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 This study proposes the optimal layout of an 

offshore wind farm (WF) allocation for a number 

(N) of wind turbines (WTs) in a 2 km  2 km fixed 

area. The paper aims to maximize expected WF 

power output and efficiency considering the joint 

probability distribution of wind speed and direction. 

In fact, the effects of both stochastic variables (wind 

speed and direction) are considered to find optimal 

WF layout. Unlike most previous studies using the 

coordinate model (CM) allows the WTs to be located 

on any available spot in the WF instead 

of only at the center of the grids. Thus, by applying 

joint probability distribution to the WF expected 

power, a new multivariant conditional value-at-risk 

model is being presented to find the best possible 

layout under the worst-case scenarios for both wind 

speeds and directions. Indeed, the presented 

optimization model obtains the optimal WF 

locations. 

Abstract 

References • Support from AU leadership center. 

• https://www.dailysignal.com/2015/01/24/potential-collapse-major-project-offshore-wind-projects-still-offline/ 

• Feng, J., & Shen, W. Z. (2015). Modelling wind for wind farm layout optimization using joint distribution of wind speed and wind direction. Energies, 8(4), 3075-3092. 

•    Jensen NO. A note on wind generator interaction. RISO National Laboratory, Roskilde, Denmark, Technical report Riso-M-2411; 1983. 

 
 

Results and Conclusion 

 The efficiency term for a WF is indicated 

as the percentage of the total power output of 

all the WTs in the WF produced under the 

wake effect over the amount of power 

generation in a free stream without the wake 

decay (theoretically). In this study, we 

assumed various wind scenarios, which 

produces different efficiencies, which can be 

compared with and without the CVaR to prove 

the application of our proposed algorithm. 

It can be formulated as: 
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Wind Farm Efficiency Wake Effect Model 

Although, the Katic wake model has been 

widely used by researchers, the Jensens model 

is still the most accepted and fastest models to 

 

 

 

 

 

find the wind velocity decay. The wake decay 

generated by the turbine i located at point 

𝑇𝑖 is being modeled as a conic shape. 

According to the following figure, wake effect 

of turbine i on turbine j can be formulized as 

follows: 

 

 

 

 

 

 

 

CVaR 

 Due to the uncertainties of the wind, the market loss ranges 

from 30% to 50% has always been estimated. Even with the best 

prediction tools, the wind farm owners have been suffered from 

this uncertainty. Although VaR suffers from lack of sub-

additivity and convexity, using CVaR allows us to apply it 

to the linear programming optimization algorithms. Therefore, 

finding the expected value of the worst (1 − 𝛼) cases scenarios 

of profits is being calculated by a more conservative risk 

measurement method. Plus, with the coherence of the CVaR 

method, the risk measurement has preserved the convexity of the 

robust optimization (RO) counterpart to the optimization 

problem with the uncertain data, which is also tractable. Also for 

the uncertain values of wind (direction and angel) we have used 

the wind rose and Weibull distribution as the below figure : 

 A new CVaR optimization model is presented to find the best possible WF layout under the worst-case scenarios for both wind speed and direction. Using joint probability distribution of these two stochastic variables, a new layout optimization 

problem is proposed. The aim of the proposed method is obtain WT coordination such that the output power of WF is more than 80% of installed capacity for 95% of possible scenarios. The results show the robustness of the proposed model 

comparing to non-CVaR models that use the expected WF power as objective function. 

Output power of wind farm for 25 scenarios without using 

joint probability CVaR optimization 

Wind farm layout without considering the joint probability 

CVar 

Distribution of: wind speed, direction and 

joint probability 

Output power of wind farm for 25 scenarios using joint 

probability CVaR optimization 

Wind farm layout considering the joint probability CVar 

Applying the CVaR model 

 It is obvious that the entire 25 

scenarios fit into the minimum 80% of 

the WF capacity. In other word, with 

95% confidence level, in all scenarios 

the output power of WF is more than 

80% of installed capacity. Moreover, 

not only the number of the scenarios 

to aggregate the maximum power 

output has been developed, also the 

average annual energy capacity in this 

case is more than the previous results. 

 It is also clear that WTs are 

scattered along with the mean of 

wind direction distribution, which 

is 165 degrees. Moreover, with this 

algorithm, the WF owner needs to 

invest less amount of the ground to 

harness the power output. 

Particularly, with the proposed 

smart algorithm, the principle 

investor (PI) can locate the same 

number of the WTs in the one-

twentieth (0.05 of the case study 

WF) area of the farm. 

 When using the CVaR, one should 

understand that we are developing a 

situation where the WF can harness as 

much power output as possible under 

the problems conditions. However, it 

is clear that without using CVaR 

models, only in five scenarios WF 

output is over the 80% of the WF 

capacity. In another word, among the 

25 scenarios of WF allocations, five 

WF micro-sittings can produce 

enough power to be above the blue 

line, which shows the 0.8 of the WF 

capacity. 
 This figure shows that the WF 

layout is not affected by the wind 

speed or direction at all. In fact, there 

is no difference if WTs are placed at 

down left corner or up right corner. 

From the optimization point of view, 

without considering CVaR, the 

proposed layout in Fig.5 gives the 

maximum expected output for WF. In 

other word, the WF layout is not 

affected by uncertain variables PDF. 
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