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WIND ENERGY

Taking advantage of modern turbines

Wind facilities have generally deployed turbines of the same power and height in regular uniform arrays. Now, the
modern generation of turbines, with customer-selectable tower heights and larger rotors, can significantly increase
wind energy’'s economic potential using less land to generate cheaper electricity.

Robert Thresher

ind energy is a rapidly growing
global source of electricity
generation, because it has the

environmental advantage of producing low
carbon electricity at a very low price. The
Global Wind Energy Council estimates
that the total global installed capacity is
about 540 GW, and installed capacity will
continue to grow at about 8% per year for
the foreseeable future'. Offshore installation
of wind facilities is growing, driven by
the limited suitable locations onshore and
by the higher, more persistent offshore
winds. However, the development of a new
generation of turbines, both higher and
larger than previous generations, makes it
feasible to install turbines in lower wind
areas that were previously considered
uneconomic. Now, writing in Nature Energy,
Erkka Rinne and colleagues from the VT'T
Technical Research Centre in Finland have
quantified the increased potential of this
modern generation of turbines, based on a
resource potential study for leand2

The power output of a wind turbine is
proportional to the product of its power
coefficient, the air density, the rotor swept
area and the cube of the free-stream wind
velocity’. This simple relationship provides
insight into the evolution of the technology.
Modern wind turbines have been perfected
to the point that power coefficients of
nearly 0.5 are typical, which is about 85%
of the theoretical maximum. With this high
conversion efficiency, turbine engineers
and wind farm developers have focused
on making the swept area larger and
increasing the wind velocity that the turbine
experiences. The velocity cubed term has the
biggest impact on power production: a 10%
change in wind velocity gives a 30% change
in power. This means that placing the
turbine in even a slightly better wind flow or
making the tower taller to get up higher in
the boundary layer, away from the drag of
the ground that slows the wind, can have a
big payoff. In accord with taller towers, there
has been a series of design innovations to
make turbine rotor diameters larger, driven
by the diameter-squared relationship for
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the turbine swept area. The engineering
challenges of increases in turbine scale
had to be overcome while finding ways
to minimize the cyclic loading on the
turbine rotor to prevent fatigue damage and
increased structural failures. The overall
impact of these design innovations made
the wind turbines heavier and costlier on
a per-turbine basis. However, at the same
time, these innovations have made available
a series of turbines with customer-selectable
rotor diameter and tower heights that can
be tailored to the specific attributes of an
installation site, as shown in Fig. 1, greatly
reducing the overall cost of energy.

Erkka Rinne and colleagues have
performed a comprehensive wind
potential modelling study for Finland that
demonstrates the significant increase in
generation potential of this new generation
of larger and taller turbines. For the study,
the land area of interest was subdivided
into a calculation grid of small cells, and the
wind resource for each cell was
derived from the Finnish Wind Atlas
(http://www.tuuliatlas.fi/en/). Then, a
turbine model with custom tower height
and rotor diameter was selected to
estimate the energy capture. The study
included restrictions and buffer zones,
where turbines were excluded, that
depended on the land use. The energy
generation potential was calculated both
for an older set of turbines from about 2002
and for modern turbines from 2015. Two
land-use scenarios were considered: the
first one was optimistic in that very lenient
land use restrictions were applied; and the
second one used restrictive assumptions
regarding land usage. The study also
accounted for turbine energy losses due to
down times (for example from maintenance
or blade icing) or to other energy losses,
such as wake blockage (upstream turbines
block the wind to downstream turbines,
reducing energy capture). The cost:
sensitivity to roads, transmission, utility
interconnection, turbine height and other
variables was also assessed. The results
show that the major advantage of the newer

Fig. 1| A complex wind farm layout in Lowville,
New York. The complex layout leads to low
disruption of other land use activities. Credit:
Michael J. Okoniewski, National Renewable
Energy Laboratory (NREL) / US Department

of Energy

generation of turbines is a significant
increase in the energy generated per unit
of land area, even though the larger rotors
required a greater separation distance
between turbines. However, at the high
energy wind locations, the older generation
of turbines with shorter towers and smaller
rotors were still competitive based on the
cost of energy but used more land per
MWh produced. Considering the diversity
of wind turbine models now available, the
study shows that it is critical to tailor the
turbine size and height to the site wind
characteristics and terrain features to
maximize the wind energy potential for
aregion.
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Now, it is possible to update and
improve past wind potential estimates
for land-based wind energy following
the modelling approach used by Rinne
and colleagues. Countries with regions of
relatively modest wind speeds will find
that they have significantly more cost
competitive wind potential than they
had previously estimated. In addition,
they will be able to generate more energy
from a given area of land while reducing
the number of turbines on the landscape,
reducing their visibility. The ability to tailor
the turbine height and rotor size means that
turbines can be more easily introduced into

the landscape with less disruption of other
land use activities, as illustrated in Fig. 1.
With additional research, the modelling
approach of Rinne could be enhanced

to include additional features that

would make wind energy facilities

even more productive. For example,
ongoing research shows promise for
mitigating blockage effects of upwind
turbines employing turbine yaw control

to steer upwind wakes away from
downwind turbines*, which would
provide an additional increase in

energy capture and the wind potential for
a given area of land. a
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