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ir moves wrth respect to Earth’s surface-as -

a result of the uneven distribution of heat
over major landmasses, with sunlight being absorbed~
1o different degrees by land and oceans, and due to the.

e

rotation of the globe. Temperature and atmospheric
pressure variations over different regions cause the
flow of air which we call wind. Wind carries kinet-
ic energy which humankind has been harnessing as
a source.of power for millennia, for example in sailing.
-Windmills are first mentioned in the Code of Ham-
murabi back in the 18th century B.C., where they are
described-as devices for pumping water and irrigat-
ingfields.

Today, wind power is used as a'renewable resource
for generating electricity by wind turbines'which are
designed for maximum efficiency. Their most im- -
portant elements are blades which are turned by the
aerodynamic force of airflow.-The general principle

“at work here is the same as for aircraft wings, helicop=

ter blades and sails. The flow of air causes a pressure :




differential over the blade surface which generates lift
and resistance.-Carefully setting the position of the
~ blades relative to-wind direction drives the rotor con-
~nected to the generator (either directly or using gears)
to convert the kinetic energy of wind into-electrical
energy. Wind farms can belocated on=or offshore:

Why of—fShore wind,poWér?A ,

Tt is universally-known that climate change is the -

main-factor driving the loss of-biediversity. Rising

temperatures-all'over the globe are leading-to dam-

age and destruction of land and marine ecosystems.
Wind power generated by offshore farms i is- widely
regarded as a fundamental means of low-emission

power generatlon in Europe, since 1tsh0u}d help re- .

duce the emission of greenhouse gases-and preserve
biodiversity.

Under an EU directive from2009, energy from
renewable sources was meant to contribute 20% of all

énergy used in the EU by 2020:In 2018, the European -
< Parliament adopted an-amended version'of the renew- -
~ able energy directive setting _thefgoal for the EUasat™
least 32% by 2030. Another keyigoal is the reduction™
of greenhouse gas emlssmn by at least 40% in_com- -~

parison'with 1990. 5 -

Wind power is the largest contributor t0>low—'emis g

sion; renewable energy in'thé EU, and forecasts pre-
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~dict that this- will contmue in the comlngdecadesr In' gy T
=°2018, wind power contubuted 18:4% of _the total po-
tential of electrical énergy generated in the EU withe=

170 GW from onshoxe and 19 GW offsho farn ?
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Fig. 1

Proposed locations

for offshore wind farms
within Poland’s exclusive
economic zone

INSIGHT Wind Power

Assuming that energy from renewable sources may
constitute 50% of total power generation in the EU by
2030, wind power (on- and offshore) could contribute
21% of total energy.

In December 2019, the European Commission
launched the European Green Deal. It outlines a clear
vision of Europe reaching climate neutrality and de-
carbonizing the power generation system by 2050,
stressing the key role of renewable energy sources,
in particular offshore wind farms, in reaching this
goal. Climate neutrality (also known as carbon and
emission neutrality) describes a net-zero emission of
greenhouse gases (including CO,) - that is, achiev-
ing a balance between the emission and absorption
of greenhouse gases.

In order to meet these targets, the wind power
sector needs to grow significantly. According to the
most optimistic scenario of the long-term strategy
of the European Green Deal, the total energy gener-
ated offshore in Europe will rise to 450 GW, 85% of
which will originate from the Atlantic coastal regions
of France, Ireland and the UK (85 GW), the North Sea
(212 GW) and the Baltic (83 GW). In order to gener-
ate 380 GW, the total area dedicated to wind farms
would need to be 76,000 km? (assuming5 MW/km?),
that is around 2.8% of the total area of the northern
sea basins.

An important element of the planning process is
identifying optimal locations for wind farms. Cur-
rently, offshore wind farms are built in shallow wa-
ters (depths of up to 60 m) at a safe distance from the

coast and shipping routes. According to the Wind-
Europe report published in February 2019, European
wind farms are at an average distance of 33 km from
the coast (41 km in 2017) and at an average depth of
27.1 m. The first offshore wind farm was built in Vin-
deby in Denmark in 1991; the UK generates 45% of all
wind energy in Europe (measured in MW), followed
by Germany (34%), Denmark (8%), Belgium (7%) and
the Netherlands (5%).

The proposed locations of wind farms in Poland’s
exclusive economic zone are shown in Fig. 1. The sites
are in relatively shallow regions (20-50 m) at a safe
distance from shipping routes (min. 2 nautical miles)
and do not interfere with areas protected for envi-
ronmental or defense reasons or used to extract ag-
gregate or hydrocarbons. The total area of the select-
ed locations is approx. 2,245 km? which - assuming
a density of turbines of around 8 MW/km? - means
a potential total energy generation of approx. 18 GW.
The real potential may end up being lower due to envi-
ronmental limitations in and around the wind farms.
Reasons might involve creating bird migration corri-
dors or having to refrain from erecting some of the
turbines due to adverse geological conditions. This
is why governmental planning reports estimate that
offshore wind farms in Polish waters will generate
a total of between 8 and 11 GW by 2040. However,
according to the report published by the wind ener-
gy industry association WindEurope, the optimistic
scenario indicates that Poland’s region of the Baltic
has the potential to generate up to 28 GW. This would
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require identifying new regions for development of
wind farms, for example in the eastern reaches of Po-
land’s economic zone. Since this part of the Baltic is
deeper, however, such wind farms would likely need
to be built on floating platforms.

Figure 2 shows a map of average wind speeds over
several years in Europe at 150 m above ground level.
Marine regions typically feature no obstructions and
are expansive and flat with low friction coefficients,
meaning that wind speeds at a given height are faster
(by approx. 1.5-2.5 m/s) than over nearby land, mak-
ing offshore wind farms more efficient. Better wind
energy resources justify the construction of offshore
wind farms in spite of their being more complex and
expensive. Although wind conditions in Polish waters
are not as favorable as those of the North or Irish Sea
where first wind farms were built, they are still suffi-
ciently good to justify building offshore wind farms.

Another important factor is the fact that a single
construction project results in the creation of a pow-
erful, efficient wind farm. A single offshore wind
farm can generate power of up to 1.5 GW, while on-
shore farms in densely populated areas generate just
100-200 MW.

The main limitation to developing offshore wind
farms is the difficulty in building permanent struc-
tures at depths greater than 60 m. However, the de-
velopment of floating platforms could significantly
expand our capacity for generating wind power. Ex-
amples include the Hywind project off the Scottish
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coast and Windfloat off the coast of Portugal. An im-
portant element of the development of renewable en-
ergy technologies is bringing together offshore wind
power with processes such as hydrogen production
and energy storage, which would help wind power
make a greater overall contribution.

Wind turbines in energy
production

The wind energy sector, both on- and offshore, is
dominated by horizontal axis wind turbines (HAWT).
Although alternative configurations exist (such as ver-
tical axis wind turbines, VAWT), the development
of material technologies and design and production
methods have all contributed to a marked improve-
ment in the efficiency and power of HAWTs. The
power of a turbine depends on the diameter of the
rotor; therefore, it is directly linked to the total area of
the blades able to capture the kinetic energy of wind
and transfer it to the generator. Increasing the diam-
eter of the rotor and the height of the turbine results
in greater power being generated due to the greater
windspeeds higher above sea level. This is due to the
distribution of speeds in the atmospheric boundary
layer. Another advantage of offshore wind farms is
the uniform terrain lacking obstacles such as forests
or built-up areas and a lower level of turbulence at the
turbine, making the conditions more stable.
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Fig. 2

Average wind speeds in
Europe and Turkey at 150
meters above ground level

Karol Mitraszewski
is a graduate of the
Warsaw University of
Technology and the
Technical University of
Denmark and has been
working in wind energy
for over ten years. He
specializes in wind
measurements and
estimating wind farm
efficiency. He is currently
designing Poland’s first
offshore wind farms for
PGE Baltica.

karol.mitraszewski@gkpge.pl

Joanna Markowska
Ceri¢, PhD

is a geomorphologist. She
has been working in the
renewable energy sector
since 2009, specializing in
environmental protection
and obtaining permits for
construction projects. In
recent years she has been
working on Poland’s first
offshore wind farm
project.

joanna.markowska-ceric@
gkpge.pl

THE MAGAZINE
OF THE PAS
1/69/2021



ACAD=MIA

INSIGHT Wind Power

[ NN TP Y— A

WWIWIEWWW B

Mold of a 75 m blade for
a Siemens B75 turbine,
ata factory in Hull

Fig.3

Visualizations of the wakes
stretching out behind wind
turbines, caused by
condensation in humid air.
The Horns Rev wind farm
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Currently, the largest offshore turbines can gen-
erate up to 9.5 MW (MHI Vestas); their diameter is
164 m and the top of the blade in the upright position
soars to 187 m above sea level. The blades of such tur-
bines are longer than the wingspan of an Airbus A380
and the height of the entire structure, including the
section below the water level, exceeds the height of
Warsaw’s landmark building, the Palace of Culture
and Science (237 m). As their dimensions increase,
their power rating increases accordingly; in 2019 this
was 7.8 MW, up by 1 MW on the previous year. In
the wake of the ongoing development of methods of

designing and manufacturing turbines, in 2020 Gen-
eral Electric and Siemens Gamesa unveiled a range
of new solutions which will be gradually introduced
in the coming years. Both turbines, General Electric’s
Haliade-X and Siemens Gamesa’s SG 14-222, use ro-
tors with diameters of approx. 220 m to generate up
to 14 MW of power.

The efficiency of offshore wind farms is the func-
tion of wind conditions, the technology used by the
turbines, and their relative distribution within the
farm. Wake loss is an important consideration, since it
can cause losses of up to 40% of the energy generated
when one turbine is positioned behind other turbines
on the windward side (Fig. 3). The aerodynamic wake
effect can be reduced by selecting the optimal distance
between turbines in the dominant wind direction at
the design stage or by applying innovative technolo-
gies making it possible to move the turbines during
operation. Since wakes extend for many kilometers
beyond offshore wind farms, the effect must also be
taken into consideration when planning the locations
for new farms in Polish waters to avoid positing over-
ly optimistic forecasts of the amount of renewable
energy being generated, as was the case in Germany.

Under the wind conditions found in the Polish re-
gion of the Baltic, contemporary wind turbines of the
12-14 MW class will generate energy at an efficiency of
approx. 40-45% (theoretical maximum power while
operating non-stop). Power generation will depend on
the number of turbines erected in a given farm, its size
and layout and the presence of other wind farms. As-

CHRISTIAN STEINESS/VATTENFALL



suming the more optimistic variant (45%), the 11 GW
of energy generated by offshore wind farms planned
as part of Poland’s energy policies by 2040 should
meet approx. 25% of the country’s energy demand as
of 2020. This value is equivalent to the annual demand
of around 17 million households in Poland. However,
by the time the farms are operational in 2040, both
the average energy demand and the way the energy
market operates will be very different due to increased
efficiency, the prosumer movement, distributed gen-
eration, development of new ways of storing energy,
ongoing digitalization and all the social changes that
go in tandem with these. All this means that the figures
mentioned above should be seen as rough estimates.

Environmental impact

Placing wind farms offshore has a significantly low-
er impact on the landscape and causes no noise con-
cerns (apart from noise during installation). Accord-
ing to legislation governing the use of offshore areas,
building artificial islands, structures and installations
harnessing sea waters, currents and wind to generate
electricity is only permitted within economic zones
(Fig. 1). On most days of the year, wind farms are
almost invisible from shore; they can be spotted if at-
mospheric conditions are particularly clear or at night,
due to the blinking warning lights atop the turbines.

There are currently no wind farms in Polish wa-
ters, although surveys and measurements are ongo-
ing to determine environmental conditions in regions
marked for development. The data will be used to pre-
pare reports on the potential impact of wind farms
on the environment to make the best decision for the
given location.

Using wind power to generate electricity does not
use water or cause air, soil, or water pollution. Howev-
er, unsuitably located or designed wind farms can pose
a danger to sensitive habitats and species. This is why,
prior to the construction of offshore wind farms and
the laying of electricity cables, construction companies
conduct extensive surveys and measurements in order
to prepare an inventory of biotic and abiotic resources
at the proposed site and along the cable route. In terms
of the abiotic components, the surveys explore the
geological features of the terrain (including geophys-
ical and geological studies, collecting soil samples and
testing sediment for traces of pollutants), determine
the contour of the seabed, and test for major changes
in depth. Hydrological studies measure the direction
and speed of sea currents and examine the chemical
and physical parameters of water at the site. The local
weather conditions are also measured, including wind
speeds, temperature and humidity. Biotic components
include the local fauna such as fish, birds, bats and
protected mammals such as porpoises. Organisms liv-
ing in the benthic zone (near the seabed), including

phytobenthos and zoobenthos, are also considered.
These studies determine the extent to which the site
is used by the given species, environmental conditions
and any actions which need to be taken to minimize
impact. All these results are used to prepare a report
on the environmental impact of the proposed wind
farm. Such a report lists any measures which need to
be taken to minimize the environmental impact at
each stage of the construction and operation of the
farm. For example, underwater noise generated when
drilling foundations into the seabed can be mitigated
by using bubble curtains. It should also be noted that
as well as the natural environment, the surveyors also
investigate any anthropogenic objects found at the
site, including those related to cultural heritage, as well
as checking for any unexploded ordnance.

When planning the development of wind farms in
the southern Baltic, it is important to assess their po-
tential cumulative impact as well as that of individual
farms. This is especially important when considering
bird habitats. Figutre 1 shows the Natura 2000 region
at the Stupsk Bank, which is a feeding and winter-
ing site for seabirds such as long-tailed ducks, black
guillemots, red-throated loons, and black-throated
loons. Any wind farms on the northern or north-east-
ern slope of the bank would create a barrier for birds
flying to the site. Wind farm development plans show
that dense spacing of wind farms would make parts
of the region uninhabitable for seabirds; this means
that it is essential to leave undeveloped corridors in-
terspersed among the farms to provide birds unob-
structed access to the Stupsk Bank. Another major
issue is noise pollution during the construction stage.

The issues outlined above show the importance of
carrying out thorough and accurate survey work when
identifying locations suitable for wind farms, so as to
prevent local damage, protect wildlife habitats and
minimize environmental impact. m
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Grey seal taking a rest on
a beach near Debki

Further reading:

Making the most of Offshore
Wind: Re-evaluating potential
of offshore wind in the German
North Sea, Agora Energiewende
webinar 2020.

QOur Energy, our Future:
How offshore wind will help
Europe go carbon-neutral,
WindEurope 2019.
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przestrzennego morskich

wod wewnetrznych, morza
terytorialnego i wytacznej
strefy ekonomicznej w skali
1:200 000 [Maritime Spatial
Plan of the Polish Internal Sea
Waters, Territorial Sea, and
Exclusive Economic Zone in the
Scale of 1:200,000], draft from
6 November 2020.

Poland's Energy Policy Through
2040, 2020.

Prognoza oddziatywania

na srodowisko projektu

planu zagospodarowania
przestrzennego morskich

wod wewnetrznych, morza
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