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WIND FARMS - COMBINING ENERGY AND
ECOLOGICAL PERFORMANCE IN CRIMEA

ABSTRACT. Renewable energy use is spreading worldwide presenting the future of the
power engineering — its renewable resources and low ecological impact characterize
one of the best technologies to support permanently growing energy consumption and
contribute to sustainable development. But its development is sometimes hampered by
lack of suitable technologies and strong positions of the competing conventional energy
production. Moreover, criticsemphasize such problems of renewable energy use as unstable
energy production, complicated connection to power lines, some ecological problems. To
prove its efficiency renewable energy development needs support by relevant resource
and ecological assessments. This paper presents our research concerning wind farm
location issue regarding both production efficiency and minimal ecological impact. Our
field research in Crimea was directed at on-site assessment of wind farm location efficiency
as well as studies of public opinion concerning local wind farms and wind energy use in
general. It was found out that Crimean wind farms have controversial location efficiency
related to its power production. But their ecological impact was minimal proved by both
on-site measurements and sociological survey results. It was also found that wind turbine
noise impact had a very complicated character, but had no significant ecological impact.
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INTRODUCTION

Nowadays economic activities are pro-
moted by power engineering develop-
ment which ecological footprint may be
clearly determined. Turn to renewable en-
ergy use may help to solve both problems.
But renewable energy use also has a cer-
tain negative ecological impact, depend-
ing mainly on technological issues. Com-
bining energy and ecological efficiency
is a very complicated task. We tried to
characterize wind farms at our study area
in this respect using world experience in
efficient work of wind farms and minimi-

zation of wind turbines environmental
impact. We avoid discussion of financial
aspects of wind farms construction and
operation presenting quite different as-
pect of efficient wind energy use.

Background

The principle factor controlling wind farm
energy generation and environmental im-
pact at a local level of wind energy use is
its location in the environment. .Efficiency
of electricity generation is defined by two
issues: wind power potential depending
on meteorological parameters and inter-
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dependent work of wind turbines since
each wind turbine (being a physical ob-
stacle) produces a turbulent trace in the
airflow. Such effect is noticeable at some
distance from a wind turbine depending
on a rotor diameter (UK Department of the
Environment 2007; Samorani 2010; Meyers
and Meneveau 2011).

Being at the top list of environment-friend-
ly power production wind energy produc-
tion still has some negative impact (Fig.
1) (Rabl and Spadaro 2005). Minimization
of wind farm ecological impact requires
detailed field studies of local landscapes,
fauna, human health.

Environment impact also depends on a
stage of wind farm project implementa-
tion. At the construction stage mechani-
cal disturbances are typical and might be
harmful for local land use (Brannstrom at
al. 2017), while there is only contradictory
visual impact at the operation stage (Filin
1997, NZWEA 2017). Impact on animals
differs a lot: from physical contact (birds,
bats, insects) (AWEA 2006; Baerwald at al.
2008; Dillo and Tronstad 2012) to low-fre-
quency vibrations and noise (livestock
in stalls, meadow and desert fauna) and
ground vibration (soil meadow and des-
ert fauna) (Mikolajczak at al. 2013; Lopucki
and Perzanowski 2018). Human impact is
connected with low-frequency vibrations
and noise, but it should be a long-term im-
pact to have any effect (Leventhall 2003).

Physical contact

Low-frequency
vibrations

Noticeable impact on microclimate is
possible only in case of large wind farms,
where decreased annual wind speed leads
to larger amplitudes of daily temperatures
(Keith at al. 2004; Bettex 2012).

Study area

Our field research was conducted in Sep-
tember, 2017 in Crimea. This region was
chosen as one of the best areas in Eastern
Europe to develop wind energy use. Be-
sides the Crimean Peninsula has sufficient
wind (and solar) resources, this territory
has already several wind (and solar) power
stations (Fig. 2) which generated 25% of
Crimean electricity in 2015 (MERF, 2015).
But Crimean power production covered
only 20% of local consumption (MERF,
2015). Considering this fact and problems
with energy transport from other regions
(RIA- News Crimea 2015; Kommersant
2016; Regnum 2017; SM news 2017), the
necessity of Crimean local power produc-
tion is obvious. And this gives a chance to
wind energy production development.

Nowadays seven wind farms (103.9 MW
of total installed capacity) are being op-
erated in different parts of the peninsula
(Fig. 2). We have chosen three wind farms
to study different models of wind turbines
used for power production: Ostaninska-
ya, Presnovodnenskaya and Sakskaya
(Mirnovsky site) wind farms (Table 1).

Microclimate change

Noise impact

Ground vibration

Visual impact on the landscape
Fig. 1. Schematic visualization of wind turbine environment impact
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Table 1. General characteristic of the studied wind farms

The characteristic of installed wind turbines
(SUE Crimean Generating Systems, 2017)

since year 1998

Location, Total
Wind farm operation quﬁr/ installed
~ ) eight :
period Model | Capacity g Amount | capacity
Rotor
diameter
25 kmto the
west from
Kerch town,
Ikmto Furhlander
Ostaninskaya the south- FL2500/100 2,5 MW 98/100 m 10 turbines | 25 MW
west from
Stantsionnoe
village:
since year 2013
25 km to the
west from usw '
107,5 kW 18/17m 52 turbines
Kerch town, 56-100 url
Presnovodnenskaya 2kmto the 74 MW
south from
Stantsionnoe AN Bonus .
village: 600 kKW 600 kW 50/44 m 3 turbines
since year 2006
21 kmtothe USW 155
north-west 107,5 kW 18/17m ;
from Evoatori 56-100 turbines
Sakskaya (Mirnovsky fom Evpatoria
) town, 2 km to 18,46 MW
site) the north from
Krylovka village: TL#Z‘S(V)VT;S 600kW | 5048m | 3turbines

A Gas Field
IM Oil Field

Underground
Gas Storage

Fig. 2. Fuel and energy production map of the Crimean Peninsula (based on the map
from Krymsky Telegraf 2013)
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MATERIALS AND METHODS

To characterize the efficiency of electricity
generation on the selected wind farms we
assessed wind power potential at wind farms
areas. The assessment data included Gisme-
teo meteorological data, relief (SRTM mod-
el) and land use pattern studies. The results
were compared with projects data. Land use
and wind farms schemes were received from
IKONOS images (Tm resolution). Wind power
potential of wind farms areas was calculat-
ed using the following formulas (Elistratov,
Kuznetsov, 2003):

U —wind speed at wind turbine height,

U=U,-K, (1)

U, - wind speed at anemometer height (10
m),

K, - height adjustment factor, where

H — wind turbine height,

K,=(HIh)" )

Visual resources(natural,
cultural,technogenic

Viewers: residents,travelars

ha —anemometer height (10 m),
m - exponent which is taken depending on
the wind speed at the height of anemometer

During the field research we visited the se-
lected wind farms to measure noise and visual
impact (loss of aesthetic landscape features)
of wind farms and impact produced by specif-
ic wind turbine models. Noise measurement
was provided by standard methods (SWL'
type) using handheld SLM? The received data
was imposed on a land use map to define im-
pact zones of wind farm. Visual impact of wind
farms was characterized using aesthetical
landscape science methods (Nikolaev 2005)
and visual pollution methods (Filin 1997). We
followed guidelines for visual impact assess-
ment presented at Fig. 3.

At the same time, we conducted sociological
survey asking local people about noise and
visual impact of the neighboring wind farms
and their general view on wind energy devel-
opment in the region (Fig. 4).

Visual quality (natural
harmony, cultural order)

Fig. 3. Visual impact assessment process (Wilson 2002)

Indicate your

Do you hear wind fa
noise at home/worl
place?

group

Yes Does it disturb you?
(yes, noj}

How do wind farms

Do you see wind farms
in your everyday life?

What do you think

, affect the :alznout_\.'.fmd energy use

Fig. 4. The principal scheme of our sociological survey
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RESULTS AND DISCUSSION

Each of the selected wind farms was char-
acterized regarding their locations (affect-
ing its energy production efficiency) and
visual impact. Noise pollution was mea-
sured for each type of wind turbine mod-
els.

Location factors

Electricity generation efficiency of wind
turbines highly depends on their location
regarding wind power potential of a terri-
tory. Properly positioned modern wind tur-
bines, being equipped by yaw system, may
effectively and independently produce
electricity permanently in case of strong
enough winds of different directions.

But the situation changes when we deal
with a wind farm consisting of two and
more wind turbines. Every wind turbine
causes air turbulence reducing wind pow-
er potential at some distance. That is why
wind turbines should be placed to avoid
negative affect on each other. If it is im-
possible, because of landscape factors or
land space deficiency, the best variant is
location directed to reduce negative ef-
fect from turbulent traces: to meet the
maximal negative effect at the rarest wind
direction minimizing it at the rest direc-
tions.

Current situation in wind energy develop-
ment (which is confirmed in our research
as well — see below) is controlled by wind
turbine manufacturers trying to maximize
sales while wind project developers try to
receive maximal financial investments and
minimize expenditures on rent/purchase
of land sites (Mitchell 2014). As a result,
the maximal possible number of wind tur-
bines is placed at the minimal area rising
economic efficiency of a project, but only
at the stage of construction. A territory
purchased by wind farm owners consists
of wind turbine sites and linking roads. The
rest belongs to municipal property (FSS-
RCCRF?2018).

'Sound Power Level
2 Sound Level Meter)

Receiving maximal economic efficiency
at the construction stage, wind project
developers reduce it in future as far as the
installed wind turbines experience im-
pact of turbulent traces and generate less
electricity. Recent research (based on tur-
bulent trace and land cost data) showed
different data considering economically
effective distances between wind turbines
— from seven (Samorani 2010) to fifteen
(Meyers and Meneveau 2011) rotor diam-
eters of an installed wind turbine. In our
research we used this range (seven to fif-
teen rotor diameters) and local wind roses
to characterize selected wind farms layout
and to assume the most optimal scheme
considering land accessibility.

Sakskaya wind farm  (Mirnovsky  site).
Mirnovsky site of Sakskaya wind farm is
situated near Lake Donuzlav in the west-
ern flat part of the Crimean Peninsula.
Wind farm territory and its surroundings
consist of partly abandoned and flat fields
with fragmentary tree rows, 5-10 m height
which may cause turbulence affecting
USW 56-100 wind turbines during western
and southern winds (Fig. 5).

The distances between this wind farm tur-
bines (Fig. 5), partially mismatch optimal —
119-225 m for USW 56-100 wind turbines
and 336-720 m for T-600-48 wind turbines.
General orientation of wind turbine rows
is north-west/south-east — it is the rarest
wind direction there. We supposed that
the wind rose of the territory had been
probably taken into account when design-
ing Mirnovsky site, but there was obvious
minimization of land use expenses. This
caused losses in electricity generation by
wind turbines — all of them were affected
by turbulent traces from neighbor ones.

Ostaninskaya and Presnovodnenskaya
wind farms.

Ostaninskaya and Presnovodnenskaya
wind farms are located in the east and
hilly part of the Crimean Peninsula near

3The Federal Service for State Registration, Cadastre and Cartography of Russian Federatio
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Fig. 5. Situational map at Mirnovsky site, Sakskaya wind farm

the Kazantip bay of the Sea of Azov (Fig.
6). While Ostaninskaya wind farm turbines
were scattered over smooth meadows
around Zelenoyarskoe water reservoir,
Presnovodnenskaya wind farm stretched
along the Kamenistyi Ridge at the south-
ern border of the Kerch reservoir valley —
the best place to locate wind farm in this
area considering active recreational use
of the nearby seacoast.

Distances between wind turbines of Os-
taninskaya and Presnovodnenskaya wind
farms (Fig. 6) (as well as for the previous-
ly discussed wind farm), did not match
the following optimal distances - 119-
255 m for US 56-100 wind turbines, 308-
660 m for AN Bonus and 700-1500 m for
FL2500/100 wind turbines. There might
be different reasons for each case.

The row of Presnovodnenskaya wind farm
turbines changed its direction from west/
east to north-west/south-east. Winds of
these directions were the rarest for the
area (70 days per year for each direction).
We consider this fact as coincidental, be-

cause the line of wind turbines was de-
termined by the Kamenistyi Ridge. The
top of the ridge was the most optimal
position for wind turbines of Presnovod-
nenskaya wind farm, but the Kamenistyi
Ridge length was much longer than the
wind farm. We think that it was possible
to prolongate the wind turbines row fur-
ther to the east to reduce wake effect.

Arrangement of Ostaninskaya wind farm
turbines was generally chaotic. Some
wind turbines directed north-east/south-
west or north/south experienced mutual
trace effect It was particularly important
as far as these directions were the most
frequent for local winds. We suppose
that local wind rose might have been
analyzed during this wind farm project
development, but developers probably
considered turbulent traces shorter than
they were if to regard the latest research
data. (Samorani, 2010) (Meyers, Mene-
veau, 2011). Chaotic arrangement of Os-
taninskaya wind farm may be as well the
result of land use expenses minimization.
We found out that insufficient research
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Fig. 6. Situational map of Ostaninskaya and Presnovodnenskaya wind farms

of technological features of wind farms
operation (and sometimes even meteo-
rological factors as well) were typical for
the studied wind farms. Mirnovsky site of
Sakskaya wind farm might be identified
as an example of controlled arrangement
while Presnovodnenskaya wind farm
presents the result of favorable location
choice. The arrangement of Ostaninskaya
wind farm is the most debatable because
of its random arrangement.

Noise impact

Our research demonstrated that noise
impact of the studied wind farms did
not influence the surrounding inhabited
area (Fig. 5-6). Background noise in still
weather was measured beyond the lim-
its of the noise impact zone and it was
about 28-30 dB. In case of wind turbine
blades rotation following the blowing
wind which produced noise itself, some-
times even muffling the noise from a
wind turbine even at its base, we consid-
ered background noise as different from
the above mentioned value: the blowing

wind sound was more than 30-35 dB (up
to 70-75 dB). So we regarded 35 dB as the
minimal level of noise impact from wind
turbines in our research (Fig. 5-6).

The highest noise was produced by 18
m height wind turbines USW 56-100 (70
dB at the turbine base). It might be ex-
plained by two factors — the nearest dis-
tance from the blades to our SLM and de-
sign features. While the major sound from
the rest wind turbine models was the
sound of air cutting produced by their
blades, USW 56-100 wind turbines filled
the air with the sound of rotary elements
friction inside the turbine. It was detected
on both Mirnovsky site and Presnovodn-
enskaya wind farm and may be explained
by mechanisms worn as well. Meantime,
the largest radius of noise impact was re-
corded from the 98 m height FL2500/100
turbine —about 700 meters. Probably this
is explained by the largest size of blades
(100 m diameter). The radius of noise im-
pact from two other wind turbine models
was about 300 meters.
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We have detected some features of noise
impact from wind turbines of different
size. While noise from 18 m height USW
56-100 turbine decreased permanently
with distance from its base, 50 m height
AN Bonus 600 kW and T-600-48 turbines
had 55 dB a sound ‘plateau’ at the dis-
tance of 50-60 m from the base; 98 m
height FL2500/100 turbine produced the
loudest sound at the distance of 50-75 m
from the base (Fig. 7).

Such differences in noise patterns from
turbine to turbine may be explained by
their design and the main source of noise.
50 and 98 m height wind turbines pro-
duced the loudest sound by fast blades
tips heightened from the base in case
they moved downward provoking noise
peaks right under them at the place of
their location. Moreover, as far as differ-
ent-origin sound had different frequency,
noise spreading pattern was also differ-
ent (Fig. 7).

Back to the fact that blowing wind was
capable to muffle wind turbines noise it
should be mentioned that the noise of
air cutting from rotating blades was very
similar to that of simultaneously blowing
wind. Thus, we may suggest that noise
impact from wind turbines at the site was
not so much as diagrams showed be-
cause basic wind sound was not regard-
ed.

We think it is possible to install wind tur-
bines closer to residential areas than it is
done now but in case of adequate as-
sessment of on-site noise structure and
distribution. As far as the rest Crimean
wind farms are concerned, we extrapo-
lated the received results of noise studies
for their territories. In the result, it was
found out that one of the rest wind farms
had noise impact on inhabited area (Fig.
8). Considering noise sound from wind
turbines - about 500-1000 Hz (Bolin at al.,
2011), the permitted noise level for resi-
dential areas in the Crimean Republic ac-
cording to local health standards (SCSES-
RF4, 1996) — 40 dB. Donuzlav wind farm
violated them at the territory of Veterok
dacha settlement, while it matched them
for the adjacent industrial areas.

Donuzlav wind farm affected a part of
Novoozyornoe urban settlement, includ-
ing Rodniki and Veterok dacha settle-
ments. All of them were used for tem-
porary (summer) residences or working
places of local agriculture. We made a
rough assessment based on remote sens-
ing images and local statistics and found
out that the number of the affected var-
ied from 50 to 500 people depending on
the season. Up to 30-40 people might be
affected by illegally high noise at night.?

Fuhrlander FL2500/100
Noise source - air cutting

Turbowind T-600-48 / AN Bonus 600 kw

Noise source - air cutting

AN

USW 56-100
Noise source - friction of parts

) ’*\
55

N

Noise impact, dB

) X

. S

. S~

200 250 300 350

400 4as0 500 550 600 650 700 750 800

Distance from the base, meters

Fig. 7. Noise diagrams for the studied wind turbine models

“State Committee for Sanitary-Epidemiological Surveillance of the Russian Federation
>We would like to emphasize that described situation considers open-air residential areas. The situation
with inner space of residential buildings is a bit different and cannot be assessed due to the differences

in insulating characteristics of dacha walls.
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#  wind turbines

noise isolines (5 dB step)

Inhabited area

[ Iocalities (dacha settiements)
| facilities

Fig. 8. Donuzlav wind farm noise impact on the surroundings

Visual impact

Visual impact means changes to the scenic
attributes of a landscape connected with
introduction of artificial visual elements.
Visual impact assessment is of special
importance for recreation and heritage
territories presenting traditional cultural
landscapes. This is the case of Crimea. Vi-
sual scenic harmony provides comfortable
psychological environment for residents.

Visual impact of wind turbines depends
on many aspects including size and de-
sign of wind turbines, their number and
arrangement of wind farm scheme and
surrounding landscape. Thereby overall
visual impact varies from negative to pos-
itive. Though even a single wind turbine
has a visual impact on surroundings, many
local people characterized it as a neutral
(see the results of our sociological survey
below). Such attitude is explained by the
fact that people grew up viewing wind
farms, adapted to such visual landscape or
simply ignored this issue.

Our research demonstrated that the most
negative visual impact was registered from
Mirnovsky site of Sakskaya wind farm (Fig.
9). It was explained by the design of USW
56-100 wind turbines which ‘violated’ the
background by their wide blades and gray
lattice towers. Then, of course, it was the
number of wind turbines (155 units) and
their compact arrangement in multi-rows.
Mirnovsky site of Sakskaya wind farm visu-
ally polluted landscape by strengthening
the visual effect of its natural monotony
character. As we found out, it was better to
use wind turbines with tubular towers and
place them in one row and further from
each other.

In some cases, USW 56-100 wind turbines
had positive visual impact on the scen-
ery. And this was the case of Presnovodn-
enskaya wind farm. Its wind turbines were
stretched in a single row along the top of
a ridge making it more vivid and improv-
ing visual image of scatted steppe hills
(Fig. 10).
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Fig. 10. Outlining the relief - Presnovodnenskaya wind farm (vkerchi.com 2018)

We also marked a positive visual impact
of Ostaninskaya wind farm. Its large and
spread FL2500 wind turbines became fo-
cal objects for the scenery contributing
diversity into monotonous steppe land-
scape (Fig. 11).

Finally, we may conclude the following:
the majority of modern wind turbines
looked in a standard way — both white
tubular towers and elongated blades. This
seems optimal for local landscapes visual
image. Meanwhile, FL2500 wind turbines
were various and the largest of them, tow-
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Fig. 11. «<Something to catch a glance» — Ostaninskaya wind farm (photo by Andrey
Pletmentsev 2017)

ering up to 160 meters, were equipped by The larger wind turbine is the more visu-
a wide lattice tower (Fig. 12). We think that al impact is observed. While 18 m height
their design violated landscape visual har-  wind turbines were seen at a distance
mony. up to 21 km, modern 80 to 160 m height

\ ?

Fig. 12. Dominating the landscape - 160 m height FL2500 tower near Laasow,
Germany (photo by Silvio Matysik 2014)
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wind turbines changed the scenery at the
distance up to 39 to 53 km® (Perelman
2010). Another problem was revealed — a
new wind farm near the already existing
one may damage the visual landscape
image more than a single multi-row wind
farm (see Fig. 9).

Sociological survey

Our sociological survey involved people
from the vast part of the Crimean Peninsula
as we moved from Sakskaya wind farm at
the West to Ostaninskaya and Presnovod-
nenskaya wind farms at the East. We have
questioned 106 people’ aged 14-75, whose
permanent residence was the Crimean Pen-
insula. During interviews we asked their
opinion about noise and visual impact of
wind farms and their general view on wind
energy based on their personal experience.
We tried to make our survey more represen-
tative by taking into account answers of re-
spondents who appeared near wind farms
regularly or live at the distance about 5 km
from them.

Age structure of respondents was of special
interest. Wind farms of the Crimean Penin-
sula were operating since 1990s. This time
period enabled to consider three catego-
ries of local population: people 35+, born
earlier than the construction of the Crimean
wind farms; people from 18 to 35, who grew
during construction and operation periods
of local wind farms; and people under 18,
born when the Crimean wind farms be-
came routine elements of local landscape.

Noise is heard
but doesn't
disturb No influence on the

>36 years
landscape, 28% S\

Noise is heard
and disturbs
2%

a%

1835 years.
e

Noise sn't Make landscape ook,
heard worse, 4%

94%

Graph 1. Noise from wind turbines

<isyears
9%

Graph 2. Visual impact of wind farms

The results of our survey showed that the
majority of local people had a positive
view on wind farms in the region and did
not feel negative effect from them (Fig. 13).
Only 6% of respondents from surrounding
localities heard noise from wind turbines
and 1/3 of them found it disturbing.? This
confirmed the results of our sound level
measuring on Ostaninskaya, Presnovod-
nenskaya and Sakskaya wind farms. Then,
more than 2/3 of local residents consid-
ered visual impact of wind farms as pos-
itive. They supported their development
as well.

Comparing results from different age
groups (graphs 2 and 3), we found out
that the younger generation was more
positive in their responses: the share of
positive opinions and neutral+positive an-
swers were 83, 77 and 62 % for people un-
der 18, from 18 to 35 and 35+ age groups
respectively. We noticed an interval in the
“positivity share” between people under
35 and the elder group.

CONCLUSION

This research was based on original meth-
ods of environment features studies con-
cerning wind energy development at a
local level. The main results are the follow-

ing:

Arrangement of the studied wind farms
was not optimal. This was true for Osta-
ninskaya wind farm explained by inade-
quate turbulence or wind rose analysis

Make landscape

look better, 68%
Supportits
development, 73%

18:35 years 1835 years
3% ey

Graph 3. General view on wind energy

Fig. 13. Local residents’ perception of wind farms in Crimea
Considering all assessments - situation with flat relief, clear weather and absence of any ground

objects.

7 Unfortunately, local people were far from willing to participate in the survey as they were
inexperienced in this kind. Moreover, many of them were short-term recreational residents spending

most of the time on the coastline.
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and Mirnovsky site of Sakskaya wind farm
and Presnovodnenskaya wind farm, where
losses of generation efficiency were obvi-
ous following land use expenses minimi-
zation.

Noise impact of wind farms was minimal
and did not spread on surroundings— this
was confirmed by our field measurements
and sociological survey. Nevertheless Do-
nuzlav wind farm assessed virtually violat-
ed local health standards of noise impact
on residential areas at night.

Visual impact of wind farms varied a lot
and had both positive and negative effect
in Crimea, but local people opinion was in
general positive in this respect.

Local people demonstrated their support
to wind energy development in general
although they permanently experienced a
certain ecological impact.
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