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Abstract—The race to increase the efficiency and reduce the
power losses in transmission systems has resulted in the substan-
tial growth of high-voltage direct current (HVDC) transmission
systems. Moreover, the interconnection of these transmission sys-
tems significantly increases their reliability. However, the control
of these meshed grids is a key problem that usually is managed
through the control of the VSCs in those grids, but the control of
the VSC can be complemented with a reconfiguration algorithm.
This paper proposes the use of the particle swarm optimization
algorithm, in order to reconfigure meshed HVDC transmission
systems and reduce losses. The proposed algorithm has been tested
in the CIGRE benchmark grid, which comprises of several off-
shore wind farms that generate energy sent to the grid through
several HVDC transmission lines. The results show that as the en-
ergy generation changes due to wind changes, the grid topology
must be reconfigured in order to achieve the maximum efficiency.
Doing this reconfiguration, power savings around 18–19% could
be achieved.

Index Terms—High-voltage direct current (HVDC), off-shore,
particle swarm optimization, reconfiguration, wind farm.

I. INTRODUCTION

ENERGY consumption in the world is constantly growing
[1], [2]. Simultaneously, environmental crisis caused by

climate change should be mitigated. One way to reconcile these
two facts is by using sustainable and clean energy sources, with
high growth potential [3], [4]. Moreover, the electricity produc-
tion cost from coal, gas, nuclear plants, and petroleum keeps
rising, while the cost of renewable energy is clearly decreasing.
For example, grid parity has already been achieved in many
places, such as Hawaii [5].

Consequently, in the recent years, most countries have in-
vested to improve the use of renewable energy, basically, solar
photovoltaic, hydroelectric power, and wind energy. The main
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disadvantage of photovoltaic energy is the need for large tracts
of lands to cover the demands of little urban zones, due to solar
panels’ low efficiency. Concentrating on hydroelectric power,
this kind of energy is not available in all countries, like the
Middle Eastern countries, and it is limited to very specific places.
Moreover, this technology has several disadvantages that are re-
lated to environment, which diminishes people’s interest in it. In
contrast, wind energy uses a less amount of land to produce the
same amount of energy. Nevertheless, wind energy has a great
environment impact [1].

The energy produced by wind turbines is highly unpredictable
due to multiple reasons, like wind behavior. To attenuate this
variability, wind farms are being moved to the sea, where the
wind regime is more consistent, and it is possible to occupy
larger areas. In Northern Europe, there are many large offshore
wind farms with power levels between 100 MW and up to
gigawatts [7].

The transmission of all this energy from the sea to the land is
a big challenge that has to be faced. High-voltage direct current
(HVDC) grids are some of the best choices to connect this type
of renewable source from the sea to the land [8], [9].

With technological advancement seen in semiconductors,
HVDC transmission acquired importance, because it was be-
coming easier rise the voltage to unsuspected limits. Nowadays
there are HVDC lines up to 800 kV, also called ultra-high volt-
age direct current (UHVDC) [10]. These types of lines are used
when the amount of energy to be transmitted is very high.

In order to increase the reliability of the transmission and
minimize the losses, multiterminal links are increasingly used
to transmit energy from the farms to the land [11], [12]. Multi-
terminal links connect several wind farms together with several
grids in the land. This produces a meshed transmission grid that
allows the distribution of energy between different nodes.

The multiterminal VSC-HVDC system can connect different
offshore substations with similar voltages. In the case of the sta-
tions with different voltages, it is possible the use of intermediate
stations that implement a dc—ac–dc voltage transformation, in
order to change the dc voltage as desired, although it is not
essential [13].

The development of this type of connections requires proper
high-level control methods [14]. The most-used control tech-
nique is the dc voltage-current droop control, which facilitates
power flow control [15]. In this case, a reconfiguration algorithm
could be used to control the multiterminal grid. In [16], a coop-
erative control based on droop control is proposed to maintain

0885-8993 © 2017 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications standards/publications/rights/index.html for more information.

Authorized licensed use limited to: Univ de Alcala. Downloaded on December 27,2023 at 09:16:54 UTC from IEEE Xplore.  Restrictions apply. 

https://orcid.org/0000-0002-5157-2960
https://orcid.org/0000-0001-7424-6335
https://orcid.org/0000-0001-8508-1898


SANZ et al.: RECONFIGURATION ALGORITHM TO REDUCE POWER LOSSES IN OFFSHORE HVDC TRANSMISSION LINES 3035

the constant of the dc voltage. Other examples of control
techniques for the reduction of losses can be found in [17]–[19].

Reconfiguration algorithms can change the interconnection
between nodes according to specific requirements in order to
achieve the best grid configuration. Reconfiguration can be ulti-
mately considered to be a discrete nonlinear optimization prob-
lem, so, there are some optimization algorithms that can be used
to solve this problem: The Ant Colony Optimization (ACO), the
PSO, the evolutionary algorithms, the genetic algorithms, the
fuzzy control, etc. In technical literature, there are some exam-
ples of optimization algorithms applied to the reconfiguration of
ac grids. For example, in [20] and [21] ACO algorithm is used.
This optimization method mimics the pheromone trail follow-
ing the behavior of ants, where each ant perceives pheromone
concentrations in its local environment and selects the direction
with the highest pheromone concentration. From this principle,
the best alternative (shortest path) from a collection of alterna-
tives is found.

Evolutionary algorithms and genetic algorithms are two
similar variants of the evolutionary computation, which has
as its objective to mimic the processes from natural evolution.
Some examples of these algorithms can be found in [22]–[28].
Basically, in these algorithms, the possible distribution grid
configurations are represented through a population of chro-
mosomes, and on that population are applied reproduction,
crossover, mutation, and selection functions, in order to
achieve the optimal chromosome that represents the best grid
configuration.

The fuzzy control techniques can also be used to solve the
reconfiguration problem. In [29], these kinds of techniques are
used to deal with the reconfiguration of a grid with some dis-
tributed generation resources.

Particle Swarm Optimization algorithm has been used to solve
the grid reconfiguration problem in [30] and [31]. For example,
in [30] a distribution system reconfiguration methodology is de-
veloped, considering the reliability and power loss. In [31], a
PSO algorithm is used to solve the optimal operation problem
for the purpose of distribution reconfiguration, while consider-
ing the distributed generators. However, none of the studies
mentioned above have analyzed the reconfiguration in the
HVDC scenario.

In this paper, PSO algorithm is used to reconfigure the in-
terconnection between the wind farms and the grids in the land
over HVDC links, attending to minimize the transmission power
losses.

The test grid presented in this paper is a modified system that
is based on the test grid proposed in [32], which has been widely
used to test control algorithms [33]–[35].

The paper is organized as follows. In Section II, the Particle
Swarm Optimization algorithm used in this paper as the recon-
figuration algorithm is explained. Section III contains a detailed
description of the grid, as well as the generation profiles that
are used to simulate different generation scenarios. Section IV
summarizes the simulation results that are obtained by using
the reconfiguration algorithm in the HVDC test grid. Finally,
Section V includes the conclusions, and the references appear
in Section VI.

II. PSO RECONFIGURATION ALGORITHM

PSO algorithm is proposed in this paper in order to minimize
the power loss in the power transmission system, changing the
interconnection between nodes.

In this algorithm, a group of particles move around the space
of possible solutions, in which, each position represents a can-
didate solution to the reconfiguration problem. Each particle
moves through the search space, adjusting its position accord-
ing to its own experience and also to the neighboring particles
experience. Its movement will be also influenced by its previ-
ous trajectory, what means, there is an inertia component in the
particle movement. Therefore, a particle uses the best position
found by itself, and the best position of its neighbors as well,
to locate itself toward an optimal solution, the same manner
as birds in a flock. The suitability of each particle is measured
according to a fitness function that, in this case, depends on the
power loss of the transmission system.

In the reconfiguration problem, the possible positions for the
particles are vectors, which represent the possible status com-
binations of the switches in the power transmission system.
Thus, each position vector is a binary vector, whose elements
represent the states of the switches: “1” for the close state, and
“0” for the open state. Therefore, position vectors have as many
elements as switches in the system. To find the optimal solution
of the reconfiguration problem, several particles are employed.
In this case, the chosen number of particles is: 100 ∗ number of
switches, such as in [30]

xi (t) = xi (t − 1) + vi (t) (1)

where xi(t) and xi(t − 1) are the positions vectors of the ith
particle at the instants t and t − 1, respectively, and vi(t) is the
velocity vector of the particle.

The velocity vector of each particle reflects the individual
experience of this particle, and the knowledge of other particles
in its neighborhood:

vi (t) = vi (t − 1) + ϕ1 · r1 · (pbesti − xi (t − 1))

+ϕ2 · r2 · (gbest − xi (t − 1)) (2)

where ϕ1 and ϕ2 are the individual and the social acceleration
constants, respectively, that must meet with the following con-
dition: ϕ1 + ϕ2 ≥ 4 [36], and in this case, they have the same
value: ϕ1 = ϕ2 = 2; r1 and r2 are random numbers in the range
[0,1]; and pbesti and gbest are the best position vectors found
by the ith particle and by all the particles, respectively. These
parameters reflect the knowledge of the particles.

The vectors pbesti and gbest are evaluated by using a fit-
ness function J(x) that represents the parameter or parameters
to be optimized in the reconfiguration problem:

xi (t) = xi (t − 1) + vi (t) (3)

where P1 , P1 , . . ., represent the parameters to be optimized,
and w1 , w2 , . . ., are the weights assigned to the parts of the
fitness function. In this case, the target is to minimize power
loss, and so, the optimal particle is the one with the lowest value
after evaluating the fitness function.
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Fig. 1. PSO algorithm activity chart.

In the cases where the combination of switches is not feasible,
the fitness function takes on a very high value.

To start the algorithm, an initial position vector is randomly
selected, and it is updated in each algorithm iteration. Fig. 1
shows an UML activity chart of the PSO algorithm implemented
in this paper. The first step is to generate a new switch config-
uration and position vector. The second step is to establish the
weight of the different parameters of the fitness function. The
third step is to compute the fitness function following (3). Then,
position and velocity vectors are updated. At this point, if the
optimal solution is achieved, the algorithm ends. Otherwise, a
new switch configuration and position vector is generated.

III. USE CASE

As an application of the reconfiguration algorithm explained
in the previous section, in this paper, the optimal control of a
meshed power transmission system (HVDC and HVAC mixed
network) is designed.

In this section, the objectives of the reconfiguration system
and the power transmission grid used are described. Also, short
overviews about wind energy generation profiles, circuit break-
ers, and grid topologies are included.

A. Objectives of the Reconfiguration System

The main objective of the reconfiguration system is to mini-
mize power losses in the transmission system. As mentioned in
the previous section, power loss minimization will be achieved
by changing the interconnections between the different nodes of
the transmission network. Therefore, the reconfiguration system
must calculate the best combination of open and closed circuit
breakers, in order to minimize the system losses. Two differ-
ent approaches can be used to achieve this goal, and both are
explained in the following sections:

1) Minimize the total losses in the system.
2) Distribute homogenously the losses among all the lines.

1) Minimizing the Total Losses in the System: The target for
the reconfiguration algorithm in the first case is the minimization
of total losses in the power transmission system. For this, the
following steps are conducted:

1) Transmission network data are registered (voltage, cur-
rent, power, etc.)

2) Power losses in all lines are calculated.
3) The system’s total power losses are calculated by adding

the losses noted in different lines.
4) The optimization algorithm PSO is executed with the fol-

lowing fitness function:

J (x) = w1Pt (4)

where

Pt = Pline1 + Pline2 + · · · + PlineN (5)

being Pline1 , . . . , PlineN the power losses in lines 1 to N, and
Pt the total power losses; and w1 is the weight of this part of the
fitness function, as explained in (3). Note that as in this case there
is only one parameter in the fitness function, the weight constant
could be eliminated, nevertheless, it has been maintained in (4)
to preserve the standard expression.

1) After the algorithm execution, the obtained reconfigu-
ration solution is applied to the transmission network,
through the opening or closing of the corresponding cir-
cuit breakers.

2) Distribute Homogenously the Losses Among All the Lines:
In the second case, the objective was to distribute the losses
between all lines in the interconnection system homogenously.
This task was achieved following this process (steps 1, 2, and 5
are the same as in the previous case):

1) Transmission network data are registered (voltage, cur-
rent, power, etc.)

2) Power losses in all lines are calculated.
3) The losses per kilometer are calculated as the relation

between losses in a line and its length.
4) The maximum losses per kilometer are minimized by us-

ing PSO algorithm.
In this case, the fitness function will be

J (x) = w1Pd (6)

where

Pd = max
(

Pline1

d1
,
Pline2

d2
, · · · ,

PlineN

dN

)
(7)

being d1 , . . . , dN the length of lines 1 to N, Pline1 , . . . , PlineN

the power losses in the lines 1 to N, and Pd is the maximum
value of losses per kilometer.

In both approaches, the losses in each line are calculated as
the difference between the power values in its extremes.

B. Energy Generation Profiles

Wind analysis is a very important task that must be carried
out as it is one of the criteria that determines where the wind
farm will be installed. Other aspects that should be taken into
account include geographic restrictions, such as water depth or
distance to the shore, the presence of sensible wildlife species,
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Fig. 2. Generation profiles for the wind turbines.

Fig. 3. Weilbull distribution.

or the existence of navigation or air traffic in the zone. With
regards to the energy resource in this case, the more the wind
is, the higher the amount of electricity generated. Due to this,
before a wind farm is built, some studies are carried out in order
to find the best areas [37], [38].

Offshore wind farms are usually distributed over very large
areas in the sea, therefore, the wind profile in each wind farm
may be different. Fig. 2 shows the wind speed profiles used in
this paper for the wind farms included in the HVDC test grid,
which will be explained in Section III-D. The wind speed profile
that corresponds to each wind farm will be specified later.

With the purpose of simulating a real power generation grid,
it can be said that the used wind profiles are similar to the most
common profiles in offshore wind. The wind speed is usually
modeled by using a probability density function. An expression
that gives a good fit to wind data is known as the Weibull
distribution [39]. The whole wind profile used in this work fit
with this statistic function. Fig. 3 shows an example of a Weibull
distribution.

C. Circuit Breaker

The circuit breaker is one of the most important elements in
the multiterminal HVDC reconfiguration grid. Its function is to
open and close the different lines of the grid, in order to change
the power flow direction.

There are significant differences between the ac and dc
circuit breakers, mainly due to the absence of a natural current
zero crossing in the dc systems. Numerous proposals for

Fig. 4. Mechanical circuit breaker with passive resonator circuit.

circuit breakers have been proposed in both papers and patent
applications. Nowadays, there are two main types of circuit
breaker designed to work in HVDC: electromechanical and
solid-state [40].

The electromechanical circuit breakers began to develop in
1980s, when the interest for the HVDC meshed grid increased.
During these years, a considerable amount of research and de-
velopment were conducted [41], [42]. Mechanical dc circuit
breakers consist of a conventional ac circuit breaker that has
been supplemented by a parallel resonant circuit [43]. The time
for current interruption is typically 30–100 ms [44].

Solid-state circuit breakers are the alternatives to electrome-
chanical circuit breakers [45]. The main advantage of these
breakers is that their interruption time is very short, just a few
milliseconds [46]. This interruption time is only possible by
using semiconductor devices. Generally, in solid-state circuit
breakers, many IGBTs, IGCTs, or other semiconductor-based
switches are connected in series and parallel, in order to support
the voltage and current of the system during both normal and
fault conditions [47].

In a reconfiguration scenario, in contrast with the fault isolat-
ing scenario, the circuit breaker does not need to be extremely
fast. In addition, the working current that must be interrupted is
the nominal current of the system, that is fairly small compared
to the short-circuit current.

According to the previous explanation, the circuit breaker
chosen to perform the reconfiguration is the mechanical one
with passive resonance circuit. Fig. 4 shows the diagram of the
circuit breaker chosen in this case.

During normal operation, the circuit breaker is closed; there-
fore, the current flows through it while the capacitor is not
charged. When the circuit breaker is open, a voltage arc excites
the LC circuit, generating a current oscillation. This current
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Fig. 5. CIGRE transmission system [32] with the added circuit breakers CB1,
CB2, and CB3.

oscillation grows, and thus, creates current zero points in the
breaker arc, in order to facilitate the isolation of the circuit. A
surge arrester is connected in parallel with the circuit breaker,
in order to limit the breaker voltage and absorb the system’s
energy.

The power losses in an electromechanical circuit breaker are
very low, less than 0.001% of the VSC station power losses [47].

D. Interconnection Grid Description

Different topologies can be used to transport the power from
wind farms. An extensive study on HVDC topologies is carried
out in [49], where the advantages and disadvantages of each
topology are shown.

In this paper, the system where the PSO reconfiguration
algorithm has been implemented is the test transmission grid
described in [32], which is named “CIGRE B4 DC Grid Test
System.” To test the reconfiguration algorithm in this grid, three
circuit breakers have been added to enable the reconfiguration
task. Fig. 5 shows the CIGRE transmission system with added
switches.

The three circuit breakers added to the CIGRE transmission
grid are in one ac line and two dc lines, one of each dc voltage
levels. The decision for the breakers’ positions has been taken
after considering the system’s stability. This means that some
tests have been done to guarantee that with the breakers in these
positions, the system is stable, no matter if the breakers are open
or closed.

The CIGRE transmission system is composed by two onshore
ac systems (A and B), four offshore ac systems (C, D, E, and F),
and the ac and dc connections between them. Onshore systems A
and B have points of distributed generation, and also consump-
tion points, meanwhile, offshore systems C, D, and F are wind
power plants, and system E is an offshore load. Table I shows
the information of the mentioned systems, where the negative

TABLE I
ONSHORE AND OFFSHORE SYSTEMS CHARACTERIZATION DATA

Generation Load

Onshore

A1 −2000 MW 1000 MW
B1 −1000 MW 2200 MW
B2 −1000 MW 2300 MW
B3 −1000 MW 1900 MW

Offshore

C1 −500 MW 0 MW
C2 −500 MW 0 MW
D1 −1000 MW 0 MW
E1 0 MW 100 MW
F1 −500 MW 0 MW

TABLE II
POWER TRANSMISSION LINES CHARACTERIZATION DATA

Connected
Systems

Type Voltage
(kV)

CB Num. of
lines Distance

(km)

R
(Ω /km)

L
(mH/km)

C
(μF/km)

A0-A1 AC 380 − 2 200 0.0200 0.8532 0.0135
B0-B1 AC 380 CB1 1 200 0.0200 0.8532 0.0135
B0-B2 AC 380 − 1 200 0.0200 0.8532 0.0135
B0-B3 AC 380 − 1 200 0.0200 0.8532 0.0135
B2-B3 AC 380 − 1 200 0.0200 0.8532 0.0135
B1-B3 AC 380 − 1 200 0.0200 0.8532 0.0135
C1-C2 AC 145 − 1 50 0.0843 0.2526 0.1837
A1-B1 DC 400 − 2 400 0.0114 0.9356 0.0123
A1-B4 DC 400 CB2 1 500 0.0114 0.9356 0.0123
A1-C1 DC 200 − 1 200 0.0095 21.110 0.2104
A1-C2 DC 400 − 1 200 0.0095 21.120 0.1906
B1-B4 DC 400 − 1 200 0.0114 0.9356 0.0123
B1-E1 DC 400 − 1 200 0.0095 21.120 0.1906
B2-B3 DC 200 CB3 1 200 0.0095 21.110 0.2104
B2-B4 DC 400 − 2 300 0.0114 0.9356 0.0123
B3-B5 DC 200 − 1 100 0.0133 0.8273 0.0139
B5-F1 DC 200 − 1 100 0.0095 21.110 0.2104
C2-D1 DC 400 − 1 300 0.0095 21.120 0.1906
D1-E1 DC 400 − 1 200 0.0095 21.120 0.1906
E1-F1 DC 200 − 1 200 0.0095 21.110 0.2104

values represent power generation and positive values represent
load.

Some of the interconnections between the onshore and off-
shore systems are in dc, and others are in ac, and in each type,
there are lines for two different voltages. The characteristics of
all these lines in the system are summarized in Table II.

Although in the CIGRE system only the nominal generated
power for the wind farms appears, in this paper, the power
generation profile shown in Fig. 6 has been used to simulate
the operation of wind power plants. These profiles have been
obtained from the speed profiles shown in Fig. 2: The wind
speed profile 1 is used for wind farms C1 and C2; profile 2 is
used for D1, and wind speed profile 3 is used for F1.

As three circuit breakers have been added to the CIGRE Grid
Test System, there are eight (that are 23) different combinations,
and, in this case, all of them are feasible because the positioning
process of the breakers has been done carefully. The default
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Fig. 6. Wind farms power generation profile.

TABLE III
RECONFIGURATION SOLUTIONS FOR THE USED GRID

Combination Id. CB1 (AC, 380 kV) CB2 (DC, 400 kV) CB3 (DC, 200 kV)

1 0 0 0
2 0 0 1
3 0 1 0
4 0 1 1
5 1 0 0
6 1 0 1
7 1 1 0
8∗ 1 1 1

∗The default configuration for this grid is number 8: all the circuit breakers closed.

configuration for this grid is with all the circuit breakers closed.
These configurations are shown in Table III.

The wind farms can also be disconnected from the transmis-
sion system due to a maintenance task, or in case of no wind.
In those cases, the power generated by the other wind farms are
redistributed by using the available lines. This produces power
flows that must be controlled by using the proposed algorithm.

IV. SIMULATION RESULTS

The results shown in this section have been obtained from
the abovedescribed CIGRE HVDC grid simulation model. The
system model has been built with Matlab–Simulink software,
following the characteristics of the test grid explained in [32].

According to the fitness functions explained in Section III-A,
the data of the power losses in all the lines of the grid are regis-
tered, and then used to execute the reconfiguration algorithm.

Some tests have been done to check the algorithm’s effective-
ness. These tests have been made under the following operation
conditions:

1) Normal operation (all wind farms connected).
2) Wind farm F1 disconnected.
To simulate the hourly operation of the reconfiguration algo-

rithm, the PSO algorithm has been executed 24 times with the
corresponding power generation profile data, in order to obtain
the best reconfiguration solution for each condition. Therefore,
the tests have been made once an hour over a day, accord-
ing to the mentioned tests, and also following both approaches
explained in Section III-A. Fig. 7 shows an example of the
movement evolution for some of the particles involved in the
PSO execution at 8 AM, especially in the case of approach 1.

Note that for clarity purposes, only the movements of 30 of the
300 particles have been represented in that figure. In Fig. 7, it
can be seen how the particles start their movements in a random
position, and iteration after iteration, they meet in the optimal
solution (in the specific case of Fig. 7, the optimal solution is
configuration 4).

Figs. 8 and 9 show the reconfiguration results after applying
the PSO algorithm to the HVDC connection system under the
above conditions for normal operation, and having the wind
farm F1 disconnected, respectively. It can be seen that the results
are different, depending on the operation conditions and on the
approach used to solve the reconfiguration problem.

In those figures, it can be seen that the best reconfiguration so-
lution in the mentioned conditions is not always the default con-
figuration. This means, applying the reconfiguration algorithm
improves the system behavior, by reducing the power losses.

In order to better illustrate the effects of reducing the total
losses and the maximum losses for the length unit, Figs. 10 and
11 compare the total losses and the maximum loss per length unit
by using the reconfiguration algorithm and also in the default
configuration. It can be seen that a reduction in the total losses
and in the maximum loss per length unit is achieved for those
cases where the best configuration is different from the default
one.

In order to quantify the losses reduction illustrated in Figs. 10
and 11, the normalized root mean square error (NRMSE) can
be calculated as

NRMSE

=

√
1
N

∑N

h=1

(
Pdefaulth

− Preconfigurationh

Pdefaulth

)2

· 100 (%)(8)

where Pdefault represents the losses with the default configura-
tion, and Preconfiguration are the losses with the reconfiguration
solution obtained for each case. As in this case the reconfigura-
tion process has been simulated for the periods of an hour over
a day, N is 24. The NRMSE obtained with the simulation results
is 19.3% for the total losses reduction approach, what means
that the total losses could be reduced by 19.3%. In the losses
distribution approach, the NRMSE is 18.7%. In this case, it rep-
resents the way in which the losses could be better distributed
among all the lines, and the maximum loss per length of unit
could be reduced in 18.7%, increasing, in this way, the life time
of the lines.
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Fig. 7. Example of the movement of thirty particles along the iterations, for the case of executing the PSO algorithm at 8 A.M. in approach 1.

Fig. 8. Best reconfiguration solution along a day in case of normal operation for both approaches: Minimizing the total losses, and minimizing the total losses
per length unit.

Fig. 9. Best reconfiguration solution along a day, in case of having wind farm F1 disconnected for both approaches: Minimizing the total losses, and minimizing
the total losses per length unit.
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Fig. 10. Total losses with the default configuration (blue line) and using the reconfiguration algorithm (dashed red line).

Fig. 11. Maximum loss per length unit in the default configuration (blue line), and using the reconfiguration algorithm (dashed red line).

Fig. 12. (a) Voltage and current waveforms during the open process of CB1 (ac circuit breaker), and (b) CB2 (dc circuit breaker).

In order to illustrate the operation of the circuit breakers in
the HVDC grid, in Fig. 12, the worst-case voltage and current
waveforms, corresponding with CB1 and CB2, are represented.
Fig. 12(a) and (b) represents, respectively, the open process of an
AC circuit breaker (CB1) and a DC circuit breaker (CB2), where
the instant 0 indicates the moment when the CB is opened. As
it can be observed, the times of voltage stabilization and current
interruption are lower in the case of ac circuit breaker, because
each system has different dynamics.

V. CONCLUSION

The development of multiterminal HVDC transmission grids
represents a breakthrough in the efficiently and reliability of
energy distribution over long distances. Large plans to build
offshore wind farms have increased the development in this
kind of transmission systems.

This paper proposes the use of a reconfiguration algorithm
in a HVDC meshed grid, as a complement to those control
techniques that are generally used in this kind of grids.
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In this paper, a reconfiguration algorithm has been imple-
mented in a complex HVDC power transmission system, in or-
der to reduce power losses. Two different approaches have been
used: one to minimize the total losses and another to distribute
those losses.

After testing the reconfiguration algorithm in the described
grid, it is proved that the system is able to adapt to the chang-
ing conditions in order to minimize or distribute the losses.
Moreover, the simulation results shown above prove that the
proposed reconfiguration algorithm, based on PSO algorithm,
is very suitable for this kind of applications.

The reconfiguration algorithm has shown that as the energy
generation changes due to wind changes, the grid topology must
be changed as well, in order to achieve maximum efficiency.

As future work, a comparison between the results obtained
by using the PSO reconfiguration algorithm, and the results ob-
tained from varying the parameters in the VSC control, will
be carried out. Moreover, the PSO-based reconfiguration algo-
rithm could also be used to optimize the parameters of the VSC
control.
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de Henares, Spain, in 2010, and the M.S. degree in
industrial processes automation from the University
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Henares, Spain, in 1985, the M.Sc. degree in telecom-
munication from the Technical University of Madrid,
Madrid, Spain, in 1990, and the Ph.D. degree in elec-
tronics engineering from the University of Alcalá in
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