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Supersize wind turbines in the US
Embracing the trend

Industry gears up for
multi-megawatt future
The slow but steady migration in the US to turbines that are beyond 2MW in size is clearly
gaining momentum, presenting fresh challenges for manufacturers, writes Mark Anderson

T

he US market, long dominated by GE Energy’s
workhorse 1.5MW turbine, has seen average
nameplate capacity inch upwards from
1.60MW in 2006 to 1.74MW in 2009, according
to new figures from the Lawrence Berkeley
National Laboratory (LBNL). But now, as GE
and other manufacturers offer more and bigger choices, the
US appears ready to turn a corner and head down a
multi-megawatt trail similar to the one blazed in Europe.
That the US has been slower to embrace the trend has
two main causes — better wind and GE market share,
according to Ryan Wiser, staff scientist with LBNL’s
electricity markets and policy group. “Generally speaking,
more robust wind resources are associated with somewhat
smaller machines,” Wiser says. “And, of course, our market
is just fundamentally dominated by GE. So whatever GE is
selling, we’re going to have a tendency towards those
machines. If it’s only 1.5MW, that’s what we get.”
None of GE’s new 2.5MW turbines are yet installed in the
US but major change is on the way. Last December, GE
announced a $1.4 billion deal to build 338 2.5MW machines
at Shepherds Flat, a massive 845MW Oregon project, with
construction expected during 2011 and 2012.

continues, the US industry will be challenged by many
factors — including transportation, transmission, supply
chain, manufacturing capabilities, crane availability, wind
resources and even political posturing. The industry is
scrambling to get ready.
The optimal solution would be multi-megawatt
machines manufactured near windy sites using only
US-made parts in an effort to mitigate transportation
problems and create high-paying jobs. But that ideal set of

“GE has seen upscaling continue in Europe and,
presumably, that means there’s going to be a trend towards
upscaling in the US as well, whether it’s now or in a couple
years’ time,” Wiser says. “If GE continues to market a
1.5MW machine, which at some point in the future will be
viewed as outdated — not yet by any means — then they’ll
need to be ready for the next play. The next play is almost
assuredly going to be larger machines, so they needed to
have something on offer.”
Last year 1,841 turbines that were 2MW or larger went
online in the US, representing 4.15GW, or 44% of the 9.5GW
total. That growth was a jump from 2008, when 1,347 units
at 2MW or larger went online, comprising 3GW, or 34% of
the year’s 8.8GW overall tally. US 2MW and above turbines
are currently Vestas (3MW), Clipper (2.5MW), Nordex
(2.5MW), Fuhrlander (2.5MW), Mitsubishi (2.4MW), Siemens
(2.3M) Suzlon (2.1MW), Repower (2MW) and Gamesa (2MW).
At present, though, few of the larger machines are
manufactured in the US and there is much more to the
game than picking items off a multi-megawatt menu and
calling a project developed. As the move to bigger turbines
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Small machines may become obsolete

Last year, over 1,800
turbines larger than
2MW were installed
in the US
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“Larger turbines keep the cost of energy low
and we can get more megawatts on the site
and take a bigger step towards RES goals”
Kelley Marold, CEO, wind development director, Portland General Electric

German-made machines are possible this year.
Nordex already gets blades and towers from US facilities,
while a supply chain is under development for feeding the
Arkansas factory. Much will come from foreign shores. “But
we work with some of the European suppliers that already
have operations in the US and also have assembly here,”
Sigrist says. “And we work with some purely US suppliers
that come from other areas, like the automotive sector.”
Still, Sigrist counsels against assuming automotive
experience will transfer effortlessly to the wind business,
because the industries define longevity differently. “If you
run your car without interruptions for 18-24 months, then
it’s done,” Sigrist says. “Whereas a wind turbine, and the
components that you put in a wind turbine, are not only
bigger and heavier but they also have to have a design
lifetime of at least 20 years.”
He also cautions against the “buy American” policies
embraced by Democratic US Senator Charles Schumer and
others — a complicated stance that Sigrist says could create
unintended consequences and keep foreign companies
from investing in US expansion.
“But we are not afraid of the ‘buy American’ clause,
because already today our US scope is pretty substantial —
in excess of 50%,” Sigrist says. “And, with our assembly and
manufacturing in Arkansas, we will, from the beginning of
2011, have a US local content in the order of 70% to 80% on
turbines delivered and installed.”
Overall, the three-year re-entry process has given Nordex
insight into the US market regarding different ways of
getting equipment into the country and off to a site. One
easily overlooked factor is exchange-rate fluctuation, which
can make importation a dicey prospect even before
shipping costs are added. “The main reason why you have
to have your local manufacturing on this continent is the
exchange rate,” Sigrist says. “Heavy exchange-rate
fluctuations can sometimes make you go from competitive
to uncompetitive.”

So although Nordex might be able to get turbines more
cheaply to a site in the eastern US by shipping them from
Germany rather than trucking them from Arkansas, Sigrist
says the company is unlikely to import machines once the
Arkansas factory is finished. “You have to have a planning
certainty,” he says. “You might save $20,000 or $30,000 per
turbine on the transport, but the exchange rate can easily
take away $200,000.”
In the end, he believes that costs will usually end up
driving overall decisions. “The customer will look at the
project and what produces the best economics — what has
the best efficiency and allows for the best return,” he says.
“And, for the larger turbines, you can generate the same or
more energy with fewer foundations, with less access
roads, less crane paths and less infrastructure because you
need fewer turbines on a site than from the smaller ones.”

Local production
Despite possible cost
savings, Nordex is
unlikely to import the
larger machines once
its US factory is
finished

Closer to renewables standard
Those factors are also important for utilities, like Portland
General Electric (PGE), which are increasingly responsible
for green-energy quotas set by state-mandated renewable
energy standard (RES) requirements. PGE, Oregon’s biggest
utility, owns Biglow Canyon, a 450MW three-phase project
in the state’s Columbia River Gorge. Phase three, expected
to be completed this year, and 2007’s second phase,
comprise 141 Siemens 2.3MW turbines.
“If we go with the smaller turbines, we can maybe get
300MW on a particular project site,” says Kelley Marold,
PGE wind development director. “If we go with larger
turbines, we can keep the cost of energy low and very
comparable, and we can get more megawatts on the site.
That enables us to take a bigger step towards meeting our
RES goals.”
Another area for consideration is transmission
interconnection. “The more megawatts you can install at a
particular site, the more cost-effective the interconnection
can be and the less you rely on having to have other
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circumstances will only become a serious possibility in the
distant future.
For starters, few US foundries are currently capable of
producing the necessary oversized components. According
to Ralf Sigrist, CEO of Nordex USA, only one US foundry can
pour the large castings and forged parts required, although
a former Ford factory in Michigan is being considered for
retrofit as another. “You could say that in the past 50 years,
most of that machining and pouring — foundry capacity —
closed down in the US and went either to China, the Far
East or Mexico,” Sigrist says.
Much the same is true of gearboxes and generators, most
of which come from overseas. “Today, there is only one
gearbox manufacturer in the US, or in North America, that
can technically do those large gearboxes,” Sigrist says. “We
are currently not aware of even a single generator
manufacturer that could supply the generators for the large
turbines in North America.”
Those specific needs are likely to be met by Chinese and
European factories, as Nordex prepares to open its Arkansas
factory in September and begin producing 300 nacelles a
year for its 2.5MW turbines — with the potential to double
capacity by running a second shift. A European leader,
Nordex recently returned to the US after a brief stint in the
late 1990s that resulted in the installation of fewer than 50
imported 1.3MW machines. Last year, upon return, 2.5MW
machines were imported from Germany for a 60MW
Pennsylvania project and two more projects involving

projects come forward and be willing to share in those
interconnection costs,” Marold says.
Further, bigger turbines usually need bigger cranes,
especially with the taller towers that are increasingly being
used. That can pose problems in the US, which is
notoriously lagging behind Europe in crane advancements.
“One of the primary considerations is how big are those
tower sections and how much do they weigh?” Marold says.
“As you go up in tower height, you have to make sure you
have the cranes that can not only go that high, but can lift
the very heavy nacelles that much higher.”

A

s turbines get larger, so do
the related transportation
headaches. Multi-megawatt
machines not only mean giant-sized
nacelles, they also require longer
blades, taller towers and bigger
cranes, along with oversized
conveyances for moving them.
“We’re bumping up against the
limits of what’s transportable,” says
Jim Dehlsen, founder of Clipper
Windpower, whose 2.5MW machine
is the smallest the company has
ever designed. “The challenge for
the industry is how to get clever
about it and start solving those
problems. Some of the things are on
the drawing board now and it’s
something we’re looking at pretty
closely for the next generation of
land-based technology.”
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In addition to plans for a 10MW
offshore machine, California-based
Clipper expects to add an onshore
turbine in the 5MW range by
2014-15. One possible solution to
moving the necessary equipment
may be the development of
so-called gypsy plants — temporary
on-site facilities set up to roll tower
segments and fabricate blades
using materials transported by
ordinary flatbed trucks.
“If you were to build a 200MW or
500MW hydroelectric project, you
wouldn’t bring all your cement in on
a cement truck,” says Clipper
vice-president Craig Christenson.
“You’d essentially make a batch
plant and make the cement right on
site. Same with wind turbines in the
future as these projects get bigger.”

Use of temporary plants could
help with safety and permit issues
by simply taking oversized trucks
off the road. “In some places, you
can’t even get permits to go
through the state,” Christenson
says. “We have to go around certain
states, bridges and underpasses —
not really a workable solution as we
get larger. And you don’t want to be
driving down the road behind
something that takes up two-and-ahalf lanes.”
Growing use of rail
Others believe rail transportation
offers the solution to moving bigger
equipment. Unit trains, comprising
100 or more railcars for one
dedicated purpose, can bring large
components directly from factory to

wind farm. “Building a mile-long rail
spur off of a main run just to bring
equipment onto a site is actually
worth the money when you add up
the total investment,” says Sam
Fairchild, CEO of Energy
Composites, a fledgling Wisconsin
blade maker. “Rail is increasingly
becoming the preferred way.”
Siemens, with a US nacelle plant
expected to open by the end of
2010, has imported roughly 1,500 of
its 2.3MW machines into the US and
is using more trains to move
equipment (pictured, right). As well
as investing $10 million in a rail yard
at its Iowa blade plant, the company
is moving away from trucking to
transport nacelles. “We’ve shipped
our nacelles by rail — in the past,
we’d only shipped by large trucks,”
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Transport Keeping the roads clear
says Mike Revak, the company’s
vice-president of US sales. “We did
a number of projects in 2009 with
railroad-transported nacelles.”
Germany’s Nordex also has plans
to produce nacelles in the US by the
end of the year and it envisions a
future of hybrid towers that include
concrete bases. “For the first part of
the lower sections, you would build
the tower on the site from
concrete,” says Ralf Sigrist, CEO of
Nordex USA. “And then, for the
upper sections, it would be
conventional steel parts. That’s in
order to reach hub heights up
towards 120 or 130 metres.”
Another part of the picture
involves revolutionising crane
transportation – which now can
require two-dozen or more trucks to

get a traditional lattice-style crane
on site. “In Europe, there’s a series
of hydraulic cranes that have been
developed and that reduces the
number of trucks required,” says
Christenson. “These are telescoping
hydraulic systems that are a lot
quicker to set up and a lot less
expensive overall. We don’t have

them here yet, but I think it’s a great
opportunity for US crane companies
— just to replicate what they’re
doing in Europe.”
Segmented and retractable
blades are also viewed as a way to
solve another aspect of the
transportation puzzle in the
not-too-distant future. One way or

another, the industry is not likely to
let logistical dilemmas hold it back.
“Ultimately, the transportation
infrastructure is certainly an issue,”
says Ryan Wiser, staff scientist with
Lawrence Berkeley National
Laboratory’s electricity markets
and policy group. But there are lots
of solutions being talked about.
“You look to Europe
and people are even
installing 7MW
machines on land, so
transportation is
clearly not a drop-dead,
absolutely-can’t-do-it
kind of barrier,” Wiser
says. “There certainly
are ways around
transportation
constraints.”
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based manufacturer moved closer to realizing its 10MW
machine, called Britannia, by breaking ground in February
for a UK blade factory. The company expects a 72-metre
blade prototype by late 2012.
Meanwhile, Clipper has installed roughly 500 of its
flagship 2.5MW Liberty turbines in the US and Mexico since
2007. The machine’s design was born in 2001, when average
turbine sizes were still around 900kW, according to
company founder Jim Dehlsen. Clipper won a grant from
the US Department of Energy in 2002 and its breakthrough
came with the development of a distributed drive train,
made possible because the Liberty uses four generators
instead of the traditional one.

Nearly 1,500 Siemens 2.3MW turbines are installed in North
America, according to Mike Revak, the company’s vicepresident of US sales. “One of the big pushes for Siemens is
to have a presence in the Americas,” he says. “By the end of
this year, we’ll probably have about 1,500 people that
provide wind turbine support in a number of roles.”
Kansas, with its prime middle-America location, will be
home to the company’s new plant for large turbines when
doors open on its 2.3MW factory, which will eventually
produce 650 annual units. “We’ll ship the first nacelle in
December,” Revak says. “Then we’ll ramp up through 2011
and be in full production in 2012.”
Siemens, which acquired the Danish firm Bonus Energy
in 2004, currently produces its nacelles in Denmark, but
much of the rest of its equipment is US made. “We’ve gone
from almost 100% Danish to about 55-60% US dollars right
now, when you look at the overall value of a turbine and our
scope of supply.”

Economies of scale

Controlling transport costs

Going large Biglow

Canyon is a 450MW
project owned by
Portland General
Electric, which uses
Siemens 2.3MW
turbines

portland general electric

The company sees transportation as a significant issue
when it comes to containing overall costs. “If you look at a
standard 80-metre tower, you’re talking about shipping
three tower sections that weigh a lot,” Revak says. “Then
there’s three blades, the nacelle and some other
components. We’ve done a lot of work on getting the
transportation costs down. We’ve made a huge investment
from the standpoint of rail.”
The company recently invested $10 million to add a rail
yard at its blade factory in Fort Madison, Iowa. “We also did
a number of projects in 2009 where there were railroadtransported nacelles,” Revak says. “The things we’re doing
relative to the solutions of rail, and adapting the tooling
and the product to be able to do that, have really driven the
transportation costs down for the machines. But it still is a
very large part of the project.”
In general, Revak believes that 3MW is the upper edge of
the sweet spot for onshore turbines, although he expects
offshore machines to keep getting bigger — and notes for
example, the Siemens 3.6MW turbine. “You can build bigger
machines offshore,” he says. “You don’t have the
constraints of roads and bridges and tunnels.”
One company that doesn’t need to be convinced of
offshore potential is Clipper Windpower. The California-

That design allows the 2.5MW turbine to carry the same
weight as a typical 1.5MW machine. “The fact that you’re
splitting the load path much more than in a conventional
gearbox allows you to scale up and have the power-toweight ratio remain constant,” Dehlsen says. “With a
conventional gearbox, the challenge that you have is that
the weight goes up exponentially as you start moving
beyond 1.5MW.”
Clipper is also developing an onshore turbine in the
5MW range — the ambitious company’s idea of a mid-sized
machine. “It’s the sort of thing where we’ll have to look at
where the market’s going to be, say, in 2015 or 2014,”
Dehlsen says. “I think there will be acceptance for that
scale of machine at that point.”
LBNL’s Ryan Wiser also expects the trend towards bigger
turbines to continue. “With every new design, with every
new plateau, there have been claims that turbines are not
going to get any bigger or that the next size will be the
biggest and then we’ll hit the limit,” he says. “But we
haven’t hit the limit yet. So I’m loath to say we’re going to
hit it with our next size threshold.”
The key question is, do bigger turbines result in cheaper
electricity? “We believe that to be true,” says Siemens’
Revak. “We believe that going bigger, in terms of megawatts
and in terms of the energy capture, will lead to, and does
lead to, reduced costs. And I think if you looked at it over
history, every four or five years you’d see a new generation
of larger turbines and larger rotor diameters — and the cost
of the energy reduced over time.”
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