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Abstract:

This paper investigates the offshore application
of an innovative high-altitude wind energy tech-
nology. The idea is to exploit the automatic flight
of tethered airfoils (e.g. power kites) to extract
energy from wind flows blowing between 200 and
800 meters above the sea. The key points of
such a technology are described and the related
operational parameters are optimized in order to
maximize the generated power while satisfying
constraints on the maximal loads exerted on the
offshore support structure. The obtained results
indicate that offshore high-altitude wind energy
could bring forth significant advantages in terms
of structural loads and, consequently, of offshore
platform construction costs.

Keywords Innovative wind energy technologies,
high-altitude wind energy, offshore wind energy

1 Introduction

The problem of sustainable energy generation is
one of the most urgent challenges that mankind
is facing today. On the one hand, the world en-
ergy consumption is projected to grow by 50% from
2005 to 2030, mainly due to the development of
non-OECD (Organization for Economic Coopera-
tion and Development) countries (see [1]). On
the other hand, the problems related to the actual
distribution of energy production among the differ-
ent sources are evident and documented by many
studies. Fossil fuels (i.e. oil, gas and coal) actu-
ally cover about 80% of the global primary energy
demand (as reported in [1], updated to 2006) and
they are supplied by few producer countries, which

own limited reservoirs. The cost of energy obtained
from fossil sources is continuously increasing due
to increasing demand, related to the rapidly grow-
ing economies of the highly populated countries.
Moreover, the negative effects of energy gener-
ation from fossil sources on global warming and
climate change, due to excessive carbon dioxide
emissions, and the negative impact of fossil energy
on the environment are recognized worldwide and
lead to additional indirect costs. One of the key
points to solve these issues is the use of a suit-
able combination of alternative renewable energy
sources. Focusing the attention on wind power,
it can be noted that wind energy actually supplies
about 0.3% of the global energy demand, with an
average global growth of the installed capacity of
about 27% in 2007 [2]. It is interesting to note that
recent studies [3] showed that by exploiting 20% of
the global land sites of class 3 or more (i.e. with
average wind speed greater than 6.9 m/s at 80 m
above the ground), the entire world’s energy de-
mand could be supplied. However, the installation
of wind farms in many of such “good” inland sites
is critical due to logistic problems, that give rise to
higher costs, and/or due to possibly poor social ac-
ceptance for environmental (visual and acoustic)
issues.
With the aim of solving such problems, offshore
wind energy technology has been studied during
the last 15 years as an alternative to inland wind
turbines (see e.g. [4, 5]). The main advantage
of offshore over inland wind turbines is the sig-
nificantly higher offshore wind speed and, conse-
quently, the higher generated power values. More-
over, the large space available for offshore turbine
installation, without problems related to negative vi-
sual and acoustic impact, is another advantage of
such a technology.



In this paper, an innovative concept of offshore
wind energy is studied, in order to evaluate its po-
tential to improve over the present offshore wind
technology. In particular, the technology of high-
altitude wind energy using controlled airfoils, is
considered. The basic idea is to use tethered air-
foils (e.g. power kites like the ones used for surfing
or sailing), linked to the ground with cables which
are employed to control their flight and to convert
the aerodynamical forces into electrical power, us-
ing suitable rotating mechanisms and electric gen-
erators kept at ground level. The airfoils are able
to exploit wind flows at higher altitudes than those
of wind towers (up to 1000 m), where stronger and
more constant wind can be found basically every-
where in the world (see [6]): thus, controlled air-
foil technology can be used in a much larger num-
ber of locations. The potentials of such a technol-
ogy for has been theoretically investigated almost
30 years ago [7], showing that if the airfoils are
driven to fly in “crosswind” conditions, the result-
ing aerodynamical forces can generate surprisingly
high power values. However, only in the past few
years more intensive studies have been carried out
by some research groups ([8, 9, 10, 11]), to deeply
investigate this idea from the theoretical, techno-
logical and experimental point of views. In particu-
lar, at Politecnico di Torino, exploiting the recent ad-
vances in the modeling and control of complex sys-
tems, automated control strategies have been de-
veloped to drive the airfoil flight in crosswind condi-
tions. Moreover, a small-scale prototype has been
realized to experimentally verify the obtained theo-
retical and numerical results ([10, 11, 12, 13]).
In this work, the application of a high-altitude wind
energy technology denoted as Kitenergy, devel-
oped in Italy by Politecnico di Torino and by the
high-tech company Modelway S.r.l., is studied in
the offshore context. In particular, theoretical and
numerical studies are carried out in order to eval-
uate the loads exerted on the support structure by
a 3-MW Kitenergy generator and its average yearly
generated power. The obtained results are encour-
aging and indicate that offshore high-altitude wind
energy could be an interesting technology to be
employed in deep sea locations, where the actual
wind technology would be not profitable due to ex-
cessive costs and critical technical issues.

2 High-altitude wind energy us-
ing controlled airfoils

2.1 Basic concepts

The key idea of the Kitenergy technology is to har-
vest high-altitude wind energy with the minimal ef-
fort in terms of generator structure, cost and land

occupation. A high-altitude wind generator is com-
posed by a light airfoil able to fly fast in crosswind
conditions and connected to the ground by two ca-
bles. The latter are realized in composite mate-
rials, with a traction resistance 8-10 times higher
than that of steel cables of the same weight. The
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Figure 1: scheme of a Kite Steering Unit (KSU)

cables are rolled around two drums, linked to two
electric drives which are able to act either as gen-
erators or as motors. An electronic control system
can drive the kite flight by differentially pulling the
cables (see Figure 1). The kite flight is tracked
and controlled using on-board wireless instrumen-
tation (GPS, magnetic and inertial sensors) as well
as ground sensors, to measure the airfoil speed
and position, the power output, the cable force and
speed and the wind speed and direction. The sys-
tem composed by the electric drives, the drums,
and all the hardware needed to control a single kite
is denoted as Kite Steering Unit (KSU) and it is the
core of the Kitenergy technology. The KSU can
be employed in different ways to generate energy:
in this paper, the so-called KE-yoyo configuration
(see [10, 12, 13]) is considered.
In a KE-yoyo generator, the KSU is fixed with re-
spect to the ground and energy is obtained by con-
tinuously performing a two-phase cycle, depicted
in Figure 2(a): in the traction phase the kite ex-
ploits wind power to unroll the lines and the electric
drives act as generators, driven by the rotation of
the drums. During the traction phase, the kite is
controlled so to fly fast in crosswind direction, to
generate the maximum amount of power. When
the maximum line length is reached, the recovery
phase begins and the kite is controlled in such a
way that its aerodynamic lift force collapses: this
way, the energy spent to rewind the cables is a frac-
tion (less than 15%) of the amount generated in the
traction phase. Numerical and theoretical analyses
have been carried out to investigate the potentials
of a KE-yoyo unit using the described operating cy-
cle (see e.g. [10, 12]). The results of such studies
are resumed in the next Section.
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Figure 2: (a) KE-yoyo configuration cycle: traction (solid line) and passive (dashed line) phases. (b) Model
diagram of a KE–yoyo.

2.2 Numerical analyses of a KE-yoyo
generator

The KE-yoyo operational cycle has been devel-
oped and tested through numerical simulations,
considering a quite accurate system model, which
takes into account the aerodynamic characteristics
of the kite and the cables. In such a model, the po-
sition of the airfoil is expressed in terms of spher-
ical coordinates (θ ,φ ,r), as shown in Figure 2(b).
In the numerical analyses, advanced control tech-
niques have been employed to maximize the net
generated energy. In particular, a Nonlinear Model
Predictive Control (NMPC, see e.g. [14]) strategy
has been employed. Such a control strategy allows
to maximize the generated energy while explicitly
taking into account the state and input constraints,
related to actuator limitations and to the need of
preventing the airfoil from falling to the ground and
the lines from entangling. In order to implement
the NMPC law in real time at the required sam-
pling time (of the order of 0.2 s) a fast implemen-
tation technique of, denoted as FMPC (see [15]),
is used. The employed control technique is able to
stabilize the kite path while optimizing the gener-
ated energy, also in presence of quite strong wind
disturbance [10, 12]. In the performed studies, a
wind shear model (see e.g. [3]) has been also con-
sidered to describe the variation of nominal wind
speed Wx(Z) with respect to the altitude Z. Such a
model has been identified using the data contained
in the database RAOB (RAwinsonde OBservation)
of the National Oceanographic and Atmospheric
Administration, see [16]. An example of winter and
summer wind shear profiles related to the site of
Leba in Poland is reported in Figure 3.
On the basis of the described numerical simula-
tions, the power curve of a KE-yoyo with the char-
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Figure 3: Wind shear model related to the site of
Leba, in Poland, for winter months (model: solid
line, measured data: asterisks) and for summer
months (model: dashed line, measured data: tri-
angles)

acteristics reported in Table 1 has been computed
(see Figure 4). Such a curve gives the generated
power as a function of wind speed: it can be noted
that a net power value of 2 MW is obtained by
the KE-yoyo with 9-m/s wind speed. The power
curve is saturated at the rated value of 2 MW, cor-
responding to the maximum that can be obtained
with the employed electric equipment.
Numerical simulations have been also employed to
investigate the dependance of the mean generated
power on the kite area and efficiency, on the aver-
age cable length during the cycle. In the performed
simulations, if not differently specified, a kite with
the characteristics of Table 1 has been consid-
ered. Moreover, the cable diameter has been di-
mensioned in accordance with the traction force
exerted by the kite, which varies with the differ-
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Figure 4: Power curve of a 2-MW KE-yoyo.

Table 1: KE-yoyo model parameters employed in
the numerical simulations and in equation (1).

Kite mass (kg) m 300
Characteristic area (m2) A 500
Base angle of attack (◦) α0 3.5
Diameter of a single line (m) dl 0.04
Line density (kg/m3) ρl 970
Line drag coefficient CD,l 1.2
Minimum cable length (m) r 850
Maximum cable length (m) r 900
Air density (kg/m3) ρ 1.2
Average kite lift coefficient CL 1.2
Average kite drag coefficient CD 0.089
KE-yoyo cycle efficiency ηc 0.7
Minimum breaking load
of a single line (N) F(dl) 1.50106

Maximum sway force (N) F(dl) 1.5106

Minimal line speed (m/s) ṙmin -6.0
Maximal line speed (m/s) ṙmax 6.0
Minimal elevation
from the sea level (m) Z 30
Minimal angle θ (◦) θ 5
Safety coefficient cs 1.5
Airfoil wingspan (m) ws 80

ent considered parameter values. To this end, the
breaking load characteristics of the polyethylene
fiber composing the cables, reported in Figure 5,
has been employed considering a safety coefficient
equal to 2. The main results of the scalability stud-
ies are resumed in Figure 6(a)-(d). Basically, the
generated power increases linearly with the kite
area (Figure 6(a)) and according to a logistic-type
function with the kite aerodynamic efficiency (Fig-
ure 6(b)). As regards the dependence on the av-
erage line length, it can be observed (Figure 6(c))
that there is an optimal point (which depends on
the wind-elevation characteristic Wx(Z)) in which
the positive effect of higher wind speed values,
obtained with longer cables, is counter-balanced
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Figure 5: Dyneema cable breaking load character-
istic as a function of diameter.

by the negative effect of higher cable weight and
drag force. Beyond this point, an increase of cable
length leads to lower mean generated power. Fi-
nally it can be noted that, as expected from aerody-
namic laws, a cubic relationship exists between the
generated power and the wind speed (Figure 6(d)).
In particular, note that the same 500-m2 kite can be
used to obtain either a KE-yoyo with 2-MW rated
power, reached at 9-m/s wind speed, or a KE-yoyo
with 5-MW rated power, reached at about 12-m/s
wind speed, without a significant cost increase ex-
cept for the electric equipments. The power curve
obtained through numerical simulations has been
used, together with available wind speed data, to
estimate the Capacity Factor (and, consequently,
the average yearly generated power) of a Kiten-
ergy generator, as it will be breifly shown in the next
Section (for more details , the interested reader is
referred to [10, 11]).

2.3 Capacity factor analysis

It is well known that, due to wind intermittency,
the average power produced by a wind genera-
tor over the year is only a fraction, often indicated
as “capacity factor” (CF), of the rated power. For
a given wind generator on a specific site, the CF
can be evaluated by knowing the probability den-
sity distribution function of wind speed and the gen-
erator wind-power curve. For example, Figure 7
shows, for the considered sites of Leba in Poland,
the histograms of wind speed at 50-150 m over
the ground, where the wind tower operates, and
at 200-800 m over the ground, where the KE-yoyo
can operate. Such estimates have been computed
using the daily measurements of sounding stations
collected over 11 years (between 1996 and 2006)
and available on [16]. It can be noted that, in the el-
evation range 200-800 m, the average wind speed
is 10 m/s and wind speeds higher than 12 m/s can
be found with a probability of 33%. As a conse-
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Figure 6: KE-yoyo, obtained net power as a function of: (a) airfoil area, (b) airfoil efficiency, (c) cable length
for winter (solid) and summer (dashed) periods at Leba, (d) wind speed. Circles: numerical simulation
results; solid lines: simplified equation results.
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Figure 7: Wind speed measurements collected
in Leba, Poland, at 50-150 m from the sea level
(black) and at 200-800 m from the sea level (gray).

quence, the estimated CF value for a 2-MW KE-
yoyo (whose power curve is reported in Figure 4) is
equal to 0.68. Note that in the same site at 50-150
m above the ground, where a typical wind tower op-
erates, the average wind speed is 8 m/s and wind
speed values higher than 12 m/s occur only in the

15% of all the measurements. The corresponding
estimated CF of a commercial 2-MW wind turbine
is about 0.32.

2.4 Simplified power equations

The numerical tools described so far allow to sim-
ulate the operation of a KE-yoyo and to evaluate
the capability of controlling the kite flight, maximiz-
ing the generated energy while preventing the kite
from falling to the ground and the lines from en-
tangling. Moreover, numerical simulations make it
possible to evaluate the effects of wind turbulence
on the system. However, simulation of the system
takes a relatively large amount of time, due to com-
putational complexity. Thus, simplified equations,
giving the generated power and forces as a func-
tion of the wind speed and of the airfoil position, are
useful to perform first-approximation studies of the
performance of a KE-yoyo and to optimize its oper-
ational parameters, as it will be shown in Section 3
for the case of offshore Kitenergy application. The
simplified equations of crosswind kite power (see
e.g. [7, 12, 17]), are based on the following hy-



potheses:

• the airfoil flies in crosswind conditions;

• the inertial and apparent forces are negligible
with respect to the aerodynamic forces;

• the airfoil speed relative to the ground is con-
stant;

• the airfoil angle of attack is fixed.

Given these assumption, the average mechanical
power PKE-yoyo generated by a KE-yoyo unit during
a cycle can be computed as:

PKE-yoyo = ηcC
∣∣Wx(Z)sin(θ)cos(φ)− ṙtrac∣∣2

ṙtrac

(1)
where

Z = cos(θ)(r + r)/2

C =
1
2

ρACLE2
eq

(
1+

1
E2

eq

) 3
2

Eeq =
CL

CD,eq

CD,eq = CD

(
1+

(2r dl)CD,l

4ACD

)

(2)

and ηc ∈ (0,1) is a coefficient accounting for the
losses of the energy generation cycle of a KE-yoyo.
r and r are the minimum and maximum values of
the cable length during a KE-yoyo cycle (i.e. at the
beginning and at the end of each traction phase re-
spectively), while CL and CD are the aerodynamic
coefficients corresponding to the considered fixed
angle of attack of the airfoil. Finally, ṙtrac is the line
unrolling speed during the traction phase. The trac-
tion force generated on the lines can be also com-
puted with a simplified equation as follows:

Fc,trc = C
∣∣Wx(Z)sin(θ)cos(φ)− ṙtrac∣∣2

(3)

The comparison between the results given by
equations (1)-(3) and the numerical simulation re-
sults described in Section 2.2, reported in Figure
6(a)-(d), shows the good matching between the re-
sults given by these two tools.

2.5 Experimental results

At Politecnico di Torino, a small-scale KE-yoyo pro-
totype has been built (now being tested in a marine
environment, see Figure 8 and [18]), equipped with
two Siemensr permanent-magnet synchronous
motors/generators with 20-kW peak power and 10-
kW rated power each. The energy produced is ac-
cumulated in a series of batteries that have a total
voltage of about 340 V. The batteries also supply
the energy to roll back the lines when needed. The
prototype is capable of driving the flight of 5-20-
m2 kites with cables up to 1000 m long (see [12]

Figure 8: KE-yoyo small scale prototype operating
in Liguria, Italy, mounted on a boat.

for further details on the prototype). The objec-
tive of the first tests of the Kitenergy technology
was to test the concept and to assess the matching
between real-world data and numerical/theoretical
results regarding the generated energy. Figure 9
shows the comparison between simulated and ex-
perimental data related to an experimental test per-
formed near Torino, Italy. It can be noted that quite
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Figure 9: Comparison between the measured
(dashed) and simulated (solid) generated energy
obtained with a small-scale KE-yoyo generator.
The experimental tests have been carried out (b)
near Torino, Italy, in January 2008.

a good matching exists between the experimen-
tal and the numerical results, with wind turbulence
(whose value at the kite’s elevation could not be



measured with the available test equipments) be-
ing the main source of error. The average numer-
ical and measured power values are quite similar:
mean measured power values of 441 W and 555
W have been obtained in the two tests, while the
simulated average values are 400 W and 510 W re-
spectively, i.e. an error of about 10% is observed.
Such a good matching between the measured and
simulated generated energy gives a good confi-
dence level in the numerical and theoretical tools,
which can be therefore employed to perform a re-
alistic study of the energy generation potential of
larger KE-yoyo generators.

3 Design and optimization of
an offshore KE-yoyo genera-
tor

The problem of suitably designing the opera-
tional parameters of an offshore KE-yoyo generator
placed in a given site is now considered, in order to
maximize the generated power for given load con-
straints on the support structure. In particular, a
fixed-bottom offshore generator will be considered,
installed in a 20-m deep sea (see the sketches of
Figure 10, that are only indicative and do not repre-
sent real proportions since, for example, the cable
length in a KE-yoyo is between about 500 and 1000
meters).
The KE-yoyo operating parameters subject to op-
timization are the minimum cable length r during
the operational cycle, the average inclination θ of
the lines with respect to the vertical axis Z (see
Figure 10) and the cable unrolling speed ṙ during
the traction phase. The cable length variation dur-
ing the cycle ∆r is fixed, thus the maximum cable
length can be computed as r = r+∆r. According to
the simplified equations of generated power (1)-(2),
the following optimization problem can be consid-
ered to design the operational parameters of the
KE-yoyo:

(θ ∗, ṙ∗,r∗) = argmaxPKE-yoyo (θ , ṙ,r)

Furthermore, operational constraints have to be
taken into account in the optimization, in order to
find out feasible operating conditions and to avoid
excessive loads on the support structure. In par-
ticular, the involved constraints regard the maximal
and minimal cable unrolling/rewinding speed, the
minimal elevation of the airfoil from the sea (consid-
ering also its maneuvering radius, the minimal an-
gle θ during the cycle, the cable breaking force and
the sway force FS exerted on the support structure
(see Figure 10). Indeed, analyses similar to those
presented here can be easily carried out consider-
ing also other kind of loads (e.g. fatigue) and other

kinds of installations (e.g. floating offshore). The
constraints on the line speed are the following:

ṙmin ≤ ṙ ≤min(Wx(r cos(θ))sin(θ), ṙmax)

where ṙmin, ṙmax are either imposed by the limita-
tions of the electric drives employed on the KSU
or chosen in order to prevent excessive cable wear
due to the high unrolling/rewinding speed. A min-
imal elevation Z over the sea can be imposed by
requiring that (see Figure 10):

r cos(θ + 5ws
2r )≥ Z

where ws is the airfoil wingspan. Indeed, the term
5ws
2r takes into account the variation of θ that may

occur during the flight, due to the airfoil’s minimal
maneuvering radius. A technical constraint on the
minimal value of θ is also introduced:

θ − 5ws

2r
≥ θ

with 0 ≤ θ ≤ π/2. The constraint related to the ca-
ble breaking load can be expressed, for two cables
with a given cable diameter dl , as:

Fc,trc ≤ 2csF(dl)

where F(·) is the minimum breaking force of a sin-
gle cable (see Figure 5), cs is a safety coefficient
and Fc,trc is the overall traction force exerted on the
cables, computed according to equation (3). Fi-
nally, a constraint on the maximal sway force ap-
plied to the support structure can be imposed by
considering the component of the cable traction
force Fc,trc

S parallel to the sea surface, when the
kite inclination with respect to the vertical axis is
maximum:

Fc,trc sin(θ + 5ws
2r ) = Fc,trc

S ≤ csFS

where FS is the maximal sway force that the sup-
port structure and foundations can bear and the
safety coefficient cs is assumed for simplicity (and
without loss of generality) to be the same as
the one considered for the maximal cable traction
force. Note that the constraint on the maximal sway
force FS can be imposed in order either to achieve
low structure costs on new installations or to avoid
excessive solicitations on existing structures, e.g.
dismissed oil and gas platforms.
Considering all the described constraints, the opti-
mization problem to be solved is given by:

(θ ∗, ṙ∗,r∗) = argmaxPKE-yoyo (θ , ṙ,r)
s. t.

ṙmin ≤ ṙ ≤min(Wx(r cos(θ))sin(θ), ṙmax)
r cos(θ + 5ws

2r )≥ Z
θ − 5ws

2r ≥ θ
Fc,trc

trac ≤ 2csF(dl)
Fc,trc

S ≤ csFS

(4)



(a) (b)

Figure 10: (a) Fixed-bottom offshore KE-yoyo operation: constraints on minimal elevation Z and on minimal
angle θ and sway force Fs. (b) Fixed-bottom offshore wind tower. The sketches presented in this figure are
only indicative and do not represent real proportions (since, for example, the cable length in a KE-yoyo is
between about 500 and 1000 meters).

The solution of the optimization problem (4) has
been calculated using the same system and con-
straints data given in Table 1 (except for m = 480kg
and A = 800m2) and considering the wind shear
model related to the site of Leba, Poland (see Fig-
ure 3 in Section 2.2). The following results have
been obtained:




θ ∗
ṙ∗
r∗


 =




70◦
3.9m/s
715m


 (5)

The corresponding average generated power is 2.7
MW and the average wind speed at the mean air-
foil height (i.e. 234 m above the sea) is equal to
9.5 m/s. It has to be noted that the constraint on
the sway force is active, thus limiting the gener-
ated power in order to satisfy the imposed max-
imal sway of 1.5106 N. The optimal operating pa-
rameters without considering the sway force limit
are θ ∗ = 60◦, ṙ∗ = 2.99m/s, r∗ = 676m with a gen-
erated power of 2.9 MW, limited by the cable break-
ing load constraint. Therefore, it can be noted that
by changing the kite position and the line unrolling
speed, the forces on the support structure can be
limited. The resulting range of degrees of freedom,
that allows one to adapt the system to wind condi-
tions, is one of the major advantages of Kitenergy
technology.
Thus, with the optimized parameters (5), an off-
shore KE-yoyo with 3 MW rated power achievable
at a nominal wind speed of about 10 m/s could be
designed, with a maximal sway force of 1.5106N.
Interesting considerations can be drawn regarding
the amount of sway load exerted on the support
structure. Considering the maximal sway force of

1.5106 N exerted by the lines of the designed 3-
MW KE-yoyo, and supposing that such a force is
exerted at 20 m from the seabed (see Figure 10),
the resulting force FT that has to be opposed by the
sea fastening system (supposed to be at 9 m form
the seabed, see [19]) can be computed as:

FT,HG =
20
9

1.5106 = 3.3106 N

To have a term of comparison, in the case of a 3-
MW-rated-power, 80-m-high wind turbine, accord-
ing to [19] a sway force of about 2106 N is exerted
at the center of gravity of the overall structure (i.e.
the tower plus the nacelle and the rotor), which is
placed at about 45 m above the seabed. The re-
sulting force FT that has to be opposed by the sea
fastening system is:

FT,Tower =
45
9

2106 = 1107 N

Thus, we can conclude that the extreme statical
load on the support structure due to sway force
in the case of Kitenergy technology is about three
times lower than that of a wind turbine of the same
rated power.
To properly analyze the load in the case of the pro-
posed high-altitude wind energy generator, the dy-
namical behavior of the structure should be also
considered. In particular, the support structure has
to be designed so that the first natural frequency
is different from the frequencies of the excitations
induced by the waves [20], which are typically up
to 0,4Hz in open sea.An approximation of the first
natural frequency fnat for an offshore wind support
structure is computed in [20], were fnat ≈ L−2, be-
ing L the structure height. Thus, considering that
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Figure 11: (a) Power curve of an offshore 3-MW KE-yoyo generator. (b) Variation of the airfoil operating
zone with different wind speed values.

the first natural frequency of a typical 3-MW, 80-
m-high wind tower is about 0.25Hz, in a first ap-
proximation the first natural frequency of the struc-
ture of an offshore 3-MW KE-yoyo (which is ap-
proximately 4 times shorter than a wind tower, see
Figure 10) is about 4 Hz. This value is about 16
times higher than that of a wind tower and about
10 times higher than the bandwidth of wave excita-
tions, with consequent structural and economical
advantages. Once the nominal operating condi-
tions of the offshore KE-yoyo generator have been
designed, an optimization procedure similar to the
one illustrated so far can be used to compute the
optimal operating parameters with different wind
speed values, thus computing the generator power
curve. the obtained results are shown in Figure
11(a). It can be noted that a quite high cut-out wind
speed (about 40 m/s) is achieved, thus maximizing
the range of wind speed values in which energy
can be produced. This result can be obtained ob-
tained thanks to the capability of making the airfoil
fly with lower θ angles (see figure 11(b)), where
the traction force exerted on the cables is lower as
it can be noted in equation (3).

4 Conclusions

The paper described the offshore application of
an innovative high-altitude wind energy technology,
denoted as Kitenergy. In previous works [11] it
has been shown, through theoretical and numer-
ical studies partially confirmed by preliminary ex-
periments, that this technology is interesting for its
relatively high generated power per unit area and
its potential applicability in a wide number of sites,
including also those with little or no wind below 200
m above the ground. In the offshore context, the
preliminary results presented in this work indicate
that Kitenergy technology could bring forth inter-

esting advantages also in terms of structural loads
and, consequently, platform construction and in-
stallation costs. Indeed, more accurate analyses
have to be carried out, considering also the mainte-
nance and operations costs, however the obtained
results are encouraging and indicate that Kiten-
ergy technology could be profitably employed also
in deep sea locations.
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