, in a nationwide press release, the Wind Energy Industry
proclaimed that in 1996 a "record" 505 million units of electricity were
produced from over 550 wind turbines. To put this apparently impressive
figure into perspective it should be explained that this was 0.15% of the
UKC’s total supply for 1996. Moreover, the average annual increase of
supply in electricity from 1992 - 1997 (and since the advent of wind
‘farms’) has been 2.4%. So, just to meet that average annual increase in
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supply would have required a 16- fold rise in wind power . No
conventional power stations could close as a constant, reliable equivalent of
back-up supply must be available at all times.

5) The Anglesey Aluminium Metal Ltd needs 220MW of constant,
uninterrupted, reliable power. The unreliable, average output of 22 wind
‘farms’ the size of Carno, Wales (reputedly the largest one in Europe)
would merely match the needs of Aluminium Metal Ltd. Owing to the
unpredictable, intermittent nature of the wind it can never replace the
reliable, constant 220 MW of conventional power necessary for the
functioning of the factory. Deprived of electricity for over 6 hours the plant
would be damaged to such an extent that it would be uneconomic to reopen
it.The factory supports 630 jobs and about twice that number in

associated jobs.

6) "Connah’s Quay gas-fired power station which can power half the
homes and factories of Wales........... and Powergen’s other CCGT plant has
reduced its CO2 emissions by 11 million tonnes a year - a third of the UK’s
target for CO2 reduction. The project created or secured 8,000 jobs and all
of the 500 contractors and consultants were based in the UK." (DTI Press

Release 4/7/97)

7) The Baglan 500 MW gas-fired power station, the "most efficient and and
cleanest of its kind in the world", will cover aboutl5 acres and produce 500
MW of reliable power. The Carno wind ‘farm’ - spread over about 1500
acres - produces an average tiny intermittent, unreliable trickle of 10 MW
of electricity.This is delivered to the National Grid by 24 kilometres of new
overhead line across previously uncluttered countryside. No wonder that
Matt Ridley says natural gas is "a less environmentally damaging way to
generate electricity than wind power." (Daily Telegraph, 26/4/99.)

8) The following statistics are based on the "best performance" (1.8MW,
rated as "excellent" by the EU!) of the Cemaes wind ‘farm’ to date - i.e
25% of capacity. On that basis the six 400 kW wind turbine extension
proposed will produce an intermittent, unreliable 5,256,000 units p.a. Drax
power station can produce 4,000,000 units in one hour.Therefore Drax
could produce the annual output of the proposed Cemaes "B" extension in
less than one and a half hours.The total 25 - year life output of the Cemaes
"B" extension could reproduced by Drax in about one and a half days.

"The Scientist [Dr. James Hansen of NASA's Goddard Institute for Space
Studies in New York] who alerted the world to the consequences of the
greenhouse effect admits today that carbon dioxide from burning fossil
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gases, such as methane and chlorofluorocarbons . , . . | : (DailyTelegraph,
17th August,2000)

The tranquillity of the countryside is an important component of sustainable
development. How oes this square with the extensive scale of on-shore wind
energy proposed in the Government’s renewable energy Programme? We have

will be, with the trye facts, I doubt if they will forgive us.
October 2000
Angela Kelly, Chairman, Country Guardian,

Website: WWW.countryguardian.net
(Article re-printed here by courtesy of the F aculty of Building)
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The wind power varies with the wind speed cubed.
Letters, Daily Telegraph, 4 September 2007

Sir, There is an old saying: "No one ever built a windmill if he could build
watermill." The wind is an unreliable source of power. It seldom blows steadily and
sometimes not at al]. -

The power generated by the wind varies with the cube of the wind speed. That means
that if the wind speed drops from 40mph to 20mph, the power output does not drop
by 50 per cent: it drops by 87.5 per cent. At 10mph, the wind produces only 1.56 per
cent of the power generated by a 40mph wind.

The wind can never become a major source of power.

Norman Plastow, Hon Curator, Wimbledon Windmill Museum » London SW19
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http://www.telegraph.co.uk/earth/energy/windpower/3867232/Promoters-overstated-the-
environmental-benefit-of-wind-farms.htmi

Telegraph.

Promoters overstated the environmental
benefit of wind farms

The wind farm industry has been forced to admit that the
environmental benefit of wind power in reducing carbon
emissions is only half as big as it had previously claimed.

It will be regarded as a concession that twice as many wind
turbines as previously calculated will be needed to provide the
same degree of reduction in Britain's carbon emissions

By Patrick Sawer
10:28AM GMT 20 Dec 2008

The British Wind Energy Association (BWEA) has agreed to scale down its
calculation for the amount of harmful carbon dioxide emission that can be eliminated
by using wind turbines to generate electricity instead of burning fossil fuels such as
coal or gas.

The move is a serious setback for the advocates of wind power, as it will be regarded
as a concession that twice as many wind turbines as previously calculated will be
‘needed to provide the same degree of reduction in Britain's carbon emissions.

A wind farm industry source admitted: "It's not ideal for us. It's the result of pressure
by the anti-wind farm lobby."

For several years the BWEA — which lobbies on behalf of wind power firms —
claimed that electricity from wind turbines 'displaces' 860 grams of carbon dioxide
emission for every kilowatt hour of electricity generated.

However it has now halved that figure to 430 grams, following discussions with the
Advertising Standards Authority (ASA).

Hundreds of wind farms are being planned across the country, adding to the 198
onshore and offshore farms - a total of 2,389 turbines - already in operation. Another
40 farms are currently under construction.

Experts have previously calculated that to help achieve the Government's aim of
saving around 200 million tons of CO2 emissions by 2020 - through generating 15
per cent of the country's electricity from wind power - would require 50,000 wind



turbines.

But the new figure for carbon displacement means that twice as many turbines would
now be needed to save the same amount of CO2 emissions. '

While their advocates regard wind farms as a key part of Britain's fight against
climate change, opponents argue they blight the landscape at great financial cost
while bringing little environmental benefit.

Dr Mike Hall, an anti-wind farm campaigner from the Friends of Eden, Lakeland and
Lunesdale Scenery group in the Lake District, said: "Every wind farm application
says it will lead to a big saving in the amount of carbon dioxide produced. This has
been greatly exaggerated and the reduction in the carbon displacement figure is a -
significant admission of this.

"As we get cleaner power stations on line, the figure will get even lower. It further
backs the argument that wind farms are one of the most inefficient and expensive
ways of lowering carbon emissions."

Because wind farms burn no fuel, they emit no carbon dioxide during regular
running. The revised calculation for the amount of carbon emission they save has
come about because the BWEA's earlier figure did not take account of recent
improvements to the technology used in conventional, fossil-fuel-burning power
stations.

The figure of 860 grams dates back to the days of old-style coal-fired power stations.
However, since the early 1990s, many of the dirty coal-fired stations have been
replaced by cleaner-burning stations, with a consequent reduction in what the
industry calls the "grid average mix" figure for carbon dioxide displacement.

As a result, a modern 100MW coal or gas power station is now calculated to produce
half as many tonnes of carbon dioxide as its predecessor would have done.

The BWEA's move follows a number of rulings by the ASA against claims made by
individual wind farm promoters about the benefits their schemes would have in
reducing carbon emissions.

In one key adjudication, the ASA ruled that a claim by Npower Renewables that a
wind farm planned for the southern edge of Exmoor National Park, in Devon, would
help prevent the release of 33,000 tonnes of carbon dioxide into the atmosphere was
"inaccurate and likely to mislead". This claim was based on the 860-gram figure.

The watchdog concluded: "We told Npower to ensure that future carbon savings
claims were based on a more representative and rigorous carbon emissions factor."

The ASA has now recommended that the BWEA and generating companies use the
far lower figure of 430 grams. '

In a letter to its members, the BWEA's head of onshore, Jan Matthiesen, said: "It was
agreed to recommend to all BWEA members to use the single static figure 0of 430 g
CO2/kWh for the time being. The advantage is that it is well accepted and presents
little risk as it understates the true figure."



This is now the figure given on the BWEA's website. The organisation will also be
forced to lower its claim for the total amount of carbon dioxide emission saved by the
2,389 wind turbines currently operating around Britain.

But the association denied the change weakened the case for wind farms.

Nick Medic, spokesman for the BWEA, said: "Wind farms are still eliminating
emissions. The fact is that fossil fuel burning power stations belch out CO2 and wind
farms don't. That has not changed, :

"The fact is we need to reduce carbon emissions, however you account for them. But

there are people who just don't like wind farms and will use any argument against
them."



"
-
1
yos-
"
-
T
'
- .
.

.
o -
. -
. .
.
. i
. [ .
-
v
-
. »
.
v
-
w
'
v '
'
.
i
v
' i
e
o
-
.
i
i
.
.
-
- ~
- -
.
- .
.
.
.
"
-
-




http://www.aweo.org/windgrid.html

A Problem Wlﬂl Wind POW@ (shortest version)

by Eric Rosenbloom

The biggest problem with large-scale wind-powered electricity
generation is the grid. A home system can work well because the
fluctuating output (even in the windiest places it is highly
variable) can be regulated by batteries, and another source (the
grid or a gas-powered generator) is tied in to kick in when need
be. This is the model where larger systems work in isolated
villages, too. '

But industrial-scale wind plants designed to supply the grid do
not work well, even where the wind is superb. The grid is meant
to respond to demand, constantly modulating the various
suppliers to match the demand exactly. Wind plants respond only
to the wind, forcing the more controllable "conventional" plants
to change their output in response to wind production as well as
to grid demand. And the need to respond within seconds to a drop
in wind production requires a plant that runs more inefficiently
than one that could run if the grid didn't have to cope with the
unpredictable fluctuations of significant wind-powered sources.
That is to say, wind farms may actually cause more fossil fuel
burning.

The huge turbines designed for the grid can't work without
electricity from the grid, either. They produce on average 25%.-
35% of what they are capable of, but they are using electricity
(apparently free) 100% of the time.

And a problem about sites with good steady strong winds is that
they are foo windy. The turbines can't handle strong gusts and
automatically shut down (typically around 55 mph). So "good"
sites turn out to be very little more productive than less windy
ones.

-- December 2004
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Cold Weather Issues

There are three general issues important to the operation of wind turbines in cold
weather. These issues could be classified under three categories: - the impact of low
temperatures on the physical properties of materials

- the ice accretion on structures and surfaces
 the presence of snow in the vicinity of a wind turbine

Cold weather operation of wind turbines require that these issues be examined in the
design or at least in the phase preceding the installation of the turbines in their
working environment. Not doing so would mean prolonged period of inactivity
required for safety purposes or because turbines inability to perform satisfactorily.

Low Temperatures

Low temperatures affect the different materials used in the fabrication of wind
turbines, usually adversely. Structural elements such as steel and composite material
all see their mechanical properties changed by low temperatures. Steel becomes more
brittle; its energy absorbing capacity and deformation prior to failure are both
reduced. Composite materials, due to unequal shrinkage of their fiber/matrix
components, will be subjected to a residual stress.

If this stress is sufficient, it can result in microcracking in the material. These
microcracks reduce both the stiffness and the impermeability of the material, which
can contribute to the deterioration process (Dutta and Hui, 1997). Low temperatures

can also damage the electrical equipment such as generators, yaw drive motors and
transformers.

When power is applied to these machines after they have been standing in the cold



for a long period, the windings can suffer from a thermal shock and become
damaged. Gearboxes, hydraulic couplers and dampers suffer from long exposure to
cold weather. As the temperature goes down, the viscosity of the lubricants and
hydraulic fluids increases up to a point where at —400 F, a chunk of heavy gear oil
could be used to pound nails (Diemand, 1990).

Damage to gears will occur in the very first seconds of operation where oil is
verythick and cannot freely circulate. In addition, due to an increase in internal
friction, the power transmission capacity of the gearbox is reduced when the oil
viscosity has not reached an acceptable level.

Seals, cushions and other rubber parts loose flexibility at low temperatures. This may
not necessarily result in part failure but can cause a general decline in performance. A
typical rubber part can see its stiffness augmented by a factor of 8 at a temperature of
-400F (Brugada, 1989). Brittleness also increases which changes impact resistance
and makes the part prone to cracking (Brugada, 1989).

Icing

Icing represents the most important threat to the integrity of wind turbines in cold
weather. .... Wind turbines must therefore be able to sustain at least limited icing
without incurring damage preventing normal operation. Furthermore, it is advisable
that power production be maintained in moderate icing for the following reasons:

- To minimize downtime period and benefit from the more favorable winter winds
- To keep the rotor turning and therefore limit the ice growth to leading edge part of
the blade that is likely fitted with some ice protection equipment

The icing likely to form on wind turbine blades is of two kinds: glaze and rime. Glaze
ice is the result of liquid precipitation striking surfaces at temperatures below the
freezing point. Glaze is rather transparent, hard and attaches well to surfaces. It is the
type of icing encountered during ice storms. ...

Rime ice occurs when surfaces below the freezing point are exposed to clouds or fog
composed of supercooled water droplets. Its white and opaque appearance is caused
by the presence of air bubbles trapped inside. Rime ice is of primary importance in
high elevation locations such as hills or mountaintops. ....

Ice collects on both the rotating and non-rotating surfaces. The most adverse effect of
icing occurs on the rotor itself. Its consequences on the rotor are the following:

. Interfere with the deployment of speed limiting devices such as tip flaps or movable
blade tip



- Increase the static load on the rotor
- Change the dynamic balance of the rotor, thereby accelerating fatigue
- Reduce the energy capture by altering the aerodynamic profile of the rotor

- Ice fragments can be propelled and represent a safety hazard for population and
property in the vicinity of wind turbines. Larger chunks can also strike the rotor and
damage it. Ice also accumulates on fixed structures such as nacelles, towers and
adder, making periodic maintenance more difficult by preventing easy access to
turbine components. It can interfere with the normal functioning of pitch control and
orientation mechanisms. Finally, the presence of ice on structural elements increases
both the static loading and the wind loading due to an augmentation in surface area.

Snow

Due to its very low specific gravity, snow is easily carried by wind. It can infiltrate
almost any unprotected openings where an airflow can find its way. Wind turbine
nacelles, i.e. the housings that contain the gearbox and the generator, are not
necessarily airtight compartments.

In fact, they incorporate many openings in order to provide a supply of fresh air for
cooling purposes. Hence, snow can accumulate inside the nacelle and damage the
equipment. This could prove very detrimental for the electrical machinery. On the
other hand, snow could also obstruct these openings and prevent normal circulation

of air. It is suggested to use deflectors or baffles in order to keep these openings free
of obstruction.

High Elevations

In the Northeastern U.S., the most suitable sites for wind turbines are frequently
mountains or ridgetops. These also are areas where wind turbines are more
susceptible to rime ice due to the relative proximity of low-level clouds. Bailey
(1990) suggests that during cold weather at altitude about 2300 ft, rime ice can be

expected approximately 10% of the time. This figure jumps to 20% for altitude above
3000 ft. '

Lower Elevations

The type of meteorological hazard most likely to happen at lower elevations is glaze
ice. Bailey (1990) suggests that glaze ice events are of short duration and light in
intensity but the January of 1998 northeast ice storm proved otherwise. One could



only observe the magnitude of the damages inflicted to trees and power lines. It could
also suggest that the weather patterns are changing and become more dependent on
global meteorological phenomena.

Icing

Wind turbine icing has received a lot of attention in the recent yeats. As wind energy
was developing in Scandinavia and in the highlands of Germany, icing was quickly
identified as an area of uncertainty. Hence, research has been undertaken to identify
and model the type of icing wind turbines would be subjected to. Efforts have also
been done in the area of icing prevention technologies.

Active de-icing methods have been investigated. They come directly to us from the
aeronautical industry. They consist of thermal, chemical and impulse de-icing. In
thermal deicing, electrical elements, similar to the one found on the rear window of a
car, can be used to warm and melt the ice accumulation off the blades.

Existing research in wind turbine active icing prevention has focused on thermal de-
icing. Based on early work in Europe, Jasinski et al. (1998) indicate that thermal anti-
icing requires an amount of heater power equal to at least 25% of the turbine
maximum rated power. Recent work conducted in Europe indicates that the early
estimate in anti-icing power requirement can be revised down. They now claim that
the power requirement ranges between 6 to 12% of the output for 1000 to 220 kW
turbines

respectively.

In a comprehensive wind turbine icing prevention approach, sensors that could detect
the build-up of ice on the rotor could be considered. Such devices already exist for
the aeronautical industry. They consist of detection sensors and a control unit. The
control unit processes signals received from the sensors and activates the ice removal
mechanisms. A similar system could be adapted to work on wind turbines and insure
automatic de-icing operations.

European nations involved in wind energy research:

JOULE III Wind Energy in Cold Climate (WECO) Project, co-funded by the
European Commission —

The BOREAS Conferences VTT Enetgy - The leading institute in research on wind
energy in Finland

FMI Energy — The Finnish Meteorological Institute

DEWI — Deutsches Windenergie-Institut

Additional research should be carried out on icing and its effects on wind turbine
operations. The following subjects could be of interest:



+ The long term effect of icing, especially on blade fatigue

- Is the blade more prone to collect ice when at rest or when running, the answer
could be different whether glaze or rime ice is involved

- The ice collection pattern, is it similar to aircraft icing or is it more random in
shape? :

- What part of the blade is more prone to icing, the root or the tip?

- What is the energy loss associated with icing?

So far, the research in icing seems to have focused on rime ice. This is due maybe
because this is a better understood phenomena and also this is the sort of icing
occurring where icing on wind turbine is a concern and where research has begun on
this subject. '

Available weather data suggest that this is not necessarily the type of icing most
likely to occur in the lower elevations of New England. Therefore, documenting glaze
ice on how it forms, its occurrences throughout New England and its impact on the
utilities among others, is something that seems valuable to undertake.

An investigative effort could be done in the area of ice monitoring. For instance, the
anemometer stations could also be fitted with icing detectors to evaluate the duration
of each icing episode and the total number of hours during a season. Although there
are different types of ice detectors available, their general operating principle is the
same: they sense a change in properties resulting from an accumulation of ice.

Some work by detecting the frequency variation in a sonic or vibratory wave while
others monitor the capacitance between metal strips. The Rosemount ice detector
uses the frequency shift principle (Ryerson, 1988). Researchers from CRREL have
used it to study the ice growth on the summit of two New England mountains.
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from participants in those events. ‘
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Note on the Data

For the convenience of interested researchers both the raw and cleaned data employed in this analysis will
published alongside the electronic version of the study on the REF website: www.ref.org.uk.
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Executive Summary

L. Onshore wind turbines represent a relatively mature technology, which ought to have achieved
4 satisfactory level of reliability in operation as plants age. Unfortunately, detailed analysis of
the relationship between age and performance gives 2 rather different picture for both the
United Kingdom and Denmark with a significant decline in the average load factor of onshore
wind farms adjusted for wind availability as they get older. An evemrmore dramatic decline is
observed for offshore wind farms in Denmark, but this may be = reflection of the immaturity
of the technology.

2. The study has used data on the monthly output of wind farms in the UK and Denmark reported
under regulatory arrangements and schemes for subsidising renewable energy. Normalised
age-performance curves have been estimated using standard statistical techniques which allow
for differences between sites and over time in wind resources and other factors.

3. The normalised load factor for UK onshore wind farms declines from a peak of about 24% at
age 110 15% at age 10 and 11% at age 15. The decline in the normalised 16ad factor for Danish
onshore wind farms is slower but still significant with a fall from a peak of 22% to 18% at age 15.
On the other hand for offshore wind farms in Denmark the normalised load factor falls from
39% at age 0 to 15% at age 10. The reasons for the observed declines in normalised load factors
cannot be fully assessed using the data available but outages due to mechanical breakdowns
appear to be a contributory factor.

4. Analysis of site-specific performance reveals that the average normalised load factor of new UK
onshore wind farms at age 1 (the peak year of operation) declined significantly from 2000 to
2011. In addition, larger wind farms have systematically worse performance than smaller wind
farms. Adjusted for age and wind availability the overall performance of wind farms in the UK
has deteriorated markedly since the beginning of the century.

5. These findings have important implications for policy towards wind generation in the UK, First,
they suggest that the subsidy regime is extremely generous if investment in new wind farms
is profitable despite the decline in performance due to age and over time. Second, meeting
the UK Government’s targets for wind generation will require a much higher level of wind
capacity - and, thus, capital investment ~ than current projections imply. Third, the structure
of contracts offered to wind generators under the proposed reform of the electricity market
should be modified since few wind farms will operate for more than 12-15 years.
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of the market price for about 12.5 years of operation at a typical load factor.? Offshore capacity
is eligible for a similar price premium but most of it is contracted via tenders that offer a guar-

The Performance of Wind Farms in the United Kingdom
and Denmark

introduction

Any assessment of the costs of wind power must rely heavily upon assumptions about the
average load factor that will be achieved by new wind installations over their lifetime. It is

anteed feed-in tariff, The tender tariffs have varied from £56 per MWh to twice that figure
extending over 16-18 years of operation at a typical load factor.

Age-performance curves

5. A standard indicator of the operating performance of a wind turbine is its normalised load
standard practice to calculate average load factors by year and country for onshore and offshore ] . . .
imstallati h in Table 1 ( 40)} H ch estimates do Dot 4 factor defined as the total output over some period divided by the maximum potential output
ns ons as sho e age 40).! However, such es| es do no e .
l arions S o " ° not provice 2 adjusted for wind availability. Normalisation for wind availability is not straightforward. If
reliable statistical basis for assessing the future performance of wind farms in aggregate. Part . ) i . . .
detailed data on wind speeds at specific locations is available, then the potential output from
of the reason is that the amount of wind in any month or year is influenced by long term mete- i . i i i}
) R L individual turbines or wind farms can be calculated using standard power curves. Since wind
orological cycles that have periods of many years, notably the North Atlantic Oscillation. In i . i K .
. . . .. . speeds can vary substantially over small distances, such calculations are both difficult to imple-
addition, average load factors do not allow for changes in the composition of wind installations i ) . )
i i ment and prone to errors when applied to large numbers of wind generators using public
by location, age, size and other factors.
sources of data.*
As the number of wind farms operating in developed countries has grown, engineers have an .
. E 'g E i & i & 6.  Many analyses work in the opposite direction. For example, the Danish Wind Index - the
opportunity to analyse operating experience over extended periods of time. With any (relatively) . . i
o longest running series of data on wind availability in Europe - is constructed from the common
novel technology the incidence of temporary or permanent breakdowns may be expected to fall ' . . . )
i L . i component of monthly variations in wind output from a large sample of wind turbines.® This
over time, so it is difficult to disentangle the effects of age on operating performance from the X e
. . . study adopts a similar approach. Wind availability is treated as an unobserved factor whose
technological immaturity of turbines installed 10 or 20 years ago. Nonetheless, the technology L . )
. i i contribution to monthly variations in wind output is estimated by a series of fixed period
for onshore wind turbines has been reasonably mature since the early 2000s. This is documented ( thiyear) effects i catistical model of th ¢ for all wind farms. Th
month/year) effects in a statistical model of monthly output for all wind farms. The reasons
by data produced by the US Department of Energy which shows that the decline in capital costs b Y outp X
K . K for adopting this approach are discussed in Section D of the Appendix. This explains why the
that is characteristic of immature technologies slowed after 2000 and was reversed after 20042 . . . X
method must perform better than the feasible alternative of using a single index of average
With at least 10 years of operating data since 2000 it should be possible to examine how the wind speed for the UK or Denmark.
typical operating performance of wind installations in the United Kingdom and Denmark . R
. ) ) . . 7. The analysis relies upon standard techniques that are widely used in the biological and medical
varies with the age of the turbines. The estimated age-performance curves should then be .
. , = . i . sciences as well economics and engineering. Full details are given in the Appendix. The idea is
incorporated in estimates of levelised costs, which are often used to compare the costs of wind
. to treat the actual load factor (i.e. without adjustment for wind conditions) for a specific wind
and other forms of generation.
generator in any time period as being determined by a set of components which reflect specific
The Appendix provides a detailed description of the data and methods employed for this study. site conditions and the age-related performance of wind plants in general together with the
In both the UK and Denmark wind operators have a large mcgntwe to produce electricity period fixed effects and an uncorrelated random error. The onshore wind datasets for the UK
whenever there is sufficient wind available since marginal operating costs are small while the and Denmark used for the analysis are large with monthly observations on 282 installations in
operator receives a much higher price. In the UK this price is the sum of the market price plus the UK and 823 installations in Denmark with an age range from 0 to 19 years. The offshore
the value of (a) the Renewable Obligation Certificates (ROCs) awarded for each MWh of elec- wind dataset for Denmark is rather smaller, covering only 30 installations, but it can be used to
tricity produced, and (b) the associated exemption from the Climate Change Levy. In practice, obtain reasonable estimates of performance up to age 10. The results discussed here are based
the effective market value of ROCs and associated incentives means that an onshore wind upon least squares estimation (see page 27) combined with standard errors that are robust to
operator earns roughly double the average market price of clectricity per MWh. In Denmark, various departures from classical assumptions about the nature of the data generation process.
most onshore wind capacity receives a price premium equivalent to about £28 per MWh on top
8, The results of the statistical analysis demonstrate an unambiguous and statistically significant
decline in the operating performance of wind farms as they grow older. Figure 1 shows the
The load factor is calculated as the ratio of the amount of electricity actually pro;iuced by a turbine or wind farm
aver a period of 3 month ora year divided by the amount of output that would have been produced had It operated
at full nameplate capacity for the entire period. This Is expressed as a p ige, 5o that reported load factors lie 3 Conversions to GBP are based on an exchange rate of £1 = DKK 9,18 (as at 19 October 2012).
between 0 and 100. 4 All wind generators collect their own information on wind speeds in arder to manage their plants but they do not
R. Wiser & M. Bolinger (2012) 2011 Wind Technologies Market Report, 1 Berkeley National Lab i publish such information and will not have access to Information callacted by other operators.
US Department of Encrgy. It should be noted that the installed cost of wind plants has fallen since 2010, burt these 5 Details of the construction of the Danish Wind Index are givenat www.vindstat.dle A paper by Boccard - N. Boccard
changes reflect the cyclical forces of demand and supply that are well established across the el ity sector and (2008} ‘Capacity factor of wind power: realized values vs estimates) Energy Policy, Vol 37, pp, 2679-38 — includes a

which apply to fossil-fuel as well as renewable generators.

discussion of the construction of similar indices of wind avallabllity in Germany, the UK, Netherlands, and Sweden.
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10.

simplest variant of the normalised age-performance curve for onshore UK wind installations
together with the equivalent curves for onshore and offshore Danish installations. The curves
illustrated are calculated from the multiplicative error components model described in the
Appendix with log(load factor) as the dependent variable and a quadratic in plant age to repre-
sent the variation in plant performance with age.

The rate of decline in performance is greatest for offshore installations in Denmark, with a fall
from load factors of over 40% at ages 0 and 1 to less than 15% by at ages 9 and 10. Onshore
installations in the UK show 2 more rapid rate of decline - 0.9 percentage points per year over
the first 10 years of operation - than is the case for Denmark, though the normalised Danish
performance curve lies below the UK curve for the first four years. For the UK the normalised
load factor falls to just over 15% at age 10 and to 11% at age 15. With such low load factors it
seems likely that many wind farms will be re-powered - i.e. the turbines will be replaced - once
they reach the age of 10 or at most 15.

Figure 1. Performance degradation due to age using equal weights
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Note: Normalised load factors in %. Source: Author’s estimates.

There are two plausible explanations for the observed decline in average load factors as wind
farms age. The first is that the turbines become less efficient over time as a result of mechanical
wear and tear, erosion of the turbine blades and related factors. The second is that the turbines
experience more frequent breakdowns and their operators take more time to bring them back
into service because they are less concerned about the performance of older plants. Both
reasons may be relevant in different circumstances and it is not possible to identify a primary
explanation from the data. The frequency of extended shutdowns does seem to increase with
age, but this could be a reflection of the timing of planned maintenance operations rather than
breakdowns. Whatever the cause, the reduction in performance with age is much greater than

would be expected for thermal generating plants.

11.

12,
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The age-performance curves in Figure 1 are derived from equations estimated by giving equal
weight to each wind farm irrespective of its generating capacity. Figure 2 illustrates similar
curves but in this case the estimates are constructed by weighting each wind farm by its generat-
ing capacity, referred to as capacity-weighted. This gives a better representation of performance
degradation per MW of generating capacity. The striking result is that the rate of decline in
the performance of UK onshore wind installations is significantly faster when capacity weights
are used, which implies that large wind farms in the UK experience a more rapid decline than
smaller ones. The differences are smaller in Denmark but the capacity-weighted decline in
performance is more rapid than the equal weights decline for Danish onshore installations.

Figure 2: Performance degradation due to age using capacity weights
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Differences between wind farms

The specification of the statistical model means that the unit fixed effects identify the specific
performance characteristics of individual wind farms after adjusting for wind availability and
age. These characteristics may reflect the site and/or design of the installation as well as the
way in which it is operated. A positive value for the unit fixed effect is equivalent to shifting
the performance curve up by some percentage applied tniformly at each age, while a negative
value shifts it down. It follows that the distribution of unit fixed effects across installations can
be used to compare the relative effectiveness of new installations by location, date of cornmis-
sioning, etc. Care is required when making comparisons between, for example, UK and Danish
onshore wind installations because these have been normalised separately, so the unit fixed
effects refer to different underlying averages.*

Some care is required in interpreting the unit fixed effects. By default, the average value of the unit fixed effects for
each group is zero but these averages are taken overall observations for each installation in the basic sample. For the
purpose of the comparisons in Figure 3 the unit fixed effects have been adjusted so that the average values for each
group are zero when using one value for each installation.
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To give a sense of the numbers, unit fixed effects of (a) 0.2 or (b) -0.2 mean that the base load
factor given the age of the plant is multiplied by (a) exp(0.2) = 1.22 or (b) exp(-0.2) = 0.82. Since
the base load factor for a plant of age 0 is 23.1%, these fixed effects translate to load factors in
the first year of operation of (a) 28.2% and (b) 18.9%. For a wind farm with 50 MW of gener-
ating capacity the difference amounts to an additional 40,700 MWh of electricity output per
year. Using the standard figures cited by RenewableUK this would be sufficient to supply 12,300
homes for a year. This range (0.40) is slightly greater than the interquartile range of unit fixed
effects for UK onshore wind farms (0.35), Again for comparison, operators of thermal power
plants would regard any difference of even 10% up or down in efficiency relative to what is
expected as a striking and perhaps worrying indication of either good or bad performance.

Figure 3: Range of unit fixed effects by category
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Source: Author’s estimates.

A notable feature of the distributions of the unit fixed effects that are summarised in the box
plots shown in Figure 3 is the range of variation between the best and worst perfermers, espe-
cially for UK onshore and Danish offshore wind farms. Box plots are constructed so that the
top and bottom of the box correspond to the upper and lower quartiles, while the bars at top
and bottom correspond to the maximum and minimum values excluding outliers.” A plant at
the upp'er quartile of the distribution of UK onshore wind farms will generate an annual output
that is about 40% higher than a plant at the lower quartile. The equivalent figure for Danish
onshore wind plants is an increase of 30%, while for Danish offshore wind farms the difference
between the upper and lower quartiles is equivalent to 2.5 times the output of a lower quartile
plant. By any standard such differences are important.

The upper quartile is the point in a distribution such that the 25% of values exceed it, while the lower quartile is the
point in a distribution such that 75% of values exceed it. The line in the middle of the box marks the median, the
point exceeded by 50% of values. Outliers are defined as values that lie outside the range of Tukey adjacent values
which are defined as the upper/lower quartiles +/- 1.5 x interquartile range.
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Outside the rahge between the upper and lower quartiles, the top and bottom segments of
the distributions extend further up and down for UK onshore wind farms than for those in
Denmark. The rather different pattern for Danish offshore wind installations is partly a conse-
quence of the relatively small size of the sample, but the evidence points to considerably greater
variability in the performance of offshore wind installations than for onshore installations.

It is somewhat surprising to observe the magnitude of the differences in the performance in
onshore wind farms in the UK. Given the nature of the subsidy regimes and the high capital
cost of developing new installations, it might be expected that operators have a strong incen-
tive to identify the best locations and then choose equipment that will deliver the maximum
amount of electricity output at  high level of reliability. For UK onshore operators it seems that
good or bad performance is somewhat of a lottery. However, if the subsidies provided by ROCs
are sufficient to underwrite investment in inefficient plants - as appears to be the case - then
those subsidies are extremely generous for plants that operate close to the efficient frontier.
As location is likely to be the main factor that determines the performance of a specific plant
relative to all other plants, the inference must be that many wind plants have been déveloped on
sites with poor wind characteristics.

Figure 4: Initial load factors by year of commissioning for onshore wind
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Source: Author’s estimates.

There is ancther disturbing characteristic of UK wind farms which is revealed by examination
of the unit fixed effects and illustrated in Figure 4. It might be expected that the average perfor-
mance of recently installed units would be higher than that of older units. This should reflect
improvements in turbine design and reliability as well as in the identification of good sites for
wind generation. However, that is not the pattern for onshore wind farms in the UK. The figure
shows the average values of the initial load factors calculated using equally weighted data by
year of commissioning for onshore wind farms in the UK and Denmark together with fitted
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trend lines.* There has been a clear decline in the initial load factors in the UK which has not
occurred in Denmark. This pattern is confirmed by more detailed statistical results shown in
the Appendix which take account of location and size of installation.

The decline in initial performance is particularly obvious after 2005 when the rate of commis-
sioning new capacity increased sharply from less than 500 MW in the 5 years 200004 to more
than 500 MW per year from 2005 onwards. In contrast, the peak years for commissioning new
onshore wind farms in Denmark were 2000-02 when 920 MW was installed. The rate of new
building (or replacement) picked up again in 2008 but it is still much lower than at the turn of
century. Not only is the performance of the onshore wind plants in the UK commissioned in
recent years significantly worse than that for wind farms commissioned before 2005, but it is
possible that this is a direct consequence of an overly rapid expansion of capacity. In essence,
the evidence suggests that the industry does not have the capability to identify, develop and
operate new onshore wind farms at the rate envisaged by UK government targets while main-

taining a satisfactory average level of performance.

Implications for future policy and performance

The pattern of performance degradation with age and over time identified in this analysis has

implications for the assessment of new investment in wind farms and for the design of the

proposed Electricity Market Reform (EMRY). There are two related issues that are affected by
the results:

a)  What are the implications for the design of policies intended to promote the adoption
and expansion of wind generation in the UK? This includes the structure of current
subsidies as well as the specification of the contracts that are proposed under the EMR. A
related question concerns the expected life of new wind farms.

b)  How might the average performance of wind generation develop over the next decade?
This is absolutely critical to any assessment of the amount of wind capacity that will be
required to meet the UK government’s targets for the share of electricity - and, more
generally, energy - from renewable sources. The government has assumed that the
average load factors for both onshore and offshore wind farms will either remain stable
or increase in future. The prospects will be very different if these assumptions are not

borne out.

The first question can be addressed by considering the discounted sum of cumulative net
output from a new wind farm on the assumption that its performance matches the averages
identified in the analysis. This takes account of both performance degradation over time plus
the annual cost of maintaining the plant which may be expressed as a deduction from gross
production so as to calculate the contribution of expected output at age s to recovering the
original capital cost of building the plant. These figures have to be discounted back to the date
of commissioning in order to assess the net present value of the initial investment in the plant.
The curves for constant and observed performance using a discount rate of 9% (2 typical cost of
capital for wind generation) are shown in Figure 5. The black line is based on the full set of age

‘The initial load factors are calculated as the normalised load factor for UX/Danish wind farms at age 0 multiplied by
€xp (u;) where u; is the unit fixed effect for installation i,
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effects while the red dashed line is based on the smoothed quadratic performance curve and
the blue dashed line shows what the pattern would be if operating performance was not affected
by age. The calculation is extended out to age 25 since DECC’s standard comparisons assume
that wind turbines have a life of 25 years.

Figure 5: Impact of performance degradation on discounted cumulative output
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The key points in the figure are that 80% of the discounted cumulative output of a new wind
plant is likely to be produced in the first 10 years of its life and 90% in the first 14 years. This
is consistent with the structure of Danish subsidies for onshore wind farms which extend over
a typical period of 12.5 years. Since sites for wind farms are scarce and involve the payment of
significant rents that may be linked to output, it is very unlikely that any new installation of
wind turbines will have an expected life of more than 15 years. Instead, as has happened in the
past, wind operators will have a strong incentive to decommission plants after no more than 15

years and replace the turbines with newer equipment.

As a consequence, any economic assessment of wind generation should not be based on an
expected life which is longer than 15 years. In recent work reported in evidence to the House
of Commons Select Committee on Energy and Climate Change I assumed that wind plants
would have a residual value equal to 20% of their initial cost in real terms at the end of 15 years.
The analysis in this paper suggests that this is too favourable an assumption. Given the costs of
decommissioning old turbines the residual value is likely to be well below 10% of their initial
cost and the decision point may be at 10 rather than 15 years.

The corollary of this observation is that it makes little sense to offer long term contracts for 20
years or more that guarantee prices or feed-in tariffs (FiTs) to wind operators. A contract length
of 10 to 12 years would be sufficient to remove most of the market risk associated with invest-
ment in wind generation. In this respect the subsidy arrangements implemented in Denmark
are better designed.
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At the same time, the offer of subsidies and/or guaranteed prices may have serious adverse
consequences for the efficiency of wind generation. Returning to the unit fixed effects measur-
ing the performance of wind plants commissioned after 2005, only 28 out of 159 units have an
operating performance that exceeds the average for the period. Those 28 units account for 360
MW of capacity whereas the remaining 131 units account for 2,810 MW of capacity. Not only
are recent plants less efficient than the average for the whole period, but the plants which are
below-average in efficiency are typically larger than the more efficient ones and account for a
disproportionate share of the recent additions to generating capacity.

In mid-2012 there was approximately 4,500 MW of onshore wind capacity operating in the
UK. By 2020 it is expected that there will be at least 10,000 MW (based on proposed wind
farms with planning consent) and perhaps as much 15,000 MW of wind capacity in operation.
The government is relying upon a substantial contribution from onshore wind farms towards
meeting its targets for renewable energy in 2020. To provide context, the government’s targets
for renewable energy in 2020 specify a total of 234 TWh of energy from all renewable sources
of which 90-140 TWh is expected to come from wind and biomass electricity generation.®
The projections for biomass electricity are extremely vague and have to be reconciled with
an assumed increase of 3-4 times in the amount of biomass used separately for heat. So, in
concrete terms, it is reasonable to assume that wind generation will account for at least 50 TWh
with 24-32 TWh from onshore generation and the remainder from offshore.

The average load factor for onshore wind over the 10 year period from April 2002 to March
2012 was 25.6%, which is influenced by the large amounts of new capacity added from 2005
onwards. If this load factor were achieved in 2020, the total amount of onshore wind capacity
required to meet the onshore generation target would be 10.7 to 14.3 GW. The average load
factor for offshore wind installations (on an unchanged configuration basis) for the five year
period 2007-11 was 32.0%." If this load factor were achieved in 2020, the total amount of
offshore wind capacity required to meet the remainder of the 90 TWh target would be 20.6
to 23.5 GW, though these estimates would fall to 18.0 to 20.5 GW if the average load factor
matched the historic average value of 36.7% for Danish offshore wind installations.

The question that has to be addressed is whether these load factors are consistent with (a) the
investment programmes that would be required to achieve the total amounts of generation
capacity implied by the government’s targets, and (b) the age profiles of the performance of
wind farms discussed in this paper. The short answer is that this is simply not possible if the
initial load factor for new wind farms continues to decline at the rate observed the past decade.
So, even as a starting point, it is necessary to assume that this underlying deterioration in wind
farm performance ceases. This would be a major change in itself and it is not obvious what
factors might lead to such a result,

The results illustrated below are based on a vintage model of performance that takes account
of the actual expansion of capacity up to the end of 2011 plus whatever investment in new or
replacement turbines is required to achieve the target levels of wind capacity in 2020. To high-
light the full range of potential outcomes these targets are either 10 GW or 15 GW of onshore

Department of Energy and Climate Change - UK Renewable Energy Road Map, July 2011, Figure 2.
The equivalent average load factor for onshore wind farms was 26.4%.

18

29.

THE PEREORMANCE OF WIND FARMS IN THE UNITED KINGDOM AND DENMARK

wind and either 18 or 24 GW of offshore wind. The levels of investment required to meet these
targets depend upon the expected life of wind turbines. For onshore turbines, an expected life
of 10 years is consistent with re-powering decisions over the Jast decade, while an expected life
of 15 years seems to be the maximum consistent with the age-performance profile. For offshore
turbines, the analysis uses expected lives of 15 and 20 years.

Figure 6A: Projected load factors for UK onshore wind (total capacity of 10 GW in 2020)

28

26 1|

2 {1 ' -

22— o |

20: 1=~

Load factor (%)

UK~ life 10 yrs UK - life I5yrs DK -life 10 yrs DK -life 15 yrs
02007-41 ®2015 02020

Source: Author’s estimates.

Figure 6B: Projected load factors for UK onshore wind (total capacity of 15 GW in 2020)
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Figure 6A shows projected values of the average normalised load factors for UK onshore wind
farms in 2015 and 2020 using a target capacity in 2020 equal to 10 GW plus the age-perfor-
mance profiles for the UK and Denmark (DK). Since vintage effects are important in this
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calculation, the profile of new or replacement investment affects the results. In this case the
level of gross investment is assumed to be constant from 2013 onwards at either 930 or 1,220
MW per year - the range is defined by the assumed life of turbines. Achieving a target of 15
GW in 2020 (Figure 6B) would require a level of investment from 2013 onwards of either 1,540
or 1,930 MW per year. Such figures are 3—4 times the average level of investment over the
period 2005-11, so the lower target may provide a better indication of what will happen.

All of the estimates are calibrated to match the observed average load factor in 200711, so that
they should be interpreted as relative rather than absolute values. Using the age-performance
profile for UK onshore wind installations the average normalised load factor is likely to fall by
about 19% from 200711 to 2015 and by 23-28% to 2020. If the age-performance curves for
Danish onshore installations were to apply, the reduction in the average normalised load factor
would be considerably less but there would still be a fall of up to 5% by 2020.

In the mediurn term, the fall is greater if turbines operate for 15 years because the average age
of all turbines will be higher and thus the degradation in performance due to age will have a
larger effect. By 2020 this effect reduces the average normalised load factor from 20.3% for a 10
year life to 19.5% for a 15 year life. There is a complex economic and commercial trade-off here.
To meet a target of 10 GW in 2020 it is necessary to increase the level of investment in onshore
capacity by 30% from 2013. Almost all of this will take the form of re-powering existing wind
farms.! The costs are fairly high because this will usually involve new development consents,
decommissioning the original turbines and replacing them with a smaller number of larger and
more powerful turbines.

Estimates of re-powering costs are generally treated as being commercially sensitive but broad
project costs cited in specialist magazines suggest that the unit costs are likely to be at least
£1,000 per kW or more than £300 million per year in aggregate. On the other hand, the increase
in the amount of energy generated would be about 1.2 TWh for a 10 year turbine life rather
than a 15 year turbine life, though this does not allow for the loss of production during re-pow-
ering. Under the best circumstances the payback period may be quite short, but the best option
from a broader economic and social perspective is not obvious.

Even under the best scenario 10 GW of onshore wind capacity will only generate 17.8 TWh of

electricity in 2020, well below the lower end of the target range for onshore wind generation
specified in DECC’s road map. In fact, allowing for interactions between the age-performance
profile and investment the amount of onshore wind capacity required in 2020 to generate 24
TWh would be a minimum of 13.4 GW. At the top end of DECC’s target range, the capacity
required in 2020 to generate 32 TWh would be a minimum of 17.8 GW. Since these estimates
are based on a 10 year turbine life, the level of investment required from 2013 onwards would
be 1,650 MW per year for the bottom of the range and 2,350 MW for the top end of the range.
In the last 8 years total investment in onshore wind has only ever exceeded 600 MW in one

Re-powering is usually defined as the full replacement of existing turbines, whereas retrofitting covers the replace-
ment of variqus mechanical or electrical components. In the data analysis, re-powering involves the creation of a
new unit, whereas retrofitting affects the performance of a continuing unit, Hence, the potential benefits of retrofit-
ting are taken into account in constructing the age-performance curves.
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year (883 MW in 2008), so it seems rather unlikely that even the lower end of DECC’s range for
onshore wind generation will actually be realised.

Of course, this assessment would be different if UK onshore wind operators were able to match
the Danish age-performance curve. There are many factors which differentiate the UK and
Danish wind industries. The average scale of wind farms in the UK is larger, they are more
remote and there appears to be significantly greater variation between operating and potential
new sites in achieved performance. It would, therefore, require a very optimistic observer to
conclude that the difference in age-performance curves between the two countries will disap-

pear in the short or medium term.

Figure 7: Projected load factors for UK offshore wind in 2020
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Figure 7 shows the results from carrying out a similar exercise for offshore wind farms in the
UK. The only evidence on the age-performance curves for offshore installations is based upon
the Danish experience, so these have been used to construct the projections. Further, the profile
of investment assumes a progressive increase in additions to capacity from 2013 to 2016 and
then a stable level of investment from 2017 to 2020. The DECC road map involves a very large
commitment to offshore wind investment - in the range 2.5-3.5 GW of new capacity annually
from 2016 onwards. As a consequence, the average age of offshore capacity in 2020 will be quite
low and the full effects of the age-performance curves will only be felt during the decade follow-
ing 2020. Even so, the average normalised load factor in 2020 will be about 15% lower than for
2007-11, while by 2025 it will be about 30% below the base level.

On these projections 23.2 GW of offshore capacity is the minimum necessary to generate 58
TWh of electricity from offshore wind in 2020, This requirement will increase to 29.8 GW by
2025 simply to offset the effect of the ageing of offshore generation capacity on total output.
Combining the estimates for onshore and offshore wind generation the total amount of wind
capacity required in 2020 to produce 90.TWh of electricity from wind will be in the range 39
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to 41 GW once allowance is made for the observed age-performance curves for both onshore
and offshore installations. These estimates are roughly a third higher than official predictions of
28-31 GW of wind capacity in 2020.

Turning the figures round gives 2 slightly different picture of the reality of the government’s
strategy on renewable electricity generation. A total of 30 GW of wind capacity in 2020 (12
GW onshore, 18 GW offshore) will generate about 64 TWh of electricity in a normal year.
Since electricity generation from wind and biomass are expected to account for 50% of renew-
able energy in 2020, the consequence is that biomass is expected to account for 53 TWh. In
2011 landfill gas and sewage sludge digestion accounted for 44% of electricity from bioenergy
(DUKES Tables 6.4). There are limited opportunities to expand production from these sources,
s0 a continuation of historic rates of growth would mean that renewable generation from other
sources of bioenergy would have to increase from 7.2 TWh in 2011 to 46 TWh in 2020. There
are severe constraints on increasing the amounts of electricity generated from animal biomass,
biodegradable municipal solid waste and anaerobic digestion, so it would be optimistic to
assurne that these will contribute more than 6-8 TWh in 2020 (up from 2.6 TWh in 2011).

In practice, if the projections for renewable energy are to be believed, they rest upon an assump-
tion that there will be a large increase in the amount of electricity that is generated from plant
biomass - either on its own or through co-firing with coal. This increase will involve increas-
ing the amount of electricity generated in these ways from 4.6 TWh in 2011 to 38-40 TWh in
2020. Since the amounts of straw and UK-grown timber available for this purpose are strictly
limited, this will come down to the amount of wood chips that can be imported and the cost of
doing this.

The historic average load factor for biomass plants is just over 60%, so about 7,500 MW of
biomass capacity will be required to supply 40 TWh of electricity. The weight of wood chips per
MWh of electricity depends upon moisture content, storage, boiler design and other factors but
an indicative range is 0.85 to 1.15 tonnes per MWh of wood chips with a moisture content of
30%. According to DECC and Forestry Commission estimates, the UK imported 26.5 million
tonnes of steam coal and 2.6 million tonnes of other wood products (including wood chips)
in 2011. Tt seems that the net effect of the government’ strategy will be to replace 15 million
tonnes of coal imported in 2011 by 32 to 44 million tonnes of imported wood chips. This is a

somewhat strange way of increasing energy security.

Conclusion

Wind power is a highly capital-intensive technology for generating electricity. Its merits rely
entirely upon a substitution of capital for fuel inputs. The same is true for hydro or tidal or wave
power. In comparison with hydro power, wind is a low quality resource because of its variability
and because it cannot be stored. So, the economic case for wind power must rest on obtaining
the most out of the wind that is available.

While the decline in the achieved performance of onshore wind turbines in Denmark is
much less than that for the UX or offshore, nonetheless the decline in expected output under
standardised wind conditions over 10 years is 10% unweighted and 13% capacity weighted.
These declines accelerate after age 10 so that the reductions in performance are 17% and 20%
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respectively after 15 years. For UK onshore wind farms the reduction in performance due to
age is much worse at 27% unweighted and 69% capacity weighted by age 10.

Evidence on the performance of Danish offshore installations is both restricted and so poor
that there may be concern that the results are affected by a small number of outliers. Still, the
sample contains a reasonable number of sites with at least 5 years of operating experience and
the decline in performance by age 5 is 38% unweighted and 26% capacity weighted.

In addition to these results there is strong evidence that the average normalised load factor for
new onshore wind installations in the UK has fallen significantly over the period from 2000 to
2011. This is consistent with a pattern in which the most favourable sites are developed first.
Equally, it could mean that wind developers have been unable to keep up with the rate of new
investment while maintaining the quality of development and operations. For example, the site
design or selection of turbine characteristics may make less effective use of the available wind

resources for the sites available than was the case in the past.

Whatever the reasons, the deterioration in initial performance means that the expected returns
from the expansion in wind capacity, both for investors and in terms of the reduction in COz
emissions, have been falling without a concomitant decrease in the private and social costs
that are borne by customers and the general public. Clearly this is unsatisfactory at best and it
suggests that the benefits claimed for current policies cannot be taken at face value.
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Appendix: Data and Methods

A.

12
13
14

Data for the United Kingdom

The raw data used for this study was extracted by the Renewable Energy Foundation from the
Renewables and CHP Register database compiled by Ofgem.! This information is used in the
administration of the market in Renewable Obligation Certificates (ROCs). The Renewables
Obligation is the primary mechanism by which large scale generators of renewable electric-
ity receive subsidies, so the operators of wind farms have a very strong incentive to submit
complete and up-to-date information to the database. The data extracted covered all onshore
wind generators with at least 0.5 MW of generating capacity which are eligible for ROCs for the
10 year period April 2002 to March 2012. The key variables are the monthly output of electric-
ity (used for the purpose of allocating ROCs) and nominal generating capacity. There are 282
reporting units in the final dataset. A reporting unit may correspond to an entire wind farm or
to separate phases of development. Complications arise when an existing wind farm is re-pow-
ered, i.e. when old wind turbines are replaced by newer and usually more powerful turbines.
The database reports this as a change in the generating capacity of the recording unit, but in
this analysis repowering is treated as the termination of the old recording unit and the creation
of a new recording unit.

A considerable amount of data checking and cleaning was required before the data could
be analysed. The first step was to add the age of each reporting unit. This was calculated by
reference to the month in which the turbines were commissioned. For wind farms in operation
in or before June 2002 the commissioning date was obtained from various online sources —
notably the thewindpower.net database of UK wind farms® which was cross-checked against
the information provided on the websites of wind operators and other sources. For recording
units whose first data relates to dates after June 2002, the commissioning date was initially
assumed to be the month for which data is first reported. Cross-checks were carried out for
all recording units which commenced reporting in the period July 2002 to December 2003. In
more than 80% of cases the externally-reported commissioning date is within one month of the
first month for which data is reported. The exceptions - Bu Farm and Mablethorpe - appear to
be due to delays by small operators in reporting data to Ofgem.

In a number of cases it is clear from the data that plants were not in full operation at the
time when data was first reported to the database. There are two indicators of partial or delayed
commissioning: ‘
¢ For an initial series of months the calculated load factor is very low - usually below 5% -

and then increases abruptly. In such cases, the data for the early months is dropped and the

commissioning date is treated as the month immediately preceding the first month with a

‘normal’ load factor.”

https://www.renewablesandchp.ofgem. gov.uk/
See: http://www.thewindpower.net/windfarms_list_en php
‘The month in which a plant is reported as having been commissioned is not included in the analysis.
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» The reported generating'capacity for the recording unit increases after a period of months
or even years after the commencement of data reporting, All such cases were checked
against external sources. In some cases the increase in generating capacity represented
either 2 repowering or a major extension of the plant, in which case a new recording unit
was created. In other cases, primarily when the increase in generating capacity was less than
25% of the original generating capacity, the data appears to reflect delays in commissioning
individual turbines, so that the commissioning date was not amended and load factors were
calculated by reference to the reported capacity in each period, Finally, in a few cases the
changes were patently due to changes in reporting practices such as rounding total gener-
ating capacity from 9.95 MW to 10 MW. These records were corrected to record generating

capacity consistently over time.**

Fora small number of recording units the reported generating capacity is reduced after commis-

sioning, either permanently or for a number of months or years. This can lead to anomalies in
which the calculated load factor exceeds 100%. In all cases, reductions in generating capacity
have been overridden unless there is external evidence that some of the turbines at the report-
ing unit have been decommissioned. In other circumstances, a reduction in rated capacity is a

symptom of performance degradation and has to be treated as such.

Figure 8: Box plots of load factors by age for UK onshore wind farms
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The general principle that was applied in making adjustments to the raw data - other than the
correction of obvious reporting discrepancies — was that any changes should have the effect of
either (a) reducing the estimated age of the plants concerned, or (b) reducing any estimates of

In statistical terms, it does not matter which value for generating capacity is used, because this is captured by the
unit fixed effects in the model that were estimated. In practice, the generating capacity reported for the majority of
records was used for all records in such cases.
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the decline in the plants load factor as it ages. As an example, consider a plant whose reported
capacity was increased from 9.9 MW to 10 MW at age 3. If this was simply a change in report-
ing practice, this would reduce the estimated load factor from age 3 onwards. By increasing
the initial capacity from 9.9 MW to 10 MW - or by reducing the capacity from 10 MW to 9.9
MW from age 3 onwards — this bias is removed. It is not important which adjustment is made
because the difference between the alternative assumptions is captured by the unit fixed effect.

The numbers of separate sites and of observations per site mean that it is not possible to
provide a simple visual representation of the data. Figure 8 provides a summary by illustrating
the distributions of load factors by the age of the wind farm pooled across all years. The ranges
of the load factors for each age are wide while the medians show no clear trend by age. Thus, 2
naive analysis might conclude that there is nothing to investigate. However, as will be explained
below, the distributions mask crucial differences between the performance of wind farms as
they age because they do not control for the differences in location and wind availability over
time.

Data for Denmark

The data for Danish wind farms used in this study comes from a database compiled by the
Danish Energy Agency covering the characteristics and performance of all wind turbines from
2002 up to the end of August 2012. The basic recording unit for the register is the individual
wind turbine, but where a number of turbines are connected to a single meter an identical
average output per turbine is recorded for all turbines in the group. The presence of what are, in
effect, repeated observations increases the noise in the data. In addition, the model that is used
for the analysis assumes that site, operator and turbine characteristics are common for all of the
units that make up a single wind farm. To address this point, separate wind farms have been
identified by grouping all turbines which have identical values for: turbine manufacturer and
type, local authority, date of commissioning and date of decommissioning (where applicable).

The register contains information on 7,569 turbines commissioned from 1977 onwards. This
includes a large number of small turbines which would not fall within the scope of the ROC
scheme in the UK. Hence, for comparability with the UK data all turbines commissioned
prior to 1992 were dropped as well as all wind farms with a generating capacity of less than 1
MW, The resulting sample covered 823 onshore wind farms and 30 offshore wind farms with
monthly load factors for various periods from January 2002 to August 2012. Given the cut-off
for wind farms commissioned prior to 1992 the maximum age for an onshore wind farm was 20
years and the maximum age for an offshore wind farm was 17 years.

The total capacity of the onshore wind farms recorded in the Danish database was 2757 MW.
The average size of an onshore wind farm in Denmark is small - only 3.3 MW as compared
with 16.1 MW for the UK - because 84% of the sample consists of installations with beMeen
1 and 4 turbines. The largest onshore installation has 39 turbines with a capacity of 23.4 MW
while the onshore installation with the greatest capacity has 19 turbines with 2 capacity of 58.4
MW. Overall, the sample of Danish onshore wind farms is older and smaller than the sample
of UK onshore wind farms, reflecting the much longer history of wind generation in Denmark.

http://www.ens.dk/EN-US/INFO/FACTSANDFIGURES/ENERGY_STATISTICS_AN! D_INDICATORS/
OVERVIEWOFTHEENERGYSECTOR/REGISTEROFWINDTURBINES/Sider/Forside.aspx
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The larger scale of UK wind farms may account for some of the differences in performance
curves for the two countries.

The sample of offshore wind farms in Denmark is quite small with 30 installations in
total. Still, it is useful to analyse the performance of these installations since there is very little
comparable data for the UK. The sample covers 394 turbines with an average of just over 13
turbines per installation and an average capacity of 28.8 MW. The largest installation, which
was commissioned in 2003, has 72 turbines with a total capacity of 165.6 MW. Again, offshore
installations are smaller and older in Denmark than is the current pattern in the UK. The first
two wind farms in the sample were commissioned in the years 1995 and 2000 but the sample
increases significantly from 2002 onwards. To avoid reliance upon a sample of 1 or 2 wind
farms to determine specific coefficients for ages > 10 years, all observations with an age greater
than 10 were omitted from the analysis."”

A somewhat different problem with the offshore wind farm data arose because the coeffi-
cients estimated using capacity weights (see below) were heavily influenced by the largest wind
farm. This has had an extremely erratic profile of performance over time with a very low average
load factor. The treatment of this wind farm is discussed in more detail in Section F below.

Specification and estimation methods

As Figure 8 illustrates, it is necessary to go beyond simple summary statistics in order to assess
whether there is any systematic relationship between age and the average performance of wind
farms, The performance of wind farms varies over both time and space: some months and years
have more or less wind than the long term average, while specific characteristics of wind farms
- including location, type of turbine and operating regime - will influence the performance of
each plant under identical wind conditions.

The combination of (a) site-specific characteristics which are constant over time, and (b)
period-specific characteristics which are constant across wind farms can be represented by
what statisticians call an error components model with fixed effects for each wind farm and
each time period. The dependent variable in the model consists of a sequence of load factors -
denoted by !fir for unit i in month ¢ - for each wind farm (the panel unit) over time. The load
factors are calculated by dividing the total output in MWh by (24 x number of days in month x
reported generating capacity in MW) and are multiplied by 100 to convert to percentages.

The additive version of the error components model may be written as:

Ify=FAr)+u+o+ey (1).

in which A, denotes the age of plant i in period t and f( is some function that is either a
representation of or an approximation to the normalised age-performance relationship. The
multiplicative version is similar except that /7, is replaced by In(! fu), where In(} denotes the
natural logarithm. The &, terms are wind farm or unit fixed effects which capture factors such
as location, type of turbine, operating regimes, etc. The o, terms are period fixed effects which
capture the influence of wind conditions over the UK or Denmark as 2 whole as well as seasonal
maintenance and demand. Without loss of generality it may be assumed that the fixed effects are

For the avoidance of doubt, this means that no attempt was made to estimate the effect of age on the performance of
offshore wind farms beyond age 10, while the data for the oldest wind farms was included in the analysis up to and
including age 10.
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normalised so that > u; = 3 vy = 0, i.e. all of the error components have a zero mean, while the
mean of the ra.ndorri error lis zero by definition. The ¢, terms are random errors which capture
random variations in wind conditions that are not specific to the site, turbine breakdowns, and
other factors that are uncorrelated with either the site or the time period. It is assumed that the
mean of the random error is zero, while additional assumptions depend upon the method of
estimation that is adopted. .

The model specified in equation (1) can be estimated in a variety of ways." A crucial issue is
whether the 4, are or may be significantly correlated with the age terms or any other independent
regressors. If it is assumed that there is no such correlation, the model is usually referred to as
arandom effects model. In that case, the equation can be estimated by a variant of least squares
(LS), generalised least squares (GLS), generalised methods of moments (GMM) or maximum
likelihood (ML} - all of which should be yield parameter estimates that will converge in prob-
ability to the true parameter values as the sample size increases. An alternative, but less restric-
tive, specification is known as the fixed effects model in which no assumption is made about
the correlation between the unit fixed effects and other regressors. The limitation of the fixed
effects model is that it cannot be used to estimate parameters for regressors that vary across
panel units but are constant over time for a panel unit (time-invariant regressors) — e.g. the
year in which a wind farm was commissioned, its location or its rated generating capacity. The
influence of such variables is captured by the unit fixed effects.

In order to avoid the risk of obtaining biased estimates of the age effects, the results reported
in this note are based upon estimates using the fixed effects model. The influence of time-invar-
iant regressors is examined in a second stage by regressing the estimates of the unit fixed effects
on these variables. The simplest method of estimating the fixed effects model is known as the
‘within' estimator in which the mean value for each unit is subtracted from all observations for
that unit. For example, if f(A) is a general polynomial of order M in A, equation (1) becomes:

— M 18
lf,-,—lf,=”Elﬂm[A‘,—ﬁi§A"]v,+e“ 2

so that the model can be estimated by least square with the inclusion of dummy variables for
each period t. The variance-covariance matrix of the coefficients have been estimated by using
(2) a robust sandwich estimator adjusted for clustering by panel unit, and (b) a bootstrap esti-
mator with 400 repetitions. The estimates of the standard errors will be consistent even if the
random error component is serially correlated within panel units and/or has different variances
across panel units.19 Since the number of panel units and the average number of time periods
per panel units are both large (other than for Danish offshore wind farms), the least square esti-
mates of the parameters will be unbiased under these assumptions.

The bootstrap method is expensive to carry out but it provides a useful cross-check on
the standard errors generated by other methods. Unfortunately, the bootstrap method of

See Chapter 21 of A.C. Cameron & PX. Trivedi — Microeconometrics: Methods and Applications (Cambridge:
Cambridge University Press, 2005) for a standard textbook treatment of estimation methods for panel data models,
The estimation was carried out using the xtreg procedure in Stata Version 12, The methods of constructing the
sandwich and bootstrap estimates of the variance-covariance matrix are described in Chapters 8 & 13 of A.C.
Cameron & PK. Trivedi — Microeconometrics using Stata (Revised Edition, College Station, Texas: Stata Press, 2010)
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resampling panel units with replacement can lead to degeneracy in the estimation for some of
the bootstrap samples. When the proportion of degenerate samples is significant, the statisti-
cal properties of the bootstrap standard errors are not clear. This was a particular problem for
the sample of Danish offshore installations and the robust standard errors are reported in this
case. In practice, the robust and bootstrap standard errors are very similar, so that the method
of estimating the standard errors does not alter any general conclusions about changes in the
performance of wind farms as they age.

If standard methods of estimation are applied to the data for the UK and Denmark, the
results will generate performance curves that reflect the performance of the typical wind farm.
Since the distribution of wind farms by capacity is heavily skewed, the typical wind farm has
a much smaller capacity than the average of all wind farms. If there is any kind of relationship
between scale and performance, the performance curves may not provide a good guide to the
aggregate performance of all wind farms. Hence, as an alternative the models have also been
estimated using weights for each wind farm that are proportional to the capacity of the wind
farm normalised so that the sum of the weights is equal to the to number of observations. These
are referred to as capacity-weighted estimates arid the performance curves derived from the
estimates reflect the performance of the typical MW of wind capacity.

Period fixed effects vs normalisation by wind speeds

In its quarterly publication Energy Trends the UK Department of Energy and Climate Change
publishes a monthly index of average wind speeds based upon data collected at 14 sites spread
over the UK. The descriptive material that accompanies the table (including an article published
in the September 2008 issue of Energy Trends) does not provide details of how the data for the
separate sites is corbined but it seems reasonable to infer that the index is simply an average of
the wind speeds for each site.

An obvious question is whether this wind index offers a satisfactory or, perhaps, better way
of normalising for wind availability than the inclusion of period fixed effects v as specified
in equation (1) above. Though it may be surprising to sorne, there are strong mathematical
reasons for preferring the period fixed effects. The reason is based on the fact that the relation-
ship between wind speed and electricity output for a wind turbines is highly non-linear. The
direct relationship between wind speed and energy follows a cube power law. In addition, wind
turbines have cut-in speeds and are designed so that they will not produce more than their
rated capacity even if wind speed increases above the level at which capacity output is achieved.
Finally, for safety reasons turbines have a cut-out wind speed so that output is zero above that
level, though this does not have much effect on the analysis that follows.

Hence, the amount of electricity Ejm generated per MW of capacity in monitoring location j
in period t of month m with a steady wind speed of W may be written as:

Ejme = QW) 3)

where ¢() is 2 non-linear (roughly S-shaped) function, Wind speeds vary almost continuously
but it is fairly standard to use an averaging period of 5 minutes so that ¢ refers to time measured
in 5 minute intervals. The total output for month m will be:

T —_—
B = E OWim) # Top(Wm) 4)
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where W), is the average wind speed at location j for month m. The inequality states that we
cannot rely on being able to calculate total electricity output during the month as a function

() of average wind speed. Clearly the inequality remains if W is replaced by the wind index.

1 die
Wi= 7 E Wi,
Now, consider the unobserved profile of wind speeds Wi over periods t = 1... T at unit i for
month m. The monthly equivalent wind speed W, is defined by:

T
ToWn) = 2 ¢(Wim) )

This is the wind speed which, if maintained steadily at unit i throughout month m, would have
generated the same level of output as generated by the actual profile of wind speeds. Averaging
the equivalent wind speeds over all units gives W, = %‘é W,,, and W, = W, + tys in which the
wy are deviations from average equivalent wind speed for unit i and month m. By construction
the monthly averages of these deviations are all zero. Using a standard first order expansion, the
electricity output per MW for unit i in month m may be expressed as:

Ein = TopWo + 0im) = To(W;0) + Toing (W) ©

where ¢'() is the first derivative of the output function with respect to wind speed at the average
equivalent wind speed.

The point of this derivation is that the first term in equation (6) is a period fixed effect which
is common to all units in month , while the second term is a random error that is specific
to the unit and month. It follows that the specification in equation (1) may be interpreted as a
generalisation of (6). A corollary is that a statistical model in which the period fixed effects are
replaced by a function of the wind index — denoted by $(W? - will only perform as well as (1)
if (W) = (W) for all m, which requires that the wind index is a perfect measure of equiva-
lent wind speed for all wind farms in the UK. In practice, this is impossible with a fixed index
because the population of wind farms changes over time.

The relevance of this exercise is that it establishes as a matter of principle, not just empir-
ical observation, that the specification in terms of period fixed effects is a more efficient way
of normalising performance for variations in wind availability over time than using any wind
index of the kind constructed from (weighted) averages of wind speeds at a fixed set of loca-
tions. If the output function was linear in W, then it might be possible to construct a wind
index that would provide a close approximation to the average equivalent wind speed, but that
is certainly not the case with the data analysed for this study. However, in the general case it is
simple to show that estimating a model with some function of the wind index may yield biased
estimates of the coefficients if the period fixed effects are not included as well.”

‘Wind operators tend to treat detailed data on output and local wind conditions as being commercially confidential.
It would be instructive to extend the analysis in this study by using examining daily output as a function of age, local
wind speeds and other variables if such data were available.
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Estimation results for the UK

Alternative specifications for the period effects v, have been examined. The most general spec-
ification is to estimate 120 separate coefficients, one for each month in the 10 year period. A
more restrictive specification is to assume that if period t corresponds to year s and month m,
then o, = ¢, + 8 so that the period effect is a composite of a year effect and 2 month effect.
Since weather patterns are clearly seasonal, the assumption of a monthly fixed effect seems
reasonable. The addition of an annual fixed effect is less obvious but there are clear differences
over a run of years in average wind speeds and the inclusion of an annual fixed effect eliminates
potential correlations between age and year. The results are very similar for the two specifica-
tions, so the tables report the more general variant with a full set of period effects.

For each of the main models which have been estimated a comparison has been carried out
between three alternative specifications of wind availability: (a) a full set of period fixed effects,
(b) the log of average wind speed, and (c) the combination of period fixed effects and the log of
average wind speed. The results are quite consistent and correspond to the implications of the
analysis in the previous section. They are:

« The between-units values of R-square, which is the key measure of goodness of fit for the
model, are substantially higher for the specification with period fixed effects than for the
one with the wind variable.

« The between-units values of R-square and estimates of the coefficients on age and other
independent regressors are identical for the specifications with full period effects with or
without the wind variable. In effect, the only consequence of adding the wind variable is to
redistribute the explanatory power of the equation between the period fixed effects and the
wind variable.
1t follows that the wind variable is redundant when the périod fixed effects are included in

the model, but it performs much less well than the period fixed effects when a comparison is
made between the alternative specifications with each variable or set of variables included on
their own. Since this outcome conforms with what would have been expected, the results are
not reported in detail and the wind variable is not examined in the discussion of the estimation
results.

Detailed results are reported for two versions of the age-performance relationship f(A). The
firstisa qi.ladraﬁc approximation —f(A) = fo + LA + B, A? ~ while the second includes a full set
of age effects — f(4) = 3, §, D, where D= 1 if A=s and D; = 0 otherwise. The quadratic specifica-
tion was chosen as a smooth approximation to the ‘true’ age-performance relationship because
statistical tests showed that higher order polynomials added little to the explanatory power of
the estimated equations while the coefficient on the quadratic term was significantly different
from zero with p < 0.01 in almost all of the models examined. The constant in the quadratic
approximation gives the normalised load factor for age = 0.

The reason for estimating the specification with a full set of age effects is that this does not
force year-to-year changes in performance to follow some smooth pattern. For example, there
are strong @ priori reasons to expect that the average load factor in the first year of operation
(age = 0) will be compromised by the time required to establish a satisfactory operating regime
and to sort out any initial mechanical problems. Hence, it should be expected that the second
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year of operation will be the year in which the design performance of a wind farm is achieved. Figure 9A: Additive age-performance curves for UK onshore wind farms

As a consequence age = 1 is used as the baseline category in presenting the results estimated 30
with a full set of age effects as this means that the coefficients capture either out-performance
(positive values) or the shortfall in performance (negative values) relative to expected design
performance. N

The additive model can yield extreme or infeasible projections such as negative load factors
if it is extrapolated too far, whereas the projections from the multiplicative model must be

Load factor (%}

greater than zero. Hence, unless stated otherwise the results of estimating the multiplicative
(log-linear) model provide the basis for the analysis in the remainder of the paper. There is no

straightforward way of testing statistically whether a linear or log-linear specification fits the 0

8 9 10 I 12 13 14 15 16

data better as they do not provide nested hypotheses and the different transformations mean o2 3 4 5 6 7
- Wind farm age (yoars)

that the variances of the errors cannot be compared so that their R and other summary statis-
tics do not measure the same thing. = = = Quadratic Age effects

The results of estimating the alternative specifications with a full set of period effects are
Source: Author’s estimates.
shown in Table 2 (page 41). The period effects have been normalised by adopting August

2007 as the default period, i.e. with v, = 0. This normalisation was selected in order to ensure

that 3, ~ 0. As a consequence the constant terms in the equations are equal to the means of Figure 9B: Multiplicative age-performance curves for UK onshore wind farms

the load factors after normalising for unit characteristics and age. These means are 24.0% for 30

the multiplicative specification with quadratic age effects and 24.3% for the full set of age effects. 2 4
With a very large number of degrees of freedom any coefficient with a t-ratio whose absolute —_

value is greater than 2,58 is significantly different from zero at the 1% level or better. Both of the f’ Wpp=emesseea.

coefficients in the quadratic specification and all of the age effects for age > 1 meet this crite- S

rion, 5o that there can be no doubt that there is a statistically significant deterioration in plant _‘13; o

performance as wind farms get older. Both variants of the relationship between load factor and

age perform relatively well in capturing within-unit variance in load factors, but the variance 57

between units (measured by the standard deviation of 15} due to site and other characteristics is 0 = : = e

as large as the variance of the pure error term (measured by the standard deviation of e;). o P2 3 4 5 6 7 8 9 10 11 12 13 14 I5 16
Figures 9A and 9B illustrates the results of using the estimated coefficients for the additive Wind farm age (years)

and multiplicative models to generate the age-performance curves standardised for wind = = =Quadratic == Age effects

conditions and site characteristics. The error bars illustrate the 95% confidence intervals for Source: Author’s estimates.
the models with a full set of age effects. The quadratic representation of the age-performance

curves yields a close approximation to the more detailed specification with individual age

effects. Comparing the additive and multiplicative (log-linear) versions of the age-performance

curves, the latter has narrower confidence intervals for ages of 10 years or greater which is a

further reason for preferring this specification.

The normalised age-performance curves in Figures 9A and 9B were estimated by giving
an equal weight in the estimation to each wind farm irrespective of the amount of installed
capacity. These results are representative of the typical wind farm. However, to obtain results
that are representative of the average MW of wind generating capacity it is necessary to estimate
the model using a weight for each wind farm that is proportional to the installed generating
capacity of the plant ~ referred to here as capacity weights. Figure 10 compares the normalised
age-performance curves (including the 95% confidence intervals) for the multiplicative specifi-
cation with full age effects estimated using equal and capacity weights.
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Figure 10: UK onshore age-performance curves using equal and capacity weights Figure 11A: Residuals by age for performance curves using equal weights

30 -

Load factor (96}

Random component with full age effects

o I 2 3 4 5 6 7 8 9 10 {1 12 13 14 I5 16
Wind farm age (years)

~=Equal weights ===Capacity weights

Source: Author’s estimates.

0 I 2 a3 4 5 6 7 8 9 10 It 12 13 14 I5
The decline in performance with age is considerably greater when capacity weights are used. Wind farm age (years)
This implies that the performance of large wind farms declines more rapidly than that of smaller Source: Author’s estimates.
ones. From age 3 onwards the confidence intervals for the two age-performance curves do not
overlap, so that it is unlikely that the difference between the two curves arises merely by chance. ’ Figure 11B: Residuals by age for performance curves using capacity weights

The normalised load factor per MW of capacity falls to about 7% at age 10 and 3.5% at age 15.
With such low levels of performance it seems very unlikely that large wind farms will continue
in operation beyond 10 years of age, with a strong likelihood of re-powering at that point. The

~

consequence is that large scale reliance upon wind power seems likely to involve-a regular —and
costly - commitment to upgrading major components of the wind turbines.

As a cross-check on the estimated models, Figures 11A and 11B show box plots of the distri-
butions of residuals plotted against plant age for the specifications with full age effects using
equal and capacity weights respectively. The inter-quartile and Tukey adjacent values show
little variation across plant age. The numbers of observations are much greater for plant ages
at the bottom of the range (N > 2000 for ages =0, 1 or 2 but N < 400 for ages > 13). The larger
numbers of outliers for the lowest age groups reflect differences in sample size. The standard
deviations of the residuals by age group in Figure 11A fall in a range from'0.22 to 0.42 with
the highest values for ages 0, 2, 10, 11, and 15. While the residuals are heteroskedastic, there is
no systematic relationship between plant age and the residuals. The use of robust or bootstrap o 7 2 3 4 5 6 7 8 9 00 1 12 13 14 15

Random component with full age effects

standard errors means that there should be no reason to be concerned about statistical infer-

ence based on the results in Table 2 (page 41). Wind farm age (years)

Source: Author’s estimates.

The unit fixed effects ¥, for each unit  can be used as an indicator of the relative effectiveness of
different wind plants. Since wind turbines use no fuel, the crucial determinant of their effective-
ness is the number of hours per month or year that they operate, assuming that their output is
not constrained by demand or transmission considerations. Periods of constrained production
were minimal over the period covered by the data, so this is not a significant consideration.
Hence, a unit with a value of i at the top end of the distribution will operate for more hours
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in any year than the average, after adjusting for wind conditions, while 2 unit with 2 value
of u; at the bottom end of the distribution will operate for fewer hours per years. The factors
which influence average efficiency for particular units will include site location, the type of
wind turbines installed, and operating practices. Site location is likely to be the most important
factor since this will determine how far the turbines can take advantage of exogenous wind
conditions.

Figure 12 plots the unit fixed effects - ie. the efficiencies ~ of wind plants in England and
Scotland commissioned in or after 2000 together with trend lines over time.?' A small number
of extreme outliers, all with very low load factors, have been excluded. There is a very clear
downward trend over time in the unit fixed effects for Scotland ~ marked with red triangles and
ared dashed trend line. The variance of performance of wind plants in Scotland commissioned
in any one year is also large. The performance of wind plants in England has also fallen over
time but more gradually.

Figure 12: Unit fixed effects by year of commissioning for England and Scotland
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Note: The unit fixed effects are based on the log-linear specification with full age effects.
Source: Author's estimates.

A more comprehensive analysis can be constructed by treating the 282 values of the unit fixed
effects as data observations and estimating a regression equation in which the performance of
a plant is affected by the year in which it was commissioned and its generating capacity. Table 3
(page 43) shows the results of estimating regression equations to identify how the unit fixed

effects vary with the date of commissioning and capacity of wind farms. The results indicate

an annual reduction of 3.8% in the normalised load factor by date of commissioning for the
equally weighted fixed effects and of 11.3% for the capacity-weighted fixed effects. These trends

A fall in the unit fixed effect from 0.2 to 0.1 translates to multiplying the normalised load factor by exp(0.1)/exp(0.2)
=0.905,
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have been reinforced by diseconomies of scale so that recently commissioned and larger wind
farms have much lower normalised load factors than older and smaller wind farms. In addition,
wind farms in Northern Ireland and Scotland perform better than those in England and Wales.

The average load factor for a plant with a generating capacity of 50 MW is estimated to be
about 8% lower than that for a plant with a generating capacity of 10 MW commissioned in
the same year. The combination of less favourable sites and larger units as the number of wind
farms has grown has had a major impact on average load factors.

One hypothesis which merits investigation is that any performance degradation is deter-
mined by usage rather than the passage of time. This would imply that wind plants with
relatively low load factors experience less rapid degradation in performance than those with
relatively high load factors. This may be tested by including cumulative actual output normal-
ised by generating capacity as an explanatory variable along with age effects. Since output is
not recorded for periods prior to April 2002 for wind plants that were commissioned before
that date, the analysis is restricted to the subset of plants commissioned after April 2002. The
analysis (available on request from the author) indicates that cumulative output does not have
any statistically significant influence on performance degradation, which depends upon age
alone.

The most plausible explanation is that performance degradation is linked to the cumulative
number of starts and stops for the wind turbines. This is certainly the case for thermal gener-
ating plants for which maintenance requirements and performance are strongly influenced by
the thermal stresses of start and stop cycles. As a consequence, thermal plants operate most
efficiently on base load when the number of starts and stops is minimised. The inescapable
variability of wind speeds means that the stresses on mechanical and other components due to
start and stop cycles cannot be minimised by similar strategies.

Estimation results for Denmark

The results of estimating the model for Danish onshore and offshore wind farms are shown
in Tables 4 (page 44) and 5 (page 46). Because the sample of offshore wind farms is fairly
small the process of bootstrapping the standard errors generates a relatively high proportion
of degenerate results, especially for the specification with a full set of age effects, so cluster-
robust standard errors are reported for all of the models estimated for offshore wind farms, For
both onshore and offshore wind farms the specification with full age effects yields no statistical
improvement on the quadratic specification.

In Section B it was noted that the largest offshore wind farm appears to be an outlier and has
a very large influence on offshore age-performance curve estimated using capacity weights.2
To highlight the impact of including this observation, the normalised load factor at age = 0 is
76.8% but it falls to 0.6% at age = 10 if this observation is included. In contrast, the equivalent
estimates are 32.8% at age = 0 falling to 9.9% at age = 10 when the observation is excluded.
The time profile of normalised load factors when this observation is retained in the sample is
5o extreme and implausible on technical grounds that the wind farm was excluded from the
sample used to estimate the capacity-weighted model for offshore wind farms. An alternative

This wind farm suffered from some kind of major equipment failure in 2007 with the consequence that the total
output from 72 turbines was almost zero for more than 4 months.
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that was considered and which yields very similar results is to drop only the observations for
the year 2007, the year in which there was some kind of major failure for this wind farm. None
of the conclusions drawn from the analysis of the capacity-weighted age-performance relation-
ship are affected by which of these alternative adjustments is adopted.

Figure 13A: Age-performance curves for Danish onshore wind farms
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Figure 13B: Age-performance curves for Danish offshore wind farms
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The within R-square values are about 0.76 for all of the onshore equations and 0.74 for the
capacity-weighted offshore equations. This indicates that the equations provide a better fit for
variations in performance over time than would normally be expected for 2 large sample of
separate panel units. The unit fixed effects account for about 50% of the residual variation for
onshore wind farms and more than 75% of the residual variation for offshore installations. The
correlations between the unit fixed effects and other regressors are very small for onshore wind
farms, which would permit the use of a random effects model in this case, but the correlations
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reject the random effects assumption for offshore installations. In practice, using the random
effects model for onshore wind farms generates results that are broadly similar to those reported
based on the fixed effects model.

The normalised age-performance curves for Danish wind farms using equal weights are
shown in Figures 13A and 13B while the comparison between the age-performance curves
estimated using equal and capacity weights is shown in Figure 14. The confidence intervals
for the age-performance curves for offshore wind farms are large because of the limited sample
of sites but the hypothesis that the load factor remains constant as plants age — Le. that the
coefficients on age in columns (5) to (8) of Table 4 (page 44) are all zero - is rejected for each
specification (p < 0.02). The comparison of the age-performance curves derived using equal
and capacity weights in Figure 13 is based upon the quadratic specifications as these provide
simpler approximations which are not statistically different from the estimates based on the
models with the full set of age effects.

Figure 14: Danish age-performance curves using equal and capacity weights
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The decline in the performance of onshore wind farms in Denmark is less marked than for
the UK but there is a significant decline at an average of 1% of the previous year’s load factor
for each year. The decline is much more rapid for offshore wind farms with highly significant
negative coefficient on the quadratic term. In both cases the rates of decline are larger when
wind farms are weighted by capacity in the analysis. The estimates using a full set of age effects
show that the normalised load factor in the first year of operation (age = 0) is lower than in the
baseline year with age = 1. From age = 3 to age = 16 the coefficients are increasingly negative.
The results for ages > 16 are erratic but it is likely that this reflects sample selection bias, ie.
older wind farms with poor performance are more likely to be decommissioned early and thus
not appear in the sample.

The age-related decline in the performance of offshore wind farms is very rapid. The
normalised performance of an offshore wind farm falls from a load factor of 45% at age = 0 to
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12% at age = 10. The decline in the capacity-weighted load factors has a slightly different profile Table 1: Average load factors by year and country (%)
with a stronger quadratic term that reflects a slower initial rate of decline in performance which Onshore Offshore
accelerates after age = 8. Overall, the average load factors for ages up to and including age =
i England Hone Scotland Weles Denmark | Denmark
10 are very similar — about 28% - for the estimates derived using equal and capacity weights. 8 Ireland
This average is well below the load factor immediately after commissioning. Since typical load 2002 2.2 26.4 21.5 21.8 26.1
factors after age = 10 are likely to be well below this average, the steady state load factor for a 2003 241 286 2459 20.1 30.1
large sample of offshore wind farms will be well below the figure of 35% that is often used as the 2004 250 7.7 25.8 228 333
basis for policy assessments in the UK. This will have important consequences for the cost of g 250 208 271 248 221 394
offshore wind generation and its potential contribution to meeting the demand for electricity. 0 550 5% i i 0 o
Analysis of the unit fixed effects for the performance equations reveals another systematic
. . 2007 242 26.3 26.9 258 247 371
pattern that must raise concerns about the future of the offshore wind industry. Table 5 (page
: . 4 . 2008 244 294 239 299 23.1 412
46) gives the median values of capacity and the unit fixed effects for onshore and offshore
£ . 21. .0
wind farms by year of commissioning. The unit fixed effects used in constructing the table are 2009 i 300 772 23 . i
based upon the quadratic performance equations, but similar results are obtained if the unit 2010 208 2, 216 182 2.0 328
fixed effects for the performance equations with a full set of age effects had been used instead. 2011 26,6 30.7 279 270 25.3 449

In the case of onshore wind farms both the size of new installations and the associated unit Source: Author's estimates. See text for source of data.

fixed effects have tended to increase with time. Hence, the typical onshore wind farm commis- Note: The average load factors are the sums of total electricity output by country and year divided by
the average total nameplate capacity in the country multiplied by number of hours in the year. For new
installations, the first full month after the date of commissioning is excluded. Total nameplate capacity is
sioned in 2000, though onshore wind farms remain very small by UK standards. The year 2007 calculated monthly and averaged to give 2 monthly average of total nameplate capacity.

sioned in 2010 was larger and had a better performance than the typical installation commis-

appears to be an anomaly with respect to this general trend but it should be noted that the
median capacity of new plants commissioned in 2007 was only 1.5 MW, well below the medians
for other years in the period 2005-10 The trend in the typical load factor trend over time is
confirmed by estimating regressions for the unit fixed effects with capacity and year of commis-
sioning as regressors. In Denmark larger wind farms tend to have higher load factors than small
wind farms. Even after allowing for that trend, the normalised load factor for new wind farms
has been increasing at about 1% per year over time. This is consistent with the normal pattern
of technical progress and learning which one would expect to observe for a (relatively) mature
industry.

The pattern is very different for offshore wind farms. In this case the results of the regres-
sions show no significant relationship between capacity and the unit fixed effects combined
with a very substantial deterioration (at rates of 8-10% per year) in the unit fixed effects. Even
allowing for the small sample of offshore wind farms the trends are so strong that the proba-
bilities of obtaining the results by chance are well below 0.1%. Thus, the median values of the
unit fized effects for offshore wind farms shown in Table 5 (page 46) illustrate a sharp and
systematic decline in the performance of new offshore wind farms in Denmark. If this were to
continue and/or to be reproduced in other countries where offshore wind is being developed,
then there can be no prospect that offshore wind farms will ever be financially viable at reason-
able prices for electricity.
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Table 2: Estimation results for UK onshore wind farms 16 1627w L0.825%% 32,87 21550
Unweighted Weighted by capacity (3.42) (0.171) (5.63) (0.447)
Linear Log-Linear _ | Linear Log-Linear 17 -16.95%+* -0.911** -3537%** =2372%
[¢)] 2 (3) [C)] 5) (O] 7} ® (3.71) (0.151) (5.98) (0473)
Age =0.74%** -0.036** -1,31*** -0.092+** 18 -18.99%** -0.982"** -38.00"*" -2.482%*
(0.21) (0.010) {031} (0.020) . (3.96) (0.195) (6.30) (0.493)
Ager2 -0.017%* -0.0010** -0,043*** -0.0026*** 19 -22.40%* -1.156"* -46.057* =3.011%**
(0.005) (0.0003) (0.011) (0.0007} (4.63) (0.276) (7.40) (0.582)
Age effects - Constant 24.90%+ 24.93%* 3.180"** 3.190%** | 23.94%** 23.88" 3.206™** 3.192%*
0 -0.89* -0.050*"* -1.85% -0.103 0.99) (0.88) (0.045) (0.038) (0.74) (0.696) (0.052) {0.052)
(0.34) (0.015) (0.90} (0.055)
2 -1.04* -0.066*** -1.87¢ -0.127*** Observations 18224 18224 18224 18224 18224 18224 18224 18224
(0.32) (0.018) {0.36) (0.025) No of units 282 282 282 282 282 282 282 282
3 S 0093%2 A1 02695 &‘i:}qﬁ“nm 0.653 0.657 0.549 0.555 0.687 0.700 0.585 0.607
(0.51) (0.024) (0.74) (0.062)
4 -2.86"** «0.140"* -6.52%* -0.446%** Source: Author’s estimates. See text for source of data.
©75) (0.036) 121) 0.102) i\lst:s(:) ‘ 32 f:a;:\ia:li) 19_1-:2:5:: %a'l;;x;.theses. Probabilities are measured in stars:
5 423w -0.200% -9 Qe 0,582+ (b) Bootstrap standard errors for models (1)~(4); cluster- robust standard errors for models {5)-(8).
(<) The equations are estimated with a full set of period effects in addition to the variables reported. The
(0.96) (0.047) (168) (0.135) default {missing categories) are age = 1 and period = August 2007. The constant term corresponds to the
6 450w 02317 _9.9g*+x 0,676 estimate of the load factor or In(load factor) for a unit of age=1 in August 2007.
(1.19) (0.057) (2.03) (0.158)
7 -6.45"** -0.308%** <13,02%** -0.850*
(1.41) (0.069) (2.39) (0.186)
8 S7.610 -0,394*** -15,50%%* -1,033%+
(1.60) (0.082) (2.72) (0218)
9 -8.89%** -0.465%++ -17.58"** -1L161%
(1.88) (0.097) (3.11) (0.244)
10 =10.45%* -0,574*** -19.75%+ -1.310%**
(2.12) 0.117) (3.39) (0.265)
11 =11.14% -0.591%%+ -21.67%% -1.422%**
(2.40) (0.120) (3.69) (0.289)
12 -12.54%% -0,632"" -24,55"** 1,598+
(2.66) (0.131) (4.16) {0.330)
13 -12.84%% -0.666*** -25.42%% -1.701%*
(2.83) (0.140) (4.57) (0.356)
14 -13.370 -0.708*** 27 87+ 1,855
(3.04) (0.148) (4.78) (0.373)
15 -14.45%% -0.752%* -28,78%%* -1.910%+
(3.26) (0.159) (5.14) (0.395)
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Table 3: Equations for trends in unit fixed effects +Table 4: Estimation results for Danish wind farms
Quadratic Age effects cQa:aa:.:;ﬁc - cAai:, iﬁ;m - Regressors Dependent variable: In(load factor)
Onshore wind farms Offshore wind farms
(1) (2) (3) 4)
Year of commissioning — 2000 =0.038*** -0.039%%* -0.117+%* -0.121%+* Unweighted Weighted by capacity Unweighted Weighted by capacity
(0.003) (0.003) (0.003) (0.003) ) @ ®) @ ) 6) @ ®)
Capacity (MW) 0.0021%%+ -0.0021%** -0.0020%+* -0.0020%*+ < Age -0.010* -0.013** -0.062 -0.022
{0.0005) (0.0005) (0.0005) (0.0005) (0.004) (0.005) (0.077) (0.020)
Northern Ireland 0.198% 0.192%+ 0207+ 0.199%% Age A2 -0.0002 -0.0002 -0.0067* -0.0075*
(0.040) (0.041) (0.041) (0.042) (0.0001) (0.0002) (0.0019) (0.0022)
Scotland 0.207*+* 0.206%+* 0.202%** 0.202%*+ Age in years
(0.036) (0.035) (0.036) (0.040) 0 -0.041%+* -0.036* 0.036 0.0155
Wales 0.081 0.0824% 0.0844* 0.0882 (0.012} (0.012) (0.090) (0.025)
(0.042) (0.042) (0.040) (0.042) 2 -0.014 -0.020% -0.197* -0.0600
Constant 0.022 0.0273 0.475%+* 0.504** ' (0.009) (0.010) (0.091) (0.032)
(0.029) (0.032) (0.030) (6.032) £ RIS ) 0127 Wt
(0.012) (0.013) (0.200) (0.061)
Observations 282 282 282 282 4 -0.040" -0.053+ 0312 -0.224
R-square 0413 0.423 0.848 0.857 (0.015) (0.016) (0.307) (0112)
S -0.052+* -0,068** -0.374 -0.359%
Source: Author's estimates,
Notes: (a) Standard errors in parentheses. Probabilities are measured in stars: (0019) (0.021) (0.308) (0.118)
*p<0.05% p<0.01,*** p<0.001. 6 -0.069* | -0.088%** -0432 -0.432*
(b) England is the baseline country in the model.
(c) Bootstrap standard errors. (0.022) (0.026) (0.380) (0.182)
7 -0.076** -0.097+ -0.700 -0.681*
(0.027) (0.031) (0.451) (0.192)
8 -0.087** -0.115%* -0,838 -0.734%*
(0.031) {0.035) (0.511) {0.208)
9 -0.100%* -0.131 -0.983 -0.828%*
(0.035) (0.041) (0.590) (0.254)
10 -0.115%* -0.151%* -1.313 -1.183%+*
(0.040) 9 (0.046) (0.676) (0.270)
11 -0.131* -0.170***
(0.044) (0.051)
12 «0.144%* -0.184**
(0.048) (0.057)
13 -0.154* -0.201*
(0.053) (0.062}
14 -0.160%* -0.210**
(0.057) (0.066)
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Regressors Dependent variable: In{load factor) Table 5: Performance by year of commissioning for Danish wind farms
Onshore wind farms Offshore wind farms Year Onshore Offshore
Unweighted Weighted by capacity | Unweighted ‘Weighted by capacity (Ch:g;;:ity Unit fixed effects g:%:;ity Unit fixed effects
1s £ (2.184" = (:1;.228" 2 © 2 ® Unweighted S:f;];l:i Unweighted S:?;hctletg
{0.064) 0.073)
16 -0217** -0.231* 2000 23 -0.055 -0.076 40.0 0.001 -0.035
(0.083) 0.090) 2001 2.6 -0.151 -0.177
17 -0.157* -0.179 2002 27 0.036 0.008 220 0.196 0215
(0.073) {0.097) 2003 23 0.185 0.153 40 -0.059 0.082
18 -0,188* -0.256"* 2004 3.0 0.047 0.012
(0.083) {0.095) 2005 36 0.278 0241
19 -0.083 -0.143 2006 5.6 0.256 0216
(0.082) {0.095) 2007 15 -0.451 -0.494
20 -0.161 -0.246* 2008 40 0.263 0.216
(0.084) (0.101) 2009 46 0326 0.274 232 -0.546 -0.305
Constant 3.073%** | 3,074 | 3,154*** | 3.160%* | 3798 | 3701*** | 36680 | 3.475% 2010 7.2 0.406 0351 39.1 -0.727 -0.466
(0.048) (0.045) (0.053) (0.050) 0.179) (0.158) -0.032 -0.056 2011 6.5 0.050 -0.008 36 -0.979 -0.673
Note: Median values of capacity and unit fixed effects. Source: Author’s estimates. See text for source of data.
Observations | 93929 93929 93929 93929 2201 2201 2091 2091
No of units | 823 823 823 823 30 30 29 29
&'iig;m 0.766 0.766 0.762 0.762 0.345 0.350 0.738 0.751

Source: Author’s estimates. See text for source of data.

Notes: {a) Standard errors in parentheses. Probabilities are measured in stars:

*p < 0.05,* p <001, *** p<0.001.

(b) Bootstrap standard errors for models (1)-(2); duster- robust standard errors for models (3)~(8).
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