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ABSTRACT

This paper presents the control of an Energy Management System (EMS) for renewable DC sources connected to the load and a
battery. The EMS is cimed at improving the performance of electric systems such as electrical vehicles and stand-alone applications.
This work considers a Boost converter controlled by a Maximum Power Point Tracking algorithm (MPPT) to maximize the power gen-
eration of a renewable DC source. Moreover, a battery charger/discharger, based on a bidirectional dc/dc converter, is used to
control the energy flows between the generator, the battery and the load. This paper proposes a sliding-mode current controller to
guarantee the global stability of the bidirectional converter, i.e. of the EMS. In addition, a digital adaptive controller is proposed to
regulate the voltage of the EMS DC bus, which enables to provide a stable load voltage. Detailed simulation results validate the
proposed controller.

Keywords: EMS, adaptative controller, bidirectional dc/dc converter, sliding-mode controller, renewable power systems.

RESUMEN

Este articulo presenta un sistema de administraciéon de energia (EMS - Energy Management System) para fuentes de energia reno-
vable DC conectada a una carga y una bateria. El EMS tiene como objetivo mejorar el desempeno del sistema eléctrico en
vehiculos eléctricos o aplicaciones autbnomas. Este trabajo considera un convertidor Boost controlado por un algoritmo para el
rastreo del punto de mdxima potencia con el fin de maximizar la generacién de potencia DC de la fuente de energia no renova-
ble. Por otra parte, un sistema de carga/descarga de bateria basado en un convertidor DC/DC bidireccional, es utilizado para
confrolar el flujo de energia entre la fuente, la bateria y la carga. Este articulo propone un control de corriente por modos deslizan-
fes con el fin de garantizar la estabilidad global del convertidor bidireccional. Adicionalmente, un control digital adaptativo es
propuesto para regular el voltaje del bus DC del EMS, cuyo objetivo es proveer un voltgje estable a la carga. Resultados de simulo-
ciones validan el contfrolador propuesto.

Palabras clave: Sistema de administracion de energia, controlador adaptativo, convertidor DC/DC bidireccional, control por modos

deslizantes, energia renovable.

Introduction

Renewable energy systems are a suitable alternative for develop-
ing micro-grids for stand-alone applications. In particular, the use
of fuel cells (FC) and photovoltaic (PV) modules as power
sources has significantly increased due to its pollution free opera-
tion, which is a major concern nowadays (Romero-Cadaval, et
al,, Sept 2013). The selection of a FC or PV source depends on
the application: FC systems provide uninterrupted power pro-
duction when fuel is provided (Ramos-Paja, et al., June 2010),
which is a major characteristic of the classical combustion en-
gines. However, FC can operate with clean fuels such as hydro-
gen to avoid environmental pollution. Moreover, FC are not
constrained to the Carnot limit (Ramos-Paja, et al., June 2010),
hence they are much more efficient in comparison with combus-
tion engines. In contrast, PV systems only provide energy when
the sun light (irradiance) is present. Therefore, an auxiliary pow-
er source is required to support the load during nights or in
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step-up transients (Sun, Zhang, Xing, & Guerrero, Oct 2011)
(Ramos-Paja, Bordons, Romero, Giral, & Martinez-Salamero,
March 2009). However, PV systems do not require fuel storage,
which is a major advantage in terms of cost. In such a way, FC
systems are mainly used for critical applications such as buck-up
power sources for hospitals or telecommunications and automo-
biles (Ramos-Paja, Bordons, Romero, Giral, & Martinez-Salamero,
March 2009) (Chen, May 2014), while PV systems are used for
non-critical applications such as stand-alone sources and street
lights (Romero-Cadaval, et al., Sept 2013). Moreover, FC and PV
generators have been combined to support critical loads with
low fuel consumption (Bizon, Oproescu, & Raceanu, Jan 2015):
the PV source produces the power achievable with the sun light,
while the FC system produces the power in excess required by
the load; hence if the PV source produces enough power the FC
does not operate.

Renewable generators also require an optimization system to
guarantee an efficient operation named Maximum Power Point
Tracker (MPPT). In the case of PV systems the MPPT defines the
operation voltage that maximizes the power produced (Romero-
Cadaval, et al,, Sept 2013); otherwise, despite being exposed to
high sun irradiance, the PV module could produce almost no
energy. A clear description of such a problem is given in (Femia,
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Petrone, Spagnuolo, & Vitelli, July 2005). In the case of FC sys-
tems, the requested electrical power could be produced at dif-
ferent current/voltage values as explained in (Ramos-Paja,
Spagnuolo, Petrone, & Mamarelis, April 2014): since the hydro-
gen consumption is proportional to the FC current (Ramos-Paja,
Bordons, Romero, Giral, & Martinez-Salamero, March 2009),
then the optimal operation condition is achieved when the load
power is supplied at the minimum FC current. In both FC and PV
cases, the implementation of the MPPT requires two devices: a
digital processor to execute the MPPT algorithm, and an unidi-
rectional dc/dc converter to define the source voltage or cur-
rent. In addition, the operation of the MPPT generates a band-
width limitation since the transition from one optimal condition
to another one is not instantaneous (Femia, Petrone, Spagnuolo,
& Vitelli, July 2005) (Ramos-Paja, Spagnuolo, Petrone, &
Mamarelis, April 2014), or even not possible if the sun irradiance
or fuel are constrained. Moreover, since the associated dc/dc
converter is controller to track the optimal operation condition,
i.e. by the MPPT, such a dc/dc converter is regulated as follows:
in PV systems the converter input voltage is controlled (Bianconi,
et al., March 2013), while in FC systems the converter input
current is regulated (Ramos-Paja, Spagnuolo, Petrone, &
Mamarelis, April 2014). Therefore, the output voltage of the
dc/dc converter is not regulated. Such a condition makes impos-
sible to provide a stable operation voltage to the load.

The previous limitations have been addressed by adding a battery
as depicted in Figure 1: in load transients the battery provides or
absorbs the power difference between the generator and load
profiles. Such a condition enable the system to supply any load
profile, and at the same time, to store energy when the load is
not consuming, or even to recover energy produced by the load,
e.g. regenerative break in electrical vehicles. In addition, a bidi-
rectional dc/dc converter (named charger/discharger) is added to
interface the battery and the load with two main objectives: first,
the charger/discharger is regulated to provide a stable voltage to
the load; and second, the charger/discharger isolates the battery
and load voltages, it making possible to use any battery for any
load voltage requirement. The main problem in this kind of pow-
er systems concerns the design and control of the Energy Man-
agement System (EMS) required to regulate the power ex-
changed between the battery, the generator and the load. This
paper proposed an EMS based on a hybrid linear/non-linear
adaptive controller regulating the charger/discharger. In such a
way, the charger/discharger is controlled to provide the required
operation voltage to the load, and at the same time, to manage
the battery power flow in agreement with the generator produc-
tion and load requirement. The main challenge in such a solution
is to guarantee the voltage stability in any operation condition.
Moreover, since the bidirectional dc/dc converter must to man-
age both positive (discharge) and negative (charge) power flows,
a single controller is difficult to design for both tasks. Therefore,
this proposed solution combines a nonlinear controller to guar-
antee global stability, and an adaptive controller to ensure a
consistent performance in any condition.

The paper is organized a follows: Section Il presents the EMS
topology and the charger/discharger circuit, Section Il presents
the non-linear controller designed to guarantee stability and
Section IV presents the adaptive controller designed to provide
an stable load voltage. Section V verifies the control system
performance by means of simulation results and Section VI pre-
sents the paper conclusions.
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Figure 1: Hybrid fuel cell/photovoltaic power system.

Energy Management System

Figure 1presents a widely adopted structure for power systems
based on renewable generators (Bizon, Oproescu, & Raceanu,
Jan 2015): a generator managed by a dc/dc converter, which in
turns is controlled by an MPPT controller to ensure optimal
operation; and a battery interfaced with a charger/discharger, i.e.
a bidirectional dc/dc converter. The outputs of both dc/dc con-
verters are connected to form a bidirectional dc bus. Since the
loads are connected to such a dc bus, then the dc/dc converters
must to provide a stable voltage to the bus in any operation
condition. Since the dc/dc converter associated to the renewable
generator is controller to ensure an MPPT operation, the output
voltage of such a dc/dc converter is not controlled. Therefore,
that unidirectional dc/dc converter behaves as a power source
providing the profile P; with non-regulated current i. In conse-
quence, the charger/discharger must be controlled to provide a
regulated voltage v, to the dc bus. This condition implies that
such a bidirectional dc/dc converter must to behave as a voltage
source with a power profile equal to the difference (positive or
negative) between the load and generator powers, ie. Py, =
Py — Psand ig. = ig — I, since vy is controlled.

The bidirectional dc/dc converter, i.e. charger/discharger, must
be implemented with synchronous structures (Jang & Agelidis,
May 2011) to enable both positive and negative current flows
from/to the battery. A classical structure used for such an appli-
cation is the bidirectional topology presented in Figure 2, which
interfaces common low-voltage batteries v, with high-voltage dc
buses vy, i.e.v, < V4. In such an electrical scheme the battery
is modeled by a voltage source v, with current ij,, while the dc
bus is modeled by a capacitor C4. and a current source i;.. Such
a model makes possible to account for step load transients, both
positive or negative. Moreover, the Mosfets of the dc/dc con-
verter are complementary controlled with the signal u: when
u =1 the vertical Mosfet is turned ON and the horizontal
Mosfet is turned OFF, when u = 0 the vertical Mosfet is turned
OFF and the horizontal Mosfet is turned ON.
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As previously described, the main challenge in this system con-
cerns to guarantee the voltage stability: the non-linear nature of
the dc/dc converter makes impossible to guarantee global stabil-
ity using a classical lineal controller; in addition, a single control-
ler must be designed to control the converter in both positive
and negative power flows, which is not a trivial task. Several
authors have recognized such a drawback of the linear control-
lers, using non-linear controllers to guarantee global stability on
dc/dc converters, e.g. (Bianconi, et al., March 2013), (Zhao, Qiao,
& Ha, March 2014), (Inthamoussou, Pegueroles-Queralt, &
Bianchi, Sept 2013).
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Figure 2: Charger/discharger electrical scheme.

The following sections propose a new control solution based on
combining an analog non-linear controller with a digital adaptive
controller to ensure a consistent performance in any condition.

Sliding-Mode Current Controller

The first challenge is to design a non-linear controller to ensure
global stability of the charger/discharger in any operation condi-
tion. This paper proposes to design a Sliding-Mode Controller
(SMC) due to its robustness and low sensitivity to parameters
variations (Zhao, Qiao, & Ha, March 2014), (Tan, Lai, & Tse,
March 2008) and (Sira-Ramirez, Aug 1987). Such characteristics
allow to disregard parasitic losses without impacting significantly
the validity of the sliding-mode analyses as illustrated in
(Bianconi, et al., March 2013), (Zhao, Qiao, & Ha, March 2014)
and (Inthamoussou, Pegueroles-Queralt, & Bianchi, Sept 2013).

The bidirectional condition of the charger/discharge of Figure 2
implies that such a circuit must be analyzed for both positive and
negative current flows. From the definition of the converter’
output power P;. = P, — P, positive battery currents i}, stand
for the battery providing power, i.e. boost condition since
vy < Vgc, While negative battery currents i, stand for the bat-
tery absorbing power, i.e. buck condition.

Boost condition (discharge)

In this condition the battery current i}, flows from the battery to
the dc bus. Figure 3 shows the simplified electrical scheme of
such an operation condition. The switched differential equations
(1) and (2) describe the circuit behavior, where u is the binary
control signal of the Mosfets, L represents the inductor value
and C,. represents the capacitor value.

dip _ vp—vac(1-w)

s (1
Avge _ ip(A-w)=ige @
dt Cac

Then, the inductor current must be controlled to ensure the
system stability. Such a controller is designed as an SMC based
on the switching function W; =i, — i, and sliding surface
&y = {Wq = 0}. In such a surface i, represents the reference
value imposed to the inductor current, which in turns ensure an
stable behavior. However, to guarantee the correct behavior of
the SMC, three conditions must be granted (Sira-Ramirez, Aug

1987) (Tan, Lai, & Tse, March 2008): transversality, reachability
and equivalent control.

fiche:

= m 'ﬁl, aly

+
m: J —— Ve @idﬂ:ﬂ-is

Figure 3: Boost (discharge) condition the charger/discharger.

The transversality condition analyzes the ability of the SMC to
affect the system dynamics. This condition is granted if

ddu (d‘Pd) # 0 (Sira-Ramirez, Aug 1987). For the boost system

(1)-(2) under the control of ®,, the time derivative of the
switching function is given by (3), and replacing (1) into (3) leads
to (4), which confirms the transversality condition.

vy _ di,
o &)

d (d¥g\ _ vac

(G =">0 )

The reachability conditions analyze the ability of the SMC to
reach the surface. i.e. the desired condition, which in this case is
ip — ires = 0. The reachability conditions depend on the sign of
the transversality condition (Sira-Ramirez, Aug 1987), which in
this case is positive. Therefore, the reachability conditions to
fulfill are:

d¥g

limy,,o- ?Lt=1 =250 (5)
awv
im0 dtd|u=0 = Lvdc . )

Relations (5) and (6) verify the reachability conditions. Finally, the
equivalent control condition establishes that the average value of
the binary control signal must be within the signal limits (Sira-
Ramirez, Aug 1987). The analysis of the equivalent control is
d¥q

—==0.

Moreover, in dc/dc converters the binary control signal could be
u =1 or u = 0, hence the equivalent control value u,, must be
constrained within 0 < u,, < 1. Then, replacing u by Ueq in (1)

performed within the sliding surface, hence ¥; = 0 and

and taking into account condition (3), ugqg =1 ——. Such an
Vdc

expression leads to relation (7), which verifies the equivalent
control condition.

0<uUeg <1 = v <Vge < Vg +Vp 7)

In conclusion, since transversality, reachability and equivalent
control conditions are fulfilled, the SMC designed with W; =
ip — lyep = 0 is stable. Therefore, under the action of such an
SMC, i, = iy¢s in any operation condition. An additional analysis
required for designing the SMC concerns the implementation law
(Tan, Lai, & Tse, March 2008): from the reachability conditions
(5) and (6) it is noted that W; <0 (or ¥; — 07) requires
u =1, while ¥;>0 (or ¥; - 0%) requires u = 0. Such
information will be used afterwards to synthesize the implemen-
tation circuit for the SMC.

Buck condition (charge)

In this condition the battery current i), flows from the dc bus to
the battery. Figure 4 shows the simplified electrical scheme with
the new current conventions, where the following switched
differential equations describe the circuit behavior:
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dip _ vac(1-w)-vp

dat L ®)
Avge _ lgc—ip'(1-w) 9)
at Cac

Similar to the boost case, the inductor current must be con-
trolled to ensure system stability. Again, such a controller is
designed as an SMC based on the switching function ¥, = i, —
irer and sliding surface ®, = {¥; = 0}. In this case i,..¢ follows
the convention of Figure 4. It must be pointed out that such a
current will be negative in the convention of Figure 3. The trans-
versality condition is analyzed from (8)-(9) and (10), which leads
to relation (I1). Such an expression confirms the transversality
condition.
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Figure 4: Buck (charge) condition the charger/discharger.

The reachability conditions for W, = 0, defined by the negative
value of the transversality condition, are verified in (12) and (13).

dw,

. v,
llmlyc_)o— ? et = — Tb <0 (IZ)
. awy =

limy o+ —= o= @ >0 (13)

Finally, the equivalent control is analyzed for ¥, = 0 and d:;c =
0. Then, replacing u by u.4 in (8), (9) and (10), u,, is obtained as

in (14), which verifies the equivalent control.

O<ueq=1—:Ti’E<1—>vb<vdc<vdc+vb (14)
Again, the SMC designed with W, = i;, — i,..y = 0 is stable and it
ensures i = .5 in any operation condition. From the reachabil-
ity conditions (12) and (I3) it is noted that ¥, < 0 (or ¥, — 07)
requires u = 1, while ¥, >0 (or ¥, - 0%) requires u = 0.
Such conditions are the same ones obtained in the boost condi-
tion, which will be used for the design SMC implementation
circuit.

SMC implementation

Taking into account that both switching laws of boost and buck
casesare thesame (u = 1ifW, 4 <Oandu = 0if ¥, 45> 0),a
single unified SMC circuit can be designed to control both cases.
To implement both SMC the current conventions in Figure 3 are
used: the sliding surface of the buck condition W, =i, — iyof =
0 is rewritten as —i, = —i,¢; while the sliding surface of the
boost condition is expressed as i;, = i¢s. With such an unified
convention, positive values of i..; will impose positive battery
currents, i.e. discharge the battery, while negative values of i,.f
will impose negative battery currents, i.e. charge the battery.

In addition, to avoid infinite (and impractical) switching frequen-
cies for the SMC circuit, an hysteresis band 2H is added to the
surface as explained in (Tan, Lai, & Tse, March 2008). In such a
way, the practical switching law becomes:

u=1 if Wy<-H (15)

u=0 if Wa=H (16)

With the previous switching law the battery current will be
constrained within i,.r —H < i, < i, + H for any operation
condition. The hysteresis band 2H is defined following physical
constraints: limit the switching frequency, limit the inductor
current ripple, among others (Tan, Lai, & Tse, March 2008). The
switching laws (15) and (16) are implemented in the hybrid ana-
log/digital circuit of Figure 5. The circuit at the left implements
exactly such inequalities: if W, ;5 < —H the Set input of the Flip-
Flop is triggered, which sets the Flip-Flop output Q = u = 1;
while if W, ; = H the Reset input of the Flip-Flop is triggered to
reset the Flip-Flop output Q = u = 0. A more practical circuit is
presented at the right side of the figure, in which the switching
law is rewritten as (17) and (18).

u=1 if ip<ipy—H (17)

U=0 if iy i +H (18)

Then, the implementation circuit of the right side of Figure 5
measures the battery current and hysteresis band limits to pro-
duce the Mosfet activation signals u and u.

Finally, the previously designed SMC guarantees the system
stability in any operation condition by ensuring the condition
ip = lrer. The following section presents the design of an adap-
tive controller to define ;...

___Canonical structwe____ | _ | Practical siruchure __
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Figure 5: Implementation circuits for the SMC.

EMS Voltage Controller

Taking into account the inductor current control performed by
the SMC, the circuital scheme of the charger/discharger can be
modeled as in Figure 6, where the inductor and Mosfets are
represented by a current source. Such a model is accurate since
the inductor current is controlled, hence it behaves as a current
source with i;, = i,..r. The main discrepancy concerns the effect
of the horizontal Mosfet operation on the current delivered to
the dc bus. Therefore, the current source receives the command
irer but delivers the horizontal Mosfet current iy ,gy. Since the
horizontal Mosfet is active for u = 0 (or i = 1), the average

current of such a Mosfet is given by (19), where d =1 —:—”
dc

represents the converter duty cycle and d' = 1 — d represents
the complementary duty cycle. Therefore, the current source
model includes a variable gain equal to d'.

iMosH = a - ip = a - iref (|9)

The mathematical model describing the behavior of dc bus volt-
age, obtained from Kirchhoff laws and Laplace transform, is given
in (20); while the transfer function between such a voltage and
the reference current of the SMC is given in (21).

Vae(s) = o= (4 Lrep () = 14c(s) (20)
_ Vac(s) _ d_’
G, (s) = Iop(s)  Cacs @n
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Figure 6: Charger/discharger model including the SMC and voltage
controller.

An additional voltage controller is required to regulate the bus
voltage, i.e. to provide a stable voltage v,.; to the load. This
paper considers the design of a Pl controller, given in (22), but
any other structure could be adopted. Then, the closed loop
transfer function between the bus voltage and the desired refer-
ence voltage is given by (23).

PI(s) = ky + 22)

Vac(s) _ (%)'(kp-swi)

- U r
Vrer(s) 52+(_cdd )-kp-s+<—c‘2 )-ki
C C.

(23)

From the denominator analysis of (23), and from the classical
dynamic behavior of second order systems (Ramos-Paja,
Gonzilez, & Saavedra-Montes, Accurate calculation of settling
time in second order systems: A photovoltaic application, March
2013), the expressions given in (24) are obtained. In such expres-
sion t;, p and w,, represent the settling-time, damping ration and
natural frequency of the dc voltage, respectively.

3.9 d’ -k,

ts = P prwn

= Lk (24)

— 2
= ,
Z'Cdc, n Cac

Then, k,, and k; are calculated from (24) to guarantee the de-
sired dynamic behavior of the bus voltage, i.e. t; and p:

_ 7.8Cac _a'k}
|2 d'ts [ 4-Caep?

(25)

Since the complementary duty cycle d’ changes with the opera-
tion conditions, i.e. bus and battery voltages, such k, and k;
parameters must to be adapted. Therefore, the adaptive Pl con-
troller must to measure the battery and bus voltages to modify
ky and k;, i.e. vector [Par] in Figure |, according to the adaptive
law imposed by (25). The implementation of the voltage control-
ler is performed using a digital processor to simplify the adaptive
law calculation. In such a way, Figure 7 presents the proposed
block diagram: the bus and battery voltages are acquired using
Analog-to-Digital Converters (ADC), which are available in many
Digital Signal Controllers (DSC), such data is processed by the
adaptive law to tune the Pl parameters. Such a Pl controller is a
discretized version of (22) based on the bilinear transformation.
Finally, the limits of the hysteresis band are calculated and im-
posed to the SMC circuit (Figure 5) using two Digital-to-Analog
Converters (DAC).

Control System Performance

The scheme of Figure | was implemented in the power electron-
ics simulator PSIM, which is a standard for dc/dc converters
simulation (Ramos-Paja, et al, June 2010) (Femia, Petrone,
Spagnuolo, & Vitelli, July 2005) (Bianconi, et al., March 2013). The
charger/discharge (Figure 2) was controlled using the hybrid
linear/non-linear controller formed by the SMC circuit described
in Figure 5 and the adaptive Pl controller described in Figure 7.
To illustrate the control system performance the following pa-
rameters were adopted: L = 100 uH, C4. = 100 uF, v, = 12V

and a required load voltage v,.r = 48 V. In addition, the hyste-
resis band was set to H = 1 4 to ensure a switching frequency
around 50 kHz. The ADC and DAC were simulated by quantiza-
tion blocks of 12 bits with a sampling time of 100 kHz. Moreo-
ver, the adaptive law and digital Pl controller were executed
using a C-block to simulate the digital processor. Finally, the
performance parameters were set as t; = 3 ms and p = 0.707.

[F——————— e ——— —— &
I

Digital processor iref + !
+ DAC [ irei-H
- RO P VPP
| 2
I L & !
| o T |
1 1
I

Ve ——p=-
Vb — ADC

Figure 7: Block diagram of the adaptive digital controller for vdc.

The simulation considers the pulsating load profile depicted in
Figure 8: the load current iy is 8 A up to 15 ms, at that instant
ig changes to 4 A. Moreover, the renewable generator produces
a power profile (depicted in terms of the generator current is)
that changes due to the environmental, fuel supply and MPPT
operation. For example, up to 5ms the generator produces
enough power to supply the load, but at 5 ms the power pro-
duction is reduced, which forces the charger/discharger to ex-
tract power from the battery (depicted in terms of the battery
current i) to supply the load. The bus current iy is the differ-
ence between the current requested by the load and the current
supplied by the source.

Similarly, at 15 ms the generator produces power in excess due
to an instantaneous load change, which forces the
charger/discharger to store the remaining power into the bat-
tery, i.e. negative i, current. Finally, at 26 ms, the battery volt-
age starts to oscillate to simulate an additional perturbation.

The simulations results, presented in Figure 8, show a satisfacto-
ry performance of the control system: the bus voltage v, is
accurately regulated under all the perturbations for both charge
and discharge conditions. Moreover, the satisfactory perfor-
mance of the SMC is also verified, i.e. i, = iref, even under a
strong perturbation on v,. Finally, Figure 8 also reports the
evolution of k;, and k;, which put in evidence the requirement of
the adaptive law to guarantee the desired dynamic performance,
ie.t; =3 msand p = 0.707.

Finally, it must be point out that any other dc/dc converter pa-
rameters, or performance parameters values, could be defined
since the adaptive law will adjust the Pl controller.

Conclusions

The paper has presented a EMS for an electric system composed
by a renewable DC source, a battery and a load bus. This system
was based on a battery charger/discharger controlled to regulate
the DC bus voltage. The proposed solution was based on two
cascade controllers for the charger/discharger: an adaptive con-
troller designed to regulate the voltage of the DC bus accounting
for changes of the model parameters, and a non-linear controller
designed to regulate the battery current. This non-linear control-
ler is based on the sliding-mode theory to guarantee the system
stability in any operation condition.

Finally, a future improvement of this work consist in including the
voltage regulation into the sliding surface to perform a more
precise design of the converter dynamics, accounting for the

i

ol S | ( I_‘ﬂll Simposio Internacional sobre
Calidod de la Energia Electrica

i

M\ A ~ . Noviembre 18,19 y20
J VAV Chile



Hybrid linear/non-linear adaptive controller for battery charqger/discharger in renewable power systems

battery charge/discharge profile, and including the battery state

of charge (SOC) regulation.
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Figure 8: Simulation of the EMS under load and battery perturbations.
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