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Abstract

Background and Objectives: The arrangement of wind turbines in wind farms, either in regular or
irregular patterns, significantly impacts the overall system efficiency. Despite the importance of this
issue, the performance differences between these two layout types have not been fully understood. To
make informed decisions in designing new wind farms, it is crucial to carefully examine and compare the
advantages and disadvantages of each layout type. Among the most important performance indicators of a
wind farm are the optimized designs and design algorithms used, which play a decisive role in the final
turbine layout.

Material and Methodology: The impact of regular and irregular wind farm layouts on selected
performance indicators was investigated through a comparative case study. The performance of both
regular and irregular wind farm designs was evaluated based on three groups of performance indicators:
power generation, tower fatigue due to wake effects, and inter-array cabling systems.

Findings: The performance of regular and irregular wind farms based on power generation, tower fatigue
due to wake effects, and cabling systems was as follows:

e Annual energy production in irregular wind farms is higher and more stable with respect to wind
direction. This feature can indirectly lead to a reduction in imbalance costs in the electricity
market. Greater stability relative to wind direction means that power output is less sensitive to
fluctuations in wind direction.

e The maximum effective turbulence in the Frandsen model is 23.8% higher in irregular wind farms
compared to regular ones. Using the minimum distance between turbines to mitigate the negative
impact on effective turbulence can lead to a 20% reduction in costs. To improve performance in
future wind farm designs, the implementation of irregular wind turbine patterns is recommended.
Additionally, the minimum distance between turbines should be considered in relation to the added
turbulence levels of the wake effect.

e Optimizing inter-array cables can increase cabling costs in regular wind farms by up to 1.15%
compared to irregular wind farms.

Discussion and Conclusion: The inherent nature of wind turbines leads to irregular patterns when
optimization algorithms are applied. Three performance indices were selected to compare regular and
irregular patterns. The determination of these performance indices is site-independent and technical,
identified through a multi-criteria decision analysis.

Keywords: Offshore wind farms, wake effect, wind farm optimization.
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Figurel- A variety of wind farm layouts (8,9,10,11).
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Tablel- Key Parameters of the IEA Wind Task 37 10 MW Reference Wind Turbine

Parameter 10 MW turbine unit
Wind regime IEC? class IA []
Rate power 10 [MW]
Rate wind speed 11.4 [m/s]
Rotor diameter 190.8 [m]
Hub height 119 [m]
Cut in wind speed 4 [m/s]
Cut out wind speed 25 [m/s]
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Figure 6- Schematic representation of layout, power production, and cost & profit relation.
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Figure 9- Fraction of effective turbulence divided by the ambient turbulence (1) for each turbine in the regular (blue)
and irregular (red) wind farm layout due to wake added turbulence using Frandsen
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Figure 10- A Schematic Representation of the Relationship Between Wind Turbine Positioning, Electrical Inter-
array Cable Design, and Profitability of an Offshore Wind Farm.
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Table 3- Selected cable types with their corresponding specifications for the case study Bordkhun
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Figure 11- Preliminary electrical inter-array cable design for Bordkhun regular and irregular case study using 400,
630, and 800 mm?, 66 kV, 3-phase AC cables.
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Table 4 Resulting length per cable type using 400, 630, and 800 mm?cables regular and irregular layout, and the
difference comparing the irregular layout to the regular layout
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Table 5- Resulting estimates of the direct offshore inter-array cable cost and approximate full load losses of the inter-
array cable design for the regular and irregular Bordkhun
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