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Abstract—This paper presents a model-less centralized control
approach for coordinating Renewable Energy Sources and multi-
terminal DC links in low-voltage distribution networks. The con-
troller is based on the Online Feedback Optimization technique
which is adequate for this part of the power system, characterized
by a lack of precise model and real-time information. The
paper includes the complete mathematical formulation of the
optimization problem and its solution applying the presented
strategy. The performance of the proposed centralized controller
is evaluated through simulations in the European LV distribution
network proposed by the CIGRE Task Force C06.04.02. The
results show the benefits that DC links may bring to LV networks
due to the release of their radial operation. In particular, the
proposed strategy achieves a 7.4 % daily energy loss reduction
with respect to the base case. The centralized controller, which
operates without a detailed network model and reduced real-time
information, enables the use of this technology in LV networks
which maximizes the penetration of renewable energy sources.

Index Terms—Centralized Secondary Control, DC links, Dis-
tribution networks, Online Feedback Optimization, Renewable
energy sources.

I. INTRODUCTION

Modern power systems become more and more dependent
on power electronics to achieve sustainable and environmen-
tally friendly supply of the growing electricity demand. Most
of the new technologies driving this paradigm shift, e.g.
renewable energy sources (RES) or energy storage systems
(ESS), rely on power electronics as an interface with the power
grid. This becomes even more relevant in low-voltage (LV)
networks, where the active role of citizens in pursuit of a
fossil fuel-free future is giving rise to self-consumption, energy
communities and microgrids [1], [2].

However, a massive RES penetration in LV grids may lead
to congestion problems due to their radial operation [3], which
can be fixed using traditional network reinforcement tech-
niques [4]. As an alternative, it is possible to take advantage
of the advanced control capability that power electronics along
with other smart grid technologies may provide [5]. With
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this regard, the optimal operation of LV grids and microgrids
is a subject of growing importance in power systems engi-
neering. Cutting-edge control strategies, energy management
and demand-side response techniques have been successfully
applied for optimizing the performance and ensuring grid
stability in microgrids [6], [7] and distribution networks [8],
[9].

DC links may play an important role in this new situation,
providing additional flexibility to accommodate the new active
power flows, overcoming all the limitations imposed by the
radial network operation, and provide voltage support by
independent injections of reactive power. As a matter of
fact, DC links have been used in applications for microgrids
[10], [11] and distribution networks [12], [13]. However, the
integration of DC links in the distribution network requires
a control algorithm able to compute adequate setpoints to
fulfill a given operational objective. It is worth noting that this
control algorithm has to be adapted to the particular features
of the system where the DC link is installed to. As a result,
medium-voltage (MV) applications rely on Optimal Power
Flow (OPF) techniques since real-time measurements and a
detailed network model is available [14], [15], [16]. This is
not the case, however, for LV grids which lack this infor-
mation, requiring alternative methods. Previous works have
addressed this lack of real-time information resorting to simple
control rules based on a reduced set of measurements but,
unfortunately, these strategies are not optimal [17]. Recently, a
novel control technique, called Online Feedback Optimization
(OFO), has been proposed to calculate the optimal setpoints of
controllable resources without the need of a detailed network
information [18]. The main advantage of OFO is its ability to
directly implement the computed variables within the system
during each optimization step, thus eliminating the need for
an exact network model or the mathematical estimations of
system output variables. This technique has been successfully
applied in DC microgrids with the objective of maintaining
the voltages within the technical limits and sharing the load
between the available RES [19], [20]. The methodology has
been further expanded to encompass AC microgrids, with
the aim of optimizing voltage support and the injection of
reactive power from a collection of grid-forming RES [21].
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Additionally, its applicability has been proven on distribution
networks as well [22], [23].

This paper proposes to apply OFO as a centralized sec-
ondary controller to manage the operation of distributed RES
and DC links within a LV distribution network. The objective
is to maximize the active power injections from RES, pre-
venting curtailment, while simultaneously minimizing the total
power losses and maintaining all the operational magnitudes
within the technical limits. To assess the effectiveness of the
proposed algorithm, extensive evaluations using the CIGRE
LV European benchmark distribution system [24], including
a series of unitary and 24-hour profile tests, have been con-
ducted. Thus, the main contributions of this paper are:

• The problem definition with a high level of abstraction,
allowing the management of any controllable resources
regardless of their type.

• An optimal and coordinated management of DC links
and RES in LV networks without resorting to a detailed
network information.

• The use of an objective function to reduce the RES
curtailment while minimizing the total system power
losses.

The rest of the paper is organized as follows. Section 2
discusses the problem of interest and establishes the objectives
pursued in this work. Section 3 presents the mathematical
model and the proposed optimization procedure. Section 4
analyzes the performance of the proposed algorithm through
simulation results. Finally, Section 5 points out the main
conclusions of the conducted research.

II. PROBLEM DESCRIPTION

Consider an AC radial LV network modeled as an undirected
graph G = (V, E) conformed by a set of buses V and a set
of power lines that interconnect those buses E ⊆ V × V .
Customers demanding power from the network are connected
in some of the buses, Vl ⊆ V , while RES injecting power to the
grid are within other nodes, Vg ⊆ V . Note that on a given bus
of the AC LV network can be connected a load, a generator or
both. In this context, the existence of operational problems in
the grid becomes a common event. In fact, if PV generators are
considered, overvoltages are likely to occur during the hours
of maximum solar irradiation. Conversely, undervoltages may
happen during the evening when PV generation decreases and
residential loads rise. Since radial networks are considered, the
voltage variations at the end of the feeders can compromise
the secure operation of the system.

This can be avoided taking advantage of the flexibility
provided by the converter-interfaced RES and a centralized
control algorithm. It can be considered that RES may ar-
bitrarily set their active power, always below the available
primary power, and reactive power injections. At this point, it
is considered that the central controller may be able to estimate
the available active power at each RES based on real-time
meteorological measurements. In addition, a central controller,
using adequate real-time system measurements, may compute
and dispatch the optimal RES setpoints to achieve a network

operation within the technical limits. Nevertheless, in spite
of this improvement, the network operation is still radial
and overvoltage situations can be solely solved resorting to
active power curtailment since reactive power injections are
not effective due to the large R/X ratio of LV networks.

With this regard, DC links may provide additional flexibility
overcoming the technical barrier imposed by radial network
operation [5]. DC links can be used to control in a flexible
manner the active power flow between the interconnected feed-
ers and provide some voltage support by independent reactive
power injections. In this manner, DC links are useful to relieve
the congestions created by a massive RES integration without
resorting to energy curtailment. In case of multiterminal DC
links with N terminal VSCs, it is possible to independently
control N − 1 active power and N reactive power injections.
Nevertheless, at one of the nodes, the power converter must
be in charge of maintaining the DC bus voltage level. Let
Vdc ⊆ V be the set of buses in which there is a connection to
the DC-link.

Finally, it should be noted that distribution network models
are rarely available in LV grids. Thus, it is proposed to
formulate an OFO-based centralized controller to coordinate
the operation of the available control assets, i.e. RES and DC
links, with the following objectives:

(i) Maximize the RES active power injections to the net-
work minimizing the energy curtailment.

(ii) Guarantee the fulfillment of the network operational
constraints.

(iii) Optimize the operation of the DC link and RES to
minimize the total power losses in the system.

(iv) Operate the entire network without relying on its de-
tailed model.

III. MATHEMATICAL FORMULATION OF THE PROBLEM
AND ADOPTED SOLUTION

This section presents a method for solving the problem
previously presented. First, the problem is mathematically
formulated. Second, the OFO approach is applied outlining its
advantages for a real-time implementation. Finally, a methodo-
logy to dynamically adjust a weighting factor included in the
objective function is presented.

A. Problem formulation

The nomenclature used along the paper is defined with
the help of Fig. 1, where some LV feeders coming from a
secondary substation with RES and a DC-link terminals are
represented. Let P and Q be vectors that stack the active and
reactive power injections at each bus k ∈ (Vg ∪ Vdc) with
controllable resources, i.e. RES or DC links. The components
of these vectors are denoted Pk and Qk respectively. Let V
be a vector that stacks the voltages at these buses, being Vk

the nodal voltage at bus k. The active power at the head of the
network meshed with the DC link is denoted as Pl. Finally,
let u = [P⊤, Q⊤]⊤ and y = [V⊤, Pl]

⊤ be, respectively, the
inputs and outputs of the centralized controller. Note that the
input signals, u, correspond to the optimal setpoints dispatched
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Fig. 1. LV distribution network with details of the nomenclature used in the
mathematical formulation.

by the central controller to the controllable resources while the
system outputs, y, have to be gathered to this controller.

Using the above notation, the proposed problem can be
mathematically formulated as:

u = arg min −β
∑
k∈Vg

Pk + (1− β)P̂loss, (1)

s.t. y = h(u,w),

Pk ≤ p̂Pn,k, ∀k ∈ Vg

P 2
k +Q2

k ≤ Sn,k
2, ∀k ∈ Vg

V ≤ Vk ≤ V , ∀k ∈ (Vg ∪ Vdc),

where P̂loss is a variable correlated with the network power
losses, h is a function that encapsulates the network power
flow equations, being w a vector that stacks all the unobserv-
able load power injections and β is a weighting parameter.
The nodal voltages must be within the limits V , V , while
the output power of the RES is limited by the rated power
of the power converter Sn,k and the active power available
at the resource. The latter is estimated with respect to the
nominal active power of the plant Pn,k and is quantified
by p̂ ∈ [0, 1], that is a weighting factor estimated from
real-time meteorological measurements. The variable P̂loss is
defined taking into account the measured active power at the
head of the interconnected feeders and the RES active power
injections:

P̂loss = Pl +
∑
k∈Vg

Pk (2)

Note that it is not possible to estimate the actual power
losses since the active power of the loads are not measured.
Regarding the weighting factor, if β = 1, the total RES
active power injection is maximized, thus reducing the power
curtailment. Conversely, if β = 0, the central controller intends
to minimize the network power losses. A method to correctly
adjust this parameter is presented at the end of the section.

B. Proposed method

It is proposed to solve the optimization problem (1) by
applying an OFO-based strategy. This consists of applying a
classical iterative algorithm for solving optimization problems
but dispatching the computed searched variables to the system
at each iteration step and, thus, obtaining system outputs

instead of estimating them based on imprecise system models.
In this work, the augmented Lagrangian of the problem is
formulated and solved by applying a primal-dual ascend-
descent flow. This methodology has been previously addressed
in [19] and [20], where details of formulation, implementation
and performance are comprehensively outlined.

The iterative solution of (1) requires a reformulation in
terms of input and output variables as follows:

u = arg min −βau+ (1− β)by, (3)
s.t. y = h(u,w),

Cy ≤ d, u ∈ U ,

where Cy ≤ d encapsulates the nodal voltage limits, U
defines the feasible area of control inputs u and vectors a
and b select the corresponding terms of u and y to match the
objective functions of (1) and (3).

The augmented Lagrangian is then constructed as:

L(u,y,µ, s) = −βau+ (1− β)by + µ⊤ (Cy − d+ s)

+
ρ

2
||Cy − d+ s||22 ,

and the iterative algorithm used to solve the problem at the
time step m is defined as:

1) Update slack variables:

s(m+ 1) =

[
−1

ρ
µ(m)−Cy(m) + d

]
+

.

where [·]+ stands for max{0, ·}.
2) Update control signals:

u(m+ 1) = u(m)− α
∂L(u,y(m),µ(m), s(m+ 1)

∂u
.

3) Dispatch signals u(m+1) to the RES and DC link and
gather system outputs y(m+ 1).

4) Update Lagrange multipliers:

µ(m+ 1) = µ(m) + ρ [Cy(m+ 1)− d+ s(m+ 1)] .

Note that the derivative of the Lagrangian with respect to
the system inputs can be obtained as:

∂L(u,y(m),µ(m), s(m+ 1)

∂u
= −βa⊤ + (1− β)H⊤b⊤

+H⊤C⊤ [µ+ ρ(Cy(m)− d+ s(m+ 1))] ,

where H is the sensitivity matrix which measures the vari-
ations of the system outputs with respect the inputs. There-
fore, it is important to highlight that this OFO-based solving
procedure does not need a complete system model to carry
out the optimization being possible to guide the system to
the optimum simply by using this sensitivity matrix between
inputs and outputs. The sensitivity matrix can be obtained
by several methods: analytically from the information of an
imprecise system model, using a real-time estimation strategy
based on filters [25] or applying a perturb and observe
procedure [19], [20], which is the one used in this work.
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C. Weighting parameter adjustment

It is proposed to dynamically adjust the weighting parameter
β according to a prioritization scheme implemented through a
two-step procedure. With this regard, it has been considered
that the first objective for the network operator is to avoid
RES active power curtailment, to maximize the profit of the
RES owners, while power loss minimization is a secondary
goal. For doing so, the optimization problem (1) is solved
with β = 1. In the OFO framework, the optimization problem
is solved by applying the computed inputs in each iteration
to the system, which evolves towards the optimal solution
and fulfilling the imposed constraints. If there is no need of
limiting the RES active power in this optimal scenario, i.e.
Pk = p̂Pn,k, it means that there is room for minimization of
power losses. Then, β is automatically changed to 0, i.e. active
power losses minimization, the RES active power injections
are not considered as OFO variables as long as the active
power coming from the primary resource does not change, i.e.
p̂ keeps constant. This two-step procedure leads to a hierarchy
of the control objectives, first maximizing renewable energy
penetration and then minimizing system losses.

IV. PERFORMANCE ASSESSMENT

This section is devoted to evaluating the performance
of the proposed OFO-based centralized controller in a LV
distribution network with some feeders interconnected by a
multiterminal DC link. The selected grid has been proposed by
the CIGRE Task Force C06.04.02 for representing European
LV networks [24]. This is composed of three main radial
feeders as shown in Fig. 2. All the network data including
branch parameters and loads are provided in [24]. In addition
to the loads connected in different nodes of the network,
it is proposed to include PV generation in the buses R01,
R04 and R17 of the residential feeder and C11 and C16 of
the commercial feeder as in [21]. The 24-hour active power
profiles of the loads and PV generators are detailed in Fig.
3 using a per unit basis. The corresponding rated power and
power factor of the different loads/generators are collected in
Table IV. Note that the PV generators operate with unity power
factor in the base case. To overcome the radial operation of the
system, the three feeders are interconnected by a multiterminal
DC link connected at the end of the feeders to the nodes R10,
I02 and C09. The VSC in charge of maintaining the DC bus
voltage is the one connected to I09, since it is the least loaded
feeder and has no PV generation. Although the LV network is
characterized by its unbalanced nature, it has been assumed a
balanced operation.

To perform the simulations, both the network and the
different components connected to it have been modeled in
Python using the pydae1 library. The VSC losses have been
implemented with the detailed approximations described in
[26] and [27]. Note that the loss model is unknown to the
centralized controller, which must adapt to the nonlinearities
introduced in the power flows. All simulations have been run

1https://pydae.readthedocs.io/

TABLE I
RATED POWER AND POWER FACTOR OF LOADS AND RES.

Node S (kVA) cosφ Node S (kVA) cosφ
R01 200 0.95 C01 120 0.90
R11 15 0.95 C12 10 0.90
R15 16 0.95 C13 10 0.90
R16 55 0.95 C14 13 0.90
R17 35 0.95 C17 13 0.90
R18 61 0.95 C18 4 0.90
R01 100-PV 1.00 C19 8 0.90
R04 100-PV 1.00 C20 4 0.90
R17 100-PV 1.00 C11 100-PV 1.00
I02 60 0.85 C16 100-PV 1.00

on a computer with an i5-10400 CPU at 2.9 GHz with 16 Gb
of RAM using 40-70 ms for the execution of each iteration
of the algorithm for the unitary tests presented in the next
sections.

The next subsections outline a series of unitary and daily
profile tests that have been carried out in this benchmark
network to evaluate the performance of the controllable assets
(DC link and PV generators) operated by the proposed OFO-
based centralized controller.

A. Unitary tests

The unitary tests are devoted to evaluate the performance of
the OFO controller for two different load/generation scenarios:
maximum PV generation at 12:00 and maximum demand at
20:00, according to the power profiles shown in Fig. 3. The
OFO controller dispatching the multiterminal DC link and
RES is compared with (i) a base case, where neither RES
control nor DC link is applied, and (ii) an OFO controller
managing just the RES and without the DC link. The voltage
limits at the network buses are set at ±5% of its nominal value
(400/

√
3V ).

Fig. 4 shows the results for the maximum generation
scenario at 12:00. Note that all the subplots are divided into
three different sections, divided by grey doted lines, which
correspond to each of the analyzed control scenarios: (i)
base case within t = [0, 10] s, OFO controlling RES during
t = [10, 60] s and OFO managing RES and DC link within
t = [60, 100] s. This time intervals have been chosen to
allow the OFO controller to converge to the optimal steady
state. The sampling time of the OFO controller has been
set to 1 s. The nodal voltages, classified according to their
corresponding feeder are shown in the upper subplot, where it
is evident an overvoltage situation in the commercial feeder,
since no centralized controller is applied and the RES inject
the maximum power at unity power factor as shown in the
middle subplots of Fig. 4. This situation is improved when the
centralized OFO controller dispatches the RES, t = [10, 60] s,
reducing their active power injections and absorbing reactive
power. This control action reduces the nodal voltages in the
commercial feeder with respect to previously analyzed base
case. Note that the nodal voltages in the residential and
industrial feeders remain constant, since the OFO controller
does not change the PV setpoints due to the absence of
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Fig. 2. One-line diagram of the CIGRE European LV benchmark network [24].

0 5 10 15 20 24
time (h)

0.0

0.2

0.4

0.6

0.8

1.0

po
w

er
 (p

.u
.)

Res.
Com.
Ind.
PV

Fig. 3. Load and RES daily power profiles (p.u.).

voltage violations. This control action helps to operate the
system within the technical limits, but at the cost of active
power curtailment. The incorporation of the DC link as a
control asset, t = [60, 100] s, eliminates the technical barrier
imposed by the radial network operation. The first noteworthy
action is that the PV generators return to their original state,
i.e. maximum operating point and null reactive power. This
is possible thanks to the DC link starts to exchange active
power between the interconnected feeders. This implies that
the OFO controller can work with the objective of minimal
losses. As can be seen in the lower subplot of Fig. 4, the DC-
link active power (solid line) is negative in the residential and
commercial feeders, where the RES are connected to. This
means that part of the RES active power generated in these
feeders is transferred to the industrial one. Note that the active
power from the commercial feeder is large to avoid overvolt-

age violations. In addition, the DC-link VSCs inject/absorb
reactive power (dashed line) to control the voltages which
are affected by the imposed active power transfer. Thus, the
DC-link VSC connected to the commercial feeder absorbs
reactive power to reduce the voltages of its buses and favor
active power transfer. Conversely, the DC-link VSC within the
industrial feeder injects reactive power to increase the voltages
and reduce the system power losses. Note that the DC link
completely modifies the power flows in the LV netowrk and,
therefore, the nodal voltages change totally with respect to the
previous radial operation. In fact, it is worth noting that the
industrial feeder voltages increase since the load is partly fed
by the DC-link. In any case, the nodal voltages remain within
the technical limits.

Fig. 5 presents the results for the maximum demand at 20:00
following the same approach than in the previous case. Note
that the RES active power injections are null in the analyzed
hour. The analysis of the nodal voltages at the top plot of Fig.
5 evidences severe undervoltage problems in the residential
feeder, due to its large demand, in the base case. This situation
can be solved by the centralized OFO controller dispatching
the RES, t = [10, 60] s. In fact, note that all the nodal voltages
within the residential feeder are within the imposed technical
limits. For doing so, the RES connected to the buses R04
and R17 inject significant reactive power, particularly in the
bus R04 reaching up to 75% of the rated power. When the
multiterminal DC link is added as control action, the nodal
voltages within the residential feeder raise because part of the
load is fed from the end of the feeder. It is worth noting that
the DC-link power flows change completely with the previous
analyzed case. In this scenario, the residential feeder load
is supplied through the industrial and commercial feeders as
shown in the bottom subplot of Fig. 5. The DC-link terminals
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Fig. 4. Unitary testing with maximum RES generation (12:00). (i) Nodal
voltages, (ii) RES active power injections in commercial feeder (iii) RES
reactive power injections in commercial feeder (iv) DC-link active (solid line)
and reactive power injections (dashed line).

also inject some reactive power (dashed line) to maintain the
voltage within the limits since it is a highly loaded scenario
without generation. Finally, the improvement in the nodal
voltages of the residential feeder reduces the need of RES
reactive power injections as shown in the middle plot of Fig. 5.

It is important to note that, although the presented algorithm
operates without relying on a network model, the results
obtained in steady state are identical to those of a conventional
model-based OPF [21].

B. 24 hours profile

This subsection presents the results of 24-hour simulation
analyzing the global impact of the proposed controller. The
simulation has been performed using the daily load curves
presented in Fig. 3 with updates every hour. The results
are compared with the base case and an OFO controller
dispatching the RES, in a similar manner than in the previous
subsection. In this case, box plots are used to analyze in an
aggregated form the results. These plots represent the first
to third quartile of the data, with a line at the median. The
whiskers extend from the box to the maximum and minimum
values. The analzyed variables are the nodal voltages, and
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Fig. 5. Unitary testing with maximum load (20:00). (i) Nodal voltages, (ii)
RES reactive power injections in commercial feeder (iii) DC-link active (solid
line) and reactive power (dashed line) injections.

the RES and multiterminal DC-link active and reactive power
injections.

Fig. 6 shows the box plots of the voltages of those nodes
where the RES and the DC link are connected to within the
residential (R01, R04, R10 and R17), industrial (I02) and
commercial (C09, C11 and C16) feeders. The analysis of the
voltages in the residential feeder shows some undervoltage
problems in the base case, where no control is applied,
in addition to large voltage variations along the day. The
commercial feeder also presents some voltage problems but
in an opposite manner due to the large RES penetration.

Note that these voltage problems are solved with the appli-
cation of the OFO-based controller dispatching the RES, since
all the box plots remain within the permissible voltage band.
This is achieved resorting to active power curtailment, about
a 0.4% in the analyzed case, and reactive power injections,
which are depicted in Fig. 7. It is worth noting that these
reactive power injections are consistent with the voltages pre-
sented in Fig. 6. Thus, RES connected to the residential feeder
inject reactive power to raise the voltage. Moreover, note that
OFO-based controller distributes unequally the reactive power
among the existing RES due to the different X/R ratio of the
network impedance at their corresponding connection node.
The effect of the reactive power injection on node R01, close
to the distribution transformer with a higher X/R ratio, is
much more effective than in other downstream nodes, e.g.
R04. Regarding the results within the commercial feeder, the
box plots of reactive power injections extend for positive and

23rd Power Systems Computation Conference

PSCC 2024

Paris, France — June 4 – 7, 2024



R01 R04 R10 R17

200

210

220

230

240

Vo
lta

ge
 (V

)
Base case RES RES + DC link

I02 C09 C11 C16

220

230

240

250

Vo
lta

ge
 (V

)
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negative values, i.e. capacitive or inductive, which is consistent
with the change of the voltages with respect to the base case
depicted in Fig. 6. On the one hand, the median voltage
increases due to the reactive power injections but, on the
other hand, those whiskers above the maximum voltage in the
base case are within the limits thanks to the reactive power
consumption.

These results are improved in case of adding the DC link
as a new control asset. Fig. 6 reveals that not only the
nodal voltages increase but also their variations along the
day are reduced. Note that this voltage increase is due to
the controllable loop created by the DC link, which clearly
overcomes the limit imposed by the radial network operation.
As a matter of fact, the active power flows imposed by the DC
link depend on the generation/load scenario as shown in Fig. 8.
Thus, the DC-link active power injections in the residential and
industrial feeders, R10 and I02 respectively, are either positive
or negative which is consistent with the results obtained in
the unitary tests and depicted in Fig. 4 and Fig. 5. Moreover,
the new flexibility provided by the DC link releases the RES
reactive power requirements as shown in Fig. 7, particularly
to the RES connected to R01 and R04.

Finally, and regarding the total power losses of the system
used as objective function of the OFO-based controller, it
should be emphasized that the DC link achieves a 7.4 % of
daily energy loss reduction with respect to the base case (449
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Fig. 7. 24-hour profile test. Box plots of the RES and DC-link reactive power.

kWh). This is energy saving is significant considering that it
represents an additional 4.5 % with respect to the case where
the control assets are reduced just to RES.

V. CONCLUSIONS

This paper has presented a model-less approach to perform
an active operation of a LV distribution network taking advan-
tage of distributed RES and a multiterminal DC link as control
assets. For this purpose, a centralized OFO-based controller
is developed with the aim of dispatching these controllable
devices without resorting to a detailed network model. In
fact, this approach is a reasonable strategy for LV networks
since the lack of information prevent the use of classical OPF
techniques, widely applied in transmission and MV distribu-
tion applications where network models and massive real-time
measurements are available. The model-less controller seeks
to maintain the operational network constraints with minimum
power losses and without resorting to RES active power
curtailment. For this purpose, a complete mathematical for-
mulation including how to implement the OFO controller has
been described. The performance assessment of the proposed
controller has been tested by different simulation scenarios
using the European LV distribution network proposed by the
CIGRE Task Force C06.04.02. Two unitary tests have been
carried out to analyze the performance on totally opposite
generation/load scenarios. The results have revealed that the
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Fig. 8. 24-hour profile test. Box plots of the DC-link active power.

OFO controller dispatching the DC link and the RES is able
to improve the network operation adapting the network power
flows to each required situation with a good convergence
characteristic. In addition, a 24-hour daily test simulation has
been performed with the objective of analyzing the overall
impact on the system. The results have evidenced that the OFO
controller dispatching the DC link may bring several benefits
to the active operation of LV distribution networks in terms
of voltage profiles, reduced RES reactive power requirements
and system power losses. Specifically, daily energy losses
are reduced by 7.4 % compared to the base case and by
an additional 4.5 % compared to the case where the control
assets are reduced to RES. As a result, the multiterminal DC-
link technology along with the proposed model-less control
approach unlock the required flexibility to operate actual LV
distribution networks with a massive RES penetration.

The future research will address the unbalanced nature of
LV distribution networks, incorporating novel control objec-
tives for reducing the imbalance and taken advantage of new
control assets like transformers equipped with On Load Tap
Changers and electrical vehicle chargers.
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[19] J.C. Olives-Camps, Á. Rodrı́guez del Nozal, J.M. Mauricio, and J.M.
Maza-Ortega. A model-less control algorithm of dc microgrids based
on feedback optimization. International Journal of Electrical Power &
Energy Systems, 141:108087, 2022.

[20] E.A. Rodrı́guez-Gonzalez, J.C. Olives-Camps, F.P. Garcı́a-Lopez,
A. Rodrı́guez del Nozal, J.M. Mauricio, and J.M. Maza-Ortega. Exper-
imental validation of a real-time distributed model-less control for dc
microgrids. In 2022 International Conference on Smart Energy Systems
and Technologies (SEST), pages 1–6. IEEE, 2022.
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