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ABSTRACT
Optimizing profitability of offshore wind farms requires matching those design parameters
that can be controlled in engineering design with operational environmental conditions that
are unique to the site. In this paper, a new method is presented in which the environmental
conditions are represented as only two site-specific dependent random variables: the wind
velocity and the angle between the wind and waves. Computing the energy harvested for a
specific design in a specific location can then be accomplished using substantially less
computer time than would be required for direct simulation of performance considering all
possible combinations of environmental parameters. An example is presented in which the new
condensation method is used to assess performance of floating wind turbines at four different
Unites States coastal locations using measured environmental data. A joint-distribution matrix
is developed using an extensive data set of measured wind speeds and directions. Separately,
numerous time-domain simulations are used to develop a matrix of energy production
spanning the full range of observed environmental conditions. The simulation-based matrix is
then used as a transfer function to convert the matrix of historical wind and wave data to a
prediction of total energy production for that geographic location. Total energy harvest
predictions based on the new method are critically compared with direct long-term simulation
of wind turbine performance in measured environmental conditions to assess the effectiveness
of the new method.
Keywords: Design Optimization, Offshore Wind Turbines, Met-Ocean statistics

INTRODUCTION
Wind-energy is increasingly gaining acceptance as an economically viable and environmentally friendly method
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of energy harvest. At the same time, local permitting and environmental issues associated with considerations such
as noise emissions and interruption of the view-scape are becoming critical problems as desirable space for on-shore
wind turbines becomes increasingly scarce. European countries, which are relatively densely populated compared
with the United States, began siting offshore wind turbines in shallow waters near shore, most notably in Denmark
and Germany in the 1990’s. Today, the growth of offshore wind energy in European countries is significant, with
projected growth rates of 1700 to 3000 MW per year (Snyder and Kaiser, 2009). In the Far East, China is beginning
installation of offshore wind, including the first offshore wind farm in East China Sea, which will which will
produce 267 GWh for the energy market in Shanghai (Chen, 2011). In very deep waters, the bottom-founded
support towers may prove cost-prohibitive, but the cost of floating offshore systems is relatively insensitive to water
depth, and may prove to offer a viable way to develop wind energy beyond the sight of land.
The relatively small profit margins and high costs of floating systems make design optimization critically
important. This paper presents a new methodology to predict the total energy expected to be harvested over the life
of a floating offshore wind turbine system for use in comparing competing designs as part of the overall
optimization process. Predictions of the total energy harvest are made by combining the frequency of occurrence of
specific combinations of wind speeds and the angle between winds and waves with power-predictions resulting from
short-term simulations of wind turbine performance in those weather conditions.
The overall methodology is graphically summarized in Figure 1. The upper left plot shows the number of
occurrences of specific combinations of wind speeds and the angle between wind and waves for the ten years
spanning 2004--2013; the data organized into this form is later referred to as the Binned Matrix [B]. This data is
entirely met-ocean, and is independent of the structural type proposed for this location.

Figure 1 Binned Matrix, Transfer Function Matrix and Energy Matrix
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The upper right plot shows the Transfer Function Matrix [T]. Each element in the Transfer Function matrix is
computed by simulating wind turbine performance in that combination of wind speed and angle between wind and
waves. The input to each Transfer Function is the combination of wind speed and difference between wind wave
headings; the output is the power generated by a specific wind turbine subject to those met-ocean conditions.
The bottom plot in Figure 1 shows an example the Energy Matrix [E]. This matrix results from combining the
Binned Matrix with the Transfer Function Matrix. Here, these matrices are combined using a 2-dimensional linear
interpolation.
Direct simulation of ten years of wind turbine performance would require over 70,000 20-minutes cases, which
would require almost 10 weeks running on a modern personal computer. Application of this data condensation
method allows a reduction to about 100 unique simulation cases, which can be accomplished in about one half of
one day. The method can be tuned to balance the accuracy of the energy prediction against the number of
simulations required by adjusting the bin width in the Binned Matrix.
A worked example using the new methodology is presented, in which the major elements are: 1a) preprocessing long-term environmental data measured over a period of about 10 years, and then 1b) binning the
measured data to develop joint distributions of occurrence of various wind speeds and the angle between winds and
waves to specify simulation cases, then 2) perform large numbers of time-domain simulations to compute energy
harvested for specified meteorological and oceanographic (met-ocean) conditions, and then 3) convolution the
simulation results with historical met-ocean conditions as the Hadamard product and then summing every element in
the matrix. The resulting energy predictions can be directly compared with those resulting from simulating power
generation for each observed met-ocean condition and summing the results.

METHODOLOGY

1. Analysis of environmental parameters
The overall goal is to predict the potential energy harvest for a family of floater designs subject to
environmental conditions at a specific geographic location. There are five major met-ocean parameters believed to
strongly influence energy production: the wind velocity, 𝑈!"#$ , the direction from which the wind is blowing,
𝛳!"#$ , the characteristics of the incident ocean wave condition, conventionally represented as the significant wave
height and peak period, 𝐻! and 𝑇! , respectively, and the compass heading to which the waves are progressing,
𝛳!"#$ :
	
  
𝐸!"#$ ≈ 𝐸!"# (𝑈!"#$ , 𝛳!"#$ , 𝐻! , 𝑇! , 𝛳!"#$ )
(1)
In concept, a five-dimensional matrix of these parameters could be made such that the range of each dimension
spans the range of each of these environmental parameters, and applying all possible combinations of these
parameters could be used to build a complete simulation matrix. Unfortunately, the number of combinations of
these five parameters results in a simulation plan that would be computationally demanding to the point that
comparison of multiple design options could become unrealistic. The number of simulations necessary could be
substantially reduced by reducing the number of dimensions of the matrix to just those few that have the maximum
effect on energy harvest.
The simple mechanics of the wind-harvesting device are such that the nacelle of the offshore wind turbine is
rotated about the tower axis to point directly into the wind; as such, the only importance of the wind direction is to
specify the relative wave heading. These two angles can therefore be condensed into one: the angle between the
wind and waves, 𝛳!"## .
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The vast majority of waves impacting on offshore wind turbines are wind-generated waves. The physics of
wind-generated waves creates a weak statistical dependency between the wind speed, 𝑈!"#$ and wave parameters,
𝐻! and  𝑇! . The significant wave height and the peak spectral period are computed on the wave buoy by processing
measured heave accelerations using Fast Fourier Transforms (FFT’s) and the Response amplitude operators
(RAO’s) of the buoy (NDBC-Station 42035). The statistical dependence is only weak because the wind at the
location of the wind turbine can change much more quickly than the waves created by wind blowing over the ocean.
The wave data shown below represents the records from 2004 through 2013 of significant wave height, peak
period and wave direction measured at NOAA buoy station 42035, which is located off Galveston, Texas. The range
of significant wave heights shows nearly all of the data at this location to be between zero and two meters, with the
majority of the data between zero and one meter. Similarly, most of the wave data shows the majority of the wave
conditions to have peak periods between three and five seconds, both well-away from any low vibrational modes of
the floating system.

Figure 2 Data Distribution of Wave Parameters
The relatively narrow bands into which nearly all the 𝐻! and 𝑇!   data fall allow the 𝐻! and 𝑇! data to be binned
into a relatively small number of data ranges while still spanning the full data range. In practice, the measured data
at the site is used to extract the statistical relationship between 𝐻! and 𝑈!"#! and between 𝑇! and 𝑈!"#$ by sorting
all measured data by the magnitude of the wind speed, separating the sorted data into bins, and then computing the
mean significant wave height and the mean peak period for each of these bins. The final result is reduction of the
five environmental parameters necessary to fully describe the sea conditions in a simulation of energy production to
only two environmental parameters: the wind speed and the angle between the wind and waves, which are treated as
dependent random variables:
𝐸!"# (𝑈!"#$ , 𝛳!"#$ , 𝐻! , 𝑇! , 𝛳!"#$ ) ≈ 𝐸!"# (𝑈!"#$ , 𝛳!"#$ , 𝐻! (𝑈!"#$ ), 𝑇! (𝑈!"#$ ), 𝛳!"#$ )

𝐸!"#$ ≈ 𝐸!"# (𝑈!"#$ , 𝛳!"## )
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2. Generation of the Transfer Function Matrix for Individual Combinations of 𝑈!"#$ and 𝛳!"##
The overall goal is to estimate the total power produced over very long periods of time. This objective is met
by using numerical simulation of the electrical generating process for a number of representative short time periods
spanning the full range of observed met-ocean conditions, which are later combined with the frequency of
occurrence of these observed met-ocean conditions. In this work, these time domain simulations are performed
using the numerical simulation codes ‘Loose’ (Sweetman and Wang, 2011); other numerical simulators, such as
FAST(Jonkman and Buhl, 2005) could be used equivalently.
Loose is a highly-efficient numerical simulation tool purpose-developed for performance simulation of floating
wind turbines subject to large angular displacements. The simulation technique is based on conservation of
momentum and does not rely on any small-angle assumptions. External forcing due to wind, waves and the mooring
system are applied to a multi-body model of the floating system. Wind forces are computed using the NREL
subroutine AeroDyn (Jonkman, 2013) using blade-element theory to compute forces directly from a time-history of
wind. Wind time-histories used in the simulations are created using Turbsim (Jonkman and Buhl, 2008). Wind
turbine real-time blade-pitch control is simulated using the NREL code ‘DISCON’, which is a PI active blade pitch
control routine written by Jonkman for NREL’s conceptual OC-3 Hywind 5-MW floating turbine. Wave forces are
computed using the well-known Morison formula, modified to include motion of the hull through the water.
Irregular wave time-histories are simulated directly from a JONSWAP wave power spectrum with random phase
angles drawn from a uniform distribution. Individual mooring lines are treated as linear springs; geometric
variations caused by vessel motions result in nonlinear total mooring restoring forces. The resulting equations of
motion of the overall floating system are finally solved using a packaged fifth-order ordinary differential equation
solver based on the Runge-Kutta method.
In the example presented below, Loose is used to simulate one realization of each combination of wind and
wave heading represented in the binned matrix [B] developed as described in Part 1. A total of about 100 20-minute
simulations were needed to represent a full year of electricity production if statistical condensation method is
applied. In contrast, representing all weather conditions that occur for just a single month would require about 700
20-minute simulations. Even with very high computational efficiency of Loose, a month of simulations would take
about 35 hours on a modern personal computer.
The overall procedure of this method could be split to two steps, the first step is generating Transfer Function
Matrix [T] via multiple automatically computation by Loose based on the data from Binned Matrix [B]. The second
step is associating original data, Binned Matrix [B] and Transfer Function Matrix [T] together; generating Energy
Matrix [E] via linear interpolation.
Figure 3 represents the flowchart of generating Transfer Function Matrix.
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Figure 3 Flowchart of Generating Transfer Function Matrix
In Figure 3, the data delivery between different modules of the process is clearly represented. In general, after
the original data have been preprocessed, the Parameters Subscriber will deliver the wind and wave data to different
subroutines. And then, the wind and wave profile will merge together once again at the simulator. Each simulation
will solve the EOM of this case and calculate the energy generating in the simulation time, which is also one of the
elements of the Transfer Function Matrix. Any subroutine and data files inside the red dash line will be replace and
repeat for each simulation.
3. Generate Energy Matrix via linear interpolation method
As discussed in section 2, the second step of statistical condensation method is generating the Energy Matrix
[E] based on the results given by step one.
Figure 4 represents the flowchart of generating Energy Matrix.
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Figure 4 Flowchart of Generating Energy Matrix
In this step, the preprocess data will be used again as the initial procedure. It will firstly send the data of wind
speed and angle between wind and wave to Binned Matrix, and find out the upper and lower boundary for each case.
Because two parameters has been consider in this process, so total four node points will be located inside Binned
Matrix. Then the program will search the Transfer Function Matrix, and find out the corresponding energy to these
four node points.

Figure 5 Linear interpolation
In Figure 5, the four data points  𝐸 𝑈! , 𝛳! ,  𝐸 𝑈! , 𝛳! , 𝐸 𝑈! , 𝛳! ,  𝐸 𝑈! , 𝛳! selected from Transfer Function
Matrix are presented. A random case in the preprocess data is a point inside the small flat space formed by these
four nodes.
In order to archive the value of this case, linear interpolation will be applied in both wind speed direction and
angle between wind and wave direction. Using the following linear interpolation equations, the data points
𝐸 𝑈!  !!!,! , 𝛳! ,  𝐸 𝑈!,!!!,! , 𝛳! would be counted first and the new node points 𝐸 𝑈, 𝛳! ,  𝐸 𝑈, 𝛳! will be generated.
7
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𝐸 𝑈, 𝛳! ,  =

! !! ,!! !! !! ,!!

𝐸 𝑈, 𝛳! ,  =

!! !!!

𝑈 + 𝐸 𝑈! , 𝛳! −

! !! ,!! !! !! ,!!
!! !!!

! !! ,!! !! !! ,!!

𝑈 + 𝐸 𝑈! , 𝛳! −

!! !!!

𝑈!

! !! ,!! !! !! ,!!
!! !!!

(4)

𝑈!

(5)

After that, the linear interpolation method will be applied for the third time between these two points and find
the value for goal data point 𝐸 𝑈, 𝜃 .
𝐸 𝑈, 𝜃 ,  =

! !,!! !! !,!!
!! !!!

𝜃 + 𝐸 𝑈, 𝛳! −

! !,!! !! !,!!
!! !!!

𝛳!

(6)

When the program loads a new data point    𝑈, 𝜃   from preprocess data, same procedure will repeat again and
new node pointes will be replaced until Energy Matrix has been finished.

EXAMPLES
Three examples are presented. The first demonstrates the relative effect of wave conditions on energy
generation by the floating system; the second demonstrates the accuracy of the new method compared with direct
simulation of the energy production for every weather condition observed in a month; the third demonstrates the
practicality and power of the method by simulating a ten-year time-history of energy production for a single floating
wind turbine design sited at four different offshore-U.S. locations.
1. Example 1: The effect of wave height and direction
The purpose of this example is to test the importance assumption that wave height and period can be considered
as dependent on only wind speed by critically comparing results of simulations that severely violate that assumption,
both as a severe under-prediction of the wave conditions and a severe over-prediction of the waves. Performance of
the OC3-Hywind model offshore wind turbine is simulated in a series of weather conditions in which the wind speed
increases from 3 m/s to 25m/s. A total of two wave time-histories are generated directly from a JONSWAP power
spectrum: the first with a 0.5 meter significant wave height and a 4.12 second peak period and the second with a
19.3 meter significant wave height and a 17.88 second peak period. For each wind speed, ten wave conditions are
applied: each of the two wave heights in each of the five heading angles shown in Table 1 below. Three additional
directions were also simulated to complete the circle (225-, 279- and 315-degrees), and it was verified that results
were found to be very comparable to the equivalent 135-, 90- and 45-degree cases.
In every simulation case, the floater begins at zero displacement in all six degrees of freedom of the floater
(surge, sway, heave, roll, pitch and yaw) and the system is allowed to find its own equilibrium, with the transient
part of the time history included in the results. The initial blade pitch angle is zero; the nacelle is pointed directly
into the wind. The initial rotor speed is 12.1 rpm; active control within the numerical simulator adjusts blade pitch
and spin rate as needed to optimize electrical generation.

Average

Wind speed

Wind Energy (kW)

(m/s)

3.0

5.6

8.3

11.1

13.9

16.7

19.4

22.2

25

102
518

661
874

2161
2276

4515
4376

5350
5228

5410
5420

5450
5440

5467
5464

5507
5521

Wind-Wave Angle
(Degree)

0

Min
Max
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45
90
135
180

Min
Max
Min
Max
Min
Max
Min
Max

102
322
102
99
102
341
102
566

661
737
662
651
661
763
662
866

2164
2113
2164
2103
2166
2202
2165
2264

4520
4403
4521
4492
4521
4428
4516
4374

5351
5278
5350
5342
5350
5273
5348
5229

5411
5412
5410
5409
5410
5412
5410
5409

5450
5438
5450
5450
5450
5461
5449
5461

5466
5458
5466
5464
5466
5466
5466
5465

5507
5499
5507
5493
5507
5483
5507
5489

Table 1 Predicted Generator Output (kW)
The data presented in Table 2 is also presented graphically as Figure 6. This plot effectively shows the transfer
function in which the input is wind speed and relative wave heading and the output is power generation for each of
two wave height conditions.

Figure 6 Maximum (left) and Minimum (right) wave condition cases
Various observations can be made by considering the data presented in both Table 1 and Figure 6. In general,
the wind energy is proportional to wind speed. The cut-in wind speed for this machine is 3 m/s. Below that number,
generation is virtually zero. In this model, very small amounts of electricity are harvested even if the ambient wind
is below the cut-in speed because wave action can force the structure through the wind such that the relative wind at
the nacelle momentarily exceeds the cut-in speed. A real control system would be unlikely to allow this rapid cut-in
cut-out situation. Above the cut-in speed, the electricity harvest rate increases rapidly with increasing wind speed as
the blade-pitch angle remains at zero but the spin rate is varied to maximize power. As the ambient wind nears the
rated speed of 12 m/s, the rate of power increase begins to level off as the generator output nears the maximum
available. Above the rated wind speed the control system begins to feather the blades to reduce rotor torque such
that output does not exceed generator capacity.
Considering the right hand plot in Figure 6, in very small wave conditions, the power output is nearly
independent of the relative direction between wind and waves. The right-hand figure shows that the output does
vary with wave heading, but that variations are largest in the relatively low-wind, low-power conditions. The fact
that the variations are largest when relatively small amounts of energy are being generated is fortunate because the
resulting errors are relatively small when considered as part of the annual energy sum.
Another interesting observation can be made by considering the effect of wave heading on the very low wind
speeds of 3.0 m/s and 5.6 m/s. In beam-seas (90 degree relative wave heading), the wave action decreases the
energy harvest, but in head or following seas (0 and 180 degrees) the wave action dramatically increases energy
harvest. The likely explanation is that when the wind and wave travel in the same direction, the wave forces act in
9
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the pitch direction of the tower; the aerodynamic forces on the blades effectively damp out this pitch motion, which
as the effect of converting the wave energy into electricity; when the waves are at 90 degrees, the blade orientation
does not allow for increased damping or energy harvest.
Overall, the results of this example support the hypothesis that the size of the waves has little effect on the
annual energy production because wave conditions have little impact on energy harvest when the unit is operating at
or near its rated wind speed. Relative wave direction has more impact when the waves are larger and the winds are
weaker, but the effect on the total annual energy production is still quite moderate for this particular wind turbine
floater design, the Hywind spar. It is worth mentioning that this design is a relatively large and expensive spar that
has relatively little compliance to environmental forces; less rigid floating structures may experience significantly
more wave-related impact on electrical generation.
2. Example 2: Comparison of the new method with Direct Simulation
In this example, simulations of total power production for one year of historically measured field data are used
to assess the accuracy of the new method. Four sets of measured buoy data are described in more detail in the third
example and in Table 4. One of these is NOAA buoy Station 42035 (Figure 7), which should have captured the
marine record every hour for ten years; considering just 2004, and including all data channels, the total count is 7786
records individual records; while this data is invaluable, the dataset is also incomplete. This example Station 42035
is missing 1633 of the hourly records, or almost 20% of the intended history for the year 2004. A simple approach
would be to estimate the total energy harvest using all recorded data, and only that data, then simply compute an
average power generated per day and multiply by the total number of days to recover the missing fraction of the
total time. There would be two obvious flaws with this simple approach: The first flaw is that it could be reasonably
expected that the machine would be more likely to suffer a mechanical failure and stop recording when the weather
is most severe, so the missing data is almost certainly not a random sample. The second flaw is that in many cases,
only one of the five data channels stopped working; deleting the entire set of measurements would be deleting a
considerable amount of useful data in the other channels for that time-step that could be used.

Figure 7 Typical NOAA Wind-wave Measurement Station Buoy (NDBC-Station 42035)
Fortunately, experimental oceanographers are accustomed to conditioning measured datasets. One
computational tool commonly used for this purpose is the freely available ‘Clean’ data-conditioning algorithm
(Heslop and Dekkers, 2002). The theory underlying Clean is based on transforming the entire time-series into the
frequency domain using the discrete Fast Fourier Transform (DFFT). The basic idea is to assume that each missing
point in the time series is in fact the missing point, plus a spike of large amplitude spike of opposite phase, such that
the resulting total is the zero found in the recorded history. On other words, the measured time series is interpreted
an original ‘complete’ time series plus a time series of numerous delta functions located on the missing points in the
10
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time-history. Conveniently, delta-functions in the time-domain have a relatively unique signature in the frequency
domain. The Clean routine applies a numerical algorithm to identify the delta functions, subtract them out in the
frequency domain, then transform the series back to the time domain with the missing or noisy data points restored.
Figure 8 shows a comparison between pre and post ‘Clean’ processed for the time history of peak period. In this
figure, the red das line represent the original record of the buoy data, the blue line represent the data been process by
‘Clean’, the x axis represent the order of time step. When the onboard device of the buoy is unable to figure out the
met-ocean parameters, it will put a ‘999’ or ‘99’ on the record. That is the reason that the red dash line toward to the
top of Figure 8.

Figure 8 Data Pre and Post Clean Process
After the full year of data has been preprocessed, the Energy output is predicted in two ways. First, the
statistical condensation method is used to predict the monthly total energy production for each month in 2004.
Second, the energy production is estimated by laboriously simulating a 20-minute time-history for each hour of the
month. The resulting power prediction is then multiplied by three to predict the hourly production, and then finally
the energy produced is summed over every hour in the month. Results of the two methods are presented in Table 4.
The computational savings using the condensation method are substantial: total computer time about 5 hours on a
modern PC for the condensation method, compared with about 2 weeks to directly simulate all observed weather
conditions.
Then comparisons of two methods’ results are represented in Table 2.

Month
Wind Energy
predicted by
simulator
(105 kWh)

Statistical
condensation method
Case by case

Under prediction
Error (%)
Mean Wind Speed
(m/s)

Jan

Feb

Mar

Apr

May

Jun

7.43

11.21

5.75

8.38

10.38

7.84

7.37

11.18

5.66

8.30

10.28

7.77

0.84

0.24

1.55

1.02

0.95

0.92

5.44

6.41

5.05

6.10

6.71

5.68
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Month
Wind Energy
predicted by
simulator
(105 kWh)

Statistical
condensation method
Case by case

Under prediction
Error (%)
Mean Wind Speed
(m/s)

Jul

Aug

Sep

Oct

Nov

Dec

4.23

5.18

4.95

7.47

12.67

8.76

4.13

5.08

4.91

7.39

12.70

8.72

2.4

1.91

0.93

1.11

-0.24

0.46

4.68

4.99

4.60

5.92

6.96

5.82

Table 2 Comparison of Two Methods’ Results
Considering the results in Table 3 predicted results are reasonably accurate. Most of the monthly errors are
around one percent, and the maximum monthly error is 2.4%. The only over-prediction is by a modest 0.24%. This
near-systematic over-prediction most probably results from the use of linear interpolation to relate wind speed to
power, when in fact there is a quadratic relationship. Specifically, the linear interpolation systematically underpredicts the power transfer function in the curved part of Figure 6, where wind speeds are just below the rated wind
speed.
It can additionally be observed that the maximum error appears at July which its mean wind speed is smallest,
and the minimum error appears at November which its mean wind speed is largest, tending to support the discussion
of Example 1 that increasing wind speed tends to decrease wave influence on net power production.

3. Example 3: Comparison of energy harvest at four US locations over a 10-year period
In this example, the overall methodology is used to estimate energy harvest at four different geographical
locations in the United States. Two of the four locations are off of the East coast, one off the West coast and last
one in the Gulf of Mexico (Table 3). All long-term met-ocean histories are taken from the National Data Buoy
Center database, a branch of the US National Oceanic and Atmospheric Administration (NOAA). The specific buoy
Stations are 42035, 44014, 44025 and 46028, as shown in Table 3 is a typical buoy shown in Figure 7. Each buoy
dataset provides extensive records of measured wind speeds, wind directions, wave heights, average periods and
wave directions spanning the years from 2004 to 2013.
Station Number
42035

Location
GALVESTON

44014

VIRGINIA BEACH

44025

LONG ISLAND

46028

CAPE SAN MARTIN

AMPS Payload
29°13'54" N
94°24'46" W
36°36'41" N
74°50'31" W
40°15'3" N
73°9'52" W
35.741 N
121.884 W

Water Depth
12.8 m
47.6 m
40.8 m
1158.2 m

Table 3 Detail of Four Stations
Figure 10 shows the predicted electricity production for each of the four locations in Table 4. The horizontal
axis is the sequential number of each month from 2003 to 2014; the vertical axis at left and the dashed blue line
show the predicted energy harvest, and the vertical axis at right side and solid green line show the mean wind speed
for that month.

12

Proceedings of the 20th Offshore Symposium, February 2015, Houston, Texas
Texas Section of the Society of Naval Architects and Marine Engineers

Figure 9 Long Term Prediction of Four Stations
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Considering the results shown in Figure 9, the seasonality can be clearly shown in all records, and most strongly
in the third plot, representing simulated performance at allocation of the East Coast of the US. It is also readily
apparent that the wind speed and wind energy lines are strongly correlated but not parallel, and the relationship
between the lines varies depending on geographic location and the associated long-term weather conditions. The
averages value of the mean energy divided by the square of mean wind speed for each of the four locations is 32.84,
31.49, 30.06 and 32.31. These data indicate that, although the OC3-Hywind model is not sensitive to wave
conditions, the energy production may vary from different places.

CONCLUSIONS
A new method has been developed to simulate the energy production expected from a specific floating offshore
wind turbine design using historical records that requires substantially less elapsed time than direct simulation of
wind turbine performance for the entire historical record. The new method is based on computing direct transfer
functions between wind speed and the relative heading between winds and waves, then applying these transfer
functions to historical met-ocean data to forecast what electricity would have been harvested by a specific wind
turbine design subject to those conditions. It is has been shown that for performance simulations representing a full
year of historical data, differences between predictions made using the condensed method versus those of direct
simulation differ by around one percent for the conditions analyzed, but computer simulation time is reduced of
about 98.5% (two weeks to five hours); larger percentage reductions would result for longer simulation times
because the transfer functions only need to be computed once.
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