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ABSTRACT The integration of offshore wind energy power system is a solution to reduce carbon emissions
in the oil and gas sector. However, the intermittent profile of wind power generation can bring challenges
of voltage/frequency fluctuations to the electrical grid of the platform. This article proposes a coordinated
decentralized control used to mitigate voltage fluctuation in oil and gas platform caused by connection of
wind power system through short- and long-umbilical cables. The proposed control is split into optimum
loss control embedded in the wind power system control, and modified dynamic volt-var functions applied
to active front-end variable frequency drives. The decentralized control is evaluated by means of simulation
results considering a real case test bench of a typical Brazilian offshore platform with a wind power system
of 10 and 50 MW, and umbilical cable of 12 and 150 km. The results indicate an effective contribution of
the dynamic volt-var function in reducing voltage fluctuations for the three implemented wind power system
configurations (i.e., 10; 50, and 50 MW/150 km).

INDEX TERMS Coordinated control, offshore wind, O&G platform, voltage fluctuations, volt-var function.

I. INTRODUCTION
Increase oil and gas (O&G) production in offshore platforms
is always a motivation to maximize profits and provide more
energy, mainly with the discovery of new fields in deep and
ultradeep waters [1]. A trivial solution is to insert new diesel
or gas turbine generators, however, it would require area and
volume in the platform, and increase weight and greenhouse
gas (GHG) emissions [2], exceeding established limits by
agreements and governmental projects to reduce GHG emis-
sions [3], [4]. Therefore, the integration of renewable energy
sources in offshore platforms has recently been discussed [5],
[6], [7]. In addition to reducing carbon emissions generated
by gas turbines, it would reduce the cost of investments to
transmit offshore energy to land.

The offshore platforms are characterized as isolated elec-
trical systems with loads of low efficiency and power quality.
As a result, they are more sensitive to disturbances, as they

cannot rely on the main grid to maintain voltage and fre-
quency. The high insertion of wind energy conversion system
(WECS) through short and long umbilical cables into these
weak power systems may cause voltage and frequency oscil-
lations due to the heavy intermittence of wind speed. Methods
have been proposed in the literature for stabilizing the wind
power output, mainly in large-scale integration. The vast ma-
jority of these methods are based on energy storage systems
(ESSs) [8], [9], [10], [11], [12], as in addition to smooth
the generation, they provide a backup energy for renewable
generation. In [8], a short-term ESS is used to smooth out fast
wind power changes. Despite the performance effectiveness
of the proposed supercapacitor, it is dependent on accurate
wind power predictions. In order for the system to be less
dependent on prediction errors, larger rated ESS are needed.
In [9], different operating constraints are analyzed for the
calculation of the capacity and power rating of the ESS.
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In [10], the ESS sizing is based on the probabilistic fore-
cast of the wind power and analysis of the wind fluctuation
feature. Therefore, the impact of the desired application for
the system capacity estimation is noted, showing the need for
larger storage for larger wind variations. In order to combine
a fast response and low power capacity with a slow response
and high power capacity, hybrid storage systems are used to
compensate the output power of the wind system. In [11],
this hybrid system is composed of a battery and a supercon-
ducting flywheel. The authors of [12] proposed a method for
virtual inertia capable of reducing the energy storage rating
when the inertia response and primary frequency response
are deployed. However, inserting ESS in offshore platforms
is challenging due to area, volume, and weight limitations
and application in harsh environments. Furthermore, it is a
challenge to optimally operate the combination of conven-
tional power generation (dispatchable), renewable generation
(nondispatchable), and energy storage in an isolated microgrid
in a more cost-effective and sustainable manner [13].

Other approaches provide coordinated control of active and
reactive power of the wind turbine to smooth voltage varia-
tions caused by severe fluctuations in wind speed [14], [15].
In [14], the wind system output power is given considering the
relation with the turbine mechanical speed through a lookup
table and the current forecasts of wind speed. In [15], voltage
fluctuations are compensated by the wind turbine’s reactive
power control. Furthermore, to keep the voltage within an
acceptable range, there is a distribution between the active and
reactive powers of the turbine according to wind speed pre-
dictions. Although these types of control manage to smooth
out voltage fluctuations, they have certain limitations, such as
the need for a correct wind speed forecast and active power
adjustment in order to achieve the necessary reactive power
flow to maintain voltage levels within the permitted operating
range. The methods for wind power prediction, for example,
have shown efficiency, but there are still drawbacks such as
nonlinear dynamics and computational cost [16].

Most of the electrical grids work with a penetration limit
of distributed energy resources (DER) due to an intermittent
profile of the power flow of renewable energy [17]. Therefore,
voltage regulation provided by DER output control itself with
a reactive power support might assist to increase the amount
of DER into the grid [18]. In the same way, the integration
of WECS can help in the grid stability of an O&G platform
according to the controls implemented in the wind converters.
A dynamic reactive power droop control and a temporary
frequency droop control implemented in wind turbines are
shown in [6], in order to improve voltage and frequency
stability in the platform installations. This implementation
takes more advantage of the faster actuation of the wind
turbine voltage source converter (VSC) control than the gas
turbine governor and automatic voltage regulator (AVR). In
addition to droop control, the volt-var function can be applied
to converters that interface with the grid, as shown in the
literature [19], [20], [21].

Voltage regulators present in traditional grids have a
greater response delay than the power fluctuations present
in intermittent renewable energies. The analysis in [22]
shows that slow-acting grid voltage controllers are the main
cause of voltage collapse in a grid with high penetration
of these sources. Thus, the inability of well-timed voltage
regulation could also cause a violation of regulatory limits
such as IEC-61892-1 [23] in offshore grids. Therefore,
voltage regulation with a faster response time is required,
such as grid interface inverters distributed along the feeder.
There has been a tendency to replace direct drive induction
motors with variable frequency drive (VFD) in traditional
grids in the last decades [24]. On the other hand, VFDs are
common in O&G platform grids due to their benefits like:
improved energy availability, reduced inrush current during
large motor start-up, noncontribution to short-circuit currents,
more efficient operation under low load and among many
other advantages [25]. Despite the weight and area demanded
by VFDs on the platform, the listed advantages justify their
use in this type of system. Currently, passive rectifiers are
used to interface with the electrical grid. However, there are
already commercial solutions with active rectifiers aimed
at controlling the reactive power flow exchanged with the
platform [26], [27]. One of the disadvantages of inserting
VFDs in the platform is the insertion of one more component,
which could reduce the total efficiency of the system, how-
ever, for medium voltage level, the efficiencies found are up
to 99% and 98% without and with the isolation transformer,
respectively.

This article proposes a coordinated decentralized control of
modified dynamic volt-var function implemented locally in
the active front-end VFDs targeting to reduce the voltage fluc-
tuation caused by heavy intermittence of WECS. The volt-var
function is widely applied to DER in the main grid, but not
yet evaluated on isolated grid of O&G platforms through a
decentralized control of VFDs. Moreover, the dynamic volt-
var function is modified to provide reactive power support
for increasing the power factor at the main supplier. The
converter embedded in the WECS does not contribute to the
reactive power support and voltage regulation aiming only to
maximize the generation of active power and minimize the
losses through the umbilical cable. The results are generated
based on a real case test bench of a typical Brazilian offshore
platform, implemented in MatLab/SimScape and quantita-
tively evaluated its performance and compared with other
conventional solutions considering VFDs without ancillary
service.

The rest of this article is organized as follows. Section II
shows the system electrical configuration with the parameters
used in O&G platform and WECS. The proposed decentral-
ized control is shown in Section III, describing the optimal
control of wind generation and the modified dynamic volt-var
function applied to the VFDs. Section IV shows simulation
results for two power levels of wind generation and two um-
bilical lengths. Finally, Section V concludes this article.
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FIGURE 1. Schematic diagram of the electric grid of an offshore oil and gas platform with wind energy conversion system.

II. POWER SYSTEM OF THE OIL AND GAS PLATFORM
WITH WIND POWER GENERATION
Fig. 1 describes the electrical power system of a floating
production storage and offloading (FPSO) platform, which
has two 11 kV, 60 Hz, electrical panels, called Topsides
and Vessel. Both panels are split into sides A and B. The
system is powered by four 36.25 MVA main synchronous
generators (SGs) driven by gas turbines, 28.8 MW each,
and two 3.36 MVA essential diesel generators. Three out of
four main generators run in parallel to allow any planned
maintenance and/or unexpected unit unavailability. The gen-
erators are modeled as salient pole synchronous machines
with AVR and turbine speed regulators. They are controlled
using droop, with the same rated capacity and identically
parameterized. However, the secondary regulation of voltage
and frequency is not considered herein. Furthermore, the dia-
gram is composed of step-down transformers of 11 kV/720 V
connected to the low-voltage loads by the constant power
model. Medium-voltage loads comprise induction motors of
squirrel-cage rotors. The connection of the induction motors
is direct to the grid, except for the two water injection pumps
(the highest loads in the platform, 13 MW each), which are
connected through the active front-end VFD. Herein, these
VFDs are further exploited to reactive power support for volt-
age regulation and power factor improvement at the terminals
of SG [28].

To reduce the system simulation processing time, the model
of aggregate motors is used for each side (A and B) of each
bus, without loss of generality [29]. As a result, the aggregated
motor is represented by a single induction motor with the
same dynamic response as the system with individual motors.
The only motors outside the aggregate model are the motors
connected through the VFDs. The operating mode used con-
tains three main active generators with the following loads
located along the four buses: five low-voltage loads and one
medium-voltage load with 8.75 MW and 4.89 Mvar of power;
27 induction motors with 78.43 MVA in total and power

factors ranging from 0.77 to 0.92. The parameters of the FPSO
platform can be found in [30].

The WECS consists of a 10 MW, 10 r/min, three-blade hori-
zontal axis wind turbine directly coupled to a 10.8 MVA, 4 kV,
26.67 Hz, permanent magnet synchronous generator (PMSG).
The PMSG operates with variable speed control and tracking
algorithm to maximize the generated power from wind speeds
ranging from 4 to 11 m/s. Above this threshold, the generator
operates at rated speed and the blade pitch control limits its
generation at the rated power of 10 MW. A wind turbulence
profile is generated with a shaping filter with white noise in-
put [31], in which the filter parameters are adjusted according
to the wind profile in the Brazilian southeast coast. This tur-
bulence profile is generated within one second sampling time.
Its amplitude is scaled according to the turbulence intensity
and then added up to the mean wind speed value.

A three-level neutral point clamped (3L-NPC) rectifier
transmits the generated energy to a 6.5-kV dc bus. The dc-bus
voltage is controlled by a 3L-NPC inverter with an output
LCL filter, which also operates with grid-following current
control to deliver the energy to the 60 Hz system. A step-up
transformer connects the inverter to an umbilical cable for
power transmission and a step-down transformer for connec-
tion to the platform, as shown in Fig 1. The parameters of the
transformer are: ZT = 0.005 + j0.0575 pu and YT = − j0.02
pu. Two rated power options are used in the WECS, 10 and
50 MW (i.e., aggregated model of five turbines), as well as
two distances of umbilical cable, 12 and 150 km.

III. PROPOSED COORDINATED
DECENTRALIZED CONTROL
A. OPTIMUM LOSS CONTROL FOR WIND POWER SYSTEM
CONNECTED THROUGH UMBILICAL CABLE
The energy transmission from the WECS to the offshore plat-
form is conveyed through an umbilical cable. Such a cable
inherits capacitive feature with series impedance. So varia-
tions in the injection of active power by the wind turbine cause
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FIGURE 2. Active and reactive power at the output filter of the wind power
system for Case 1 (i.e., Qfilter = 0), Case 2 (i.e., QPCC = 0), and Case 3 (i.e.,
Ploss → min). Parameters of the umbilical cable are: 33 kV, 185 mm2,
12 km.

reactive power flow variations. The umbilical cable has its
length defined according to the distance between the WECS
and the offshore platform. In addition, three control strategies
are defined in relation to the reactive power control exchanged
between the platform and the WECS as
� Case 1 (Qfilter = 0): zero reactive power at the output

filter of the wind power system;
� Case 2 (QPCC = 0): zero reactive power delivered to the

platform;
� Case 3 (P loss → min): minimal losses through the um-

bilical cable.
For Case 1, Q filter = 0, the reference of the reactive power

control (at the output filter) is set to zero regardless of the
active power value injected by the WECS, since this variable
is directly controlled, as shown in Fig. 2. Therefore, there is
a flow of reactive power exchanged between the umbilical
and the platform. For Case 2, QPCC = 0, there is no exchange
of reactive power between the umbilical and the platform,
therefore, the reactive power reference depends on the value
of active power injected by the WECS, as shown in Fig. 2.
The reactive power reference is established by considering
the low-frequency (i.e., 60 Hz) model of umbilical and trans-
formers. The low-frequency characteristics of the umbilical
are represented by one-section � equivalent circuit, and T
model for both step-up and step-down transformers. Then, a
relation between voltages and currents at the WECS, defined
by the subscript 1, and the platform, defined by the subscript
2, is given by [

V1

I1

]
= T1UT2

[
V2

I2

]
(1)

where T1, U , and T2 are the matrices of quadripole repre-
sentations of the step-up transformer, umbilical cable and
step-down transformer, which are given as

Tk =
[

1 + ZT YT
2 ZT

(
1 + ZT YT

4

)
YT 1 + ZT YT

2

]
(2)

FIGURE 3. Definitions of the volt-var function.

for k = {1, 2}, and

U =
[

1 + ZU YU
2 ZU

YU

(
1 + ZU YU

4

)
1 + ZU YU

2

]
. (3)

The values of ZU and YU are computed based on a three-
core 33 kV, 185 mm2 umbilical cable. The analysis considers a
voltage magnitude at the platform equal to 1.0 p.u. Then (1) is
computed to set the reactive power of WECS (Q1 = Im(V1I∗

1 ))
as a function of the generated power (P1 = Re(V1I∗

1 )) with
the condition of zero reactive power delivered to the platform
(Q2 = Im(V2I∗

2 ) = 0). Therefore, it is an open-loop reactive
power control based on results from previous steady-state
simulations of the system at various operating points.

For Case 3, P loss → min, the reactive power reference also
depends on the value of active power injected. However, it
establishes the minimum loss ratio through the umbilical cable
so that the power delivered by the WECS is maximum, as
shown in Fig. 2. In this case, the reactive power injected by the
WECS (Q1) is computed to minimize the transmission losses
for each value of generated power:

minimize P1 − P2 = f (P1, Q1,V2)

subject to

⎧⎨
⎩

P1 ≤ S1 ≤ S max

V1 ≤ 1.1 pu
V2 = 1 pu

(4)

where S1 is the apparent power delivered by the WECS and
S max is the maximum apparent power of the inverter.

B. MODIFIED DYNAMIC VOLT-VAR FUNCTION
Variation in wind speed causes active power variation and
thereupon causes voltage fluctuations on the feeders of the
platform. To reduce such oscillations, it is proposed to imple-
ment the dynamic modified volt-var function in the primary
control of the active front-end VFDs connected to the plat-
form. The conventional volt-var curve is modified as shown
in Fig. 3. The dead-band defines the voltage value at which
the VFDs exchange reactive power with the power system,
i.e., Vp2 and Vp3. The points Vp1, Vp4, and Q max define the
inclination of the curves. The point V0 indicates the midpoint
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in relation to the voltage axis as the system does not operate
exactly at 1 p.u. The value V0 is determined by steady-state
simulations of the system and changes according to the load-
ing of the platform. Q ref indicates the offset value used to
improve the power factor of the system and relieves the main
SGs in terms of reactive power since the system loads are
mostly inductive.

For cases where the measured voltage is within the limits
specified by the dead-band, VFDs process capacitive reactive
power according to Q ref. If the voltage on the bus to which
they are connected exceeds Vp3, then they process reactive
power in a coordinated manner to restore acceptable voltage
levels. Likewise when the voltage is less than Vp2, the VFDs
process capacitive reactive power to raise voltage levels. The
maximum limit of reactive power injection is described by
Q max, computed based on the VFD nameplate rating and
active power draw by the motor. Q max is calculated within
a control cycle, and it is achieved when the voltage reaches
the values Vp4 and Vp1. Note that the volt-var function is an
open loop control, and therefore, steady-state deviation may
depend on the series impedance of the system.

The reactive power reference Qre f can be computed ac-
cording to the idle power capacity of the VFD and a certain
knowledge of the reactive power demand of the FPSO:

Qre f = Pg × tan
[
arccos( f p∗)

] − Q dem (5)

where Pg is the active power demand of the generators, f p∗
is the power factor reference to be achieved at the generator
output terminals, and Q dem is the reactive power demand of
the loads connected to the electrical system of the FPSO.

The volt-var functionality implemented aims to contribute
to the reactive power exchange to supply part of the load
demand, through the offset value Q ref, and to smooth the
voltage fluctuations in the bus, where the VFDs are connected.
In a steady state, this extra functionality of active input VFDs
can relieve the SG of the FPSO in terms of magnitude of field
and armature winding currents, in addition to reducing con-
ductor losses along the platform. During voltage transients,
VFDs can support voltage recovery on system buses. The
coordinated control architecture is decentralized. Thus, the
control algorithm is implemented with only local voltage and
current measurements and operates autonomously, i.e., with-
out considering changes in other equipment that participate
in the coordinated control. Furthermore, no communication
link between the VFDs is required, resulting in standalone
converters and high control reliability [32]. However, power
factor regulation and power sharing among VFDs are not very
accurate since measurements are local and there is no central
controller [33].

The modified volt-var function applied to active front-end
VFD and optimal loss control embedded in the wind system
have no direct connection to each other. While the control of
the VFDs aims at reducing voltage variation in the platform’s
electrical system through local measurements and actions,
the control of the wind converters minimizes losses in the
umbilical cable that conveys energy from the wind turbine to

the FPSO. The active power control of the wind converters
acts on the MPPT and does not apply any tool/calculation
to reduce the active power oscillation and follows the wind
profile applied to the system for the best harvest of energy. It is
the reactive power control of wind converters that establishes
a ratio of minimum losses across the umbilical cable and
delivers maximum power to the FPSO power system.

IV. SIMULATION RESULTS
The electrical power system is developed and simulated in
MATLAB/Simulink, using the Simscape library. The config-
uration of the proposed volt-var curve is: V0 = 0.9918 p.u.;
Vp2,Vp3 = V0 ± 0.001; Vp1,Vp4 = V0 ± 0.05. The param-
eters chosen for the volt-var curve were raised empirically, in
which the V0 is the average value over the voltage oscillation,
Vp2 and Vp3 are inferior limits to exchange reactive power
while Vp1 and Vp4 superior limits to saturate reactive power
exchanging with the grid. Q ref is changed throughout the
simulation to illustrate the impact on the power factor of the
main generators.

The results are split into two sections. Section IV-A shows
the results for the different reactive control strategies (i.e.,
Q filter = 0, QPCC = 0, and P loss → min) of the WECS for a
critical wind profile. These three cases are defined to assess
the reactive control strategies applied to wind converters and
are only related to the control used for the wind converters. On
the other hand, the dynamic volt-var function applied in the
VFDs is only activated for the case P loss → min. The power
factor regulation is evaluated by the change of Q ref during
the simulation. The rated power of the wind system is P wind
= 10 MW and the length of the umbilical cable is Lumb =
12 km.

Section IV-B compares the results with and without the
dynamic volt-var function for three WECS configurations.
Both results use the WECS reactive power control strategy
of minimum losses through the umbilical (i.e., P loss → min).
The average wind speed applied is 9 m/s with a turbulence of
14%. The applied wind turbulence profile is the most critical
case of real data obtained from winds of the southeast coast of
Brazil from the Mero oil field.

A. WIND POWER SYSTEM CONTROL STRATEGIES AND
MODIFIED DYNAMIC VOLT-VAR FUNCTION
Fig. 4 shows the results obtained for the three case studies
proposed in Section III-A, i.e., Q filter = 0, QPCC = 0, and
P loss → min, according to the reactive power control strategy
of the WECS, and dynamic volt-var function applied to VFDs.
At the instant t = 80 s, the reactive power reference of the
volt-var curve (Qref) changes from zero to 5.12 Mvar, in order
to highlight the open-loop power factor regulation. It also
compares the proposed modified volt-var function against the
conventional volt-var function in O&G platform.

The wind profile used in the results of Fig. 4 is critical in
order to explore the control over the entire power range at the
output of the wind system. The active power variation of the
wind power system is shown in Fig. 4(a), which has a power
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FIGURE 4. Results of cases Q filter = 0, QPCC = 0, and P loss → min. (a) Active power of the wind system at the coupling point. (b) Reactive power of the
wind system at the coupling point. (c) Reactive power of one of the motors with VFD. (d) Reactive power from one of the main generators. (e) Voltage on
the Topsides bus. (f) Topsides electrical frequency. (g) Main generator power factor. (h) Main generator field voltage, and (i) Main generator field current.

variation of 8.54 MW in a period of approximately 7 s. The
differences in the reactive power control strategies of the wind
system for the three cases can be seen in Fig. 4(b). The curves
in Fig. 4(b) prove the correct functioning of the implemented
control strategies, where the curve of Qfilter = 0 (blue) shows
a variable flow of reactive power between the platform and the
umbilical cable, the curve of QPCC = 0 (red) represents the
power flow close to zero of the umbilical with the platform,
and the curve of P loss → min (yellow) represents a constant
flow of reactive power between the umbilical and the platform.

Qfilter = 0 and QPCC = 0 do not have reactive power os-
cillation in motors with VFD, Fig. 4(c), since the reference
of the control is established only by Qref (i.e., with no dy-
namic volt-var function). Differently from what happens for
P loss → min in which it is noticed the reactive power varies
according to the voltage oscillation (with dynamic volt-var
function). At the instant t = 80 s, Qref changes from zero
to 5.12 Mvar. Therefore, the reactive power of the main SG,

Fig. 4(d), decreases at the same instant due to the variation of
Qref as the VFDs increase their reactive power compensation
on the platform. Only the curve of one of the SGs is shown in
the results and the same goes for curves related to VFDs since
they are equal.

It can be noted that the voltage variation, Fig. 4(e), is greater
for Qfilter = 0 and QPCC = 0 than for Ploss → min due to the
use of the dynamic volt-var curve. The voltage variation of the
Topsides bus, considering the maximum and minimum volt-
age within the steady state, can be seen in Table 1. Analyzing
the results, it is seen a reduction in the voltage fluctuation
caused by the integration of the WECS through the applica-
tion of the dynamic volt-var curve. The active front-end VFD
contributed to a reduction of about 34%, in Ploss → min, in
relation to Qfilter = 0 and QPCC = 0. On the other hand, the
dynamic volt-var function has no impact on the electrical
frequency of the system as shown in Fig. 4(f). It is worth
noting that for the correct adjustment of the parameters of the
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TABLE 1. Voltage Variation and Power Loss Through the Umbilical for Case
Studies in Section IV-A

volt-var curve, it is necessary to previously know the typical
system operation, which is not critical for offshore platforms
since loads are well-known for each system operating point.
In addition, the reactive power control strategies of the wind
system do not have an effective contribution to voltage fluc-
tuation. It is also seen a slight reduction in umbilical cable
losses (<1%) using strategy P loss → min compared to strate-
gies QPCC = 0 and Qfilter = 0. The loss shown in Table 1
represents the average value within the range of 40 to 120 s.
Such a loss reduction increases with increasing the umbilical
length.

At the instant t = 80 s, the power factor value increases
while the field voltage and current values decrease in the main
generators as shown in Fig. 4(g), (h), and (i), respectively.
This shows the superiority of the modified volt-var function in
relation to the conventional one, which would not improve the
power factor. The increase in the power factor by 4% provides
an increase in the efficiency of the generators. For the genera-
tor model used, when operating with FP = 0.8 the efficiency
is 95.9% and for FP = 1 the efficiency is 96.4%. In addition,
the reduction of field voltage and current brings a thermal
relief of the field winding representing for the machine a lower
level of excitation and, consequently, a greater margin for it
to supply the reactive power. Therefore, the VFDs exploit
more functionalities than only driving the variable speed of
motors.

B. PERFORMANCE OF VOLT-VAR FUNCTION IN THREE
WIND POWER SYSTEM CONFIGURATIONS
The three wind power system configurations implemented in
this section are as follows:
� Configuration 1: Pwind = 10 MW and Lumb = 12 km;
� Configuration 2: Pwind = 50 MW and Lumb = 12 km;
� Configuration 3: Pwind = 50 MW and Lumb = 150 km.
Fig. 5 shows the results obtained for these configurations.

The reference power is kept constant and equal to Qref = 5.12
Mvar. The increase in wind power injected into the system
and in the length of the umbilical cable increase the topsides
voltage variations, both for the system without and with the
dynamic volt-var function. The voltage variations obtained
between 40 and 110 s are described in Table 2 according
to Fig. 5(a), (d), and (g). Enabling the volt-var function on
the VFD controls reduces the voltage variation by 37.2% for
configuration 10 MW/12 km, 53.8% for 50 MW/12 km, and
68.6% for 50 MW/150 km.

TABLE 2. Voltage Variation and Power Loss Through the Umbilical for Case
Studies in Section IV-B

The increase in wind power raised the average voltage
of the platform’s Topsides bus. Therefore, the configuration
10 MW/12 km and 50 MW/12 km show a reduction in the
efforts of the VFDs in terms of reactive power. Configuration
50 MW/150 km has the highest average voltage and lowest
absolute mean value of reactive power of the VFDs. For this
configuration, there is the greatest loss in the umbilical cable
(150 km), where the average loss during the simulation period
is around 3.5 MW.

C. LIMITATIONS AND CHALLENGES OF THE PROPOSED
VOLT-VAR FUNCTION
The previous results evaluated the potential gains of the elec-
trical system considering the insertion of the active front-end
VFD in the FPSO with the modified volt-var function. Large
motors are commonly driven by passive front-end VFDs due
to advantages like improved energy availability and reduced
inrush current during large motor startups. Consequently,
these converters should be replaced by active front-end VFDs.
Moreover, it would be necessary to adapt the control scheme
to exchange reactive power with the grid and ensure the con-
verter’s nameplate rating. Therefore, such an approach is more
appealing to new FPSO units which will go into operation,
where the active front-end VFD is considered in the design
phase. There are already active VFDs available on the mar-
ket [26], [27]. A selection of converters can be made taking
into account market availability, costs, reliability, weight, vol-
ume, area, efficiency, and offshore applicability. However, it
is out of the scope of this article.

FPSOs have constraints on volume, area, and weight,
so adding another physical component might be tough in
this hostile environment. To better exploit the converters
already present on the platform, the dynamic volt-var func-
tion adds new functionality to their control by utilizing
the idle power capability of VFDs. Other options, such as
thyristor-controlled reactor, static voltage compensator, and
static reactive compensator, would therefore require addi-
tional equipment and produce equivalent outcomes and, thus,
they were not evaluated. In addition, the solution based on
ESS could bring different results, but it would require a foot-
print, is expensive, and needs maintenance.

The limitations related to the definition of the volt-var curve
parameters are established due to the prior knowledge of the
FPSO load profile. The reactive power reference Qref needs

VOLUME 4, 2023 275



DA ROCHA ET AL.: COORDINATED DECENTRALIZED CONTROL OF DYNAMIC VOLT-VAR FUNCTION IN OIL AND GAS PLATFORM

FIGURE 5. Results of 10 MW/12 km: (a) voltage on the Topsides bus, (b) active power of the wind system at the coupling point, and (c) reactive power of
one of the motors with VFD. Results of 50 MW/12 km: (d) voltage on the Topsides bus, (e) active power of the wind system at the coupling point, and
(f) reactive power of one of the motors with VFD. Results of 50 MW/150 km: (g) voltage on the Topsides bus, (h) active power of the wind system at the
coupling point, and (i) reactive power of one of the motors with VFD.

to be calculated for each load profile. The voltage profile
of the system also needs to be taken into account to define
the midpoint and dead-band of the function. In the results
shown, the steady-state voltage is not 1 p.u. because secondary
voltage control is not implemented in the system. Therefore,
the midpoint of the voltage axis of the volt-var curve is de-
fined by simulating the system in a steady state. However,
this would not be a problem for the system in practice, since
it would operate at 1 p.u. considering the secondary volt-
age/frequency control. Although no more rigorous approach
has been used for the optimal choice of volt-var curve pa-
rameters. Several values were tested in the simulation that
represents a real test bench case of a typical Brazilian offshore
platform.

The decentralized coordinated control structure is based
on agents that operate in an autonomous coordinated man-
ner, without conflicts of interest and seeking to achieve the
same objective, but without the need for a communication
infrastructure. Despite the autonomous feature and the plug-
and-play capability, the decentralized coordinated control
does not have the ability to accurately regulate the power flow
at a given point in the electrical system, as it only has access
to local measurements. As a result, it is not always possible
to achieve an optimal system condition, that is, unity power
factor at the main generator terminals. However, this does not
have a considerable impact on the system since the optimal
condition is often not achievable either due to the reactive
power injection limitations of the converters that normally
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operate with the maximum injection. Furthermore, the open-
loop control inaccuracies are not substantial when the system
load profile is well known, which is the case with an FPSO
unit.

V. CONCLUSION
This article proposed a coordinated decentralized control of
the dynamic volt-var function to reduce the voltage fluctua-
tions caused by the insertion of wind energy in an oil and
gas platform. The control is applied in two active front-end
variable frequency drives. In addition, three strategies for
regulating the reactive power of the wind power system are
evaluated, in which the minimum losses through the umbilical
are preferable.

The voltage fluctuations caused by wind power variation
do not exceed the regulatory limits. Nevertheless, the volt-var
function achieved a reduction in voltage variation of 68.6%
for the wind system configuration of 150 km and 50 MW, the
most critical case among the simulated configurations.

Moreover, the coordinated decentralized control imple-
mented through the offset value in the modified volt-var curve
regulated in an open loop the power factor. It improved in
4% the power factor at the terminals of the synchronous gen-
erator. Thus, a centralized control approach to regulate the
power factor in a closed loop, more accurately in tracking the
reference, together with the implementation of the dynamic
volt-var curve will be investigated in future works. In addition,
it is possible to narrow the dead-band or even remove it from
the modified dynamic volt-var based on the best configuration
of the oil and gas platform.

Although the implemented simulation is sufficient to ver-
ify the proposed method, the next step would be a real-time
implementation in hardware-in-the-loop. A more thorough
detailing of the system and the identification of potential im-
provements would be feasible by this operation, which would
enable the implementation of virtual models that are closer to
the real hardware. Furthermore, other figures of merit will be
considered in future works, such as system stability, response
time, and reliability.
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