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Abstract : In this paper we present the steps to establish a design of floating wind turbine in offshore area. In order to
be able to design a floating wind turbine in the offshore area of the Black Sea, data about the wind potential, the
potential of waves and sea currents are needed, as well as wave-wind cross-data and other atmospheric data. It is
assumed that the location of the floating turbine is the area of the Galata platform, Varna, Bulgaria, located at 25 km
south-east of the city of Varna in the South-West Black Sea area. The wind dataset can downloaded from a server in
NetCDF file form. The spatial data are used to generate wind maps showing the distribution of the mean wind speed for
the full-time distribution (i.e. total time) and for the four seasons, respectively.

Key words : renewable energy, wind speed, floating wind turbine, metocean wind data.

1. INTRODUCTION

Romania could produce 4 times more electricity than it
currently produces through all installed capacities, if it
capitalized on its wind potential in the Black Sea. Wind
farms are sold from the project stage, but investments are
blocked by the delay of the law.

Romania's annual electricity production could reach 239
million MWh (239 billion kwWh), by exploiting the wind
potential of the Black Sea. An output of 54.4 million
MWh could be achieved by turbines fixed to the seabed
alone, according to a study by the Energy Policy Group
(EPG).

The wind energy potential of the Romanian
continental shelf of the Black Sea was confirmed in the
fall of 2020 by the EPG study, which identifies here a
total natural capacity of 94,000 MW (94 million kW) of
wind energy in the Romanian offshore sector. Several
previous publications have focused on the assessment of
Romania’s wind offshore resources [1]. These studies
come with several elements of novelty, like: new wind
database (ERAS5) (Fig. 1)[1], [2], wind speed reported to
a hub height of 100 m (U100)(Fig. 2)[1],[2], evaluation
based on state-of-the-art wind turbine, maritime spatial

58

planning mapping (depth for floating systems more than
50 m) (Fig. 3)[1], [2].
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Figure 1. The depths in the exclusive commercial area of
the Black Sea, Romania [1], [2]

In order to be able to design a floating wind turbine
in the offshore area of the Black Sea, data about the wind
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potential [3], the potential of waves [4] and sea currents
are needed [5], as well as wave-wind cross-data and
other atmospheric data [6], [7], [8]. It is assumed that the
location of the floating turbine is the area of the Galata
platform, Varna, Bulgaria, located at 25 km south-east of
the city of Varna in the South-West Black Sea area [9].
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Figure 2. Wind speed at 100 m height [1], [2]
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Figure 3. Black Sea’s energy production [1], [2].

The wind dataset can downloaded from a server in
NetCDF file form. The spatial data are used to generate
wind maps showing the distribution of the mean wind
speed for the full-time distribution (i.e. total time) and
for the four seasons, respectively.

2. BASIC METEOROLOGICAL DATA

For this metocean data study, we will take the Galata oil
and gas station as the GPS reference point (Fig. 4),
Table 1[10]:
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Table 1. GPS location
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Figure 4 Galata platform location [9]

The status of seas can obtain with different
operational forecast systems [11]. We don’t have much
information on GALATA platform, EuxRo01, EuxRo03
and CG Meteo sensors (Fig.5)[10].

Figure 5. Location of the points with available wind
data.[10]

For this study the reference data is ERA5. We must
validate the coherence and area representativeness of
ERAS data (Fig. 6)[10], [12].

Regarding ERA5, we use a long-term period of 15
years (2008-2022), looking at the point 43.2°N 28.2°E
that have the highest daily correlation with GALATA
wind speed measurement. ERA5 combines vast amounts
of historical observations into global estimates using
advanced modelling and data assimilation systems.


https://confluence.ecmwf.int/display/CKB/ERA5%3A+data+documentation#ERA5:datadocumentation-Observations
https://confluence.ecmwf.int/display/CKB/ERA5%3A+data+documentation#ERA5:datadocumentation-Observations
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Figure 6. Wind rose of different wind data sources [10],
[12]

During period 2008-2022 the wind rose at 100m hub

height of wind turbine is presented below (Fig. 7) [12]:
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Figure 7. Wind rose over the study area - 100m [12].

Finally, can conclude that ERAS5 wind direction is
coherent with wind direction measured at GALATA
platform and at EuxRoO1 and EuxRoO3 buoy, excepting
some slight deviation in certain sectors. ERA5 is not
coherent with the wind direction measured at CG Meteo,
but as this point is located near shore (less than 2km
from the cost), the wind is impacted by ground effect
and we can conclude that this meteorological station is
not representative of the GALATA offshore wind
condition.

We will also can compare the results from data wind
described to scientific publication dealing with Black
Sea at different height of hub (Fig. 8)[9], [13]-[15].
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Figure 8. Wind rose from GALATA platform for the
winter 2006-2007 at 30m height [9].

This wind rose presents main wind direction from the
South (around 180°) and the North (around 5°).

3. WIND VELOCITY DISTRIBUTION

e Long term wind speed

We use in this section only the wind data measured
at GALATA station and ERAS data because the wind
speed measured at EuxRoO1 and EuxRoOz2 are not well
correlated to the wind speed of ERA5 in daily values
(<60% correlation). GALATA station and ERA5 data
have 81% correlation in daily wind speed during the year
2008 (Fig. 9).

Figure 9. GALATA old station

The wind speed measured at GALATA platform
(Fig. 10) is 5.5 m/s at 30m during the year 2008 (Fig.
11).



Journal of Marine
Technology and Environment

DOI: 10.53464/JMTE.02.2023.10

ISSN (Print): 1844-6116
ISSN (Online): 2501-8795
https://www. jmte.eu

Figure 11.Testing the position of the wind, pressure,
precipitation, solar radiation sensor system (photo)

With a MCP method (Measure-Correlate-Predict) with
ERADS daily data, we find that the long-term wind speed
is 5.7 m/s at 30m at GALATA platform for the 15 years
long-term period 2008-2022.

e Vertical wind speed profile
Different sources give us information about the wind
speed in the area: atlas from Global Wind Atlas (GWA),
New European Wind Atlas (NEWA), Vortex, reanalysis
from ERAS and measured data from GALATA platform.
From the different sources, we can estimate the mean
wind speed at 100m on the area of the GALATA
platform at 6.5 m/s with a quite high uncertainty of 0.4
m/s. Based on ERA5 wind data during the period 2000-
2019, the wind speed at 100m can be evaluated around 5
m/s [17]. With other sources of data, [18] wind speed
between 5.5 and 6.5 m/s at 10m for the period 1987-
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2009. The evaluation of wind speed is more precise
studying measured data on site like the GALATA
platform measurements.

The long-term wind speed over a 15 years period
2008-2022 is evaluated with GALATA in situ
measurements and ERA5 data around 5.7 m/s at 30m
and around 6.5 m/s at 100m (probabilistic, Weibull
distribution)[19, 20, 22].

e Extreme wind

In this case study was used the information of wind
speed from ERAS data from 1996 to 2022, corrected to
compute 6.5 m/s over the GALATA area at 100m. Over
this 27 years period, the maximum wind speed value in a
1-hour resolution is 23 m/s.

This time series allow us to evaluate the extreme
values adjusting the generalized extreme value
distribution to the data. There are several models for
calculating extremes, here we have based our analysis of
extremes on one model: GEV.

The return periods are the following, for a 1-hour
mean wind speed (Table 2)[12]:

Table 2. Generalized extreme value of wind speed at

100m
Return 1 5 10 25 50 100
period
[year]
Wind 16,3 | 20,7 | 21,4 | 22,3 | 22,9 | 23,6
speed
[m/s]

It can observe that the extreme wind speed is evaluated
at 21.4 m/s for a 10 years period and 23.6 m/s for a 100
years period.

4. CONCLUSIONS

The results are presented for ERA5 data at 100m for

the period 2008-2022 and for GALATA data measured
at 30m for the year 2008 with 1 hour resolution data.
As we don’t have much information on the configuration
of the sensor on GALATA platform, we can’t evaluate if
it is shadowed by the platform in certain sectors and we
advise to use ERA5 data information.

e The main wind direction observed are the
Northern sector (from 315° to 75°) and from the
Southern sector (from 165° to 235°). The highest wind
speeds are distributed over all those wind directions.

e The long-term wind speed is 5.7 m/s at 30m at
GALATA platform for the 15 years long-term period
2008-2022.

e that the extreme wind speed is evaluated at 21.4
m/s for a 10 years period and 23.6 m/s for a 100 years
period.
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