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Summary

The design of a wind farm requires careful planning to ensure economic viability and efficiency. A Cost of
Energy (CoE) model is essential in this process, as it helps assess the financial feasibility of a project by estimating
the levelized cost of electricity (LCOE). This model considers key factors such as capital expenditure, operational
costs, wind resource availability, and technological advancements. By integrating a CoE model into the design
phase, developers can optimize turbine layout, capacity, and investment strategies to achieve the lowest possible
energy cost, maximizing profitability and sustainability.

This paper presents an in-house wind farm cost model, COSMO-WF, which includes information on wind
turbines, the support substructure and the electrical infrastructure. The wind farm is design by solving an
optimization problem in which the LCOE is minimized, and several constraints account for design limitations,
environmental restrictions, visibility limitation in the case of offshore farms, etc.

The paper presents one result related to an Atlantic coast of Iberian Peninsula. Other results will be presented
at the Conference.

1. Introduction

Wind farm design has evolved significantly, leveraging advancements in computational modelling,
optimization algorithms, and machine learning. Modern approaches may integrate aeroelastic simulations, wake
effect modelling, and geospatial analysis to optimize turbine placement and maximize energy yield. Tools like the
NREL OpenFAST! and FLORIS? and the DTU WASsP? are widely used in the scientific community for
performance prediction and layout optimization.

The work presented here aims to develop an in-house tool based on a constrained optimization problem that
considers various socio-economic constraints. This tool can then be integrated into the wind turbine design tool
Cp-Max already widely used by POLI-Wind, the wind energy research group at the Department of Aerospace
Science and Technology of the Politecnico di Milano.

! https://www.nrel.gov/wind/nwtc/openfast.html, last visit: 26 January 2025
2 https://www.nrel.gov/wind/floris.html, last visit: 26 January 2025

3 https://www.wasp.dk/, last visit: 26 January 2025
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2. Methodology

CosMo-WF (Cost Model for Wind Farms) is implemented in MATLAB® and is schematically illustrated in
Fig. 1. To calculate wind farm’s LCOE, it requires a set of information with regards to turbine and substructure
design, farm layout, site characteristics, resource assessment, electrical infrastructure, installation, and financial
parameters. The wind farm’s annual energy production (AEP) is calculated using the steady state engineering wake
models in FLORIS and considering site-specific wind speed and direction probability distributions. Based on look-
up tables of power and thrust coefficients, FLORIS models the flow within the wind farm and calculates the power
output accordingly. Moreover, FLORIS has been adapted to possibly include in the analysis the floating -albeit
static- motion of each wind turbine. The cost functions of different components and subsystems are derived from
raw data, reports, research and market studies available in the literature.
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Figure 1: CosMo-WF (Cost Model for Wind Farms) architecture.

Based on this wind farm model, a comprehensive design methodology has been proposed, integrating several
design variables such as turbine power, number of turbines, cable types, wind farm layout, and site selection into
an LCOE-focused optimization problem. Employing a mixed-integer genetic algorithm, the methodology
combines discrete and continuous variables to find the minimum LCOE solution. Design constraints extend
beyond technical parameters, such as power output and farm area, to environmental and social factors, including
visibility from nearby coastal communities and adherence to exclusion zones.

The tool is able to map automatically a given area characterized by geographic and metocean data (for offshore
case). Publicly available data are loaded and post-processed. Bathymetric data is used to automatically identify
on-shore and off-shore locations. Simultaneously, for offshore wind farms, distances from several ports are
computed to estimate the cost of cables, which is included in the CoE model.

Wind (and wave) data is incorporated using average values or, if available, processed from time-series data to
extract statistical information. to extract statistical information (Weibull distribution, wind rose, etc.).

The wind farm energy yield is computed throughout a modified version of FLORIS*, which has been adapted
to account for the offshore floating case where the motion and tilt of wind turbines may affect the total energy
extracted [1]. Finally, the optimization problem is solved in MATLAB® by a mixed integer genetic algorithm.

Due to space constraints, additional details are not reported here. More information will be given during the
Conference presentation.

3. Results

Due to space limitations, a single case from [1] is presented here. This represents an optimized wind farm along
the Iberian Peninsula's Atlantic coast. Fig. 2 left presents the geographical area, while the middle image shows the
average wind speed. Two different optimal designs are considered here. They are represented first in Fig. 2 (right),

4
 https://www.nrel.gov/wind/floris.html, last visit: 26 January 2025
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where the two selected areas are highlighted along with the constrained areas, and then in Fig. 3, where the two
final layouts are shown in detail. These two optimized wind farm designs have different visibility constraints: the
black area in Fig. 2 right (and Fig. 3 left) represents the case with higher visibility constraint, requiring a minimum
distance of 35.2 km from the shore. In the yellow area, the visibility constraint is relaxed, allowing a minimum
distance of 24.3 km from the coast. This visibility constraint, the only difference between these two cases, results
in a 2.5% of LCOE difference.
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Figure 2:Geographical area (left), average wind speed (middle) and optimized wind farm (right).
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Figure 3: Optimal wind farm layouts for the two visibility constraints (as in Fig. 2 right).

4. Conclusions

This paper presents shortly an in-house wind farm cost model, COSMO-WF. More results and detailed will be
presented during the conference presentation.
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