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Abstract-_The paper studies the innovative control application of sliding mode control (SMC) for hybrid renewable energy
system (HRES) in ogrid and offgrid operation modes. The proposed HRES contains a photovoltaic (PV) system as the
principal energy source which is coupled to DC bus usingDiCboost converter. This converter is controlled by MPPT
algorithm depending to Perturb and Observe (P&O) method redriag SMC to extract MPP of PV modules. Therefore, the
battery and supercapacitor are interfaced by a bidirectiondDOConverters that can be charged and discharged depending on
the energy production of the system. However, the voltage source cor(MSY that is controlled by SMC was used for
controlling the amplitude and the frequency of the output voltage delivered to the AC load and injected into the gtiek To bet
appreciate the advantages of the proposed SMC approach, we have proposedfcsenjggrative tests with the conventional

P1 control in the operating grid modes (connected and standalone) under different scenarios. To conclude, the progosed cont
strategy for HRES have shown so many advantages such as the control effectiveioessmpar and deliver low THD values
compared with the conventional Pl control. Besides that, it has shown an increase of the HRES stability and quality.

Keywords photovoltaic system (PV), hybrid storage, battery, supempacitor (SC), harmonicdistortion (THD), power
management, Sliding Mode Control (SMC).

1. Introduction bus using DEC bhoost converter controlled by a MPPT
control. The main role of maximum power point tracking is to

Renewable energy sources have shown an interestimgaximize the PV output power of the source under different
growth during the last years. The new energy sources are fredimate conditions. There are many MPPEchniques
available, continuous and mmlluting. In our days, the PV developed in different researches which specify the maximum
and wind generators are used in different domains such pswer points in two grid modes, the perturb and observe
water pmping, lighting and electrification of remote areas(P&O) and incremental conductance (IC) are the most used
and telecommunications 1] The hybrid photovoltaic techniques because they present many advantages like having
/battery/supecapacitor systems are becoming a verya simple strature for well understanding and easy to
attractive costompetitive solution used in both staalbne implement in practice [4]. But, the MPPT algorithms cannot
and gridconnectedapplications 2]. The latest developed follow the MPP under rapid variations of environmental
researches in this field about the optimization and control aflimate conditions and also present oscillations at maximum
hybrid photovoltaic/wind systems were conducted in [1][2]power point under stable conditions. Fmore, the best
The authors confirm that the performance of a hybrid P\solution of this anomalies is based on P&O classic MPPT
system is better than PV system alo8K3]. Besides that, algorithm implemented in cascade with PV generator voltage
they reported that the integration of two sources such as wirat current regulator using Pl regulator [2],[6],[7]. The
and photovoltaic with battery energy storage system makesgerformance of this systems depends on many electronic
possible for more benefits from each one of the sources, whidemponentdike the MPPT parameters used, type of regulator
can offer better reliability and reduce greedwugas and controll ero6s stability. T
emissions[4]. In addition, the exploitation of renewable P&O MPPT control with an adaptive gain delivers an
sources for energy generation has become increasingigceptable dynamic performance to extract the maximum of
important due to the availability of solar resource in differenPV power during shading time and clititavariations [7]. In
areas around the world besides the decreasing of tltieis paper we have applied this new method to theDmC
installation costsin other hand, to reinforce these sources it idoost to extract the maximum of power of the PV modules.
possible to use a diesel generator, fuel cells and supaie used a twstage control structure depend on classic P&O
capacitors storage bank during bad weather and dischargedd an adaptive gain cascade algorithm with a voltage
battery time [4][5]. reguldor based on a sliding mode reguldi@jr

The photovoltaic system is composed by different power The battery storage is coupled to the DC bus using DC
components suchs the PV generators connected to the DAC bidirectional converter to ensure the charge and discharge
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operations. The battery current regulation depends to PI al
hysteresis regulators which are matetailed in [7][8], this °°""°"°'T be Bus
method is very simple because it is based on generation Dswc Grid
high amplitude oscillations which had an effect to the quality PV Boost C
of the hybrid renewable system [4][9], the researches analy:
a linear Pl regulator for battery current r&gion, which - — Inverter
present a simple implementation and easy to realize | = Converter
practice, but it can’t present a high guarantee stability durir J @
parameters variation under climatic conditions changing. Controler
The power production of HRES is affected by harmonici| . cpeci Bidirctional
generationcaused by power devices and nonlinear loads ' comerer
voltage, current and frequency fluctuations caused by tF J
variation methodological conditions and grid problems
[8][10]. So, according and basing on these problems, we take
the challenge in this paper to constra new control strategy Figure (1): schematic of the proposed system
adapted to the proposed of the PV/battery{suxppacitor 2. Hybrid System Modeling:
hybrid system, we developed a control basing on SMC to 21 PV System Modelling:
present the effectiveness and performance of this method on
our hybrid system. Besides that, the SMC is -tioear Photovoltaic modules contain many solar cells, the last ones

regulator used to control the variable design power systemare the main components responsible about the conversion of
This regulator presents different proprieties such as thgunlight to electrical energy. Fig. 2 shows the electronic
stability, robustness which has no influences on the parametgircuit of a PV solar cellThe circuit consistsf photocurrent
variation that can control the power converters of the HRESource, Ij, the series resistor, Rs, the parallel resistor, Rp, and
with high precsion compared to conventional Pl anda diode. With reference to Fig, the output current, | can be
hysteresis regulators presented in [8] a®§l Rlso, itis e€xpressed as below by lawplyi
remarqued in [8] andlD] a conventional PI controller was [11][12]

explored to control the VSC system operating in SAM with a o0 0 —— (1)

reasonably adjusted load condition. Hoeevthis control
technique cannot cover varieties of substantial load and
THD is not acceptable due to the precedence of nonline

iyghere Id is the diode current and V is the voltage. The diode
gprrent can be calculated using the Shockley diode equation
which it can be expressed by the following expression:
; . 0O O0Qwh— p 2)

This study treats a SMC for HERS under two different
grid modes, the figure 1 illustrates the schematic of the PV

battery and supercapacitor hybrid system configuration that _r

we have used in this work. The PV modules are connected to AN ——o0
the system via D@C boost converter, the last one is R,
controlled by MPPT basing P&O algorithm to extract the ll_;-;,

maximum of PV power undeifferent conditions. The battery ; T @ (le v
storage is coupled to the DC bus using bidirectional converter ph Y2 Ry

controlled by SMC controller, also the sumapacitor is
interfaced by DEDC bidirectional converter. This SC
component is used to ensure the balance betvpesver i ) o
production and power consumption, absorb the system Figure 2: PV cell equivalent circuit
fluctuation to decrease the battery stress. The inverter is tA&erefore, the mathematic modejuivalent of the circuit in
link between DC bus and AC load and grid, ensure the powéigure 2, for a current voltage characteristic is written with
sharing under hybrid systems operations modes, it is thfie following form eq(3): [11]

responsible of poer conversion from DC to AC, it is

controlled using SMC regulator.

ol

o : 0 00Q P — (B
The paper organization starts with a deep study of PV

system, battery and supeapacitor modelling. The second

part treats the system control which includes the MPpYhere Iph: Generating current by solar radiation or

algorithm, battery and supercapacitor control and the VS@hotonique current. lo: the reverse saturation currnt

control. Then, the last part contains the simulation resultsandonst ant of Bol t zmanaq eldctror 1.

discussion on which we show the advantages and theh ar ge q =,Tlsth® tethperatGrandvovoltage.

importance of the proposed system. In this paper, it chosentowovki t h Mo dSunPawsr o f
SPRX-20-445C OMO manufactured by
silicon, which the PV array can produce under STC conditions
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100 KW as maximum power. The following table 1 present&0, the battery constant voltage

the technical and elnoduter i c aKthepolafizatiomvalttdeonds of t hi s
Q the battery capacity.

Table 1: Module Parameters Ubdt is the real battery charge
Parameters Values Ais the exponential zone amplitude
Open circuit voltage 90,5V B is the exponential zone time constant inverse.

Short circuit current 6,21 A 2.3 Super-capacitor Modelling:

Voltage at maximum power poin| 76,7V o .
Current at maximum power poin] 5,8 A ' The §upercapaC|tor is a new technollog.y in energy storage
Cells per module 128 cells field, which the energy storage technic is based of static

charge, deferent to battery energy storage technic based on
To exposethe performance of the chosen PV module an@'ectrechemical process [15]. The supercapacitor voltage can

using MATLAB Simulink program, the fig.3 shows the be developed:

effects of solar radiation and temperature on the output power, Y 0 w Y—— (6

current and voltage of PV module. Therefore, In the firstsstepWhere:

we fixed the €Camdpe vagyéduttreesolaa ysc:2n2 éCvoItage

irradiance following five successive levels 100, 500, 700SC: the SC current

and1000 w/m2thenin the second stepwe fixed the solar V1:the elementary supercapacitor voltage

radiation at 1000 w/m2 anwle varied the e mp e r at u rNE-§C and NsBC are the number of parallel and series

35AC, 45AC and 55AC. T hoarves i 309Ss Pf NG SHPELERPRCEORF SOMMEGIQNS-n g h e

P-V characteristicsinder varying climate conditions 2.4 DC Link Bus Modelling:
500 ' P The DC link capacitor is used to interface the PV system,
— it is link between sources components (PV panel and storage
“ ot units) and it is occupying armportant role, such as

minimizing the ripple content from PV source as well as the
power balancing, it can regulate the DC link voltage (constant)
and minimize the voltage ripple in the DC bus point [16] and
[17]. As proposed in [16], the designed DC lickpacitor for
this paper can be expressed following the next equation:

Power (W)

0 10 20 30 40 50 60 70 80 90 100
Voltage (V)

8 @)

Where:

Pmax: PV maximum power (W)
F: frequency (Hz),

Vdc: DC bus voltage (V).

3. System Control:

o 70 2 S 4 s e 7o s e 10 3.1 Perturb and Observe MPPT boost control:
Figure 3: the PV module-R curve under varying: (a) solar To follow the variation of climate condition with high
irradiance (b) temperature. precision and extract the max of PV power from the module
[18], it chosen in this paper to work with modified P&O
2.2 Battery Modelling: algorithm which it is based on a periogieasurement of PV

output voltage and current, then calculate the power, also, it
The modelling of thidatteryis enforcedin [13] and [14]. made comparison between this later and the pervious power.
Thismodelconsists of @aourcevoltage EO in series with a The power comparison involves different cases; If the power
resistor Rb, where the voltageurceisdescribecdby the i ncr ease (pP>0) , by i ncreasi
following equation 4). [14] direction, the operating voltage is perturbed; If power decrease
o 0 YO (4 (pP<0) the system functioning
from maximum power point (MPP), the operating voltage is

Where: necessary to be developed in the inverse direction of the
E: opencircuit voltage. increment, besideshat, the perturbation is necessary be
Ib: battery current. inversed moving back towards the MPP. The flowchart

Therefore, as detailed in [], the battery open circuit voltagédetailed in fig. 4 propose the plan of the used Perturb and
strongly depends to the battery capacity, and can be expresélaserve MPPT. [19][20][21][22].
using the following equation:
0O O 0 0 Qwrg, 0Qo (5
where
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Where:) AT)A are respectively the reference battery

current and the battery current.[24]

3.3 Supercapacitor Storage Control:

Measure Vpv(t) and Ipv(t) l

Biderectional Converter

l Ssca

YYY) = Isc

—H&—
! —~®

AP >0 ctulj
Ssc2 Ssca
Non. oui
l 1 Isc*
=
—’( 8 )_’ = [—>
Isc o

Figure (6): Supercapacitor Control

Calculate P(t) = Vpv(t) Ipv(t)
and AP =P(t) - P(t-1)
and AV = V(t)-V(t-1)

-
rmnwj

Increase
Voltage

Figure 4: flowcharof the proposed P&O
3.2 Battery Storage Control:

T0S§
Joyoedessadns

Increase
Voltage

Decrease
Voltage

Decrease
Voltage

The figure bellow illustrates a deep detailing of the control
of DC-DC bidirectional converter connected to the

supercapacitor, which based on the sliding mode current
Sh2 — controller [24. To regulate the input current of this converter
é | YY) <t switches (Ssd, Sse2), it is necessary to define the sliding
r - surface using the following equation:
—&¢ g Y o — —0 —® (12
[ Where:
Snz Soa ) (—h—h— are the principal parameters of the SMC tcol

which used as sliding coefficients to desire the state feedback
of who & Q variables. They have a positive value

® ) obtained as solutions of the differential equation using
Ibat location root.

The expression of the previous variables is:

Ibat*

Figure (5): battery control

- Variablew:

The figure bellow illustrates a deep detailing of the control ) . @O o (19
of DC-DC bidirectional converter connected to the battery, Variablew :
which based on the sliding mode current SMC controller. To 0w — (19
regulate the input current of this converter switchesl(Shb - Variable®:
2), it is necessary to define the sliding surface using the IS 0 0 Qo (15)
following equation: >

Where: ) AT)A are respectively the reference

y . . . 8 _ _
Te 1o 1o @ supercapacitor current and the supercapacitor current.[24][25]

Where: 3.4 VSC Control:
( h h are the principal parameters of the SMC control,

which used as sliding coefficients to desire the state feedbac|< d.The prgposed V?ltagf slour((:je ;”{eg‘?f ?ontr70I l_)re;]sed ort1 tr;e
of ho W& Q variables. They have a positive value S''d/Ng mode current con'rol as detalled in 'g. (7). The contro

obtained as solutions of ehdifferential equation using depends tdeferent electric components, such as the PV active

location root [23]. The expression of the previous variables ié"!nd reactive power, the thrpease_ grid side current and
voltage. The operation mode of this control starts with deep

- Variablew: comparison between grid side current and reference current,

w O o (9 then the obtained erros corrected using two principal SMC
- Variablew : controllers. Finally, the produced signals of the 2 SMC

. controllers deliver the voltage components to the SVPWM in

w ————— (10 : - .

. . the retberwsnicreg U he inverse tr
- Variablew: [26][27].
w . O O Qo (1)
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3 Phase Inverter output of PV power, AC load demand, SOC of battery and grid
utility.
SWi
SWi+1
]

a) Case of solated mode (gridoff):

To minimize the dependence to the grid utility; and
according to the normal climate condition, the PV array ca

4 s1-ss 3 S Vouo producesufficient energy to the system which can fed the AC
[ sveun L@[cui{ 11 af.;dq 2y ¥ load and charge the storage bank at time (SOC < SOCmax)
v & Ve f - J"g’f %L’_ the maximum of SOC is considered at 10@#s case explain
e Yy the scenario 2 in figure (8). Therefore, at time of low PV
. "_C?@;' | power productioncausing by the climate conditignshe
u @_. Sz ‘ hybrid storage system can share power with PV system to fed
e L 3 sufficiently the AC load which explain the thirdscenarioin
Figure (7): Inverter control fig. 8.

The obtained direct reference currgnt is based on the
active power injected into the griid  , which:

"0 ——  (16)

b) Case of PV hybrid system connected to the grid:

Under high climate conditions, the PV system can feed
successfully the load and inject another part of produced
_ o _ energy into the gridutility because the batte and
reactive power injected into the grid supercapacitor storagg/stem is achieved the maximum of
O — (17) stateofcharge f , t h at 6 sscenarieirafig.¢8). The e f |
The threephase grid current is transformed to dq componenté"fISt scenario is the only ones whose impose the dependence of

and the sliding surface is calculated using the followinfrid _utility to supply the AC Ioadbecguse _the PV system apd
ybrid storage systef8OC<SOCmin,which the SOCmin is

is based on the
, which:

Then, the obtained reference currgnt

equation: . ) o
considered at 20%gre unable to deliver a sufficient energy to
Y O K] p Y the load(scenario 4)
Y O i) p W
The structure of the input control is expressed by: I
7Y 7Y D S‘Y S i "Q§Y 8 CT (Ppv,Pbat,Psc,PL,Pg,50C) Il
~ ~ . “ Ve a SOC: state of charge of battery
YooY U Y Q€Y 8 ¢p '
Which, the elementary control terres AT B | the o Ps>pL *
ranges of switchmg gain can be calculated using the nexi l
equations: . Mm u.NM
Y YO 010 » (22 l _1 r W
And i o
Ppv=PL+ Py Ppv= P+ PHess PL = Ppv + PHEss PL=Pp+Pg
Y YO 010 o (23)
And Figure (8): Power Flow
0 b YO (29 5. Results and Discussion:
And Different simulations results are used to analyze the
' - dynamic performance HRES under connected grid mode and
v L YQ (25 standalone mode amepresented in this paper. The overall

stem configuration of HRES were simulated by using the

atlab/Simulink Program. The proposed solar irradiation
profile increased from 500 w/m2 to 1000 w/m2 and decreased
from 1000 w/m2 to 800 w/m2, also the temparatis fixed at

The proposed control in this work of the power flow is.2 SAC. T theuncerfamiresare formalized and included

based on ifferent sources and components t sia by in the model becaugbe SMC is necssary be robust against

sensingthe battery state of charge and the power of p\Mncertain parameters. The values of parametric variatRihs (

system, battery, supercapacitor and grid. The algorithnlil) and LCL filter components (L and @echoosing 85%
detailinég involveé two grid modes operations.depending to th%]c its nominal value. The convergence condition of SMC only
gives the range ok; t h e | agalues ara adjusted by

simulation considering uncertain parameters and the

194
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following performance criteriafor examples thespeed of (s Battry Current

response without sidficant overshoot, reduction of the 40

amplitude of oscillationandreduction of static error. i 0fy W e—
200

a) Case of Standalone mode operation; 4 5
(b) Battery Voltage

In the first cases, the simulation realized under mode of
grid, we carried out two scenarios of this case. The fig. (€
illustrates the PV output current, voltage and power unde

Vbat (v)

0,5 1 2 3 4 5 6 7 8 9 10
varying climate conditions. they demonstrate the capabilityc /" 16 Rty Powwr

the proposePPT control, itdéds car £

cited climate conditions and load demanalsomake the PV 5 1 T -
modules work at high performance and deliver the max ¢ 4

energy under deferent climate conditioli$s remarked using ’ 1 A naysoc ! ' ’ "
the fig. 9 that the PV systegontroller tracks the MPPs of

solar energy regardless of the rapidly changihgradiation gzz\//
and load conditionBesides that, it islearlythat the proposed ¢

P&O algorithm ishighly effective during changing weather 0 1 2 3 4 S 7 8 8 10
conditions bec aufdghe systégmboscillates r k a't

weakly around the maximum power point.

(a) Solar Iradiance
71000
£
£ 500
t
0 1 2 4 5 6 7 8 9 10
(b) Output Current
"~ [—L—
§zoo‘
0
0 1 2 3 - 7 8 9 10
400 (e) oltage
3200 l \
>
0
0.4 1 2 3 4 5 6 7 8 9 10
A0 (d) PV Power
g I—T———
2l
4
0 1 2 3 4@ 5, 6 7 8 9 1

Fig. (9): PV Performance
The fig. (10) presents the battery storage respotéeh

IQ' oint o
igure (LO): Battery Performance

The fig. (11) shows the superapacitor current and power
variations, the SC current profile explain the important rule of
this component to preserve and protect the battery, which it
can absorb the system fluctuation such as load and grid
demand and climate conditiewvariations.

(a) Supercapacitor Current

20
g
1 =
20
0 2 4 6 8 10
1 (b) Supercapacitor power
;
;0 S | SU—
: ( ‘/
-
0 2 4 6 8 10

Time (s)
Figure (L1): SCperformance

The fig. (12) illustrates the obtained simulation results of

includes the battery voltage, battery current, battery power a3 Proposed control technique under varyeogditiors, we

state of charge of battery
period [0;5] s, the PV produce insufficient power which
involves that the battery and supmpacitor share the

fipdgasreatyely g Ipag Ghase woliege,
current, load active andeactive power, and the DC bus
voltage fig. (13). That it is mentioned in the fig. (12) (a) and

necessaryqwer to feed the AC load (scenario 3). Also, during(b) that the load voltage and current are in phase with low

the period from the 5s to 10s, the source creates an import
power that can feed the load and charge the Hybrid stora
system (especially the batt

mentionedn fig. (10) @), that the battery accused a negative|

current which indicate the charging operation.

rmonicsit is explain that the SMC is capablertinimize
g THD. Then, the fig. (12)(c) showsadt the system (PV,

ljety and @) prgauce ¢ nepessary oY Regdsd by {ha,
oad (60KW which confirmthe proposed power flow control
the fig. (12)(d presentdhe fable injected reactive power (=
OKvar). However the fig. (13) compares between measured
DC bus voltage and reference DC bus voltage which it is
remarqued that they have a similar values (400V). All these
results demonstrate the effectiveness of the proposed control
systemlt can be observed from the simulation results that the
proposed SMChbased control strategy affirms the fast
dynamic response and voltage tracking performance (small
steadystate error and lower part) under different load types
(balanced load, unbalanced load and nonlinear load).
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10 (a) Load voltage

5
(b) Load current

(c) I.qld active power

PL(KW)
-3
S

8
o
©
-
=

-
o
~
-]
-
=]

6
Time (s) Time (s)

Figure(12): AC Load performance

o0 e
E 400 A 7
>
200
0
0 1 2 3 4 5 6 7 8 9 10

Time (s)

Figure (13): DC bus Voltage

To present a high appreciation of the proposed control,

add a comparative test between the traditional Proportion
Integrator (PI) controller and Sliding Mode Current (SMC)

controller basing onhe delivered THD of the load voltage,

Table 2 confirm the capability and effectiveness of th
proposed control which has more interesting advantages su

steadystate error.

(a) Solar Iradiance
71000
t ’—\—
% 500
£
0 1 2 3 5 ; 7 8 9 10
(b) Output Current
%l r_‘—L—————
<200
o‘
0 1 2 3 5 7 8 9 10
400 (c) Output Voltage
| 1
3200[ [ ‘
b
0
0., 1 2 3 4 5 6 7 8 9 10
A0 (d) PV Power
g1

0 1 2 3 4 .5 " 6 7 8 9 10

Figure (L4): PV performance

The fig. (15) presents the battery energy storage response,
which includes thebattery voltage, battery current, battery
power and state of charge of
during the period [0;5] s, the PV produce insufficient power
which involves that the grid network share the necessary of
power to feed the AC load (sceima4). Also, during the

ower that can feed the load and charge the battery or inject
he rest of power into the
showed in fig. (15) b, that the battery accused gatiee

\ﬁeriod from the 5s to 10s, the source creates an important

ecurrent which indicate the charging operatinade

(a) Battery Current

as low harmonics distortion, voltage regulation and fas;m
)

Table 2THD valuescomparison between Pl and SMC.

HERS connected to the grid under varying climate condition_19.s

Test Parameter Pl SMC
controller controller
1 THD (0s;5s) 4,75 % 0,1%
2 THD (5s;8s) 6,88 % 1,74 %
3 THD (8s;10s) 5,56 % 5,04 %

b) Case ofHERS connected to the grid:

The second parts of simulation executes pheposed

0 1 2 3 4 5 6 7 8 9 10
) ] (b) Ia!m_y Voltage

(c) Battery Power

.
) , ,

0 1 2 3 4 5 6 7 8 9 10
(d) Battery SOC

and load demand, which show the dependence of the gl§
during fabless HRES production. The fig. (14) discuss th#
MPPT control effectiveness of PV system with variable sola 19.75 I I ! L 1

irradiance, itexplain that the PV modules work at high

0 1 2 3 4 5 6 7 8 9 10

Time (s)

performance and all time extract the MPP under different solar
irradiance and grid fault.

Figure (15): Battery Performance

The fig. (16) shows the grid active power, reactive power,
grid current and voltage. The grid delivers the power to the
system during the period Os to 5s when the PV and HESS are
unable to supply the AC load, the negative value of power
confirm that the network deliveenergy. In the other part, the
current and voltage -Bhases form are in phase with low
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harmonic distortion. The obtained results in this cases validate However, to validate the performance of the SMC
the performance of the proposed system control. method, weealized comparative simulations test between the
(a) Supercapacitor Current used SMC control technique and the traditional Pl controller.
The table 3 resume the delivered harmonics distortion for each

0 ‘ control. It is remarqued that the average of THD values

V measured of the inverteutput voltage in this case using the
0 2 4 6 8 10 SMC methods are lower 5% than the other controller. To
(b) Supercapacitor power conclude, the proposed SMC controller of this work has a

great effect of power quality of the PV hybrid system

0 ‘/ compared to the Proportionkdtegrator controller.

20

Isc (A)

-20

Psc (KW)

A Table 3THD values comparison between Pl and SMC.
0 2 4 6 8 10 Test Parameter Pl SMC

Time (s) controller controller

Figure (L6): SC performance 1 THD (0s;5s) 12,75 % 4,97 %

2 THD (5s;8s) 9,98 % 1,94 %

3 THD (8s;10s) 13,76% 5,88 %

6. Conclusion:

This work treats a new contributioof SMC control of
hybrid PV system composed of f@érentcomponentsuch as
PV generator, battery and sug@pacitor for working under
standalone and grid connected modes using a SMC to manage
the power in the seval system. The obtained results using
Matlab/Simulink confirm the adequacy of the proposed
control of the power converters under varying climate
conditions, load demand and grid problems. Depending to this
results the proposed technique delivers more radges
compared to the PI controlldike robustness, fagiteady state
and low THD. The next work will more investigate this new
technique.

References

[1] P. G.Arul, RamachandaR. K. Rajkumar(2015% 6 Cont r o
Figure (7): Grid Performance strategies for a hybrid renewabnergy system: A
revi ewb6d6, Renewable and sus

Therefore, the stability of load power presented in fig. 18 597-608.

explain that the proposed control able to manage the system in

case ONgrid and deliver the necessary energy to the AC loa M AKi E D
e . , . okur , and R.
(60KW). Also, the similarity between thveference DC bus FZ] Management for EV Charging Based on Solar Energy in
voltage and the measured DC bus voltage (400V) an Industrial Microgrid,o i
demonstrates the performance of our corftgol19. on Renewhle Energy Research and Applications,
ICRERA 2020.

[3] M. R. Memar,M.Moazzami,H. ShahinzadehD. Fadaei,
(2017, April). Techne economic and environmental
analysis of a gricconnectegbhotovoltaic energy system.
In 2017 Conference oklectrical PowerDistribution

. . Networks Conference (EPDC) (pp. 2230). IEEE.

Figure (18):.Load active Power

[4] S.Bae,A. Kwasinski, (2012 6 Dy nami ¢ mode
operation strategy for a microgrid with wind and
photovoltaic resourceso6é6, I
grid, 3(4),1867%-1876.

[5] A. BouharchoucheE. Berkouk, T. Ghennam,(2013)$ 6
Control and energy management of a grid connected
hybrid energy system RWind with battery energy

- torage for residenti al a
Figure (L9): DC bus voltage performance S ag o ; P
gure (9 gep International Conference and Exhibn on Ecological

197



