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Abstract- Green and ecological energy sources are nowadays promising power sources, effectively useful for electrifying
regions sited far away from the electricity grid. In this context, the current work proposes an advanced energy management
strategy in which an isolated domestic site could be fed by a multi-source site supply. The multi-source system includes a WT
coupled to a PMSG permanent magnetic synchronous generator, a solar PV, a storage battery, a diesel generator as a power
generation system, AC load, and dump load. Basically, the advanced management strategy rests on the idea of equating the wind
turbine and photovoltaic generator provided energy and the domestic load required energy. To ensure the home-provided
electrical energy autonomy, we consider implementing a special battery charge/discharge storage system, as well as a diesel
generator used as a backup source, in case of a lack of renewable energy sources and minimal battery state of charge (SOC). In
this context, our major aim consists mainly in boosting the studied system’s energy management strategy (EMS), through
ensuring constant frequent supply and maintaining it to meet the variable daily (24-hour) consumption. In order to prevent power
losses, a dump load as an auxiliary load is used in case of excess renewable power. The efficiency of the advanced energy-
management strategy was actually tested and verified under all possible operating conditions. The achieved results turn out to
confirm the scheme’s reliability in maintaining harmonious synchronization between energy production and consumption
processes, in terms of system autonomy and power-loss minimization.

Keywords Wind turbine; photovoltaic generator; storage battery; diesel generator; energy-management system.

1. Introduction sources, particularly the wind and photovoltaic based energy

[7], characterized as practically abundant inexhaustible

Throughout the past decade, electricity production has
demonstrated a significantly sharp challenge [1]. Indeed, the
world's electric energy production proves to rest
predominantly on fossil-fuel based sources, whose intensive
consumption has resulted in massive greenhouse gas
emissions, thereby, further aggravating the pollution
phenomenon [2,3], and seriously threatening the environment.
Additionally, extreme and extravagant natural energy
consumption has engendered an emanating reduction in these
reserves, heading towards depletion, or exhaustion.
Alternatively, however, renewable energy sources have
nowadays occupied an important position in the field of
electricity production, due mainly to their availability and
reliability [4-6]. In this respect, several works have been
conducted to investigate the issue of renewable energy

electrical resources, relative to fuel energy, and particularly
concentrated in determined regions. In this regards an
effective protection against the aggravating threat of pollution,
stand-alone renewable power systems turn out to represent
attractive ecological solutions, useful for implementation as
appropriate rural electrification schemes [8-11]. The stand-
alone renewable power systems are particularly intended for
installation in rural areas located far away from the reach of
the general electrical grid.

Concerning our particular study context, and for the
purpose of constructing an equitably effective domestic load
profile, an appeal is made to the online application of the
Tunisian Electricity and Gas Company (STEG) [12], to help
us draw an aggregated domestic load profile. In effect, the
existing loads profiles are already used in several energy
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management applications [13] that rely on estimating the
STEG subscribers’ consumption history. As regards the
second part of our research, it is devoted to the developing and
managing a multi-source renewable energy generation
framework incorporating photovoltaic and wind power
generators, as well as a battery, diesel generator (DG) and
dump load.

It is worth noting, in this context, that the aim behind
conducting the present work consists mainly in developing a
special management scheme, whereby, energy could be
autonomously supplied to a domestic dwelling sited far away
a long distance from the already existing electric grid. The
main objective is to provide the domestic load with the
required power supply, necessary for carrying out the relevant
household activities and accomplishing daily routines. Should
the renewable energy sources’ generated power turn out to be
lower than the load energy requirement, an initial appeal is
made to the batteries’ stored energy. Once it proves to be still
insufficient, we then resort to applying the emergency diesel
generator. Still, in case the load energy is discovered to be
lower than the renewable energy sources’ supplied power, the
applied batteries would then resume the charging process.
When the batteries are fully charged, the energy excess is then
transferred to the auxiliary load (dump). In absence of
renewable energy sources, however, we undertake, in the first
stage, to apply the batteries’ energy supply, prior to
subsequently using the diesel generator provided power.

Actually, studies dealing with the subject of permanent
multi-source system design are numerous. Indeed, several
management strategies have been developed and advanced in
the relevant literature with the aim of maintaining the PV
system’s permanent continuity and reliability. In this regard,
several researchers have considered elaborating on the idea of
hybrid energy management systems (wind and PV sources)
and storage designs (batteries). However, the existing energy
management schemes appear to display noticeable drawbacks.
For instance, they do not seem to account effectively for such
conditions as the absence of renewable energy sources in
unfavourable situations (i.e., the absence of sunlight at night
concerning photovoltaic energy, as well as the absence of
wind and discharge regarding the batteries) [14]. To resolve
these problems, therefore, we consider it useful to implement
a diesel generator fit for installation in the renewable-energy
dependently isolated domestic sites, to serve as a backup unit
in case of the other energy sources’ deficiency. In the case
when the generated renewable-energy power appears to
exceed the domestic load power capacity, however, an
auxiliary load is incorporated to help absorb the energy excess
once the battery is completely charged. It is worth noting, in
this context, that this novel process, or solution, has never
been actually treated by most of the existing research works.

The remainder of this work comprises eight sections,
organized as follows. After the introduction, Section 2
provides a depiction of the advanced multi-electrical source
system. The suggested system’s control process modelling is
subject of section 3. As for section 4, it is devoted to depicting
the various relevant electronic converters and control
techniques, while section 5 outlines the proposed method’s
details, as adapted to implement a real load profile fit for

installation in isolated sites [15]. Concerning section 6, it is
dedicated to the development of a special energy management
strategy, whereby, effective energy distribution among the
multi-source system various components can be maintained.
The study achieved simulation results and relevant discussions
are depicted in section 7, and section 8 involves the main
concluding remarks.

2. The Study Advanced System

Fig. 1 depicts the investigated standalone multi-source
system. It includes a WT coupled to a PMSG permanent
magnetic synchronous generator, a solar PV, a storage battery,
a diesel generator as a power generation system, AC load, and
dump load [16].

Wind turbine e
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Fig. 1. The suggested system’s architecture.

The wind turbine, PV and battery are linked to a DC bus
via three power converters. An AC-DC converter is placed in
the generator terminal to maintain control of the WT variable
speed motion. The system also involves a bi-directional DC-
DC converter, enabling to manage the battery emanating
power flow during a power shortage or excess affecting the
entire system. At this junction, a diesel generator, linked to the
power system via an AC bus, is applied as a backup power
system. It serves to supply the domestic load in case of the
renewable energy sources’ deficiency.

3. Isolated Site Modelling
3.1. Wind Turbine Generator

The wind kinetic energy, with variable speed, strikes the
wind turbine blades to generate mechanical energy, then
transformed into electrical energy by means of a PMSG. The
WT-generated mechanical power is proportional to the wind
speed cube. Expression of the wind mechanical power, as
provided by [17], is:

Puw = %pr PRy VY )
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Where: Cpw denotes the power coefficient describing the
wind turbine performance; p represents the air density (kg.m-
%): Rw stands for the wind-turbine rotor radius (m), and V.
designates the wind speed in m.s™.

Specific speed is the peripheral speed ratio of the turbine
brought back at the wind speed, as expressed by [18]:
RwQ

Vi

A= 2)

Where: Q represents the wind-turbine rotor speed.

Applying the Park transformation, the PMSG voltage in
the dq frame is provided by the following equations [19]:

V, =Rly +L, d:j'ts" -pQL. I, (3)

V, =Rl + L d:jltsq +pQL; 1y + pQom (4

Relying on the fundamental dynamic relationship,
evolution of the turbine rotation speed is determined by:

s[0)
J—= Tm - Tem 5
o (®)
Where: Ty is the wind output torque, and Tem represents
the electromechanical torque.

3.2. PV Generator Modeling

The PV effect, as applied in solar cells, allows the direct
conversion of light energy emanating from solar rays into
electricity. The PV cell equivalent electrical model is
illustrated in Fig. 2, below.

RScell Icell
.
1 1
ph 4 Id sh IDby A
pSZ Shwa Dy ZX |V,

Fig. 2. PV cell equivalent electric circuit.

With: Iy denotes photocurrent, practically proportionate
to G solar radiation. It is worth noting that the PV cell current
is obtained by the following equation [20]:

Vcell + RSceII Icell Vcell + RScell IceII
lear = I = 1, EXp(—j—l}—— (6)
' " |: VT RShceII

Where: |5 represents the diode saturation current (A), and
Rshcet models the cell(Q2) flowing parasitic currents, while
Rsceil models the material (Q) ohmic losses, and Vt designates
the thermo-dynamic voltage.

The PV cell power and PV generator are respectively
depicted through the following equations:

PceII = IceII cell (7)

ngv = Nsm Npm Ime (8)

Where: leen and Veen respectively designate the PV cell
current and voltage; Nsm denotes the panel number in series;
Npm represents the number of PV strings, while Inand Vi are,
respectively, the PV module current and voltage.

3.3. Battery System Modeling

Concerning the present study, a lead-acid type of battery
[21], connected to the direct-current bus via a DC/DC
converter, is used. The battery model is necessary for
estimating the SOC, as illustrated in Fig. 3, below:

Rbat] Rbatl Ibal

AT A,

Ebal J—_ C — V.

prm— bat —— bat

Fig. 3. Battery model circuit.

With: Epa represent the open-circuit voltage; Rpan and
Ruar are the battery internal resistances; Cya is the capacitor;
lbaa and Vpa denote the battery current and voltage,
respectively.

It is worth noting, in this context, that a lead acid battery
has been utilized to store the excess energy of the renewable
electrical energy sources. The battery power is depicted by the
equation (9), below [22]:

Qba = Qbai + vaa( o OIt (9)
0

Where: Quati is the initial value charge; lpat and Vpat are the
battery current and voltage, respectively. The battery capacity,
DOD and SOC are expressed by the equations (10), (11), and
(12), respectively:

ot

Cq (1) =Cxs (t—l)+m I (10)
DOD(t) =100—-SOC(t) (11)
SOC(t) = —Cz(t) (12)

p

Where: ot denotes the time difference; DOD represents
the depth of discharge; Cp is the Peukert capacity; lpat
designates the battery current, and k, is the Peukert constant.

3.4. Boost Converter Modeling

For an effective adaptation of the PV and the other
systems, a DC-DC converter has been applied. Control of the
converter is strictly maintained to ensure a constant DC
voltage level. The boost converter associated electrical circuit
is depicted in Fig. 4 [23]:
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Fig. 4. The boost converter’s electrical model.

The DC bus voltage (output voltage) is expressed by a
function of the PV voltage, such as:

_V
1-d

With d is the duty cycle.

Vd c

(13)

3.5. The DC/DC Converter Modeling

The Buck Boost converter is a device that serves to
convert energy from a direct current voltage to a variable
direct current voltage. Fig. 5, below, outlines the DC/DC
converter connected electrical circuit.

. Jo .
(1211 N if i
Ul —Ce L ¢ Uc SR

Fig. 5. Electrical model of the Buck-Boost converter.

Like the buck converter and boost converter, the operating
principle of this converter could be drawn based on the Q
switch Buck-Boost converter's closed and open states. Table
1, below, illustrates the various DC/DC converters associated
parameters.

Table 1. Numerical calculation of the parameters of the
different converters’ topologies considered.
Boost Buck-boost
G.(d) 1 d
1-d 1-d
L dim dmvm
fAlL fAlL
C dim (1 - d m ) I m
) 8LAV,f? 2AV,
C dm ISm dm ISm
fAVsm fAVSm

3.6. DC/AC Converter Modeling

For a thorough analysis of the electric-power generating
system’s dynamic behaviour, a full-system equivalent

modeling needs to be developed, to highlight the critical
importance of DC/AC modeling in the Park reference.
Accordingly, the modulated voltages of the inverter are
provided by the equations (14) and (15), below [24]:

Voo = Ky Ve (14)
2
Vg =K, V; (15)

Where: Kg and Kq designate the converter control
voltages’ direct and quadrature components, respectively.

3.7. Diesel Generator Modelling

The DG is designed to serve as an emergency-use electric
generator. It incorporates a diesel engine connected to a
PMSG, and is used in several industrial applications [25]. It is
actually conceived to ensure the load demand during periods
of renewable energy sources’ unavailability, and storage
systems’ energy insufficiency. Accordingly, the generator is
modelled and sized by a first-order transfer function system,
enabling to maintain a power rate Ppc equal to 5kW.This
diesel generator is illustrated in Fig. 6, below.

qy k ] T
> —» e ¢ —»
1+7.S

Fig. 6. The diesel generatorelectrical modeling.

With: tq designates the start delay, k is the gain and t. the
time constant.

3.8. The Filter’s Electrical Model

The filter applied in this study is depicted through the
following figure [26]:

Fig. 7. Electrical model of the filter.
Where: R denotes the filter resistance, and Ly is the filter
inductance.

Following the park transformation, the filter associated
system of equations is provided by the following equations:

dl

Vi o =Rl + Lt E— L:otly + Vi a (16)
dl,
Vini_q = Rl + L Fﬂ_f It + Vieas_q (7
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4. Control of the applied converters
1.1. The P&O MPPT Technique

In order to supply the load with maximum electrical
power, several techniques have been developed, mainly, the
perturbation and observation (P&O) technique, the
incremental conductance method, along with the fractional
SCC and fractional VCO techniques [27].

The P&O method is widely used in PV systems owing to
its remarkable simplicity. It rests on the principle of transaction
between perturbation and observation until MPP is actually
attenuated. The below-figuring algorithm highlights the P&O
MPPT technique outlines [28].

>*

Evaluate v_(t),L,,(t)
Calculate P, (t)=V,,(t)I, (1)
v
%, (07, (08, (1)
AVP‘ (t) = VPV (t) - VP\ (t - 1)

Update
V, (1) =V, (8):L, (t-1) =L, (¢)
|

Return
Fig. 8. The P&O MPPT technique organigram.
1.2. PQ Control of the Inverter
It is maintained via the droop control method, a rather

robust and simple to implement technique, as highlighted in
Fig. 9, below [29]:

J_._ inverter W :
Han—" U

T‘_ DC-AC LM |

T RL Filter L 'y -
b Domestic
PWM A Load
U Inverter voltage :)' P
t and cumrent | | DTOOP € PQ,
A0 loops Fcontm[‘a calculation

Uref
Fig. 9. The PQ control technique.

Mathematical modeling of the droop control technique is
provided by the following process:

va :g(vdld +Vq|q)

3
Qinv :E(leq —Vq.ld)

(18)

Once the direct current is equal to zero (Ig= 0), the active
and reactive power relevant equations turnout to be:

3

Pow ==V,
2 (19)
Qinv = Evd -Iq

5. The Real Domestic Load Profile Relevant Methodology

This section is dedicated to the setting up of a domestic
load profile fit for application in isolated site. It is worth
mentioning, in this respect that, the Tunisian Electricity and
Gas Company (STEG) has already devised an online
application, dedicated to estimating the bi-monthly bill (two
months), in a bid to maintain a highly reliable load profile
[12]. By filling in and analysing the relevant data, this
application helps in computing the estimated electricity usage
ends. Table 2, below, displays the household energy applied
purposes and consumption rates, as maintained by our
designed architecture, for an isolated site

Table 2. Household electrical load.

: Usage Consumpti
Devices Nber duration on rate
Lighting 8 3h 13%
Refrigerator 1 24 h 29 %
TV/Radio 1/1 4/2h 8 %
Microwave and 1 3h 4%
oven
Washing machine 1 2h 2%
Ironing machine 1 1h 5%
Heating /Air 1 213h 29 %
conditioning
Personal 1 2h 7%
Computer
Various 0
equipment S 2h 3%

The bi-monthly power consumption percentage (%) is
illustrated by the pie chart (Fig. 10), below.
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Fig. 10. Domestic load consumption percentage.

The actual domestic-load consumption application
corresponding curve is illustrated through Fig. 11, below.

7000

6000 -

5000

1000 | I—

0 4 8 12 16 20 24
Time [hour]

Fig. 11. Domestic power load.

Our advanced standalone multisource electrical system
rests heavily on the domestic load power requirement, likely
to guarantee a reliable amount of energy. The isolated-site
load power profile, as applied in our study case, ranges
between [0,5 kw] and [6,8 kW]. As highlighted in Fig. 11, the
domestic usage profile usually witnesses three daily peak
periods. First, a small peak morning period, associated with
the routine morning activities [30]. It is followed with a high
afternoon peak period, then, a medium peak evening period.
The midday and evening peaks are associated with such
frequent activities as dinner preparation, home lighting, TV
watching and entertainment.

6. Power Management for an Isolated Site ""Multi-Source
Autonomous System™

Power management represents an important stage in the
isolated site supply process. For this purpose, we consider
developing a special power management strategy useful for
monitoring the power transfer process among the different
devices making up the system’s architecture [14].
Furthermore, several power management strategies have been
applied to multiple systems as presented in [31-34]. To ensure
that energy is efficiently delivered to the domestic load, the
design must be apt to maintain effective control and
management of the various energy sources incorporating a
WT coupled to a PMSG permanent magnetic synchronous
generator, a solar PV, a storage battery, along with a diesel
generator. Hence, for an effective practical management

strategy to take place, a critical set of relevant criteria must be
satisfied and pursued, as illustrated in Fig. 12 [28].

Cover the domestic Safekeeping the battery from
load power demand + +over charging or discharging

Objective
P ! . o c
Ly Optimal  |u[> C!
Py —>p P> C2
' —»| u| Management ||,
P —T| algorithm |TH—> c4
PDG —> s S —»
Criteria
SOC,, <SOC < SO(‘m# ?Slorc the excess energy
in the battery

Fig. 12. A block diagram of the management algorithm
suggested.
The system’s energy management strategy (EMS) is

highlighted in Fig. 13, below.

1S0C(%) J

[ /Poomsste s Pense ' Pourg ' Po

T«

End
Fig. 13. The system’s energy management strategy.

Description of the proposed EMS involves the following
main steps:

Step 1: defining the various power sources involved in the
hybrid electrical system’s architecture.

Step 2: once the hybrid system’s power supply appears to
exceed the domestic load’s power requirement, two
modes are possible:

Mode 1: in the case when the battery charge state is lower
than the maximum level, the power excess is then
transformed to the battery (P, =P, +P

load bat ) "

Mode 2: in case the battery SOC appears to exceed the
SOCmax level, the energy excess is then transferred
to the auxiliary domestic load (P, =P, +P,,., ) -

renew laod

Step 3: if the domestic load power turns out to exceed the
generated power amount, two cases would ensue:

Mode 3: if the battery SOC is higher than SOCmin, the
battery will then undertake to supply the
domestic load (P,,, =P, +P

renew bat ) "
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Mode 4: otherwise, the battery will be disconnected from
the system, and the diesel generator will then
intervene to compensate for the power needed.

Step 4: if the wind turbine and photovoltaic generated
energy are equal to zero, two states are imposed:

Mode 5: when the battery is charged, it will start to supply
the domestic load (P,_,, =P,,,) .

Mode 6: when the battery is fully discharged, the diesel

generator will ensure the power supply
autonomously (P_,, =P, ) . Itis to be highlighted
e s D e -
beta omegaref
-_p-nmcga
umegam isd m Rectifier
-—D +
S0 _>—vsd isg . MPPT
vsq omega By M
ot Wmd-aT:‘rAt')me Pgen -
Py ARRAY
LG] <] o
Boost
e Converter
[LTa] - it FL )
- Pbat e
= rsi
bat | Battery | Vbat—»<Vial] DC-DC
Converter

that the diesel generator is used to supply the load
in case of emergency.

7. Simulation Results

The Simulink model of the proposed system is shown in
Fig. 14. In this section, highlights of the wind speed and DC
link voltage drawn simulation results are depicted, along with
the system’s power-generation management design. The
Matlab/Simulink executed simulation has been administered
on a 24-hour basis.

AC Bus

System energy management
House
Wabe
0.5-6.5kW —
arg
<=
Vmd
=
Dump
I Vi Val Val
(U] nverter mg —
—p-Oump
Diesel
Generator
System variables & visualization 5 kW

Fig. 14. Matlab simulink model of the system studied.

The PV array characteristics are displayed in Fig. 15,
below.
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Fig. 15. PV Array characteristics.

The PMSG parameters, DC-DC converter, battery
parameters and diesel generator are respectively represented
on Tables 3, 4, 5 and 6 below:

Table 3. The PMSG and filter respective parameters.

Description Value
P (Rated power in kW). 3
J (Moment of inertia in kg.m?). 99.10*

p (Number of pole pairs) 4
Rs (Resistor in Q). 0.82
L; (Stator inductance in H). 15.10°
F (Friction factor in N.m.s.rad?) 103
@ (Magnetic flux of magnets in Wb) 0.5
Rt (Filter resistance in mQ) 100
L¢ (Filter inductance in mH) 3
Table 4. DC-DC converter.
Boost | Buck-boost

Ce (Input capacitor in pF) 50 50
C (Output capacitor in pF) 3300 3300
L (Inductance in mH) 1 2
f (Switching frequency in kHz) 10 10

Table 5. Battrey parameters.

Description Value
Puat (Rated power in KW) 4
Inat (Battery currentin A) 15
Obat (Battery capacity in Ah) 150

Table 6. Diesel Generator parameters.
Description Value

Poc (Rated power in kW) 5
1. (Delayed combustion of fuel oil in s) 0.2
14 (Start delay in s) 0.003
Q4. (Rated speed in rad/s) 157
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Highlights of the wind speed variations are depicted in
Fig. 16, below.

14
12

10

Vw[m/s]

6 . .
0 4 8 12 16 20 24
Time [hour]

Fig. 16. Wind speed variations.

The real profile used of the solar radiation and temperature
is represented by the following figure.

1000 F 150
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Fig. 17. Solar radiation and temperature variations.

The system’s DC bus voltage set is adjusted to 550 V, as
highlighted in the following chart.

600

n
n
=

n
(=3
—

DC bus voltage [V]
S
(3 n
() ]

w
n
=

300 L 1 1 1 1 J
0 4 8 12 16 20 24
Time [hour]

Fig. 18. DC bus voltage.

It is worth noting that the main idea developed in this work
is that the PV generator is made operable only during the day,
due to the absence of sun at night, as illustrated in Fig. 19 with
P;i representing the power of the PV, wind or both sources.
Still, the developed system is naturally expected to operate on
a whole-day basis (24 hours). Renewable energy sources, as
generated by the wind and photovoltaic sources, are provided
by the following equation:
P... =P +P,

renew

(20)

0 4 8 12 16 20 24
Time [hour]

Fig. 19. Renewable energy sources’generated power.

The standalone system generated energy and domestic
load power requirement are presented in Fig. 20. This figure,
which illustrates the results of the advanced system power
management as follows:

e Fromtime 0 totl, t3to t4 and t7 to 24 h:

Prenew > Ploag, Case in which, the power excess is
stored in the battery.

e From time t1 to t2 and t4 to t5: Prenew > Pload and
the battery is almost charged. At this level, the
dump load absorbs the excess energy.

e From time t2 to t3 and t5 to t6: In this case,

Prenew < Pload and SOC > SOCmaxin. The
photovoltaic, wind turbine and battery jointly
provide energy to supply the domestic load.

e Fromtimet6 to t7: At night, the renewable energy
power is lower than the load requested energy and
the SOC < SOCuin .In this case, the diesel
generator ensures the power supply of the
domestic load.

8000 ‘
)
6000, |—®
(©

—(d)

— 4000

t7i

ot 4 8 12 %16 20 © 24

Time [hour]

Fig. 20. The stand-alone power system. Legend: (a):
domestic load power; (b): renewable-energy sources’ power;
(c): battery power; (d): diesel generator power, and (e): dump

power.

The switches’ evolving states (C1, C2, C3, C4, and C5) are
represented in Fig. 21. Accordingly, one could maintain that
the diesel generator is made to operate only when the battery
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is fully discharged, i.e., in the case of total lack of renewable
energy.

The excessive energy state, in which the dump load starts
to absorb the energy surplus over the whole day, occurs when
the renewable sources prove to produce energy at high levels
and the battery’s charge state is maximized, as illustrated in
Fig. 20.

It is only in case of renewable energy and battery power
failures, however, that the diesel generator is triggered to
operate. The battery SOC is highlighted in Fig. 22.
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Fig. 21. The switches states. Legend: (a): C1; (b): C2;
(c): C3; (d): C4, and (e): C5.
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Fig. 22. The battery SOC evolving levels.

Based on Fig. 22, the battery stored energy turns out to be
predominantly used during a specified day period. This would
allow us to pinpoint effectively the battery charge/discharge
cycle, likely to affect the entire system’s life span and
durability aspects.

Regarding the load output voltage, as illustrated in Fig. 23,
one could well ensure that the voltage is constantly maintained
on a whole day basis, whatever the climatic condition
variations might be. Thus, the advanced energy-management
scheme associated performance and high efficiency prove to
testify well the system’s robustness, mainly in terms of
autonomy and self-sufficiency.

Thus, through conducting the present work, we have been
able to successfully satisfy the domestic load energy demand
by effectively maximizing the use of renewable energy
sources, while maintaining an efficient storage capacity. We
have managed to resolve the problem of excessive energy

supply by incorporating the dump mechanism solution.
Noteworthy, however, is that the battery use is generally
restricted to the night lapse, due to the absence of sun rays.
Similarly, the diesel generator’s use turns out to be very
limited (just at night), following the battery’s complete
discharge. In conclusion, the proposed energy management
strategy ensures the balance between production and
consumption taking into account these variations, which
guarantees the stability of our system.
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Fig. 23. The load voltage output.
8. Conclusion

Throughout the scope of the present work, effort has been
devoted to design and set up a novel domestic-load energy
profile, effectively monitored at various intervals, possible
circumstances and situations. To this end, appeal has been
made to the Tunisian Electricity and Gas Company application
of online usage-estimation. Then, the domestic electrical loads
and usage modes have been introduced.

Subsequently, a special management algorithm is put
forward to develop a hybrid multi-source system (wind and
photovoltaic sources) that incorporates a battery based storage
system, along with a DG type of backup source for emergency
use purposes. This energy management design is intended for
application as a domestic load supply framework for
households sited far away from the public grid reach, to
maintain continuous electricity generation and provision. To
this end, a dump load has been incorporated into the system,
to absorb the energy excess once the generated power turns
out to exceed the domestic load capacity, and the battery is
fully charged.

Regarding the power balance dimension, however, it is
developed and managed in such a way as to follow the
domestic-load variable power pace. Indeed, judging by the
attained simulation results, achieved while accounting for the
climatic conditions and monitoring load variations, the
proposed energy-management strategy turns out to
demonstrate a remarkable performance and high efficiency in
terms of system continuity and power-loss prevention.

Appendix
EMS: Energy Management Strategy
MPP: Maximum power point
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MPPT: Maximum power point tracking

PMSG: Permanent Magnetic Synchronous Generator

SOC: State Of Charge

PV: Photovoltaic

C: Output capacitor (uF)

Ce: Input capacitor (UF)

Cpw: Wind turbine power coefficient

d: Duty cycle

dm: Duty cycle at MPP

G: Solar radiation (W/m?)

Gv: Voltage Gain

lowy: Bypass diode current (A)

Iis: Cell reverse saturation current (A)

Is: Diode saturation current (A)

Ion: Photocurrent (A)

Ipv: Photovoltaic current (A)

Isq, Isq: Stator currents in Park frame (A)
Im: PV current at MPP (A)

Ism: Output current at MPP (A)

lg, 1g: Inverter currents in Park frame (A)
Ita, ltq: Filter currents along d and g axis (A)
Lsg, Lsq: Stator winding inductance (H)
Pw: Wind power (W)

Pov: Photovoltaic power (W)

Pinv: Inverter power (W)

Prenew: Renewable power (W)

Poc: DG power (W)

Qinv: Inverter power (W)

ge: Fuel flow

Rm: Equivalent resistance at MPP (Q)
Rscen: PV cell series resistance ()

Rsheeii: PV cell shunt resistance (Q)

Rs: Stator winding resistor ()

Rw: Blade length (m)

s: Laplace operator

SOCmax: Maximum state of charge (%)
SOChmin: Minimum state of charge (%)

T: Ambient temperature (°C)

Tq: Resistive torque (N.m)

Tm: Wind output torque (N.m)

Tem: Electromechanical torque (N.m)

U: Input voltage Buck-Boost converter (V)
Uc: Output voltage Buck-Boost converter (V)
Vw: Wind speed (m/s)

V4, Vsq: Stator voltages in Park frame (V)
Vg and Vq: Inverter voltages in Park frame (V)
Vm: PV voltage at MPP (V)

Vsm: Output voltage at MPP (V)
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Vv PVvoltage (V)

Vinv: Inverter voltage (V)

Vioad: Load voltage (V)

APyy: PV power variation (W)
AVpy: PV voltage variation (V)
AVsn: Output voltage ripple amplitude (V)
AVn: Voltage ripple amplitude (V)
AI: Current ripple amplitude (A)
p: Air density (kg/m®)

Q: Angular speed (rad/s)

ot Pulsation (rad/s)
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