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Optimal Multiobjective Control of Low-Voltage AC
Microgrids: Power Flow Regulation and
Compensation cReactive Pow¢« andUnbalanc

Danilo I. BrandaoMember, IEEE, Willian M. Ferreira, Augusto M. S. Alons&udent, IEEE,
Elisabetta Tedeschgenior member, IEEE and Fernando P. Marafadember, |IEEE

Absgtract—The presence of single-phase distributed generator
unevenly injecting active power in three-phase miagrids may
create undesired upstream current unbalance. Conseently,
voltage asymmetry and even active power curtailmemhay occur in
such networks with negative economic impact. Thushis paper
proposes an optimal multiobjective approach to reglate the active
and reactive power delivered by distributed generairs driven by a
three-layer hierarchical control technique in low-wltage
microgrids. This method does not require previous kowledge of
network parameters. The multiobjective algorithm isimplemented
in the secondary level achieving optimal dispatchni terms of
maximizing the active power generation, as well asinimizing the
reactive power circulation and current unbalance. B the existence
of a utility interface three-phase converter placedat the point-of-
common-coupling, the proposed control can regulat¢he power
circulating among the microgrid phases, and the miogrid
structure can withstand grid-connected and islandedoperating
modes. The path for interphase power circulation though the DC-
link of the utility interface allows the multiobjective algorithm to
achieve better results in terms of generation andoenpensation
compared to the system without utility interface. he proposed
method is assessed herein by computational simulatis in a three-
phase four-wire microgrid under realistic operational conditions.

I ndex Terms—Distributed generation, Microgrid,
Multiobjective, Optimization, Power quality, unbalance.

NOMENCLATURE
Agj Nominal power of th¢-th DER
Ay Nominal power of the Ul
B Equivalent susceptance of phase
B Equivalent three-phase susceptance
FD PCC voltage unbalance index
FG Active power generation factor
FN, Unbalance active power generation factor
FN; Unbalance reactive power generation factor
FRy Normalized reactive power factor
G, Gn Equivalent three-phase andgphase conductance
H(M) Downsampling LPF witlt/M cutoff frequency
k Control cycle counter of the PBC
M Sampling rate of multiobjective algorithm
N,, N, CPT unbalance active and reactive power
Pgj , Qg Output active/reactive of power of théh DER
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Active/reactive power reference of thth DER

Total active/reactive power processed by DERs-phase
Reference for the total active power processed BR®Pat
m-phas

Maximum generation capacity by thé¢h DER

Maximum storage capacity by th¢h DER

Total maximum and minimum active power of DERs
Total maximum reactive power of DERs

* *
Pgjs QG]'
PGmty QGmt
* *
PGmtv QGmt
max nmax
Pgi ™, Q6]
min
Pg;
max pmin
PGmt !PGmt

max
amt

Parom, Grid active/reactive power at-phase

P

Pa,ﬁ",?c’"’ Maximum grid active/reactive power capacityraphase
GRIDmM

Péripm: Reference of active/reactive power desired thrahgrgrid

Qcripm atm-phas

Pt Qume  Total active/reactive power consumed by loads-phase

P*,Q*  Maximum load power values atphase

Puim , Quim Output active/reactive power of the Ulmafphase

Py, Qumm  Reference for thUI active/reactive power aim-phas:

Pl Maximum active of power generated by the Ul

ppin Maximum capability to store active power by the Ul

T PBC time processing

Ty Transmission rate from DERs to I, and vic-vers:

Vecc Collective voltage value at the PCC

Vpcem RMS m-phase voltage value at the PCC

w Weight of compensation factors

K Indicateg-th DER connected “1” or not “0” at+phase
Apm Scaling coefficient of active power for DERswaphase
Qom Scaling coefficient of reactive power for DERswaphase
we Bandwidth of DER local controller

Yo Static gain of multiobjective algorithm

. INTRODUCTION

HE dense presence of power electronic convertetsoui

proper coordination may be detrimental in termpaiver
flow control, voltage regulation and power quatipncerns [1],
[2], particularly in low-voltage (LV) distributiopower systems
with dynamic behavior, such as microgrids (MGs).

In addition to the likely existence of unbalancedds, the
arbitrarily connected single-phase distributed gpeesources
(DERS),
imbalance/interphase power flow within LV MGs amgtream
current unbalance at the MG’s point of common cimgp|PCC)
[3]. Hence, power curtailment is required in mgsplecations
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like PV rooftop systems, also impact on the
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to limit voltage asymmetry among the system phigesvhich
increases the cost of power generation. Thus, LV WM
heavy penetration of single-phase DERs randomlyibliged
among the phases is a challenging scenario in tefmg
steering power into the gridi) efficiently exploiting DERs

requiring multiple control approaches to ensurénlagerating
modes, this work does not deal with optimal MG ngmmaent.
Interfacing converters have also been efficientigrdinated on
hybrid AC/DC systems, based on virtual inertia and
capacitance, to support power quality improvemend a

through power sharingji) operating in both grid-connected strengthen dynamic stability by means of powerutaiion
and islanded modes; and) optimally regulating the active through the converter’s DC-link [8].

power injection of DERs while using their surplapability to
tackle power quality issues.

A. Literature Review

In literature, most of the aforementioned MG opers!
challenges are overcome, in general, by centralined
decentralized approaches [3]-[8]. For instance,atihors of
[4] propose a combined central and local powerrobhd tune
the regulation of dispersed single-phase PV inverteking
into consideration the conflicting objectives ofximizing the
active power injection and concomitantly reducihg voltage
asymmetry. The continuous re-optimization of looedctive
power injection and active power curtailment is ided
through a convex optimization problem. Though tceds in
maximizing the active power feed-in without exceedi
standardized voltage thresholds, this method
knowledge of the MG sensitivity matrix during itperation.
Besides, mitigation of voltage unbalance is comstiéto the
curtailment of the active power generated by theriRXérters.

Centralized coordination of arbitrarily connecteithgte-
phase inverters (i.e., line-to-line and line-to-naluiconnection)
is proposed in [3]. It provides proportional shgrof active and

Finally, the authors of [9] propose a consensugdbas
distributed method that coordinates the single-ph&y/
inverters. It explores their local capability of opessing
reactive power, striving for voltage unbalance gaition, as
well as voltage regulation. The former goal is avbd by
considering these DERs grouped in delta-connectod
providing specified amounts of reactive power peage. The
latter is regulated by line-to-neutral invertersrshg reactive
power. Besides diminishing current unbalance asegmence
of voltage quality enhancement, this approach etssDERs
depending on their interconnection topology.

Some of the above-mentioned approaches, alongaotligr
relevant works found in the literature, are furtleeplored in
Table I, focusing on the matter of MG optimal cohtrased on
the coordination of DERs. Such literature reviewlgsis aims

reguirat highlighting the main features of each propasaerms of:

i) the main issues tackled) how the cooperative control of
DERs is implementedji) the grounds for the formulation of
the optimization problem and its respective progosaution
method;iv) the adopted MG network and topology of existing
DERs; and/) the means of assessment of results. Secondiy, thi
result intends to reinforce the contributions oé fhroposed

capability, and mitigation of current unbalanceclsproposal

is devised on power-based control (PBC) basis tkat

implemented at the secondary layer of a hierarthit@
control. However, the power generation and the @magtion
are not optimally controlled.

In [5], a hierarchical control employing a centzalil optimal
regulator devised at the tertiary layer is alsoppseed. It
operates the droop controlled DERs in a day-ahehedsiling
energy management, using a mixed-integer

of LV MGs, considering single- and three-phase eoters
which are coordinated by a droop-free approachalinmost
of the works using nonlinear/robust control takeaadage of
particle swarm optimization (PSO) to formulate thgimal
problem. On the contrary, the method herein empltes
MOEA/D as evolutionary genetic algorithm for thetiopal
formulation, inheriting its advantages/disadvansageer PSO.

B. Contribution and Paper Organization

nonlinear Considering such challenging scenario of multigegle-

programming as an extension of an optimal powew flophase inverters randomly distributed, this papeppses an

formulation. However, this method depends on thesdijgtion
of load demand and generation capacity, as wellthas
knowledge of power line impedances. An extensiof5pfis
presented in [6] as a decentralized hierarchicaltrog on
which a first-order consensus protocol is usedfter power
sharing among DERs. In this case, DERs have thmirep
references set by the solution of an optimal probb&sed on
primal-dual constrained decomposition. Despite ititeerent
benefits of short-distance communication, neithéd gower
flow dispatch nor control of unevenly connectedygrphase
DERs are addressed.

A decentralized approach proposed in [7] focusekaning
a DSTATCOM installed at the MG’s PCC to mitigatactve
power and current unbalance by circulating poweoragnthe
network’s phases through its DC link. DERs are ehi\by
constant PQ control when grid-connected, or follayviv/f
droop control upon islanded MG operation. Thugddition to

optimal multiobjective formulation that aims at nrakzing the
active power generation, and simultaneously miriimgizhe
reactive power circulation and current unbalandee @oal is
achieved by amaster-slave architecture, endowed with a
narrowband, low data rate communication link, and a
centralized three-phase converter named utilitgrfate (Ul)
[16] placed at the MG’s PCC. The method focusesument
unbalance to indirectly mitigate the voltage unbatawithout
requiring previous knowledges of the MG parameters
prediction. The three-phase Ul provides interphaseaver
circulation, which contributes to the multiobjeetiapproach
achieving better results in terms of generation@mdpensation.
Finally, the Ul allows islanding operation of th&éele MG.

This paper is an extension of [17], with furthentrdbutions
on: i) applying the evolutionary multiobjective algorithm
(MOEA/D) to optimally regulate power flow, and also
compensate the reactive power and current unbalasicg
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randomly connected single-phase DERi; exploring the power circulation through its DC-link; and) evaluating the
concomitant integration of the Ul allowing the imibase proposed technique by simulation results on alréadrid.

TABLE |
COMPARATIVE SUMMARY OF THE LITERATURE REVIEW ON OPTIMAL MG CONTROL.
Features Methodol ogy Microgrid Results

Ref. Main Goals Power | Hierarc. Control Orét(l)nglczsglto/n Use of Togﬂlé)gy Experi-

Share | Architec. Approach Algorithm Comm. # of DERs mental
. Local PQ control based on
\Iégg%%g rci?;lalﬁgl%nnt of active first-order splines Convex Yes Radial 62)

[4] ower No No (piecewise linear ontimization ©) 62 Nodes No

pReactive ower control functions) considering p 34 DERs
p DERS’ ratings

Regulation of power flo' Mixed-integer .

Regulation of MG's frequency nonlinear ;agéa,l\l%?l)as

and voltage magnitude programming No

[5] ( Yes Yes Droop control h p 8 DERs No

unbalance) Mixed-integer (D)

Reduce curtailment of loads and linear b)124 Nodes
wind turbine programmini 10 DERs
Regulation of power flow

Regulation of MG's frequency Droop control Primal-dual Yes Radial B®)

[6] and voltage magnitude Yes Yes First-order consensus constrained (D) 25 Nodes No
(unbalance) protocol decomposition 7 DERs
Reduction of operational cost

Droop contrc
b : . . "
Dynamic performance for small- Sgr?tlrjcflt mixedt;/He, Hgﬁ&r/bllmear Radial @) No

10 and large-signal disturbances Yes Yes Decentralized robust inequalities Yes 13 Nodes HIL
Improve Fault Ride Through h (D)
capabilit servo-mechanism Convex 3 DERs +

P Y Radial basis function optimization FPGA
neural network
Linear/bilinear
matrix
. Droop control : o No*
2nd farge Sgnal disturbances. Robust mixed/i, | VAl o | yeq | Radial 69)
(11] Improvg Fat?lt Ride Through Yes Yes control ’ particlejswarm (D) 13 Buses HIL
capability Radial basis function optimization 3 DERs +
neural networks Fuzzy decision- FPGA
making tool
Droop contrc _
Increase MG stability margins ngsv'g;lz eanuderqggatg’x or Hvbrid No*
under large-signal disturbances Eontrol th?ou h sli%in Multiobjective Yes AC/l%/C 30)

[12] Improve power sharing in hybrid| Yes Yes 9 9 particle swarm HIL
MGs under nonlinear and mode control optimization ®) 3 DERs at +
unbalanced loads Lyapunov function DC side FPGA

Radial basis function
neural network
: Droop control
Regulation of power flow o Orthogonal . "
Unbalanced harmonic power Harmonic virtual least-square Yes Radial 6¢) No
[13] sharin Yes Yes impedance algorithm D) 4 Nodes
9 . Radial basis function gorith 4 DERs HIL
Voltage Regulation neural networks Exact fit method
. Single-objective . "
Reductlo_n of voltage unbalance Droop control optimization Yes Radial B®) No

[14] Restoration of frequency and Yes Yes Virtual impedance Genetic ©) 6 Nodes
voltage deviation algorithm 2 DERs HIL
Regulation of power flow Droop control g'?ﬁ’,{lﬁéggj;ﬁwe Yes Radial 3®)

[15] Improve global efficiency Yes Yes Extended optimal power N%nlinear ©) 3 Nodes Yes
Voltage regulation flow control level programming 3 DERs
Regulation of power flow P :

Reduction of reactive power and Model-Free P Based Multiobjective Y 1Rad|3al
Here | current unbalance Yes Yes odel-Free Power-Based| optimization es (12 + 32) No
. . Control (PBC) MOEA/D ©) 26 Nodes
Consideration of randomly Vikor method 8 DERs
connected @ DERs

*Although results are attained by means of hardvitbe-loop (HIL) tools, only real-time simulatisnvere performed. The work does not present arg éin
experimental validation by means of a prototypepseobmprising power switching devices, power sosimdoads. (C): centralized, (D) decentralizedragph.

network with overhead power lines is adopted (E)g.It is

To evaluate the proposed optimal multiobjective taan
method, a three-phase four-wire metropolitan distion

MICROGRID TOPOLOGY ANDCONTROL ARCHITECTURE

based on 220 V (line-to-line) at the secondary sidbe delta-
wye coupling transformer, and comprises line impeda and
loads unevenly distributed among the phases, agided in

[18]. Besides, six dispersed single-phase DERs sgplaa
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DERw1s and DERgs; phaseb: DERys and DERi12; and phase is the multiobjective formulation problem that iset main
c. DERy7 and DER31, where “N” represents the node) arecontribution of this paper, and sets the steadiggied power

included, and a three-phase Ul converter is platéde MG’s
PCC. The Ul operates with a triple-loop control r(ent-
voltage-current), acting as grid-forming convertander
islanded mode, and as grid-supporting while the NG
interconnected to the mains, providing smooth ftems
between both modes [16]. Yet, through the DC lihklba path
is created to circulate power among phases. Althdwagmonic
compensation is also achievable by the Ul [16]jsitnot
addressed herein.

The hierarchicaimaster-slave control architecture is defined

by having a master controller (MC), which is placadthe
MG’s PCC, that cooperatively drives the slave aggne.,

DERSs) through a narrowband, low data rate commtioita

infrastructure. A cyclical control process is implented by
gathering and processing information related to dakerage
power processed by DERs, as well as the ones drawnthe
main grid in the MC, and later broadcasting scatiogfficients

to DERs to coordinate them. The need of bidirecion
by

communication infrastructure can be fulfilled
communication means of limited performance, andait be
resiliently implemented by distributed hubs [19] den
interoperability standards such as the IEC 6188] [2

Fig. 2 shows the hierarchical layers and their @drbops
established into three levels. The first level, ehhiuns with
frequencies of kHz, is responsible for the localtoa of DERs
and Ul, i.e., their basic, specific and ancillamp¢tions. Typical
examples are grid-support functions such as vo|teggetive-
power or frequency regulation, which are implemdritethe
local controllers of DERs [21]. This level is rasiit to
communication failures, meaning that converters able to
redirect their operational goals from a cooperatigproach to
local objectives, complying with grid codes andnsiards.
Those converters must be power dispatchable ditharrrent
or voltage control mode [22], [23]. Currently, sidus of
remotely dispatchable inverters are found commibycja4],
[25], sometime through a dedicated power contradinte [26].
The non-dispatchable sources, e.g., PV sources
conventional droop-controlled converters, do naitgbute to
the power sharing and global operation of the MGordary-
level. Since the primary level is consolidatedhe titerature
[2], it is not further addressed herein.

The secondary level is fully implemented in the MiSing a
communication link to gather/broadcast data fronideRs,
respectively. This level is split into two processiayers that
exchange data. The first layer (i.e., layer-1) afeEs within
millisecond-timescale (i.e., around the fundamefguency

of the grid voltage) and manages the short-termrggne

variation, e.g., generation/load change and poweality
enhancement. The second layer (i.e., layer-2) cgenaithin
the second-timescale and copes with the middle-emergy
variation, setting reactive/unbalance setpointse Tdrmer is

based on the PBC and ensures compliance with the MG

requirements. As stated in Section |, it does eguire any
previous knowledge of the network topology and peaters.
Section II-A goes through this algorithm, i.e., PB®e latter

Microgrid
e
! Tertiary level Microgrid  |1*
i communication with the DSO communication
i firewall to secure communication module |
' definition of power | flow constrains (15 -60 mins) |
i +PGRIDm _QS‘I:IT]m
e = T T A i 1
MC |T) : Layer 2 Multiobjective |
i
= 1 definition of grid power flow DZ:;:@?" |
and — deflnmon of reactive and‘}lr]bfll'fm_ce_rl?fs (-605) | :

references based on the MG status and inputs frerihtird
hierarchical level. Section Il details the muljiettive
optimization problem formulation and the algoritsoiver.
The tertiary level is the slowest one (few minutdsiis level
is committed to manage the interaction betweeBeand the
utility, in terms of maximum and minimum active/ctige
power flow constraints based on the system hostpgcity. It
relies on a unidirectional high-security commurimatpath
linked to the distribution system operator (DSOJ #me MG.
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Fig. 1 Considered LV MG with single-phase DERs dispersed loads.
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Fig. 2 Hierarchical control strategy based on PBRE multiobjective problem.



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATIONNUMBER (DOUBLE-CLICK HERE TO EDIT) <

A. Model-Free Power-Based Control Step 2.3: firstly, the mphase active and reactive power

The PBC is a robust method against parametersicarihat  'eferences for the main grid and Ul in the nexttamrcycle
provides coordination of DERs within a MG throughet (K1), Peripm(k + 1), Qoripm(k +1), Pypm(k +1), and
manipulation of average power quantities. In [8 PBC is Qum(k + 1), respectively, are attained from the multiobjeetiv
proposed to flexibly accommodate arbitrary conméaiegle- optimization. Secondly, the desired active an(iltreatpower
phase DERSs (i.e., line-to-line or line-to-neutravérters) in a t© Pe shared among the DERg,, (k + 1) and Qg (k + 1),
three-phase four-wire network. It achievpgrid power flow 7€ calculated by (6) and (7), based on the MG wapsion

L . . . power in the last control cycle
control; ii) proportional sharing of power among DERis) o (k+1) = Pryy (k) — P (k + 1) = Parpm (k + 1) ®)
both grid-connected and islanded operating modwkyahigh o _ _ - _ e
. . L Qeme(k+1) = Qunt (k) — Qim(k + 1) — QGripm(k + 1) (@)
level of power quality to the grid exploiting theEBs surplus

. Step 2.4:finally, the per phase scaling coefficientsy, and
Power CapaCly. Such contrl concept reaches 1000 ;.. (ot inthe range [-1, 1), are calcuiated r@{.0) and

. . . broadcasted to every DERs contributing to the PBGch
Thg PBC runs in the. MC according to the,fonow'ngcoefficients are used by DERs to coordinate, respdy, their

described steps, presenting as outcome the catoulal ,.ive and reactive power injection as given byp&ePositive

coefficients & o) that modulate the active and reactiveyq negative values afem and agm represent injection or

power injection of DERs. absorption of active power, and inductive or capaeieactive
Considering the scheme in F|g 2, and tak|ng tH[ESGmptm power processing’ respective'y_

as generic phase index (i.ea, b or ¢), the PBC operates by: Pome(k+1) |
Step 1:the MC gathers, at the beginning of a control ell pm = Tpma(ey f Fime(k +1) >0 ®

a data packet from eachth DER (=1,2,...J) and UI, _ Peme(k+1D

consisting of1) actual output active poweg;(k) andPuim(K), Aom = " pmin ey f Pome(k+1) <0 ©)

of the DERs and UI, respectivel®) actual reactive power, _ Qeme(k+ 1)

Qgi(k) and Quim(k); 3) maximum active power that can be om =T opar (i) (10

generatedPg;** (k) and Py;**(k); 4) if available, maximum Step 3:locally, the active and reactive power referenufes
capability to store active powePt" (k) and P (k), given DERs are calculated, by (11)-(12) and (13), respeigt

*' = max ; *
as a positive value; an) nominal (apparent) power of the Poj = @pm = Pej"™s if Pim(k +1) > 0 a5

convertersAg;(k) andAu(K). Pgj = @py * PG;'", if Peme(k+1) <0 (12)

To properly perform the current unbalance compénsathe Qcj = agm * Qg™ (13)
MC must know the DER’snphase connection. Thus, when a
DER is installed, and its owner desires it to beduded in the  1ll. OPTIMAL MULTIOBJECTIVE CONTROL OFMICROGRIDS
provision of cooperative ancillary services, itslusion in the The proposed optimal multiobjective control runshat MC
PBC participating list has to be requested [4]. and considers grid power dispatch and compensati@active

Step 2: by measuring the grid-side PCC actiRsgpm(k)) power and current unbalance.
and reactiveQcriom(k)) power, the MC calculates:

Step 2.1:the total activeRer) and reactive@cm) power per A Formulation of Multiobjective Cost Functions
phase provided by DERs for tkeh control cycle. Considering  Optimization problems depend on the definition afstc
Xm as a binary variable indicating if ti¢h DER is connected functions that describe parameters responsible ctain
(i.e., equals to 1) or disconnected (i.e., equal®) to phasen.  desired objectives. In this case, the quantitiesntedrest are

/ defined through four factors related to: active pogeneration
Pome (k) = ZP 6 (k) * Xinj @ (FG), active (power) unbalanceFNs), reactive (power)
i unbalance EN;) and normalized reactive powefFRy). The
Qame (k) = Zng(k) * Xnj ) first, generation factoHG), is a ratio that measures how much
= of the available power is being injected into thiel ge.g.,FG

Likewise, the MC computes the total minimum and max s |ess than one in case of generation power tuweat). It is
active power Pgy (k) and Pgn;* (k), and the total maximum given by the total active power injected by DERsnsidering
reactive powerQgy; (k) per phase. The maximum reactivey|| the three phases, over the maximum availableepd14).

power that thg-th DER can process is given by (3): An ideal solution aims at maximizing th& = 1.
Qc‘r;njax(k) — AGj(k)z _ pGj(k)Z ) FG = 27371:1 Pgme(k + 1) (14)
. \ . 3 _ Pmax(k)
Step 2.2:the total active and reactive power consumed by th . m=1° emt '
MG in control cyclek is attained from power balance. The conservative powertheqry _(CPT) [28] definesftietors
FNa andFN;. The former (15) indicates unbalance caused by
Pume(®) = Poniom (k) + Porns () + Pt (k) @ current terms in-phase with the corresponding geka(e.g
Qume (k) = Qaripm (k) + Qgme (k) + Quim (k) (5) =

unbalanced resistive loads inb8W circuits). Vecc(K) and

Note that the DERs not enrolled on the PBC (liken-no ;
. Lo Vecem(K) stand for the PCC collective aneikphase rms
dispatchable sources), and the distribution powssds through voltages, respectivelyGn is the equivalent conductance per

line impedances are consideredif(k). phase and®is equivalent three-phase conductance, given by
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(17) and (18).

Ng Ng

FNo = 3 * 2 2 = * 2 2 (15)
\/[Zm=1 PGRIDm(k + 1)] + Na '\/PGR[Dt(k + 1) + Na
3
No = Vece®)? | ) G — (622 (16)
m=1
_ Peripm(k+ 1) Prpe(k) = Péme(k + 1) — Py (k + 1)
Gy = 7 = > a7)
Vpcem (k) Vpcem (k)
Gh = Pripe(k +21) (18)
VPCC (k)

active power injection takes precedence over reatialanced
and unbalanced) compensation.

[FRy, FN,]

min
QUimk+1),Q¢me (k+1) (24)
subject to:
1Q6me (k + DI < /Agme (k)2 = Pome (k + 1)2
Ay (k)2
|Qium (k + D] < j S B e+ 12 25)

—Qckipm (k) < QGripm(k + 1) < QGkipm (k)
Qumt () = Qéripm(k + 1) + Qg (k + 1) + Qim(k + 1)

The latter, EN;) represents unbalance resulting from current

terms orthogonal to the voltages (e.g.,
inductive/capacitive load), being related to suszege terms
(B, andB?). B, = Qiripm(k + 1)/Vocem (k)? is the equivalent
susceptance per phase, @&¥d= Qgrip:(k + 1)/Vpcc(k)? is the
equivalent three-phase quantity.

N‘V‘

FN, =
" VQGripe (k + 1% + N2 (19)
3
N, = Vpee(k)? B2, — (BP)? (20)
PCC 7;

The FRy quantifies the reactive power flowing through th
grid. It is a ratio of the total reactive powerctitating in the
grid-side of PCC and the reactive power consumetdioads,
wWhere,Q¢ripm(k + 1) = Qune (k) = Qeme(k + 1) = Qiym(k + 1), (7):

_ Qéripe(k+ 1) B3y Qiripm(k + 1)
TS Qe (O T Qune(R)

With the exception ofG, the optimization of the system
should strive for reactive power and current unhedaas low
as possible, meaning minimizationkifl,, FN; andFRy. Thus,
the multiobjective optimization problem is formwddtby two
sets of objective functions. The first deals witttiee power
that aims at maximizingG and minimizing=Na (22). Note that
since optimal problems are generally solved by miration,

FRy

(1)

unbalanc

&3 Multiobjective Optimization Algorithm

To obtain the optimal solutions for the formulafg@dblem
dealing with a set of objectives and constraintsden the
consideration of conflicting goals, it is requiredore-establish
the importance of each objective function. It carsblved by
priori preference articulation (e.g., by a set of weights is
considered in the objective functions) or ly posteriori
preference articulation through a multi-criterizideon making
method [29]. Then, tha posteriori preference articulation has
been chosen herein because it works better withcnomex

éoroblems [29].

In this paperi-G conflicts with other factors due to the nature
of the power system with single-phase inverterslaads. The
multiobjective optimization algorithm is not able achieve a
single solution that simultaneously optimizes abtdfunctions.
Such problem requires the solution of multiple cbjes
within a set of infinite possibilities, then the tmpization
algorithm must cover multimodal and non-convex @&gpis
[30], [31]. In such cases, the approaches basedetaheuristic
optimization and a posteriori preference articulation,
particularly focused on genetic algorithms (GASk widely
used in literature [31], [32]. Yet, a pareto-optir@a estimates
the pareto-optimal set of solutions by means oftkhvinance
criteria, then a decision-making method is appteedelect the

when have then setF&” on the objective function. These costy, st appropriate solution among a set of weigMg80], [33].

functions present constraints due to the conve(iers DERs
and Ul) power limits, main grid power flow capacifye.,

max
GRIDmM

island operation, resulting in (23).

[-FG

max
PGRIDm!

,FNg]

min
Ppm (K+1),Pp  (K+1) (@2)
subject to:
PEIE(k) < Pgpe(k + 1) < PEIE(K)
Amax k Amax k
_Aur ()SP,j,m(k+1)s i (k)
(23)

3
PR < ) P + 1) < PR ()

m=1
—Pripm (k) < Peripm (k + 1) < Pgipm (k)
P (k) = Peripm(k + 1) + P (k + 1) + P (k + 1)
The terms corresponding to the reactive power them
processed subsequently minimizingRy and FN; (24).

Finally, this paper uses a multiobjective evolutipnapproach
based on decomposition (MOEA/D) [31] as GA, alonththe

indicated by DSO) and energy balance duringixor method [33] as decision-maker.

The MOEA/D algorithm solves a multiobjective prafldy
decomposing it into several mono-objectives, theoeu
optimizing them simultaneously [31]. It estimategareto-
optimal set, which is a set of feasible solutidret form a front
in the objective space. It is worth mentioning tieg MOEA/D
algorithm is suitable for this application becaatis ability to
outperform and provide lower computational effahtan other
GA methods [34]. Moreover, confronting with the N&G
method studied in [17], it offers faster convergeand more
uniform solutions at the pareto-optimal front, aallvas better
test-retest reliability.

Upon the estimation of reasonable solutions frore th
MOEA/D, the Vikor decision-maker ranks the objeetfactors

Qi (ke + 1) andQy,, (k + 1) are constrained as in (25), basedn @ priority list based on the weigh®, providing the outcome

on the surplus power capacity of converters or irequ
standards compliance. It is important to highlighat, by
solving the optimization problem in two sequentiiages,

of the multiobjective problem, which is given by vpar
references for the Ul (i.ePy;,, (k + 1) andQ{;,(k + 1)) and
DER contributions (i.e.,P;,.(k+ 1) and Qg,.(k + 1)).
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Basically, this method assesses how close theisoduaire to seen thafly, T, andM distinctively affect the behavior of the
the ideal point [33], and picks the closest ones @hthors of model in regard to stability. At first, for the sakf simplicity,

[33]
conventional decision-makers, and have concluded tihe
Vikor method shows lower computational processimg) me-
consumption. Moreover, due to the non-convex charistic
of the pareto-optimal front formed in this applicatcase, the
weight of the decision-making strategy),( named “the
majority of criteria” [33], is set equal to zero.

Finally, the optimal power terms are applied tog6l (7), at
the secondary-level layer-2, resulting in optimalues to grid
power references (i.eRiripm(k +1) and Qgripm(k + 1)).
Afterwards, the grid and Ul power references argspd from
the layer-2 on to the PBC algorithm (secondary{léayer-1)
and to the Ul converter. The cycle ends with tHeutation of
the scaling coefficientsufém € aom), and their broadcasting to
every participating DERs.

IV. STABILITY ANALYSIS

This section presents the stability analysis ofrtherogrid
control approach based on the secondary-level imgateation.
A simplified block diagram representing the maimrigtions of
the PBC and the multiobjective approach for whatceons
active power balance is shown in Fig. 3 and a spoeding
scheme can be derived for reactive power contioteTdelay
is an inherent part of communication between MC BidRs,
T’, and vice-versa, T'', and it is included to tak® account
the phase margin deviation and to assess systéititgta

Fig. 3(a) highlights the multiobjective algorithriol\fe area)
that is processed with a sampling ritdimes lower than the

have evaluated the Vikor method against othén Fig. 4(a) the system is evaluated considefingarying from

1/600 s up to 1/6 s, while considerihg 1/60 s, andW = 60. It
is noticed that, since all poles lie within the tuaircle, the
system is considered stable for all value3aksted. Thus, by
considering that modern communication systems egpio
such scenario could present maximum latency of eb@d ms
[35], stability would be maintained. The outcome hafving
slower transmission times for the data flowing fr@&Rs to
MC (i.e., higheiTy) is that the poles of the system tends to move
towards the positive real axis, becoming more demtirand
consequently presenting more influence on systetilgy. In
addition, asTqbecomes higher, the zeros of the system tend to
exceed the unit circle. However, the zeros outfidestability
region do not affect the overall performance ofdigtem, they
potentially introduce non-minimum phase featurdsiciv may
limit control bandwidth and decrease the phase m§86].

The case in Fig. 4(b) depicts the influence of éasingT.
For this result, it is considereth = 1/120 sM = 60, andT
varying from 1/600 s to 1/6 s. Unlike the previaase, slower
transmission times from the MC to DERs introduderalency
of having dominant poles lying on the negative eed$. With
all poles within the unit circle, such conditiorsaldoes not
affect stability, although by being on the leftfhallane there is
an indication of more oscillatory behavior of thgstem by
nature [36]. This result is reasonable since tine tiesponse of
the system is directly dependent on the procedsamgmission
time of the control coefficients calculated by tR8C and
which must be broadcasted to DERs to respond atiEgua
Once again, zeros tend to lie outside the unitiecies theT
increases, resulting in similar behavior of thatdiT.

PBC time processingl. The downsampling performs as an Finally, the influence ofVl is seen in Fig. 4(c), where

ideal lowpass filter (LPF) with cutoff frequency @M, H(M),
and when followed by compression,|Mhas been called

Ty=1/120s,T = 1/60 s, andM varies from 1 to 600. This
particular case demonstrates thpresents less significance

decimation. The variabley, represents the static gain of thepn the matter of system stability th@nandT. It can be noted

multiobjective algorithm. Fig. 3(b) is employed derive the
discrete time transfer function between the absbrbewer,
Pim, and the referencé;,,,, (26), considering &T =T"". The

that as the delay increases on this communicati@ndlthough
the poles of the system move toward the positiakaris, they
remain practically static, being close to the boafehe unitary

variablesTq and wc correspond to the communication time-radius but not extrapolating it. Such conditiomégiced since

delay and bandwidth of the local controller of DERe.,
wc = 2x.15, considering an external power loop), respebtiv
To evaluate the system stability, three analyse® Heeen
performed:l) variation ofTy, 2) variation ofT, and3) variation
of M. The results are shown in Fig. 4.
P (2)- M, (2) .
Z+ Hy (2). To(2)[1 = Ta(2) Mo (2)
Initially, by mapping the poles (i.e., “x") and psr(i.e., ©)
of the system considering different time-delaysait be clearly

Pimt (2) = M,y(2) = (26)

1+ YoHz/m(2). 2"

PamlkD), 1551 0o {1(12)

Pém[k+117)

PGrian( [+ 1IMT)
(@)

the multiobjective control approach proposed is thork only
changes the power references of the PBC algorithithpout
affecting the lower level of communication related’q andT.
This means that, considering the matter of stghibtated to
communication issues, if the system is stable wathy
considered time-delayls andT, it shall also be stable when the
multiobjective control is integrated to the apptoac

Frm
I Gridm
>

max
Xrg

PGm(z P
Gm(2) G

M, (2)

P, Emt(z )Z

1. Honr(2)2

(b)

Fig. 3 Simplified model of the microgrid control@pach based on the power-based control (a) antbiektive approach (b — active power balance).
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a) Poles & Zeros with Variation of T M

b) Poles & Zeros with Variation of T

c) Poles & Zeros with Variation of M
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Fig. 4 Pole and zero mapping considering diffedatays and the system behavior under slower trassoni times: variation of (&), (b) T, and (c)M .

V. SIMULATION RESULTS

The assessment of the optimal multiobjective conigo
presented using the LV MG structure previously desd in
Section Il and shown in Fig. 1. The parametershefWl and
DERs, and maximum loads capacities are shown, casely,
in Table Il and Table Ill. Herein, in order to ewate the Ul
contribution to re-circulate power flow among thgstem
phases through its DC link, the Ul capacity of citmitting to
active power during grid-connected mode is setto £i.e., it
runs similarly to an active power filter or DSTAT®O[7]).
Whereas, during islanded operation it is enablegrticess
active power within its power rating capacity.

The hierarchical control is implemented with thetioal
multiobjective approach in the secondary-level te&/ehat is
executed once a minute with 7 seconds of procedsimg

(using a i7-7500 CPU @ 2.70GHz and 8GB RAN notepook

While the PBC devised at the secondary-level l|dyds
processed once every fundamental grid voltage cficte,
16 ms). For the sake of simplicity, DERs are rezliby ideal
current sources, but either current- or voltagetrodled modes
could be implemented with power converters, siresy just
need to be power dispatchable at the fundamergguéncy.
Fig. 5 shows the adopted 48-hours profile of acipver
generated by the DERs, as well as the active audive power
drawn by the loads. Matlab/Simulink is employedsimulate
the entire MG, and to process the control and dpétion
algorithms. Simulations run using the phasor-marees.

The effectivity of the multiobjective control assated to the
MG structure is tested through four case studig&irstly, the
flexibility of choosing weights for the Vikor mettan order to
prioritize MG operation is discussed) Secondly, the
operation of the MG is compared considering thesecutive
days with very similar power generation/consumpiboafile,
in which the MG runs without optimization and no Ul
contribution during the first day, with optimizatiand no Ul
in second day, and then with the optimization stzgtand with
Ul contribution in the third day. These three cad@sonstrate
the multiobjective optimization and the Ul improvents to the
power system operatio@) The third result evaluates the plug-

and-play capability of the system, abjl the last case shows
the improvement caused by the interphase poweulaifon
through the Ul. In all periods of the simulationhe MG
operates connected to the grid, except during 14-a8d 59-
61 h when it runs in islanded mode.

A. Microgrid Control Under Different Weights

Ideally, it is expected that all available energjinjected into
the grid, while maintaining negligible active uniate power

(i.e.,FG=1 andFn.=0), but this is often not possible. Thus, the

MG system operator must decide which term to pdrisi

TABLE I
DERs AND Ul PARAMETERS

Parameters Ul DER (Nis, N2s, Na, Nig, No, N1o)
Power rating (kVA 3 (4.0,8.0,4.0,5.0,6.0,9
Max. active power capacity (k\ 0 (4.0,8.0,4.0,5.0,6.0,9
Min. active power capacity (kW) 0 (0.0, 0.0, 0.M,®.0, 0.0)
TABLE Il

MAXIMUM LOADS PERNODE

Node Pila*Wl PL*[W] PL¥[W] QL™ [VAr QI™[VAr Q[ ™[VAr
Ny 270.C 635.( 635.( 508.( 254.( 254.(
N2 100.( 0 0 40.C 0 0
N3 1270.( 635.( 635.( 508.( 254.( 254.(
Na 0 2286.C 2171.% 0 1016.( 965.2
Ns 0 1447.¢  1524.( 0 603.: 635.(
Ne 1016.C  1016.( 508.( 381.( 381.( 190.f
N7 1016.( 508.( 1016.( 381.( 190.f 381.(
Ng 508.( 2032.C  2032.( 158.¢ 635.( 635.(
Ng 3429.C 1714f 1131.¢ 1270. 635.( 419.1
Ni¢ 335.C 1016.C 1016.( 125.5 381.( 381.(
N11 0 0 0 0 0 0
N1z 2000.:  2667.( 666.¢ 857.% 1143.( 285.¢
N1z 0 698.¢ 698.¢ 0 317.¢ 317.¢
N14 0 2032.( 508.( 0 1143.( 285.¢
Nis 5588.0 2794.C 3492t 2794.( 1397.( 1746.:
Nie 1047.&  1397.( 698.¢ 476.: 317.¢ 158.¢
N1z 0 0 0 0 0 0
Nie 1905.(  1905.( 952.t 762.C 762.( 381.(
Nig 419.1 1270.( 952.¢ 167.¢ 508.( 381.(
Na¢ 1587.f  1270.C 1270. 508.( 508.( 508.(
N2y 1397.( 2095.f 2794.( 508.( 762.( 1016.(
22 698.t 461.( 1397.( 317.¢ 209.¢ 635.(
Nz 0 0 0 0 0 0
Na24 1016.( 1016.C 1016.C 381.( 381.( 381.(
N2s 422.¢ 635.( 1270.( 209.¢ 317.¢ 635.(
26 1270.( 635.( 0 508.( 254.( 0
Total 26.3k 30.2k 26.4k  10.9k 12.4k 10.8k
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Fig. 5 Power generation profile of PV source (topjtive and reactive load
demand profile (bottom).

through setting proper values of weights on theisbad
previous knowledge of the system. Fig. 6 shows M@
operation under three different weight&/)(applied to Vikor
method, and being analyzed in relation to the PGi&age, the
generation factor (14), and the PCC voltage unltalandex
(FD), which is given asFD(%) = 100-V_/V,. Note that
these cases are simulated based on the first 24He @ower
profile in Fig. 5.

The first weight condition is defined by settingepedence
of FG overFna (i.e., Wee = 0.95 andWekna = 0.5), with results
in Fig. 6(a). The second determines intermediateght®e

without Ul contributions. Hence, DERs inject theieximum
active power, and perform sharing of reactive pofeowing

the PBC. Note that thE€G is practically unitary during the
period of high irradiance, except between 11-1&hen the
MG operates isolated from the mains. As a mattdact the
voltage unbalance would increase if the MG was kept
interconnected to the grid, as can be inferred fe@rcurve in

the middle graph of Fig. 7. And, fromMQcrom and agm,
respectively in Figs. 8 and 9, it can be seenriémattive power

is fully compensated.

During the MG islanded operation, the power shaiigg
driven by PBC algorithm, and the Ul operates impgshe
voltage and frequency references to the networkrebieer,
upon a condition of greater load demand than DERalaility,
or vice-versa, the Ul also ensures power balaraeeding or
absorbing the remaining portion of power. In thése study,
the references of grid and Ul are set to zero,(i.e.
Piripm(k +1) = 0, P}, (k + 1) = 0). This configuration drives
the DERs to fully supply the active and reactivewpp
demands, but it is necessary that the Ul complesrtestactive
and reactive power demanded by phbsence the DERs are
saturated, se@, andaqs in Fig. 9 synchronized with Fig. 8. It
also reduces theG shown in the bottom graph of Fig. 7.

In the second operating day, comprising the intdretween

(Wes = Wena = 0.5) shown in Fig. 6(b). Lastly, Fig. 6(c) give524 and 48 h, the optimal multiobjective contraisployed, but

priority to current unbalance compensation (iWrs = 0.05

andWena = 0.95). Observing the voltage profiles for everyezas
it can be noted how, adkna prevails, the voltage profile

the Ul is disconnected. On the other hand, inhird bperating
day between 48 and 72 h, the Ul contributes to Nd&ration.
The three days follow three weight conditions e defined

becomes smoother and less divergent among the $ha§’@sed on the previous-known profiles of generadiod load:

Besides, it is seen th&D becomes less critical under suc

condition and~G indicates lower active power injection.

v #1) Wee = 0.95 andVena = 0.05 during 24-35 h, 41-59 h and
65-72 h;

As expected, ifNk increases the active power is extracted #2) Wre = 0.5 andMVena = 0.5 during 35-39 h and 61-63 h;

significantly, along with the penalty of worsenirgD in

relation to the other cases. Fig. 6(b) shows thtdrinediate
weights drive the MG to values &G andFD in the middle
point of operation in respect of Figs. 6(a) and Bftence, it is
shown that decision weights ought to be adequatefined
upon the operational goals of the MG.

B. Optimal Microgrid Control Considering Multiobjectives

Three days are considered in this case study asnsiro
Fig. 7. Initially, the first 0-24 h, the system &valuated
disregarding the optimal multiobjective formulatioand

d. id

o #3) Wee = 0.05 andMena = 0.95 during 39-41 h and 63-65 h.

The set of weights in the second stage of the ohj#ttive
optimization algorithm is kept constant (i.8ry = 0.95 and
Wene = 0.05) for the three evaluated operating days. By
definition, the reactive poweFRy) takes precedence over the
reactive current unbalanceéN;) compensation.

During condition #1, the active power injection is
maximized, achievin§G = 1. This set of weights is applied in
the early morning and late afternoon because DERe bmall
energy availability and, consequently, small cdmition to
voltage unbalance. Besides, the MG presents ligitt lemand.

d.

grid

9

|
w |
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WMWMH WNJWM " ]

Time (h)
(a)
Fig. 6 Power quality factors at the PCC, (a)c®0.95 and Wy=0.05; (b). Wc=0.5 and W\=0.5; (c) W-c=0.05 and Wi=0.95.
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Fig. 9 PBC active (top) and reactive (bottom) swatoefficients.

Thus, during the intervals 24-32 h and 43-4&D, is the
same as the first day. This fact occurs becausbiis do not
have active power injection capacity and the Ul sisl
disconnected. On third day instead, Biis practically null or
very low in the same period of the day, 48-56 h @R¢’2 h as
a consequence of balanced power flow through thie ghis
last result is achieved because the Ul allows pdweirculate
from one phase to the other through its DC linkteNibat, in

42

through the UIZPy (i.e., pink curve), is always null. It shows
that, although Ul does not process active powergiites a path
for power re-circulation. Moreover, since thgn coefficients
are not saturated (i.e., not unitary), as seengn%; it means
that DERs are fully compensating the reactive power
During the intervals 32-35 h and 55-59 h, the acfrower
generation increases, which in turn reduces DERalikty to
compensate the reactive power and current unbalamck the
Ul power limit is also achieved in third day. HendeD
increases in value, as shown in Fig. 7. HoweverFi value
in the third day is better than the second one umxthe power
circulation through the Ul allows the multiobjediglgorithm to
achieve better results in terms of generation antbensation.
Thereupon, the MG runs in islanded mode duringfittsé
(11-13 h) and third (59-61 h) day. Comparing bottants, it
can be seen that the multiobjective algorithm setoptimal
operation point with practically the sanfeD value, but
relieving the Ul power contribution by reducing tipeak
values, as shown in the middle graph of Fig. 8hisicondition,
when the total power produced by the primary souaceot be
injected into the grid, recalling that DERs mayelnelowed with
energy storage systems, the exceeding power iscstocally.
Intermediate weights in conditic#? lead the MG towards
moderate level of voltage unbalance by reducing attive

the Pum plot of Fig. 8, the equivalent three-phase POWESower injection FG = 0.8 in Fig. 7), even during the maximum
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irradiation period. The equally set of weights jpked in the
maximum generation period of the day, because #ngel
capacity of generation, with light load, leads theltage
unbalance to high values (de& > 0.3 % in the first day of Fig.
7). Compared to the first day, the effectivenesthefoptimal
control is highlighted by the lower deviation aighter voltage
profile of the three system phases, and by lowarevaf FD

(see Fig. 7FD < 0.2 %). Nonetheless, the reactive power is not

fully compensated due to the high active power @ssed by
DERs (seexp;, in Fig. 9) and to the limited rating capability of

Ul. Also, sincexg, is saturated, some reactive power circulates

in phasd in the grid (se@g;pp in Fig. 8). Comparing the third
day results with the second one, it is shown thatbntribution
of the Ul reduces th&D values and the saturation @, in
Fig. 9. It reduces reactive power propagation &ghd.

The last weight conditior#3, minimizesFNa. This set of
weights is applied in a high generation capacitg doad
demand, once the voltage unbalance can be accedtUdtis
case shows the lowest level of voltage unbalaraeseqguently
resulting in lower value of active power generatifactor
(FD<0.1%, FG=0.7 and FD<0.05%, FG=O0.8,
respectively, in second and third day in Fig. "hpared to the
other conditions. Upon the
generation, full reactive power compensation isexadd (see
Qsripm = 0 in Fig. 8), confirmed by the non-saturatiorngf,
in Fig. 9. The Ul contribution to the optimizatiafgorithm is
confirmed by the better results, in terms=@f andFG, in the
third day.

C. Plug-and-Play Capability

It is highly desired to attain plug-and-play featsiyr add
flexibility to the MG structure, and stand resilignupon
dynamic interconnections of DERs. To test that, BRDis
connected at node 24 (phageat 66 h instant. Initially, such
DERN24 does not communicate with the MC and starts imjgct
its maximum available active power based on itsalloc
controller, and not contributing with reactive powéfter

30 min, DER4 communicates with the MC requesting its’

participation in the cooperative ancillary servi¢es., PBC) by
informing its m-phase connectionXy;, its rated power (i.e.,
Ac24 = 4 KVA), and the other data explained in SectleA.
FromPerpm in Fig. 8, the DER24 Start-up is seen by noting
that it causes a step down Rarp, due to its active power
injection. Thus, 30 min later, its inclusion in tABC is seen by

reduction of active powe
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Fig. 10 Active power at the grid side with Ul = ZPym = 0).
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Fig. 11 Pareto-optimal front for different interiglea power circulation
capabilities depending on the Ul rated power.

circulation provided by the Ul itself, which is prased to be
performed concomitantly to the multiobjective cahtr
approach. To better explain the results of intespl@rculation
functionality, the following power ratings are rigrced:

MG active power demand® s = 7017 W, P = 7685 W,
PLe = 6836 W,

DERs active power availability:
POY* = 7664 W, PI3* = 12252 W;

Ul capacity:Aui = 3 kVA (1 kVA per-phase).

Fig. 10 shows the active power processed per-paatiee
grid side (red), by the Ul (green), and by DERsi¢)! Note that
grid power P;ripm) IS practically balanced, regardless of
having unbalanced load and uneven generating péwer
DERs. Besides, the Ul steers active power into @basince it
has the heaviest demarfe,, = 997 W), also absorbing power

max —
PGat -

9840 W,

noting thatQ,;,, starts to be modulated. The zoom-in-view offom the other phase$a = -273 W andPuyic = -724 W) to

Fig. 8, around 66h30min, shows a variationQig.;4,, What
means that DER4 is collaborating to mitigate reactive power.

D. Interphase Power Circulation Through Utility Interface

The interphase power circulation through the D® b Ul
can be seen during the third day in Fig. 8 (seeasRuim). Note
that the equivalent three-phase power is null dutihre grid-
connected operation (see cuni®y =0 in Fig. 8), what
demonstrates that the Ul does not process actiwepo

The operation point at 39h36min, shown in Figso Btis
chosen to highlight the benefits of the interphaeeer

maximize the DERs generation, maintaining conthilitsy
over the current unbalance. Note that the Ul tiptegse power
is equal to zero (s€;;3¢ in Fig. 10), indicating that there is no
active power being processed by the UI.

Finally, Fig. 11 shows how the Pareto-optimal fronanges
with different Ul capabilities. This Pareto-optimébnt is
found simulating the Ul considering different ratpdwer
capacities. The higher the Ul rated power, theerltise Pareto-
optimal front is to the ideal point (i.¢:G = 1 and=N, = 0). For
the considered MG, a Ul rated power equal to 10 kv@uld
fully fulfil the current unbalance compensation lghkeeping
maximum generation factor.
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VI. CONCLUSION

This paper
multiobjective control, which is implemented in thecondary
level of a hierarchical architecture of microgrG), allowing
it to maximize the active power injection from dexgphase
DERs and to regulate the PCC voltage unbalancétleraigh
current compensation. On the basis of a weighsimtimaker,
the proposed multiobjective formulation is ablelymamically
prioritize operational goals such as active powenegation
(i.e., FG), unbalance mitigation (i.esNa andFN;), or reactive
power compensation (i.e=Ry). Simulation results show that,
by optimizing the system, better performance isiead in
comparison to an operation without the proposedrobn

The connection of an Ul converter at the MG’s P@@&ldes
both grid-connected and islanded modes of operationl
additionally it creates a path for interphase poemsrulation,
which in turn increases the system capability tdigate
unbalance without reducing the active power feedvimen
compared to the system without utility interfacéeTproposed
control achieves) grid power flow controlii) PCC power
quality enhancement, anidl) plug-and-play capability running
under typical operational conditions.
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