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Power flow and Short circuit with different load and
contingency scenarios of an electrolysis plant

Amine Zeggai

Irecom laboratory, dept. of electrotechnics
UDL university of Djilali Liabes , Sidi Bel Abbes, Algeria
zeggai-amine 13@hotmail.com

Abstract—This This paper presents a power flow and voltage
profile analysis of an electrolysis plant power system with a
power supply of 30 MW and a distribution level of 63 kV /20 kV/
5.5 kV / 0.4 kV and a 5 MVA steam turbine at the 5.5 kV level.
The purpose of the simulation is to predict the behavior of a real
system of an HV customer through the power flow and the short
circuit with different load and contingency scenarios in order to
know and to control its operation, the simulation is carried out
using Electrical Transient Analyzer Program (ETAP). The
effectiveness of results are proven by comparison to hand
calculation and real measures taken in electrolysis plant.

Keywords— Load Flow Analysis, electrical Transient Analyzer
Program (ETAP), Real Industrial Enterprise, Short circuit
Analysis, Different load scenarios.

I. INTRODUCTION

Large industrial process plants like oil and gas, fertilizers
and petro-chemical etc. needs electrical as well as steam
energy. These plants demand high reliability as well as
economic costs for power and steam generation. In many areas
where reliable power is costly or difficult to access, these
industries have developed their own captive power plants to
meet their needs. This increases the complexity of industrial
power systems due to distributed generation and grid
interconnection. The power system deployed must be capable
of meeting the load requirement under defined contingencies.
To monitor, to maintain stability under various operating
conditions and to manage these complex industrial power
systems, different additional sophisticated simulation
software’s are used. To facilitate the supply of reliable power,
operation team needs to create different scenarios for power
flow, short circuit and stability studies in advance to check the
constrains in the system, if any. Proactive actions can be taken
based on these simulation study results to minimize disruption
to process plant operations. A continual and comprehensive
analysis of a power system is required to evaluate current status
of the system and to evaluate the optional plans for system
expansion[1].

Electrical power system in large-scale industry has inherent
discrimination in itself as far as the system is concerned. In
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addition, sizes of power source and load are large; considering
its complexity of power generation is the same as other power
generation of electrical power system. Large numbers of
medium and low-voltage motors are considered. Due to
electrical power system of the whole plant involving with the
requirements of power source, distribution network, a great
deal of motor loads, manufacturing and technical management,
it is higher than power supply companies in medium-sized
industry under controlled conditions [2] [3].

The power system model of an industrial complex is
presented here uses NR method based power flow analysis (1)
simulation using ETAP software version 16.0.0. The
acceptable voltage limits are as per the standard IS-12360-
2006.The power flow simulations are carried out for
identifying best operating conditions provided under the
guidelines of process requirements, and (2) simulation of short
circuit analysis to check the rating of electrical devices under
fault condition and to establish the fault levels of the system at
various voltage levels for various operating conditions of the
plant the effect of 3-phase, line-to-ground, line-to-line, and
line-to-line-to-ground faults on electrical distribution systems.
The program calculates the total short circuit currents as well
as the contributions of individual motors, generators, and utility
ties in the system. Fault duties are in compliance with the latest
editions of the ANSI/IEEE Standards (C37 series) and IEC
Standards (IEC 60909 and others).

The ETAP software performs numerical calculations of
large integrated power system with fabulous speed besides
generating output parameters.

II. NETWORK DETAILS

The power supply of an electrolysis plant is from the
Algerian electricity company (Sonelgaz) 220/63 kV source
station located about 3 km away. From the Sonelgaz
substation, two 63 kV lines supply two 63 kV / 20 kV, 39
MVA step-down transformers each

The main Factory Unit is divided to six principal zone:
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Zone 1 (Central): supplied by (1) two 20 kV / 5.5
kV, 5 MVA transformers, one transformer operated
in emergency, (2) two 5.5 kV / 380 V, 2.5 MVA
transformers, one transformer operated in emergency
and (3) a 380/380 V, 400 kVA transformer for
lighting.

Zone 2 (Lixi-purif): supplied by (1) two 20 kV /380
V, 2.5 MVA transformers with one transformer
operated in emergency and (2) a 380/380 V, 400
kVA transformer for lighting.

Zone 3 (Electrolysis): supplied by (1) two 20 kV /
380 V, 2.5 MVA transformers with one transformer
operated in emergency and (2) a 380/380 V, 400
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Fig. 2. Distribution network of electrolysis plant

kVA transformer for lighting.

Zone 4 (Zinc Electrolysis): supplied by two rectifiers
connected in series with two 20 kV / 380 V, 11.1
MVA transformer.

Zone 5 (Refonte): two furnaces are supplied by two
20 kV /225, 330, 350,400, 450, 500, 550, 600 V, 1.2
MVA transformers.

Zone 6 (Zamac): four furnaces supplied by a 20 kV /
380 V, 1 MVA transformer.

The electrolysis plant contain three generators:
Zone 1 (Central):

" Two identical diesel group 1100 kVA,
380V, 1590 A, %PF =70, 50 Hz.

] Steam turbine 5 MVA, 5,5 kV, 535 A,
50 Hz.
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III. TEST CASE STUDY

A. Methodology

Electrical system network data is modeled in the software for
system analysis. Important inputs to an effective system study
are:

Identification of all loads specifically split of motive and non-
motive loads.

e  Power sources, including voltage and short circuit
levels and their operational constrains.

e  Bus, Nominal kV, Initial/Operating Voltage
(Magnitude and Angle), Diversity Factors (Maximum
and Minimum), FDR Tag, and Equipment Name and
Description.

e Generators, including MVA, voltage, impedances
and grounding methods.

e Transformer sizes, their ratings, tap ratios, voltages,
impedances, connections and grounding methods.

e Protective devices and their ratings.

e  Length, number of conductors per phase, Sizes and
types of overhead lines and underground cables.

e Future planned additions / provisions.

e  Grid interconnection provision.
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0, & neceal

|
Fig. 5. Departure N° 01 of Zone 2

B. Assumptions & Operating conditions for Power Flow study

Following are the assumptions and network operating
conditions for the simulation and analysis carried out.

Load flow calculations are based on Newton Raphson method.

Copyright IPCO-2018
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RS

3 Low Load: the company is on standby for
maintenance or rehabilitation for example, the
majority of the loads is stopped except the lighting,
the catch, the furnace inductor... ex and all its
consumption through the networks sonelgaz line 63
kV

*,
*

Full Load: the factory operates normal all the
areas in service and all its consumption through
networks sonelgaz line 63 kV.

*,
*

Full Load + Steam Turbine : the plant normally
operates all areas in service and its consumption
through the 63 kV line sonelgaz networks with a
power of 5 MVA from the steam turbine that inject
into 5.5 kV bar set which can supply little power to
any Zone 1

<> Diesel Group (normal switch-off 63 kV): In this
case, the diesel group feed only the 400V priority bus
bar of each zone (induction furnaces, lighting,
capacitor batteries, etc.)

Note:

o A steam turbine is a machine that recuperates the
thermal energy of the pressurized steam in the main
furnace boiler elements (the temperature at which the
blende is roasted oscillates between 950 ° C and 980
° C, This gas is cooled in the boiler up to 315 ° C)
and uses it to produce a mechanical work of rotating
the output shaft and transferring electrical energy
through the alternator.

o charge controller (63/20 kV transformer ) is a
device for adding or removing turns to the main
winding of the transformer can thus be adapted to the
load conditions on the network to maintain the
voltage at an optimal level at 20 kV bus bar

Voltage tolerences

Table I lists the voltage tolerances as per IS 123602006.
C. General Description of Calculation Methodology

In IEC short-circuit calculations; an equivalent voltage source
at the fault location replaces all voltage sources. A voltage
factor c is applied to adjust the value of the equivalent voltage
source for minimum and maximum current calculations. All
machines are represented by their internal impedances.
Transformer taps can be set at either the nominal position or at
an operating position, and different schemes are available to
correct transformer impedance and system voltages if off-
nominal tap setting exists. System impedances are assumed to
be balanced 3-phase, and the method of symmetrical
components is used for unbalanced fault calculations. Zero
sequence capacitances of transmission lines, cables and shunt
admittances can be considered for unbalanced fault
calculations (LG and LLG) if the option in the study case is

Page 7
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selected to include branch Y and static load. This means that
the capacitances of static loads and branches are considered
based on IEC 60909-0 2001. Calculations consider electrical
distance from the fault location to synchronous generators. For
a far-from generator fault, calculations assume that the steady-
state value of the short-circuit current is equal to the initial
symmetrical short- circuit current and only the DC component
decays to zero. However, for a near-to-generator fault,
calculations count for decaying in both AC and DC
components.

The equivalent R/X ratios determine the rates of decay of both
components, and different values are taken for generators and
loads near the fault.

IV. SIMULATION OF LOAD FLOW ANALYSIS IN ETAP
The Load Flow software module can create and validate

system models and obtain accurate and reliable results. It can
calculate bus voltages, branch power factors, currents, and

TABLE 1
RESULT COMPARISON OF POWER FLOW ACTUAL MEASUREMENT AND CALCULATION WITH DIFFERENT SCENARIOS OF REAL INDUSTRIAL ENTERPRISE LOAD
SCALING
Calculation Actual
ETAP Measurement
N° bus bus 138 bus 94 bus 88 bus 51 | bus 138 bus 94 bus 88 bus 51
Voltage 0,4 kv 0,4 kv 5,5 kV 20 kv 0,4 kv 0,4 kv 5,5 kV 20 kv
FULL LOAD Voltage % 104,3 101,7 101,9 100,1 104,34 102,7 102,1 100
cos() 0,889 0,89
FULL LOAD Voltage % 104,5 99,72 100 100,1 104 100 100,1 100
+ TURBINE cos() 0,892 0,89
LOW LOAD Voltage % 104,5 102,4 102,7 100,2 104,78 102,7 102,1 100
cos() 0,772 0,78
DIESEL Voltage % 105,2 103,4 / / 105,65 103 / /
GROUP cos(@) / /

Busap
9%
531 103

10,001 19,0001 kuax]
BusBY Bus9l
5,510

; R
LU e

25 bl
2,5 WA 2,5 um
10,122 1,0, 731 kvar]

Cablesd
10,115 kW, 0,158 kvaz]

Fig. 6. Load flow analysis of full load scenario ”’bus 88, 5,5 kV
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Fig. 7: Load flow analysis of full load scenario “bus 51, 20 kV”
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power flows throughout the electrical system.

The comparison between the result of calculation of the hand
and the result of the calculation of the software ETAP is given
in Table 1. It is noted that the results obtained by ETAP is
precise and fast compared and we lose time in the calculations
with a lack of precision. The coordinated relay protection
modules and the ETAP software insertion errors are used to
check the sequence of the relay protection motion sequence.
The protective movement conditions of typical lines, power
lines and typical equipment (large transformer and motor) are
selectively checked.

It is noted that in this plant (24/24 H operation) there is no
voltage drop which disrupts the quality of the electrical energy
and its normal operation because there is different sources (a
normal arrival and an emergency 63 kV, steam turbine 5
MVA, 2 diesel group 1100 KVA) and load regulator with
relays which ensure a low voltage at all times and place.
Low load: (20% of the load consumption "zone 1, 2, 3, 5 and
6") the FP is low 74% <in relation to load is more inductive
(motor, furnace with induction, lighting, welding station...).
In charge: the PF is increased by 89% when the zone 4 "Zinc
Electrolysis" (zone in operation) is put into operation, which
consumes a large power of approximately 60% of the total
power.

In charge with Turbine: The PF remains 89% + 1% in the

case of the commissioning of the Turbine which can supply
the whole zone 1 "central" which has a power factor the same
(89% in charge) therefore no change.

Diesel group (normal switch-off 63 kV): In this case the
diesel groups only supply the priority bar set in 400V
(induction furnaces, lighting, capacitor batteries, etc.) with a
voltage setting of 105% to avoid voltage drop in case of an
increase Of the load.

Fast security assessment is of paramount importance in a
modern power system to provide reliable and secure
electricity supply to its consumers. To perform the
contingency screening, which is one of the most CPU
time-consuming tasks for on-line security assessment, the
computation in a few minutes of many LF scenarios is
required simulating the occurrence of several contingencies
and different loading conditions

V. SIMULATION OF SHORT CIRCUIT ANALYSIS IN
ETAP

ETAP's short circuit analysis software can achieve device duty
calculations which allow the determination of fault currents
and comparison with manufacturer ratings. Overloaded device
alarms are displayed on the one-line diagram and study
reports.

Short-Cireuit Summary Report

3-Phase, LG, LL, LLG Fault Currents

Bus 3-Phase Fault Line-to-Ground Fault Line-to-Line Fault *Line-to-Lime-to-Ground
D kV I'k ip Ik I'k ip b Ik I'k ip Io Ik Ik ip In Ik
Bus73 0400 33326 126345 33667 0.000 0.000 0.000 0.000 470014 100418 47014 47014 47014 100418 47014 470M4
3-Phase LG LL L1G
Initial Sytumetrical Current (A, rms) 55326 0.000 47914 47914

126.345 0.000
0.000

0.000

109.418
47.914
47.0914

Peak Current (kA), Method C
Breaking Curremt (KA. rms, symm)

Steady State Current (kA rms) 53.667

Total Fault Current

W 19 13 13 oo i

BusB3
0,4 XV

100418
47014
47914

e e
Display Options - Short Circuit ®
T23
2,5 MR Results. AC AC-DC  Colors

Voltage Urit
Y v

Show Uits
Faut Type

(®)3-Phase

Display Losd Cortributions
Medim Votage Motors
Large Low Voltage Motors
Smal Low Voliage Metors

Fig. 8. 3-Phase Fault, bus 75/ 400 V with medium load scenarios
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Fig. 9: Short circuit analysis bus 51, 20 kV* with medium load scenarios

Sustl

Fig. 10: Short circuit analysis ”bus 88, 5,5 kV”” with medium load scenarios

TABLE III.
SHORT-CIRCUIT COMPARISON OF HAND CALCULATION RESULT AND ETAP CALCULATED RESULT WITH MEDIUM LOAD
SCENARIOS
At400V | At400V | At400V | At400V | At400V
Icc At20kV | At5,5kV | Zone 01 | Zone 02 | Zone 03 | Zone 04 | Zone 05
Device
50 50 57 57 57 50 50
Fault
Current
(KA) 9,144 8,585 49,348 54,149 54,422 22,867 31,957
Manu
Cal (KA) 8,5 8,5 45 48,7 48,7 / /
TABLE IV.

SHORT-CIRCUIT COMPARISON OF ”BUS 88, 5,5 kV” WITH DIFFERENT SCENARIOS OF REAL INDUSTRIAL ENTERPRISE LOAD SCALING
Bus 88 3-Phse fault Line to Grount Line to line Line to line
5,5 kv (kA) fault (kA) fault (kA) to Grount (kA)

LOW oL o 3,445 L -81,85 3,445 L -81,85

LOAD 6,8911_-80,91 0L 0 3,445 L 98,15 3,445 L 98,15
0L 0 0L 0 0L 0

FULL 0L 0 3,887L.-81,05 3,8871_-81,05

LOAD 7,8361_-80,91 0L 0 3,8871.98,95 3,8871.98,95
0L 0 0L 0 0L 0

FULL 3,25L.-81,91 5,437 L -82,22 6,9051_-82,25

LOAD 10,8551_-82,57 3,251.-81,91 5,437 L 97,78 3,9641_97,56

+
TURBINE 3,25L.-81,91 0L 0 2,941_98,01
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The power system operations are balanced during normal
operating conditions. Under irregular condition (fault) the
system becomes unbalanced.

The sample short circuit analysis with ETAP is provided in
Table 3. The short circuit analysis reveals a clear idea about
the system under short circuited conditions and it is helpful in
power system estimation. This analysis is very significant
when applying relay coordination in the distribution system
because it helps to determine the maximum current during the
fault to determine the breaking and closing powers of the
devices as well as the electromechanical and thermal behavior
of the devices equipment and calculate the protection relay
settings and the fuse ratings, in order to ensure good
selectivity in the electrical network

REFERENCE FOR RELAY CO-ORDINATION

Relay co-ordination plays an important role in the protection
of power system. For proper protection, proper coordination of
relays with appropriate relay settings is to be done. Relay
settings are done in such a way that proper co-ordination is
achieved along various series network. However the review of
Co-ordination is always essential since various additions /
deletion of feeders and equipments will occur after the initial
commissioning of plants. As power can be received from
generators of captive power plant, the analysis becomes
complex. So this study can be a base reference for relay as
well as circuit breaker ratings and plug setting of the
protective devices.

VI. CONCLUSION

To evaluate various operating states of an existing system,
the power flow analysis is essential and short circuit studies
are important for planning future expansion of power systems
as well as in determining the best operation of protective
systems. In order to know how to operate a real system of a
HT customer, we simulate the power flow and the voltage
profile with different load and contingency scenarios using
ETAP software (Electrical Transient and Analysis Program) in
order to detect weak points and find the solution, in the form
of an application suite consisting of a network editor, analysis
modules and customizable template libraries

ETAP Load Flow software performs power flow analysis
and voltage drop calculations with accurate and reliable
results. . Load flow studies determine if system voltages
remain within specified limits under various contingency
conditions, and whether equipment such as transformers and
conductors are overloaded. This can be used to determine the
optimum size and location of capacitors to surmount the
problem of an under voltage. Short circuits studies are the
most required in a power system in order to adequately size
the devices, so that they are capable to handle the short circuit
currents. Also these studies provide information regarding the
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intensity and the probable damage which can be caused in the
event of the short circuit

These studies also help to adequately design the protection
system. And, equally important, short circuit study is the
prerequisite for Relay Co-ordination and Arc Flash Studies.
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Abstract- Pyrochlore solid solution Bi; 5.,Ca,Sb; sCuQO7_; has been
prepared by conventional ceramic solid state reaction with 0 < x
< 0.4. The samples were characterized by X-ray powder
diffraction (XRPD), scanning electron microscopy (SEM) and
electrical conductivity measurements. The pyrochlore single
phase formation was confirmed for all of the x-fractions. The
variation of the electrical resistivity versus x of all samples
measured by means of a four probe device at room temperature
indicates that these still remain insulators. High temperature
electrical conductivity measurements at various frequencies using
two electrodes device allow us to note the maximum electrical
conductivity of 4.7 10 S.cm™ which has been reached at x = 0.2
generating an activation energy of 0.14 eV. For this fraction,
Rietveld refinement of the corresponding X-ray powder
diffraction pattern confirmed the typical cubic Fd-3m space
group with a cell parameter of a = 10.4089(1) A.

Keywords— Pyrochlore, Solid solution, Bismuth, XRPD,
Rietveld refinement, SEM, EDX, Electrical conductivity.

1. INTRODUCTION

Materials with pyrochlore like-structure are of interest to
chemists as well as to physicists because of properties such as
high ionic and electronic conductivity [1], magnetic ordering
[2], [3] and luminescence [4], [5]. These properties make them
applicable in a variety of areas such as Solid Oxide Fuel Cells
(SOFCs) [6], [7], catalysis, nuclear waste immobilization etc.
They form over a huge compositional range due to the
flexibility of the structure [8]. Within the crystal structure of
stoichiometric oxide pyrochlores with general formula A,B,0,
a larger 8-coordinated A-site (scalenohedra or distorted cube)
and a smaller 6-coordinated B-site (octahedra) exist. The
structural formula is often written as A,B,040’ in which O
and O’ occupy the 48f and 8b Wyckoff sites (origin at -3m on
the B-site), respectively. The crystal structure could be
described as a substructure of the fluorite (CaF,) structure type
(Fm-3m, 225) in which the anionic vacancy and the two A and
B cations are ordered. The structure stability of pyrochlores is
generally related to the ratio of the two A and B ionic radii and
has been observed for R,/Rg in the range of [1.46 — 1.78].
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Smaller ratios lead to the formation of a disordered fluorite
structure [8]. The most common charge distributions within
the A and B-sites are A3 °B; "05% and A7°B3°077, the
first being however more common than the second one.
Bismuth-based pyrochlore compounds are subject of interest
because of their particular electric and magnetic properties,
which make them promising candidates as electroceramics [9].
Most of them adopt a cubic crystal structure with space group
Fd-3m (227) [8]. Non-stoichiometric bismuth zinc niobate,
Bi;Zn, 5. Nb; 045 o4 exhibits a high relative permittivity,
low dielectric loss and a negative temperature coefficient of
capacitance [10]. It has been reported that ruthenate
pyrochlore compounds are good oxygen reduction catalysts
[11] and potential cathode materials [12]. Pure ceramic
pyrochlore compound with chemical formula
(BiysasCUpare ) (SbycpsClgare 0745 exhibits  an
electrical resistivity of 10° Q.cm and an effective moment of
Mesr=2.27 ug  obtained by  magnetic  susceptibility
measurements performed between 300 and 800 K [13].
Magnetic measurements in a temperature range of [4 — 800K]
realized on a new pyrochlore compound

{,EiLEE. EDD_.;;.] [Shln-g ED.M:]D? revealed, on one hand, a
paramagnetic character of the compound and, on the other
hand, the oxidation state «+2» of the cobalt cation. The
electrical conductivity of the compound reached 1.88 107~
Scem™at 775K [14]. Magnetic susceptibility of the

pyrochlore  solid  solution EiLEShLECu._,_ LM, 0.
measured between 4 and 300 K revealed a paramagnetic
behavior of the solution as well as a «+2» oxidation state of
the manganese cation. The lowest electrical resistivity reached
was 5 10> Q.cm at 675 K [15].

This study deals with a new pyrochlore solid solution series in
which the trivalent cation Bi’* has been partially substituted
with the bivalent cation Ca®". The general formula of the solid
solution series can be written as
Bij2__Cal?’Sbj2Cu*?07Z; where & represents the
fraction of oxygen vacancy per formula unit that should be
considered to preserve the electro-neutrality of the material.
The x-fraction of bismuth exchanged for calcium varies from
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0 to 0.4. Polycrystalline samples were prepared by the solid-
state reaction route and their properties including crystal
structure, microscopic morphology, and electrical conductivity
are presented.

II. EXPERIMENTAL PROCEDURES

The solid solution series Bi; =, Ca, Shy -Cul-_; was
prepared using the conventional solid-state reaction method.
The starting materials, with a purity of at least 99.9%, were
mixed and well ground for 15 min. Firstly, the mixture
underwent a homogenization grinding before being poured
into an alumina crucible and calcined at a temperature of
700 °C for 48 hours in a muffle furnace. The calcined powder
was reground and recalcined at a temperature of 850 °C for 72
hours. The final product was finely ground in order to prepare
disk-shaped samples with a diameter of 10 mm and thickness
of 2-3 mm by conventional solid-state powder processing
techniques [16]. The disks were sintered in air at 950 °C for 12
hours. The pure phase, the crystal structure and the lattice
parameters of the samples were determined using a laboratory
X-ray powder diffractometer « Bruker D8 Advance »
operating with Cu-K,, radiation (A = 1.540598 A) at room
temperature. Grain morphology and average stoichiometric
composition were characterized by a scanning electron
microscope (SEM) « Hitachi 2500 C » equipped with an
energy dispersive analysis X-ray system (EDX). The electrical
conductivity of the samples was measured by means of four
probe device at room temperature in air, as well as two-
electrode cell at various frequencies of the external field
«GWINSTEK LCR-821», from room temperature up to
300 °C in air.

III. RESULTS AND DISCUSSION

A. Structural Characterization
Fig.1 shows the X-ray powder diffraction (XRPD) patterns

of the solid solution series Bi;c_,Ca,Shy-Cu0,_;
corresponding to the five x-fractions of calcium. All
compounds with x = 0 — 0.4, exhibit a single pyrochlore phase
characterized by its strongest peak (222) located around 26 =
29.6 °. This allows us to confirm the partial substitution of
bismuth for calcium. Besides, we can notice the progressive
decrease of the intensity of the peak (311) with increasing x-
fraction of calcium until it disappears at x = 0.4, which is
related to the substitution of the heavy bismuth cation in the
(311) plans by calcium cation.
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The refined lattice parameter variation versus x of the solid
solution Bi; -, Ca, Sby - Cu0- _; series is shown in Fig. 2.
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0.0 0.1 0.2 0.3 0.4

Fig. 2 Lattice parameter of Bi; 5.\Ca.Sb; sCuO7.;solid solution as a function
of the x-fraction of calcium.

The observed weak decrease (0.12%) of the unit cell
parameter with increasing x is possibly not only due to the
small difference between the sizes of the two cations involved
in the exchange (Rym(Ca®) = 1.12 A, Rym(Bi*") = 1.17 A
[17]), but also due to the formation of oxygen vacancies
within the pyrochlore crystal structure.

B. Scanning Electron Microscopy characterisation
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Fig. 3 SEM-pictures of Bi; 5xCaxSb; sCuO~; solid solution.
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The scanning electron microscopy (SEM) pictures of the
four disk-shaped compounds corresponding to x = 0 — 0.4, are
shown in Fig. 3.

For the three first x-fractions, the samples exhibit
relatively big size particles with relatively well-defined grain
boundaries. On the other hand, for x = 0.3 and x = 0.4, the
samples exhibit mixed small (x = 0.3) and big (x = 0.4) size
particles without any apparent grain boundaries. Some areas
seem to give evidence of a probable starting fusion of the
samples such as that corresponding to x = 0.4. It should be
noted the sample corresponding to x = 0.2 has the most regular
grain shapes, relatively large grain sizes, and larger grain
boundaries.

C. Scanning Electron Microscopy characterisation

Table 1 gives the results of EDX analysis as atomic
percentage of Bi; 5.,CaySb; sCuO7_«y) solid solution series.

TABLE I
CHEMICAL COMPOSITION of Bi; 5.<Ca.Sb;5CuO7x2 SOLID SOLUTION
SERIES DETERMINED by SEM/EDX ANALY SIS

At%
Atom x=0 x=0.1 x=0.2 x=0.3 x=0.4
[0) 59.64 61.78 66.69 65.46 66.95
Sb 13.55 12.93 12.60 13.58 12.01
Ca - 2.30 3.03 3.32 3.45
Cu 13.09 12.20 9.72 10.14 11.19
Bi 13.72 10.79 7.96 7.49 6.40

Page 14

A significant increase of calcium percentage associated
with a significant decrease of bismuth percentage when
increasing the x-fraction of calcium is in agreement with the
substitution of bismuth for calcium process. For x = 0.2, the

measured stoichiometry is Big g5 Caﬂ.aﬁShLECHLlﬁ Ogzq.
Energy peaks overlap of Ca and Sb could explain the
discrepancy between the experimental and theoretical
stoichiometry. Fig. 4 shows EDX-diagrams of the solid
solution compounds.

Sb

Cu

! Sb s
Sh Cu

Bi

A

4.00 5.00 6.00 7.00 S.00 9.00 10.00

11.00
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Fig. 4 EDX diagrams of solid solution series Bi, 5.xCa,Sb; sCuO7; compounds.

D. Electrical Conductivity Characterization

Fig. 5 shows the variation of the electrical resistivity of
the pellets versus the x-fraction of calcium of the solid

when x bismuth-cations are substituted for x calcium-cations,
d = x/2 oxygen-ions vacancies per formula unit would be
generated. Consequently, such solid solution could be an

oxygen-ion conductor like most of pyrochlore-like compounds.

In order to improve the electrical characterization, we
performed high temperature electrical conductivity
measurements in air, using two electrodes device, within the
temperature range of [25 — 300°C] at various frequencies from
100 Hz to 100 KHz and at 1 Volt.

45 .
404
35 -
30
25

20

Electronic Resistivity (10”.Q..cm)

-0.1 0.0 0.1 0.2 0.3 0.4 0.5

X

Fig. 5 Electrical resistivity as a function of the x-fraction of calcium of Bi, s.
xCa,Sb; sCu0; solid solution

Fig. 6 shows the variation of Logoc versus reciprocal
temperature at 100 Hz, 500 Hz, 1 KHz, 10 KHz and 100 KHz
for all x-fractions of calcium of the solid solution respectively.
It confirms that the electrical conductivity of the samples is
thermally activated and follows an Arrhenius law. We note
that the maximum calculated conductivity of 4.7. 107 S.cm™ is
that corresponding to x = 0.2 at 100 KHz and 300 °C. The
corresponding activation energy of 0.14 eV was calculated
from the slope of the linear fit. This value is to low regarding
to the most common values of around 0.3 eV observed with
most pyrochlore phases. Consequently, the weak electrical
conductivity could be due to only electron displacement, as
oxygen displacement cannot be confirmed with maximum
measurement temperature not exceeding 300 °C. The absence
of any breaking slope of the lines show that none of the
samples presents any electrical transition.

solution series performed with the four probe device at room pyrochlore a f =100Hz o scGanii
temperature in air. The increase of the electrical resistivity -5.2 e
versus X shows that the calcium doping process does not 5.4 e
improve the electrical character of the solid solution. A

Furthermore, the insulating character of the material tends to o iad| W

increase exponentially starting from x = 0.2. Indeed, an 5 1 ““‘A.

average resistivity of 7.3 x 10’ Q.cm is measured before it 5, St “‘A.A“

suddenly increases up to 44.4 x 10’ Q.cm. Therefore, the loss - ORE] ow “‘AAA‘

of the electrical neutrality of the solid solution, due to - 'vv::’ ey “AAAA

“Bi**/Ca**” substitution, is most probably compensated by the s " . -

loss of oxygen from the structure rather than oxidation of 1.75 1.80 1.85 1.90 195 2.00
copper. If it is, then the chemical formula of the solid solution 1000/T (K™)

) ++3 +2op +5p0, +20—2
would be written as Bijz_,Ca;~ShiZCu D?_x; so that
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= xca=0 | compound [13] using the Fullprof program [18]. Table 2 gives
pyrochlore a f =500Hz ® xCa=0.1 .
5.2 - xga=g.§ the refinement parameters.
v x a=0.
« xCa=0.4
- TABLE Il
5.6 RIETVELD REFINEMENT PARAMETERS OF THE Bi/Ca (x = 0.2)
& -5.8 - s Bi]_s.xCaXSb1_5CuO7.5 PYROCHLORE
g AAA‘A“
S 4.0 a
=) = “‘A.“ Instrumental parameters
et L. ™ R s Diffractometer Bruker D8-Advance
6.4 Ye - - o
io Sl NS Stani, Wavelength (A) 1.54056
6.6 -
, ' : : T ) Monochromator Germanium (111)
1.75 1.80 1.85 1.90 1.95 2.00
1000/T (K™) 20 range (°) 10-140
e 20 step (°) 0.009
s.2 pyrochlore a f =1KHz : :g:ig ; Time pel' Step (S) 60
., s Crystallographic parameters
5] Global formula Bil.3CaO.ZSb1.5CuO(,,9
O Formula units per cell Z=38
. : i
S o0 ““A.‘ Formula mass (g) 5725.81
© - -
g .. AA‘A“A‘ Crystal system Cubic
wnd e e “‘n“‘ Space group Fd-3m(227)
¥y, ® - °
P s Ml Ceee Thhnga Cell parameter (A) 10.4089(1)
1.7 1.80 1.85 1.90 1.95 2.00 Cell volume (1&3) 1127.7543(5)
1000FT(<") Density (g/cm®) 10.019
= xCa=0 Refinement parameters
3 = pyrochlore a f =10KHz e xCa=0.1
S = . = oeno.2 Refinement program Fullprof
b v X f 8
5.8 “aaa, < xCa=04 1 Number of parameters refined 39
A“
— “‘AA.“ Number of reflections 70
<0 - e N
- - .A..A.‘“ Peak shape function Pseudo-Voigt
S -s.2 L T “haa
g . N memalZss N Fig. 7 shows the agreement between observed and
X V. . .
s Ve, """'-:--- calculated XRPD profiles for Bi/Ca (x = 0.2) pyrochlore
-.6] e ¥ e compound.
T T T T T T 1 Bil.3Ca0.25b1.5Cu06.9
1.75 .80 1.85 1.90 .95 2.00 2.05
1000/T (K") 400080 —— — —T — —TT T T
- Ca=0
5.5 pyrochlore a f =100KHz . ig:=g ;
- =0. =
- M“‘AA“ = ic:=o_3 30000 :
‘AA‘AA <« xCa=0.4 = |
= ‘AAA‘AAA‘ E 2
-5.6 ._--. AAA‘AA. 'ﬁ 200000
A 81 .... ------ ““‘AA - 3
5 T TV s >
o, “8:87] ....’o. ------- 'Ef-
ool M'yv::vvvvvvvv::vv::::::: = F 1oooo
g, ——vew .
6.1 ‘<<<<‘<.
-.2 e o 1 | L e | L
175 1.8 1.es 1.90  1.95 2.00 2.05 L T T T T R
1000/T (K) N
Fig. 6 Variation of Logc versus 1000/T at various frequencies of Bi;s. L el i s £ ;
«Ca,Sb; sCuO7.5 solid solution. 10 30 st 0 90 1o 130

E. Rietveld Refinement

In order to confirm the stoichiometry of the compound
corresponding to the fraction x = 0.2 of calcium, we performed
a Rietveld refinement based on a former refined pyrochlore

Copyright IPCO-2018
ISSN 1737-9334

|0 TR P A T Lo

TCOLT R O =, (L ML T

28 ()

Fig. 7 Rietveld plot of the Bi/Ca (x = 0.2) Bi; 5xCa,Sb; sCuO7.s pyrochlore

compound.

structure.
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Table 3 gives the refined profile parameters of the crystal
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TABLE III
REFINED PROFILE PARAMETERS OF THE Bi/Ca (x = 0.2)
Bi; 5.xCa.Sb; sCu0O7.s PYROCHLORE STRUCTURE

Scale factor 0.17771(35)10™

Zero point 0.0002

x(Oq4g) parameter 0.3212(3)

Gaussian peak half width U =0.00857

parameters (1082) V =-0.01040
W =0.00690(1)

Ry (%) 14.6

R,(%) 19.9

Rprags (%) 5.37

R; (%) 6.81

X* (Ryp/Rexp)” 1.52

Significant interatomic distances and bonding angles are

given in Table 4.
TABLE IV
INTER ATOMIC DISTANCES (A) AND BONDING ANGLES (°) OF THE
Bi/Ca (x = 0.2) Bi; 5..Ca,Sb; sCuO;; PYROCHLORE STRUCTURE

AQg scalenohedra
A-01 6% 2.619(5)
A-02 2x 2.2536(1)
O1-A-02(a) 80.6(1)
O1-A-02(b) 99.4(3)
A-Ol1-A 89.3(2)
BOg octahedra

B-01 6x 1.982(1)
B-B 6x 3.6801(2)
01-B-01 93.3(5)
B-01-B 105.4(3)

The R-factors values confirm the good agreement between
observed and calculated profiles. Refined occupancy, x
coordinate of the 48f oxygen atom and isotropic thermal
factors of all atoms of the Bi/Ca (x = 0.2) pyrochlore
compound are summarized in Table 5.

TABLE V
REFINED ATOMIC PARAMETERS OF THE Bi/Ca (x = 0.2)
Bil,s,xCabe1,5CuO7,5 PYROCHLORE STRUCTURE

Atom | Site | Occ. X y z B (A%
Bi 16d 0.65 12 172 1/2 3.14)
Ca 16d 0.1 172 172 172 3.14)
Cu(1) | 16d 0.25 12 172 1/2 3.14)
Sb 16¢ 0.75 0 0 0 0.29(5)
Cu(2) | 16¢ 0.25 0 0 0 0.29(5)
(016))] 48f 1.0 0.3209(12) 1/8 | 1/8 0.5(8)
0Q2) 8b 1.0 3/8 3/8 | 3/8 0.5(8)

Cations on 16d site exhibit a considerably higher atomic
displacement parameter (ADP) than those on 16c¢ site.
Relatively high atomic displacement parameters on 16d site
are very common in pyrochlore structures. This is due to the
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fact that the A-site consists of a heavily cube-distorted 8-fold
coordination with two sets of “A — O” distances (6 x A — Ol

and 2 x A — 02) [9]. This structure relaxation is also caused by
the bismuth lone pair which the A-site must accommodate.

However, such high values have been obtained only when the
A-site is occupied by more than one atom [13]. Taking into
account the electrical neutrality of the compound, the
crystallographic formula of the compound should be written as:
(Bij3Cag3Cu;3)(ShizCus3)og3

or as a solid solution series:

(Bi2 .Cat?Cuf?)(sb15Cuz2)0; s

in which « x/2 » oxygen vacancies for x calcium per formula
unit are generated. Hence, the more the quantity of calcium
substituting the bismuth increases, the more oxygen vacancies
will be generated.

IV.CONCLUSION
The  solid  solution  with
Bijl__Cal’Sbj2Cu®?07Z; has been successfully
synthesized. XRPD characterization shows that pure and well-
crystallized pyrochlore phases were obtained. The unit cell
volume of the crystal structure slightly decreases with
increasing x. This is not only caused by the smaller size of
substituting Ca®* than that of substituted Bi** but also by the
formation of oxygen vacancies, since no electronic
conductivity enhancement was found. High temperature
conductivity measurements allowed us to find a maximum
electrical conductivity of 4.7 10° S.em™ at 100 KHz and
300 °C, and an activation energy of 0.14 eV. This latter, much
lower than those of most of pyrochlore compounds (= 0.3 eV),
and the low maximum measurements temperature of 300°C,
let us suggest that the measured conductivity is most probably
due to much more electron displacements than oxygen
displacements.
These values have been reached when substituting bismuth for
optimal fraction x = 0.2 of calcium leading to the following
chemical formula:
(Bij3Cag3Cu;2)(ShiECus?)0g3

in which «0.10» oxygen vacancies per formula unit would be
required to reach the electrical neutrality of the ionic structure,
leading to a non-stoichiometric oxygen pyrochlore compound.

chemical formula
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Abstract— This work is part of the development of local
products such as clays in the Maghnia region, using them in the
manufacture of cementitious building materials, such as
mortars, to improve their performance. The results of tests on
the cementitious products (mortar) after firing show that the
compressive and flexural strength (at 7 days) by substituting the
sand by the bentonite clay are important compared to the
reference material. Adding refractory clay to building materials
causes an increase in the mechanical and thermal resistance of
the product after sintering. This highlights the diversity of
application of this material (boiler coatings, chimneys, flue gas
systems, steel plant floors, parts of ovens, .etc up to 1400°C)
without forgetting the economic and environmental interest.

Keywords— valorisation des argiles; argiles réfractaire;
mortiers; thermomécanique; composite materials.

I. INTRODUCTION

The steel industry requires specific materials capable
of meeting a number of requirements including a good ability
to withstand repeated mechanical and thermal stress. Indeed,
the materials thus solicited are likely to deteriorate
prematurely and thus, lead to the ruin of structures in service
entailing significant risks for operators and significant
production losses. To improve the performance of these
materials, it is imperative to have a good vision of the
evolution of their thermomechanical properties [1], [2]. This
evolution can result from their microstructural state, which is
necessarily evolutionary in the conditions of service.The
design of the refractory structures must seek the adequacy
between the types of stresses undergone in a specific place
and the nature of the material to be used [3], [4]. In this
context, the research laboratories on materials are working on
the development of new cementitious composites, for the
economic purpose (reduce the cost of production), ecological
(giving importance to local raw materials) and technical
(improving the mechanical and thermal properties of mortars
or concretes) [5]. The study described in this article aims to
take stock of the valorization of refractory clays which are in
abundance in cement and brick factories Algerian, and this,
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for the manufacture of mortars in order to study and improve
certain thermomechanical properties.

II. EXPERIMENTATION

A. Materials and experimental process

The resistance to compression and flexion (three-
point bending) of a parallelepiped (4 x 4 x 16cm) was
achieved using a branded equipment (Zwick / Roell)
(reference Z2.5KN), 0.5mm / min of displacement. These
tests or experiments consist in placing a test piece between
the jaws of a compression or bending machine, the applied
force is recorded, which is then converted into deformation
and stress. The materials used in this study are: Ain El kbira -
Sétif cement, Tébessa standardized sand and Maghnia
bentonite. The formulation of the reference mortar is shown
in the table below:

TABLEI
CONSTITUENTS OF MORTARS
Formulation Cement (g) Sand (g) Water (g)
Reference 450 1350 225

For mortar mixing, add 225g (+/- 1) of water and
450g (+/- 2) of cement to the mixer and start immediately
at low speed. After 30 sec of mixing, add 1350 g (+/- 5) of
sand regularly for the next 30 sec. Divide the mortar into
pieces and fill the molds in two layers. Put a first coat and
start the appliance: 60 shocks will be made to spread the
first layer of mortar. Turn off the device and then put the
second layer of mortar. Restart the device: 60 shocks will
be carried out again, as soon as the operation is carried out
and that the mortar is well spread on the mold, equalized
with a spatula. When the mortar is solidified, the test
piece is removed. Here, the manufactured test pieces were
demolded at 24,y and 7 gays.
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P |

Fig. 1 Manufacture of mortar specimens

The figure and table below show the composition of

the mortars when substituting normalized sand with
bentonite.
TABLE I
DIFFERENT FORMULATIONS SUBSTITUTING NORMALIZED SAND WITH
BENTONITE.
Formulation Cement (g) | Sand (g) | Water (g) | Clay (g)

\'2! 450 1350 225 0

V2 450 1080 225 270

V3 450 945 225 405

NCiment  MSable ECment M Sable

BCiment W Sable

M Eau M Bentonite HEaun EBentonite Eau B Bentonite

Fig. 2 Different formulations substituting normalized sand with bentonite.

The effect of the temperature will cause a
modification of the components (cement paste, sand, and
bentonite) as well as the structure of our mortar. Remove the
test pieces of the basin after storage under water for 2 days
(temperature: 20°C). Leave to air dry, then steam at a
temperature of 100 to 105°C. Subject the test pieces to a high
temperature (1400 ° C) in an oven, maintain a constant
heating rate (V) up to 1400°C and allow this step for 30
minutes so that the test tubes heat homogeneously. Cooling
the oven in the opposite direction at a speed (-V) and remove
the test pieces. Follow the same steps for 7 day mortars.
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Fig. 3 Thermal cycle of mortar specimens

Fig. 4 Test specimens before heat treatment

Fig. 5 Test specimens after heat treatment at 1400°C.

The tables and figures below show the evolution of
the mechanical resistance to compression and bending of the
various mortars after firing.

TABLE III

RESULTS OF MECHANICAL TESTS ON MORTARS BY SUBSTITUTING
NORMALIZED SAND WITH BENTONITE.

Formulations 2 days 7 days
Flexion | Compression | Flexion | Compression
(MPa) (MPa) (MPa) (MPa)
\ 3.0 20.1 3.8 24.7
Vv, 2.2 20.6 44 21.3
Vs, 1.9 14.15 3.6 14.35
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m2 Jours

=7 Jours

0% 20% 30%

Fig. 6 Results of flexural tests by substituting normalized sand with bentonite

15 u2 Jours

7 Jours

0% 20% 30%

Fig. 7 Compression test results by substituting normalized sand with
bentonite

III. RESULTS AND DISCUSSION

The main rule of mechanical strength of mortars is
directly related to the ratio (E / C) [6], [7]. Figures 6 and 7
show the evolution of the mechanical resistance to
compression and bending of the various mortars formulated.
From these histograms, we find that the reference mortar has
a higher mechanical strength than those of other mortars
containing bentonite, before the heat treatment. In ordinary
concrete, during the increase of the temperature, there is a
modification of the physicochemical properties of this one [8],
[9], it is almost the same case for the mortar; it results from
the rise of the temperature a modification of the thermal
properties which also influences on a macroscopic point of
view. From these histograms, we notice that after cooking,
there is a decrease in the resistance of the reference mortars.
On the other hand we observe an increase of the resistances
of the substituted mortars. From the results obtained, we can
deduce that the addition of bentonite positively influences the
mechanical behavior of the substituted mortars, so they can
be valorised mechanically. Nevertheless, the ordinary mortar
remains here, more resistant than the latter.
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III. CONCLUSIONS

In conclusion, we can say that clay-substituted
mortars can be used in moderately stressed structures, even if
this does not bring significant improvements. Nevertheless,
these results highlight the influence of clays on the properties
of cementitious materials, highlighting the economic and
environmental interest of cement substitution by calcined
clays. In general, it is possible to exploit refractory clay
mortars up to 1400°C.

of this template was provided by courtesy of Causal
Productions (www.causalproductions.com)”.
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Abstract— The solar energy gives life to humans and all living
beings on earth. Solar energy is used to produce thermal as well as
electrical power. Solar energy and other renewable sources, allow
us to meet the demand for energy while providing a cleaner and
greener footprint. In this work, we have developed a software
using the programming language MATLAB GUIs (also known as
graphical user interfaces or Uls) for the estimation of solar
radiation for the different types of the sky in Algeria. The software
contains a database (latitude, longitude, and altitude) of all the
regions of Algeria. The program gives the opportunity to compare
the values estimated by the theoretical models (Perrin de
Brichambaut, Lui & Jordon, Hay & Davies, Klucher and Reindl) and
the values measured by the meteorological station in the region of
M’sila. A good agreement was found between the measured and
recorded values.

Keywords- Solar Radiation, Solar Radiation Models, Matlab
GUIs.

I. INTRODUCTION

The sun is the source of solar energy, which is the
largest member of the solar system compared to
other members around it. About 74% of the sun’s
mass is hydrogen, 25% is helium, and 1% is the
residue tracing heavier elements. Solar radiation is
radiation emitted by the Sun, whereas solar energy
is the energy emitted by the Sun in the form of
electromagnetic waves [1].

The quantities and types of aerosols in the
atmosphere, water vapour, ozone, and other
components affect the total quantity and the spectral
distribution of the solar radiation incident on a solar
collector surface. The wavelength range of solar
radiation available in the terrestrial region for the
use of solar energy applications is from 0.29 to 2.3
pum. Due to dispersing in the atmosphere, solar
radiation has two components (beam and diffuse
radiations) in the terrestrial region [2].

2 MAZl1dz@gmail.com

3 tassekurtl @gmail.com

The solar radiation data are used in the
development, as well as in the evaluation of the
performance of solar systems. It is possible to
predict the instantaneous changes of diffuse, direct
and global irradiation for different inclinations,
even if the sky possesses cloudy perturbation.

For this, we developed an interface written and
designed in Matlab GUIs which calculated the
position parameters and the solar radiation on any
surface using different models and for different sky
types. We also present some simplified models for
the evaluation of solar energy received on a
horizontal and inclined planes.

II. THEORETICAL

A. Solar Radiation Energy

e Solar time is the calculation of time passing
refers to the position of the sun in the sky, solar
time is of two types, namely, apparent solar time
and mean solar time (clock time or standard
time).The difference in minutes between solar
time and standard time is: [3]

Solar time — standard time = 4(Lgm — Ljpc) +¢& (1)

v Lgn 1is the standard meridian.

v Ljyc 1s the longitude of the location

v & is the equation of time (in minutes),
Which is given by the expression:

& =229.2(0.000075 + 0.001868 cos B — 0.032077 sin B —

0.014615 cos 2B — 0.04089 sin 2B) (2)
Where:  B=( —1) *360/365 3)

e The hour angle corresponding to 1 h is 15°;
Expression for the hour angle is given by:
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®=(ST —12) * 15° 4)
e The declination is calculated by the following
relation:
8 =23.45 sin[(360/365)(284 + N)] (5)

e The angle of incidence (6;) can be expressed
as:

cos(6;) = (cos ¢ cos  + sin ¢ sin B cos y) cos § cos w +
cosdsinwsinBsiny + sind (sing cos f —

cos ¢ sin 8 cosy) (6)

v B surface tilt angle from horizon,°
v'h the height of the sun
vy surface azimuth angle, °

For a horizontal plane facing due south:

sin(h) = cos(8,) = cos ¢ cos & cos w +sin § sin ¢ (7)

Zenith

South North

Fig. 1 View of various Sun—Earth angles on an inclined surface. [4]

e The solar intensity on a plane perpendicular to
the direction of solar radiation is given by:

Lyt = Igc [1 4+ 0.033 cos(360N/365)] (8)

e The solar radiation (I,) incident on a horizontal
plane in the extra-terrestrial the atmosphere in
W/m?:

Iy = Isc [1 + 0.033 cos(360N /365)] cos 6, 9)

Where ( I ) is the solar constant, the value of solar
constant is 1367 W/m?, for the N the day of the year.

B. Solar radiation models

1) The isotropic sky model is a simple model when
the diffuse radiation is uniformly distributed over the sky
dome and this reflection spreads over the ground. [5] :

Copyright IPCO-2018
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Ig = lair Rp + lgi (1+COS B) (Lar + Laig)p (ﬂ),

Correction factor for beam radiation R, = %Zi (10)

2) Klucher found that the isotopic model gave good
results for overcast skies but reduces irradiance under
clear and partly overcast conditions, the total irradiation
on a tilted plane shown in Eq. (11). [6]:

1+cos ,B)

I = lgir Ry + Idif( [1+ksm [1+ kcos*8sin®6,] +

1-cos B lgir 2
(Idlr+1dlf)p( ) k=1- [m (11)
3) In the Hay—Davies model, diffuse radiation from

the sky is composed of an isotropic and circumsolar
component and horizon brightening is not taken into
account. [7]:

I =(Iair + Laip ©) Ry + Igip (1 —7) (Hcosﬁ) (Tair + Taig) *
(575 = () (12)
4) The Reindl model also accounts for horizon

brightening and employs the same definition of the
anisotropy index T as described in Eq.(12), The total
irradiance on a tilted surface can then be calculated
using Eq. (13):

I =(Iair + laip T) Ry + Igip (1= 1) (HCZOSB) 1+

laif

( (Idir‘Hdif))

sin3

(Ile +1dlf)p (ﬂ) (13)

v ls;, Direct-normal component of solar
irradiance on the horizontal surface, W/m?
v Iy Global diffuse horizontal solar

irradiance, W/m?

v 1,, Direct-normal solar irradiance, W/m?
v’ I, Direct extraterrestrial normal
irradiance, W/m?
5) The Perrin de Brichambaut model have

proposed another correlation to predict direct normal
irradiance in the terrestrial region, which is given by: [8]-

-1
[On = Iext cosS 91’ e( TL*(O 9+(0 89)Z cos 92) ) (14)

T, isthe Linke turbidity factor, which is
given by the expression: T, =¥ +X +Y (15)
o Y is the turbidity corresponding to the
absorption by the gases of the atmosphere
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Y = (0.89) (16)
e X isthe turbidity relative to diffusion by

aerosols

X=(0.9 + 0.4 A) * (0.63)? (17)
e Y isthe turbidity due to gas absorption, by

water vapor, which is given by the expression:

Y = 24-—09sin(p) +0.1(2 + sin(p))A — 0.2Z —
(1.22 + 0.14 A)(1 — cos6,) (18)
e A is the factor as a function of the geo-

astronomical

A =5in((360/365)(N — 121)) (19)
The model estimates the 02 components of the
global solar radiation on a horizontal plane as

follows:

Lyir = A = sin(h) * e(~1x(Bxsin(h+c) ™) (20)

Igir =D * (sin(h))** 21
Sky condition A B C D
Normal Conditions Of Clear Sky 1230 3.8 1 125
Clear Sky polluted 1260 23 3 166.6
Clear Sky 1210 6 1 93.75
Very Clear Sky 1300 6 2 87
Average Sky 1230 4 2 125
Polluted Sky 1200 5 2 187

Tableau 1. The values of the constants A, B, C and D in terms of the nature
of the Sky. [9]

III. SOFTWARE OVERVIEW

Fig. 2 Graphical interface giving: the position of the earth in relation to the
sun, the declination of the sun, the number of the day and the month and
the equation of the appropriate time.

The computational software developed has
flexibles graphical interfaces (two graphical
interfaces) as illustrated in FIGURE 2 and

Copyright IPCO-2018
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FIGURE 3. It has graphical interfaces and digital
data. The first graphical interface is divided into six
panels; A, B, C, D, E and F.

— paramétres de temps

Le jour 0= 1) = 33(mas 1)
Le mois |

v
L'Aneé P

Le temps (h:min}

— . v v
n- jeur Annee n=n 8 =0 int (0.4 mm - 2.3)

Panel A: this panel contains time parameters as the day, the
month, the year, the time as illustrated in FIGURE2.

— paramétres de position

Latitude (%)
Longitude (%)

Altitude (m)
Albedo

Wilaya.... ~

Panel B: this panel covers positional parameters such as
latitude, longitude, elevation, albedo and location
(Wilayas) as shown in FIGURE2.

— Les coordonnées horaires

La déclinaison
L'angle horaire
La hauteur w

L'azimuth

cliguez ici pour calculer |

Panel C: this panel contains the time coordinates such as
declination, height, time angle, azimuth as noted in
FIGURE2;

Radiation | ext

Cliguez ici |

Panel D: this panel calculate direct extraterrestrial normal
radiation I,,;as illustrated in FIGURE2;

’VRadiation extraterrestre (MJ/m*2)

— Choisissez la courbe

(O La hauteur solaire et L.‘angle horaire en fonction (n® jour Année)
O L'angle horaire en fonction La hauteur solaire
@ La déclinaison et Radiation extraterrestre en fonction (n® jour Année

— Choisissez la courbe

O La hauteur solaire en fonction (n® jour Année)
(O requation de temps en fonction (n® jour Année)
(O La déclinaison en fonction (n° jour Année)

Panel E: this panel is used to select curves (ex: Analma, the
time equation, the declination...etc.) as illustrated in
FIGUREZ2;

Page 24


User1
Typewritten Text
Page 24


Conférence Internationale des Energies Renouvelables
Hammamet, Tunisie 19-22 Décembre , 2018

2 T
1
0
%
e e S e e e e
H 4
5
B i
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La hauteur
Panel F: Custom area for displaying curves as illustrated in
FIGURE2.

The second graphical interface is divided into
five panels; G, H, I, J and K as noted:

latitude, longitude, elevation and albedo for the chosen
location as noted in FIGURES3;

Lirradiation global |

— Modele de Liu & Jordan
Uirradiation directs | | 1077.65 | ‘
Uirradiation diffuse | | 118657 | d G
Liirradiation réﬂéchiel 1_589;] #

121021 |

type de ciel :

‘—wu L L T A T 7 ¥
Wi
o K AT e |
apverertarec | [N ropmmamentoris oot | [N _svrcmentonts s | [RGH) | ovomemce s oot | [ el | [0
S oty
v anca | [0 o | [T
s I G L enns] G W
Eeril— i prml
vroseiongeos | [N ot | [0
e J g | HeH = v
- i
el | soiiz|
nincs] [ G ¥ Tl Ko
= ‘ | e |
|| e | [
tyge de ol I ¥

o Werticte younes

Fig. 3 Interface allowing the daily global, diffuse irradiations and direct
timetables, | irradiation measured on any surface and the type of sky and
use of several model.

-~ M da | large-gaa e |

= Le ot L& mos Lnaesd Letesps | omin|

Lodtude {*) | Longkude {*) Allude (m) | Abeda Wiayn " |

Panel H: this panels contains time-position parameters such
as the day, the month, the year, day number, the time ,
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— Modele Kiucher — ciel trés clair —
L'irradiation dire il dcl
ciel pollué
ciel trés pur
Lirradiation réfiéy ciel moyennement troublé J
ciel trouble

- 9

L'irradiation diffy

L'irradiation glob

type de ciel :

Panel G: this panel covers solar radiations (direct,
diffuse, reflected and global) for each models of the
five cited models (Perrin de Brichambaut model, Lui
& Jordan model, Klucher model, Hay—Davies model
and Reindl model) as shown in FIGURE3.

Panel J: this panel contains the sky type as noted in
FIGURE3;

Irradiation global sur plan horizzatal en fonction de %mps (perrn de Brichambesct- cel totsiement clar-)
lrradiaton global sur plan ncind en fonction de temps (perTn de trchambesut: Cel totalement clar. |
rradation globsl sur une serface quelconaue en fonction de tamps (perrn de brichambesut. Col totslement clar.)
Prradistion piobal sur plan ncind en fonction de temps (Lu & Jordan-Cael ires clar.)
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Panel K: this panel contains the plan type; horizontal or
inclined with the inclination angle value as illustrated
in FIGURE3;
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Panel L: Custom area for displaying curves as illustrated is also noted that this value varies from one month

in FIGURES. to the other, which is illustrated in FIGURE 5. The
highest values are reached during the summer and
IV.RESULTS AND DISCUSSION lowest values during the winter.

— It is also found that Lui and Jordan model is in good
.:.,;,fm,::,fi; M— agreement with the measured values as illustrated
in FIG. 5. It has a coefficient of determination of

0.967 forthe 17/01/2016, 0.965 for the 15/05/2016,
| II 0.974 for the 09/06/2016 and 0.942 for the
lffth,

11/12/2016.

It is noted that the solar radiation values calculated
by the Lui and Jordan model are higher than those
measured at the meteorological station of M'sila.
A R S g This difference is usually visible at the end of the
: day and in the afternoon on 9/06/2016 and
11/12/2016. It is due to the sky state, which is not
taken into account in the model of Lui and Jordan,
which is taken in the clear sky. This confirms that
the Lui and Jordan model is a very good model for
estimating global solar radiation on a horizontal

surface in the M'sila region.
Therefore, it can be said that our software gives
good results in the estimation of global solar
radiation on a horizontal surface in M’sila region.
We propose to check it for other models (Klucher
‘ model, Hay-Davies model, Reindl model and
| ¥ Brichambaut model), to take account the sky
|I 1 "'kam * condition and to apply it for other regions, which is
T the subject of another work to confirm its

Fig. 4 Graphical interface giving: the solar radiation for the model of “Lui validation.
& Jordan” and the type of sky and horizontal surface.

ol .

In order to validate our calculation software, a
comparison is made between the global solar
radiations on a horizontal surface calculated
according to Lui and Jordan model and the values
noted by M'sila meteorological station for a few
days. Four illustrative examples are shown in
FIGURE 5 (the days 17/01/2016, 15/05/2016,
09/06/2016) and 11/12/2016).

It is found that all the curves of global solar
radiation measured and calculated by the model of
Lui and Jordan for the region of M'sila follows the
same shape of bell shape. They reach their
maximum values between 11:30 and 12:30. As an
example for 17/01/2016, the maximum value is
recorded at 12: 30 with 573 W/m? for the measured
value and 575,09 W/m? for the calculated value. It
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Fig. 5 Compare the values estimated by the theoretical models (program)
and the values measured by the metrological station in the region of m’sila
(the typical days).

V. CONCLUSIONS

In this work, a solar calculation software was
developed using MATLAB. This software can
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calculate the solar radiation components (diffuse,
direct, and comprehensive reflichi) using five
models; Lui and Jordan model, Klucher model,
Hay-Davies model, Reindl model and Brichambaut
model. The validation of our software was carried
out by comparing global solar radiation according
to Lui and Jordon model and the global solar
radiation recorded by the meteorological station of
M'sila region. The results show a good agreement
between them which confirms the validation of our
calculation software.
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Abstract—In this paper, a new idea is proposed to the Sliding
Mode Observer for the flux and speed applied to the induction
motor and it is also controlled by the Sliding Modes as a function
of the orientation of the rotor flux. The error between the
measurements of the currents and their estimates converges to
zero in finite time, which guarantees the accuracy of the observed
flux. The rotor speed and the time constant of the rotor are
determined by the estimated stator currents and the rotor flux.
The speed estimate is used as feedback to control the rotation of
the speed of the induction machine. The control strategy is based
on the Sliding Mode approach, while the Lyaponov method is
introduced to prove the stability of the system. The results of
the numerical simulations verify the validity of the proposed
strategy and prove the robustness of the controller despite the
disturbances of the load torque and the uncertainties of the
parameters. Therefore, this strategy can find practical use in
many applications for induction motor drive systems over a wide
speed range without the use of mechanical sensor.

Index Terms—Induction motor drive, Field oriented control,
Sliding Mode Control, Sensorless control, Non-linear control,
Liyaponov function,parameters robustness.

I. INTRODUCTION

HE induction motor is the more used in applications of the
variable speed. The main advantages of the speed Sensorless
control are the reduction of the costs, the size of the system,
and its maintenance, as well as the increase in the reliability
of the overall system. The main reasons of its success are
its simplicity of conception, its reliability and the absence of
collector. But his mathematical model is complex, multivari-
able, with strong non-linearities, and varying parameters. In
some applications, these sensors are often difficult to install
and they are sensitive to noise, mechanical vibrations and
electromagnetic disturbances [1].The estimation techniques
use estimators or state observers to reconstruct the velocity
from exclusively stator currents and voltages, which can
be measured. The estimators are designed by solving the
equations of the dynamic model, and their structures have
no feedback. Therefore, they are open-loop reconstructs. The
implementation of their algorithms being simple, whereas their
dynamic performances are limited. State observers reconstruct
the state variables of an observable system from measurable
inputs and outputs. They generally provide a good dynamics
and accurate estimation, but their low parametric robustness
is still their major disadvantage [2], Several studies have
shown that when the induction machine is associated with
a Sensorless control, the quality of estimation of speed is
due to some challenges appearing at low speed [3] - [4]. In

fact, if the rotor speed is measured, the performance of the
machine is ensured. In fact, the observability space generated
by the measured quantities and their derivatives correspond
to the rank of the system. The mathematical model of the
motor is then locally observable. It is therefore possible to
reconstruct the state variable, such as electrical (currents and
flux) and mechanical (speed, position, and load torque). When
the speed measurement is not allowed, the observability of
the model cannot be established if the mechanical velocity is
constant and the pulsation of the stator voltages and currents
is zero (Necessary condition for loss of observability) [5].
This is due to a law speed operating. On the other hand, at
low speed the waking induction phenomena, the electromotive
forces decrease and become too weak. The flux obtained
by integration is then unusable, so the speed information
disappears. In addition, low speed operation means that the
inverter generates low voltages (a few tens of Volts), which
are then greatly disturbed by switching faults (dead times) and
by voltage drops at the terminals of the switches static of the
converter [6].

Finally, the dependence on parametric variations can greatly
reduce the performance level and considerably affect the
convergence and accuracy of the estimate. In the scientific
literature, several techniques have been proposed to solve
the problems of Sensorless control of induction motor. They
are commonly classified in two categories: Methods with
mathematical models and Methods without a model. Thus,
the methods based on the model of induction motor most
often use the MRAS Estimators exploiting the fluxes, the
currents or the powers [6] -[7] -[8], the Adaptive Observers
[9] -[10], the High-Gain Observers [11], the Sliding Modes
Observers [12] or the Stochastic Observers as the Kalman
Filter [13]. These techniques offer interesting performance,
but they show a few limits at low speed and mostly when the
parameters of the motor vary [14]. The main works based on
the methods without model involve the artificial intelligence
techniques, such as Artificial Neural Network Estimators and
Hybrid Fuzzy Logic Estimators [15]- [16]. The Sliding Modes
approach is like one of techniques simplest to implement for
controlling non-linear systems with an imprecise model[17].
This control has many advantages, such as an excellent tra-
jectory tracking, disturbance rejection and robustness despite
modelling uncertainties.

This work is dedicated to the new design of the flux and speed
Sliding Mode Observer. A flux surface is added to the Sliding
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Mode for better control of the induction machine in low-speed
(the major problem of the Sensorless control). The objective
is to obtain an accurate estimate with better convergence and
robustness against the load torque disturbances and the pa-
rameter variations. The error between the actual and estimated
currents must converge to zero in finite time and thus guarantee
the accuracy of the observed flux. The rotor speed and rotor
time constant are determined by the estimated stator currents
and rotor flux. Once the flux convergence is guaranteed, the
rotor speed and its time constant are estimated and converge
to their actual values. Finally, the estimated quantities are used
for the speed regulation of IM.

This paper is organized as follows. In section 2, the mathemat-
ical models of the induction motor are presented, first in the
reference frame rotating at the synchronous speed, and then in
the stationary stator reference frame. In Section 3, the principle
of rotor flux orientation is presented, Sliding Modes theory and
its application to induction motor control are also developed.
Section 4 describes the design of the conventional Sliding
Mode Observer and the flux and speed observer proposed
in this work. In Section 5, some simulation results showing
the performances of the proposed observer, associated with
motor control are presented and discussed. Finally, Section 6
provides some comments and a conclusion.

II. INDUCTION MOTOR MODELLING

A. Dynamical Model of IM in (d-q) Reference Frame

In a similar way, the mathematical model of the induction
motor ,expressed in the(«, () stationary stator reference frame
is described by:

% = alisa + a2"/}ro¢ - a3w7"/¢r5 + A6Vsa
duig .
l ;.tﬁ = Q1%sp8 + a3wr¢'r0 + a2'(/}r[3 + a6Vsa (1)
% = G4lsq + a5"/}7‘a - Wr wrﬁ
diy. .
@stg = Q4%sp + wr '(/Jr(x + a5¢7‘ﬁ
where
1 (1-0) L, 1
“o= (aT T ) R
Lo, Lo, 1
as = — fQy = fay = ——
T eL,L,) T T, T,
a,_i —1_ L72n ar §H§Lm
T oLy L..L,’ 2" J-L,

The electromagnetic torque is given by the following expres-
sion:
3 ny-Ly

Te
2 L,

(,(/)Td . 7.'sq - "/]rq . isd) (2)
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III. SLIDING MODE CONTROL FOR IM
A. Rotor flux orientation

The idea of the vectorial control is to control the stator
current in a reference mark (d-¢g) turning at the speed of
synchronism by fixing the axis d on the vector of flux, and
he will directly controlled by the component d of the stator
current and the couple by the component g. All the strategy
of control depends on the good chock of the reference mark
(d-q), and thus of the knowledge of the angle of Park.

qu =0= wr = wrd (3)

-Either by direct measurement of a magnitude enabling direct
calculation of the angle by the Hall effect sensors.
-The estimation of the park angle of the oriented model.

B. Sliding Mode Control

The design of the Sliding Mode can be divided into three
stages: the choice of the Sliding surface, the establishment of
the convergence condition and the definition of the control law.
The surface is adjusted according to the error of the variable
to be regulated (x).

d
dt
with e(z) = (x* —x):is the error of the variable to be regulated
Az: is a positive constant and r: is the relative degree, equal
to the necessary number of the derivative to to make appear
the control inputs.

S@)=(=4+A)""" e 4)

C. Sliding Mode Control based IM

The variables to be adjusted are the speed wr and the rotor
flux v,.. The relative degree r = 2, thus two surfaces are
necessary to obtain the expression of control variant vs4 and
Vsq. The convergence is to assure by a Lyapunov function
given by:

Vi) = 5 S() 0
And its time derivative as:
V(z)=S(z)- S(x) (6)

So to ensure the attractiveness and invariance of the surface
S(z), the following condition must be satisfied:

S(z)-S(x) <0 (7

Considering the vector x = [w, ¥y,

elw,) = wi—w,
r 8
{ e(Wr) = Vi ®
The two surfaces are defined as:
{ S = (G4 e) e ©
SWr) = (g +A,) ey,

where A, and A, are positve constants.
The derivatives of the surfaces are deduced as:
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W+ Awwf + 2T+ (5 = A,)
—ar.igs(as.igs + as. ) — araby (ws.ias
+as. qu + aS Wy 11”" + ag. 'qu)

(7 + A, 7)) — (a5 + Ay, )y

—Qy [al-zsd + wvwisq + as.as. P, + a6-vsd]

(10)

W+ Ao, i+ 2T+ (B =Ny

—ar. iaq(a4 isd + as. 1/J ) —ar. wr(*ws'isd
+(11 qu + a'% Wy 1!}7‘ + as. Usq)
Vx4 Ay, 0 — (a5 4+ Ay, )0y
—Qy [a1.7,,d + wy .isq + ag.a5.1/J7- + ag.vsd}

(11

During the Sliding Mode, the derivative is equal to zero, hence
the equivalent commands V4, and vsq,c4 can be written as
follow:

Usd,eq = a4.06 [1/)* + )\‘/}7‘ 1/} (Cl5 + /\wrﬁ/}r
_a4(a1.zsnd + wy.dsq + as.as.r)]
a7.als.wr [wWx + Ay, w* + %”Tl
+(& - A, )ty — 07.sq (04150 + a5.r)
—a7. 0 (—ws.lsq + a1.15q + az.wy - Y1)]
(12)

Sh) =

Usqeq =

From the command
V= Up + Veq (13)
To check the condition of attractiveness, it is assumed that:

Vdsn = —KdSZg’/l(Sw,)
qun = —Kq.S?:gTL(SwT)

where K4 = 0 and K = 0 are the control gains.

(14)

IV. SLIDING MODE OBSERVER
A. Conventional Sliding Mode Observer

The Sliding Mode Observer consists in forcing, using dis-
continuous functions, the dynamics of the errors in estimation
of a nonlinear system of n order having p outputs to converge
on a variety of orders (n-p) known as Sliding surface. The
attractiveness and the invariance of the Sliding surface are
ensured by conditions called the Sliding conditions. The
dynamics of the Sliding surface are calculated by the method
of the equivalent control [12].Thus, for the nonlinear systems.
A structure of observer by Sliding Mode is written:

{ Z_; = f (*ﬁ ) U) -
g = h@)
B. Proposed Sliding Mode Observer

The proposed algorithm guarantees a good estimation of
the speed and the rotor constant of the time and a very great
robustness especially at low speed. The estimation of the
rotational speed and the time constant of the rotor are ensured
by the convergence of the currents and the fluxes observes.
Ensuring the convergence of the current observer. Then, it is
used in the flux observation to produce fluxes along the «
and 8 axes. Once the flux values are found, the equivalent

K‘Sign(g_y) (15)

control is produced by using a low pass filter, then the rotor
speed and rotor time constant are estimated by using observed
fluxes. For the synthesis of observation, the model of the IM
in the reference mark(c, B)is used for the synthesis of the
observation, to make the model simpler and for c.

Considering that ay = k.7 with k = =
diza 1
g;lt = k. T. wT:| |:wf'0¢:| —a. |: sozil —|—CL |:Uso¢:| (16)
[dd;ﬁ:| {_wr % wrﬁ 153 v

o -1 . 0 i

— Ty T To s
[‘“3?] - L’r _TL:| Lﬁrﬁ} i L’sﬁ] a7
diga 2
Tt | = k. </)iso¢:| . [isa:| + ag. |:Usa:| 18
[df&ﬁ] [d’“ﬂ R ] I (19

dira 5

¢wra sa
[ e R

with
¢isa = hsd'Sign(Sisa);
o =

Where [hsq, hsq, Hra Hrq] are control gains. The convergence
of the stator currents estimated %,,.a and 55 g to The actual
currents ¢s, and ¢sg assure the estimation of rotor flux fz/AJm
and v),.5 and from the esteemed rotor flux can esteem the rotor
speed w, And Tr the rotor constant of time .

isa,isg and Q/A;m s érﬁ are used to generate the Sliding Mode.
Furthermore, the surfaces of Sliding Mode are selected in this
way:

¢isﬁ = hsq-Sign(SisB);

H,q.s1gn(Sy, . ); by,s = Hpq.51g0(Sy, 5 );

- l’sﬁ;
= 1/%5 - "/}7‘5;

Sisﬁ = 'zsﬁ

— lsa;

- /(/}7‘04;

)
Sisa = lsa

5¢m = 1[)7’04 Swrzs

and the Sliding Mode surface is defined as:

Sn = [sta Sis,@ S«/)TQ SﬁJTg]T

By selecting The gains [hsq, hsq, Hya, Hyq] Of the attractive
commands and they are larger than the errors to ensure the
attractiveness of the observed signal around the reference
and are found by the condition of existence, Sliding Mode
(S,, = 0) will occur. To solve the d;" = 0 for discontinuous
control, it gives the equivalent continuous command.
However, the equivalent control depends on parameter ma-
chine and to be difficult to implement. Consequently, it is
reasonable to suppose that an equivalent control is close to
the slow component of the real control, which can be diverted
by filtering the high Frequency using a low-pass filter. The
structure of the low-pass filter is implemented::

1
,u.s+1

¢l = (20)
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where p is the time-constant of the filter and it should be
sufficiently weak for Component slow without distortion, but
enough large to eliminate the component with high frequency.
The exit of the low-pass filter will be equal Controls equivalent
on the slip surface [18]. The concept of equivalent control
supposes flux observed &roc and '(/A}T[j equal to real flux v,.o,%,3

and in the regime permanent we can written:

(bl _ -7 —%r {wa}
eq - R 3 ~
.¢'¢)7‘E. L Wr _TLT QZ}Tﬁ
| = [0 e e
d’ts_:g .¢¢(Irﬁ Tr isﬂ

W”] _ {—1/ —ug,ﬂ] B
Qﬁiﬂ wrﬁ _wra _a)r

Ho [ i [
a)r %a + ’(/)Eﬁ wr/ﬁ _wra_ (blélrﬁ

ey

(22)

(23)

(24)

From the above equation, the speed of the estimated rotor is

equal to:
By = e (60— et )
ra T Ui
In addition, the constant of rotor time is equal to:
1 1

1__ (—ra-dy = rpdil)

:r"‘ za + 1&?5

V. SIMULATION RESULTS AND DISCUSSION

(25)

(26)

To evaluate the performance of the proposed structure,the
implementation in the software MATLAB/SIMULINK envi-
ronment has been considered. The computation numerical
method adopted is based on the Runge-Kutta algorithm of

order 4 with fixed step.

The parameters of both observer and controller are set in
order to fulfil some objectives, such as convergence time and

limitation of chattering.

This benchmark was chosen to show the performance and
robustness of the proposed observer. These parameters are

listed in Tables I, 1T .

TABLE I
GAINS OF THE SLIDING MODE CONTROL FOR IM

The gains of | Au,. | Ay, Kq Ky
the command 70 60 2050 | 4050

TABLE 11
GAINS OF THE SLIDING MODE OBSERVER FOR IM

The gains of | hgg | hsq | Hrqg | Hrg
the observer | 100 | 100 80 80
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The figure below shows the structure of the global system,
the Sliding Mode Control and the observer propose in this
paper.

The benchmark is chosen to see the response and reaction

Shiding mode

Tl and
speed
dbserver

Ve Wy,

Fig. 1. Global block diagrams of the Sliding Mode Control and the proposed
observer of the induction motor

of the system in different cases. The sensorless trajectories of
the benchmark are such that: After that, the reference speed
is increased to 150 rad/s (figure 2) and at 0.5 to 1.5 s a
load torque of 5 N.m is applied. This first step makes it
possible to test the robustness of the observer at high speed
the estimated speed converge to the actual speed in this step
of the benchmark. Then the speed decelerates to 0 rad/s and
remains Constant until t = 3 s. This second step is defined
to test the controller in low speed (very low frequency). the
reference speed equal to zero and the figure 5 shows the
phenomenon of unobservability The importance of this test
is to see the reaction of the observer in this zone and to see
its robustness. Finally, from t=5 to 5.8 s and at 0.5 to 1.5 s
a load torque of 5 N.m is applied to test the reaction of the
control and if the observer reacts well in this mode. All the
estimated variables converge to their and disturbance rejection.
Furthermore, all these figures present the best results obtained
by the controller and the observer proposes in different modes.
Finally, the tested robustness of our observer proposed against
the parametric variation, especially the rotor resistance because
it is the most influential parameter for the observation and
this is conceived for all the spesialists of the domain; with
an application of restive torque (SN.m) over of duration well
presided. Firstly, one made test for nominal values of R, the
reference speed is increased to 100 rad/s and at 1 to 0.7 s a
load torque of 5 N.m is applied, then Introducing a 15% error
on R, to see the influence of this parameter for the system,
then an error of 20% was introduced to see the reaction and
the robustness of the observer, well results are obtained.
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VI. CONCLUDING REMARKS [16] M.Z. Kari, A. Mechernene, S.M. Meliani, “Sensorless drive systems
) ) for induction motors using a sliding mode observer,” in Electrotehnica,
this paper presents Sliding Mode Control based on the orien- Electronica, Automatica (EEA), 2018, vol. 66, nr. 2, pp. 61-68.

tation of indirect flux for sensorless control of induction motor ~ [171 Li, Jia, Anup Thapa, and Keith A. Corzine. “Speed-sensorless drive
for induction machines using a novel hybrid observer,” Applied Power

A new structure Sliding-Mode current and flux observer has Electronics Conference and Exposition (APEC), 2017 IEEE. IEEE,
been proposed for speed, and rotor time constant estimations. 2017.
The rotor time constant update algorithm will overcome the [18] Feng, Yong, et al. “Speed Control of Induction Motor Servo Drives Us-

bl £ . iation: Th. d sch . ing Terminal Sliding-Mode Controller,” Advances in Variable Structure
problem of rotor resistance variation; € proposed scheme 1s Systems and Sliding Mode ControlTheory and Applications. Springer,

validated through simulation results. Cham, 2018. 341-356.
It is concluded from the results presented that the proposed

scheme performs well and robust for both high and low

speeds It is also important that the new algorithm is robust

to parameter changes and the load torques.
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Abstract— The main objective in this work is to control design
predictive in the form of state space for a chemical multivariable
system. Our contribution is to implement this command by
introducing the matrix D (input / output coupling matrix) into
the control algorithms. This application will allow us to illustrate
and concretize the notion of prediction with a continuous binary
distillation system having state matrices D different from zero.
We simulate the system for different set point changes and
disturbance rejection. The obtained results have shown the best
of model predictive control performances.

Keywords— Distillation column, modelling, predictive control,
chemical process, multivariable system

I. NOMENCLATURE
i » Stage number from bottom
n : Number of stages, including reboiler
N,,,: Number of stages, including condenser n +1
N : Feed stage
x,y: Liquid and vapour composition
yp : Composition of light component in distillate
xp - Composition of light component in bottom
zr : Feed composition
gr : Fraction of liquid in feed
M : Liquid holdup on stage i
Mp, Mg : Liquid holdup in condenser and reboiler
: Reflux flow
: Boil up flow
: Feed flow rate
: Distillate product flow rate
: Bottom product flow rate
: Relative volatility
7, : Time constant for liquid flow dynamics

Rem U™ < ™

II. INTRODUCTION

Distillation is a very old separation technology for
separating liquid mixtures. It is today the most important
technique in chemical process industry, accounting for 90 to
95% of separation operations.

According to [1], distillation is a process in which a liquid
or vapour mixture of two or more substances is separated into
its component fractions of desired purity, by the application
and removal of heat.

Improved control of distillation can have a significant
impact on reducing energy consumption, product purification.

The control of a distillation column can be difficult and
that due to the feed flow rate, feed composition, from the
cooling water etc.

Different strategies of control was proposed in the
literatures for many years [2]: internal model control method
(IMC) [3], ratio control [4,5], non-interacting control [4-6],
fuzzy control [7], p-synthesis method [8], linear-quadratic
Gaussian with loop transfer recovery (LQG/LTR) method [9],
Multivariable model predictive control [10], robust control
[11] but the proportional Integral derivative (PID) controllers
still represent the main of the controllers used in the industry.

There are many types of distillation columns based on
different classifications such as: batch, continuous, binary,
and multiproduct, extractive and azeotropic.

In this paper, the MPC (model predictive control) control
is studied on continuous binary distillation column. However,
due to the strong cross coupling and significant time delays
inherent to the distillation column, the simultaneous control
of overhead and bottom compositions using reflux flow and
boil up flow as the control variables is still difficult.

III. MULTIVARIABLE PREDICTIVE CONTROL IN THE FORM OF
STATE SPACE

The application of the MPC control law requires the
presentation of the model we need to control [10].

A discretization in the form of space of state of the
chemical multivariable system, it is written following form:

x(k+1)=A~x(k)+B~u(k) 1)
{ (k)= x{k)+ D ulk) (
Where:

x(k)e R : contains n variables model states,

ulk)e®™ u(k) e R™": m describes the model inputs,

Wk)ewP! y(k) e RP: p is the output vetor.

keN : characterizes the discrete time (by definition, if 7, is
the sampling period setting the continuous computer
controlled system. The matrices A, B and C are the state,
input and output respectely. The all-numerical state space
matrices in discrete time are given in equation 26 for a
sampling period 7, =1min.
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ulk) = ulk —1)+ Au(k) (2)
In which, Au(k)is the control increment and the operator

A=1-z"" denotes the integral action which ensures static
error elimination [10-12].

Taking account of the integral action equation (2), we
replace u(k)in the expression equation (1), for the extended
condition (x,)as follows:

xolk+1)= A, - x,(k)+ B, -u(k) 3)

)’(k): Ce 'xe(k)+ D, '”(k)
With the following notations:

%o (k) =L();<(]i)l)} A {O:,n llrj

=lc b} bp,(k)=D

“)

The state of the model is assumed to be available; the
starting point for calculating the predicted output vector
&(k +i|k)is given by the following expressions:

A-x(k)+B-u(k) 5)

First, we calculate the control u(k+:)iteratively from the

e+ 1fe)=

equation (2). Predictions of future states from time k are then
iteratively calculated [10]:

ulk +i)=ulk—1)+ ZAukJrl (6)

Predict the future states of the system, using equation (5) of

the instant k to k +i can be written as follows:
i—1
P+ DA Bk + ) (7

Jj=0

i+ 1fe)= A

Finally, the future outputs of the system using equations (3),

(7) of the instant k to k+1 can be written as follows:
5k +i)= 5k + 1)) = cax(k)

ZCA’ J- B[u -1 +Zj:Auk+l]
Z_

®)

ulk +Y./

The cost function J to minimize at each sampling period is
to achieve the desired set-point 3(k +i)following the reference
trajectory y, (k +i) whose minimization provides the vector of
future control Au(k+i)[10-13].

T= Z"““” "“‘*’)”Q O Z”A“("“)”R 10 )

i=N,
Here N; and N, are respectively the minimum and
maximum horizon of prediction; ~, is the control horizon,
$(k+i)is described in equation (9), y,(k+i)denotes the set-
point at time & +i .
The control signals Au(k)result from the minimization of

the following quadratic objective function with the weighting
matrices Qj, Rj and the set point vr.
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The criterion to be minimized can be written in the
following matrix form:

I =||ro- Yr(k)”Q ()+”Au(k)”R 0 (10)

The next step is to define the vector matrix form |au(k)|
predictions output by considering the expression (8) for
i=N,,N, with the condition:

Aulk+i)=0for i>n,

The predicted output vector becomes [10-13]:

3(k) = Y(k|k)= "P'X(k)+®-u(k—1)+®A - Aulk)
In which:
= [&(k +N||k),..., 9(k +N2|k)]T

=[Aulk), ..., Aulk + N, =1)] T

c-aM 2.

Ni1-1

_ i o
v=| : |,e=| : ,Z:CZA-e’_/-B (12)
C.AN2 Z , =
. PR
N,-1
Where the state estimate ,(k)is obtained from the observer

(see Fig. 1):

ik)= A, - %, (k)+ B, - Aulk)+ K(y(k)-C, - x,(K))
;Ce(k):(Ae _K'Ce)';ce(k)"'(Be —KD)-Au(k)+Ky

13)

Ye(e+2y) A”W .[ ug| A B] [y®

CDT

T(k+1)=

(4, — KC,)2,(k) + (B, — KD)Au(k) + Ky

|—. (k)

Fig. 1 The Control MPC in the form state based on the observer

The observer gain k is designed through a classical
method of eigenvectors, arbitrarily placing the eigenvalues of
A, —KC,in a stable region, with the same control gain matrix
L and a set-point pre-filter (F,) different that it uses by [10-
13]. As shown in Fig. 1, the control signal has the following
form:

Au(k)=Fy -y, (k+ Ny )~ L- 3, (k) (14)

The matrices set-point pre-filter states are given in the
form:

AFr(k)E m”X(Nz—NI Wp(NV,-Ny) , BFr(k)eggPX(Nz_Nl) ,

C (k) em™PWN2=M) | p () cgim<p

[0 1 0,
AFr(k): P(N(Z);Nl yp ()p.iil;z:;\j )_IJ Bp, (k) { (Nile) }
) (15)
C (k): OP(NZ_NI_I)'P Ip(Nz_Nl) ,D (k):#,Nz_NlJrl
Fr I » Of"f’(Nz N, —l) Fr
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IV. CHEMICAL MULTIVARIABLE SYSTEM: MODEL OF THE
DISTILLATION COLUMN

The aim of the distillation column is to separate the feed F,
which is a mixture of a light and a heavy component with
composition zx, into a distillate product p with composition
yp » which contains most of the light component, and a
bottom product B with composition xz , which contains most
of the heavy component [15].

For this objective, the column contains a series of trays that
are located along its height. The liquid in the columns flows
through the trays from the top to the bottom, while the vapour
in the column rises from the bottom to the top. The constant
contact between the vapour and liquid leads to increase the
concentration of the more volatile component in the vapour,
while simultaneously increase the concentration of the less
volatile component in the liquid.

The operation of the column requires that some of the
bottom product is reboiled at a rate of v to ensure the
continuity of the vapour flow and some of the distillate is
refluxed to the top tray at a rate of L to ensure the continuity
of the liquid flow.

Fig. 2 A series of trays in a distillation column

In general, the distillation column is separated into three

sections:

- Rectifying section: The more volatile component is
removed through contacting the rising vapour with the
down-flowing liquid.

- Feed section.

- Stripping section: the down-flowing liquid is stripped
of the more volatile component by the rising vapour.

The nonlinear model equations are [15-16]:

M; _
d;—Lm*LﬁVi-rVi (16)
™ x;) i
dT =Liyyxip1 —Lix; + Vi yiog = Vi yi
- That yield to:
[d (M;tx[)_xi(d (Idwtl)])
di= (17)
dt Mi
- While considering some auxiliary equations
_ ax;
Y= a1 x,)
Vi =Vi (18)
Li =LOi +(M[ +M0[)/TL +/1(V,-_1 _VOi—l)
- For the feed stage, we have: i=nf
My
d— == Lnfs1 = Lng +Vap—1 ~Vay +F (19)

y (M nf xnf)

Lt Fnger = Lap gt ¥V -1 Xnf -1 =Vig Snp +F2p

- For the total condenser, where: i=NT=n+1,
(MN+1 =Mp, Ly y=Lp, xy :)’D)

My _
ddL: =V,—Lys1—D (20)
d—(MD ) =V, v, —yp(Lp+D)

dt
M, =c*, according to the previous auxiliary equations (18):
V,=(Lp+D)
- For the reboiler at i=1,(M,=M, V,=V,=V,x =x,)

O R 21)

i
d(MR—w:Lsz—VByl —Bxg
dt
M, =c*, according to equations (18): L,=(L; +B)
- For the second stage, we have: i =2

M
I Thola (22)

d(Mz %)

e Lyxz =Ly xp +Viy1 =Vaxp

- At Stripping section, we have: 2>i>nf -1

M;
d—r=Lin=Li+Via-V; (23)
d(Mi x)_ it —Lixi Vit yi 1 — Vi yi

ar = Li+1Xi+1 i Xi i—1Yi—-1 iyt

- Atrectifying, we have: nf+1>i>n

M;
* d—r=Livi—Li+Vio -V (24)

d(Mi x;)

e Liyy Xiv1 =L X; +Vie1 i1 = Vi i

- For the stage before last, we have: i=»

My,

ar =Ly =Ly +Vy1 =V (25)

M, x
d% =Ly1 X1 = Ly Xp Vi1 Yn1 =V ¥

Condenser

Vo m Condenser holdup

% Dyn

Top product (distillate)

Boilup V

= - Reboiler holdup

Reboiler

@ 5xy __ Bottom product (residue)

Fig. 3 Distillation unit scheme
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In this work, we use a particular high purity distillation
column with 40 stages (39 trays and a reboiler) plus a total

condenser is considered (Fig. 3).

There are four output variables in the distillation column:

- Composition of distillate (yp).

- Composition of bottom product (xz).
- Liquid holdup in condenser (Mp).

- Liquid holdup in reboiler (Mg).

The two outputs liquid holdup in (M p and Mp ) have been

controlled by proportional-controllers.

There are seven input variables in the distillation column:

- Reflux flow (z).
- Boil-up flow (V).

These two manipulated variables L and Vv are independent

for composition control.
- Distillate product flow rate (D).
- Bottom product flow rate (B).

We can use the L—V configuration of stabilizing the
column system, where we operation D to control Mp and B

to control My .
- FPFeedrate(F).
- Feed composition (z).
- FPraction of liquid in feed (¢ ).

These last three variables are considered as disturbances.

/_Reﬂux flow, \

Boilup flow, Top
Binaw composition
Input o Distillation Output
rari eed flow e
variables —= column variables
Fraction of Bottom
Liquid in feed composition

Feed
e o}
Qm position -/

Fig. 4 Distillation process input and output variables

The matrices A, B, C and D are the state, input, output and

feedforward respectively.

[0.1673 —0.0910 —0.5766 0.1779 0.002 0.0305
0 —0.1541 0.4966 0.2724 —0.0012 —0.0373
A 0 —0.5586 0.0807 —0.2798 —0.0027 0.0828
0 0 0 0.7760 0.0011  0.0085
0 0 0 0 0.9948 —0.0023
| o 0 0 0 0 0.9274
[—0.3575 —0.1985
0.0322 —0.0154
B 0.6399  0.1240
0.2931  —0.1355
0.7093  —0.6978
| —0.0631 0.2862
0.1933  0.1705 —0.0333  0.0273 0.6331 0.2664
:[1.2511 —0.0161 0.1547 0.3080 —0.7827 —0.2328]
0.0124 0.0138
- [0.0790 0.0055]
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V. SIMULATION RESULTS AND DISCUSSION

In the design of the MPC controller, a difficult
compromise has to be made between the set point tracking
and load rejection performance.

The parameters of the MPC: n=6,m=2, p=2.

The weighing matrices: Q; =10"9-1,,, R; =1,,.

A. Simulation of a set point change in the distillate

In this part, the set point of the composition in bottom (xz)
is fixed to 0.01 mole fraction.

The simulation was conducted for three set points:

For the first set time point ¢ = [0— 100] min, the set point of
the composition in distillate (yp) is equal 0.99 mole fraction.
The second one, t= [100—200] min, the set point of the
composition in distillate (yp) is equal 0.992 mole fraction.

The last one ¢= [200—300] min, the set point of the
composition in distillate (yp) is equal 0.994 mole fraction.

L 0894 e ”
IR T vy, RESSEE S S s B
i i Set pointy,
£ 0993 | e
] | | ==, with MEC controller
S 0.9925| i ¥
£ 1
5 0992 - . S B
5 L H
S 09916 e
] H
H 0.991/ :
§ 0.9905 i
5 ose; i =
£ 09895 : i
| | |
0.989 . ] i
] 50 100 150 200 250 300
Time (min)

Fig. 5 Composition of light component in distillate

0.025 T
—— Set point Xy

==== x, with MPC controller

1
o
¥

o
2
]

=4
2

0.005

Product compaosition % (mole fraction)

i | | |
50 100 150 200 250 300
Time (min)

o

Fig. 6 Composition of light component in bottom

The Fig. 5 shows that the response of Composition of light
component in distillate is satisfying in all intervals operation.

B. Simulation of a set point change in the bottom

In this part, the set point of the composition in distillate
(vp) is fixed to 0.99 mole fraction.

The simulation was conducted for three set points:

For the first set time point ¢ = [O— IOO] min, the set point of
the composition in bottom (xp ) is equal 0.01 mole fraction.

The second one, t= [100—200] min, the set point of the
composition in bottom (xz ) is equal 0.012 mole fraction.

The last one, = [200—300] min, the set point of the
composition in bottom (xB) is equal 0.014 mole fraction.
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= ; ! The MPC controller was able to reject the disturbance and
g o oty e = Sel pointy, has a small overshoot in the distillate and bottom
-V ISR WRORON SRNG -S—— . Vi W MG et | compositions as shown in figs. 9, 10.
» Figs. 11, 12 show the variations of the two manipulated
§ o= ] variables: reflux flow rate (L) and steam flow rate (V) during
g 0.889\ ; i ‘ the operation using controller to improve the system
L - : i responses both for set point tracking and disturbance rejection.
%
£ | i
o sln 100 150 200 250 300 92 ! ! T !
Time (min) 34 ; |
Fig. 7 Composition of light component in distillate w 2
ST —— N——
L — A s2e
g i ia7
g 0.093- —— Set point x;; 'fs, L | [ S
& wmn %, With MPC controller ) | T — e S
§ 0,092 oo - - i
2 H ‘ 24
g 0011} : = : FEUE : = : s 2 f i : ;
- o 50 100 ) 150 ! 200 250 300
% Bl el = i oof me =l e i Time (min)
& S ; i ‘ Fig. 11 Reflux flow applied with MPC controller
o 50 100 150 200 250 300
Time (min) 37; T
Fig. 8 Composition of light component in bottom 5| RN SRRSO WM 3 —V
. .. . 35 : ,
The Fig. 8 shows that the response of Composition of light | | A, |
component in bottom is satisfying in all intervals operation. ot | B SE— —— - |
. . . . . = 3.2
Figs. 5-8 illustrate the effect of the multivariable coupling 0wl R e |
at the instant of change of set points applied to the first (yp) g 3 _
and the second set point (xz). 28 ;
. . . . . . . 28 -
The predictive multivariable controller on the distillation 55 i i , i
] 50 100 150 200 250 300

column shows that the interactions between control loops are Time {min)

eliminated (see Figs. 6-7) Fig. 12 Boilup flow applied with MPC controller

C. Simulation with Disturbance Rejection In Figs. 11-12, the MPC controller has an effect
The system added a continuous disturbance step of 0.1 anticipatory on the two outputs of system with minimal future
mole fraction after 150 min, as shown in the Figs. 9, 10. control.
- ! ‘ ! | VI. CONCLUSIONS
:::: ; :—f:'w‘i’;'::gmmw In this paper, we have used the.multivaria.ble MPC
é,, cqntrgller§ to perfo.rm .reference tracking aqd dlstufbance
- n rejection in the distillation column. Changes in the discrete
; 1l pr— — time observer predictive control algorithm have been made in
g % u such a way as to take into account that the matrix D is
§ DA —T B 7 nonzero of the multivariate system of the distillation column.
i w ' We show that the two desired set points are exactly
% 50 100 - 200 250 ao  satisfied in the presence of disturbance, interaction and time

delay, which demonstrates the effectiveness of the controller.
Fig. 9 Composition of light component in distillate

15 : - REFERENCES

H e
i : . "a“:"' M;:} — [11 ~ N. P. Cheremisinoff, Handbook of chemical processing equipment.
] I S N - S . H

Elsevier, 2000.
: [2] I K. MEKKI, M. BOUHAMIDA, M. BENGHANEM and R.
i m—— e i - o KESSAS, “PI Control for Distillation Column”. Proceedings of the
: International Conference on Automation and Mechatronics CIAM’11,
22-24 November 20011, Oran.
i : [31 M. Morari and E. Zafiriou, Robust Process Control, Prentice Hall,
I B S B LS Englewood Cliffs, NJ, 1989.

o

Producl compaesilion * {mole fraction)

: [4]  D. Seborg, T. F. Edgar, and D. A. Mellichamp, Process Dynamics and
1o &5 o 7 00 0 o Control, John Wiley & Sons, New York, NY, 1989.

Time (min)

Fig. 10 Composition of light component in bottom

Copyright IPCO-2018
ISSN 1737-9334

Page 38


User1
Typewritten Text
Page 38


Conférence Internationale des Energies Renouvelables
Hammamet, Tunisie 19-22 Décembre , 2018

[5]

[6]
[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]

R. K. Wood and M. W. Berry, “Terminal composition control of a
binary distillation column,” Chemical Engineering Science, vol. 28, pp.
1707-1717, 1973.

W. H. Ray, Advanced Process Control, McGraw-Hill, New York, NY,
1981.

R. Stenz and U. Kuhn, Automation of a batch distillation column
using fuzzy and conventional control, IEEE Trans. on Control Systems
Technology, vol. 3, no. 2, pp. 171-176, 1995.

H. E. Musch and M. Steiner, “Robust PID control for an industrial
distillation column,” IEEE Control Systems, pp. 46-55, August 1995.
C. Zhou, J. R. Whiteley, E. A. Misawa, and K. A. M. Gasem,
“Application of enhanced LQG/LTR for distillation control,” IEEE
Control Systems, pp. 56-63, August, 1995.

1. K. Mekki, M. Bouhamida, and M. Benghanem, Comparative study
of predictive multivariable control and decentralized control for a
distillation column, International Review of Automatic Control
(IREACO) 6.4 (2013): 513-520.

1. K. Mekki, M. Bouhamida, and M. SAAD, Robust control of a
chemical multivariable system in the presence of strong uncertainties
in the model parameters. International Review of Automatic Control,
2018, vol. 11, no 4, p. 166-173.

A. K. Abbes, F. Bouani, M. Ksouri, A Microcontroller
Implementation of Constrained Model Predictive Control,
International journal of electrical and electronics engineering, vol.
5(n0.3):199-206, summer 2011.

C. STOICA, Robustification de lois de commande prédictives
multivariables, Ph.D. dissertation, Dept. Physic, Paris-Sud Univ., Paris,
France, 2008.

C. Stoica, P. Rodriguez-Ayerbe, D. Dumur, Off-line Method for
Improving Robustness of Model Predictive Control Laws, Control
Engineering and Applied, Informatics, vol. 9(no.3-4):76-83, December
2007.

Copyright IPCO-2018

ISSN 1737-9334

Page 39

[15]

[16]

D.J.N. Limebeer, The specification and purpose of a controller design
study, In Proceedings of the 30th IEEE Conference on Decision and
Control, Brighton, UK, December 1991, 1579 to 1580.vol.2.

GU, Da-Wei, PETKOV, Petko, et KONSTANTINOV, Mihail
M. Robust control design with MATLAB®. Springer Science &
Business Media, 2005.

TABLEI
UNITS FOR COLUMN DATA

Symbol Quantity | Units
n 40
N fot 41
ng 2 1
F 1 (kmol/min)
F 0.5 (mole fraction)
D 0.5 (kmol/min)
B 0.5 (kmol/min)
L 2.70629 (kmol/min)
1% 3.20629 (kmol/min)
a 1.5
YD 0.99 (mole fraction)
xp 0.01 (mole fraction)
M; 0.5 (kmol)
L 0.063 (min)
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Abstract: The aim of our work is the development of a window layer
by “dip-coating” for the “solar cell” based on Zinc Oxide. To do so
we realized a mechanism allowing the automation of this technique
Dip-Coating and we have chosen a simple interface to control two
stepper motors unipolar type from the PC parallel port. The program
is written using Borland Delphi Compiler language to control the
four soaking substrates parameters: distance, speed, time and number
of dipping.

To confirm the system reliability of dipping the substrates and
heating of thin films, we chose the Fe-doped zinc oxide (FZO) and
zinc oxide doped Al (AZO) as materials for the layers. These thin
films were prepared by a sol-gel process using the technique of
coating by immersion in an ambient atmosphere with a sink rate of 5
[ecm/min] during 60 [s]. After each depositing, the films were
preheated in air at 100 C° for 10 min and the coating procedure is
repeated ten times. The thin films are characterized by X-ray
diffraction and scanning -electron microscopy. The characterization
results show that all the compounds are wurtzite with hexagonal
structure (2 0 0). They are well crystallized and the grain size is 52
nm for Fe-doped ZnO and 19 nm for Al-doped ZnO. The results of
optical transmittance measurement
of (ZnO :Al and ZnO: Fe ) thin films reveal a high transmittance
(80%) in visible region and exhibit a sharp absorption edge at
wavelength about 350 nm.

Keyword: dip-coating, solar cell, simple interface, Fe-doped zinc
oxide, zinc oxide doped Al, sol-gel.

1. INTRODUCTION

Electronic  and  optoelectronic  properties  of
semiconductor oxides have been extensively studied in recent
years. Thanks to its semiconducting properties, piezoelectric
and optical, zinc oxide (ZnO) thin film has many potential
applications; in addition, it plays an important role in the
optoelectronic industry. Because of their piezoelectric
properties, the ZnO thin films can be used as pressure sensors
[1], or in electronic devices such as rectifiers, filters,
resonators and to radio communications in the image
processing [2]. The thin films of zinc oxide can also be used in
chemical sensors highly sensitive gas detectors [3, 4].
Research teams have shown that ZnO thin films, doped with
aluminum (Al) and iron (Fe), have very high sensitivity and
excellent selectivity for amino gases. The optical properties of
ZnO are used in sensors integrated optical waveguides. It can
be used as transparent electrode in optoelectronic devices, in
solar cells [5, 6, and 7].The thin films of zinc oxide are also
used in the manufacture of smart windows thanks to the
possibility of modulation of the transmitted light. Recently, a
method the dip-coating sol-gel chemical route has been
developed for applications of the photovoltaic devices [8].The
sol-gel method may be considered an adequate procedure for
high purity and homogeneous films preparation, based on the
hydrolysis and polycondensation of metal organic precursors,

such as metal alkoxides. These last years, this deposition
technique has won the scientific interest due to the fact that its
advantage mainly related to low temperature of processing,
simple and cheap technological equipment, homogeneity on
the molecular level in solution allowing a stoechiometry and
an excellent compositional control and ability to coat large and
complex area substrates. The sol-gel method is one of the most
efficient methods for the preparation of nanostructure metal
oxides and represents a simple and much low cost processing
alternative to the vacuum deposition techniques. [9, 11]

The objective of this work is to consider the deposition
of thin films of zinc oxide and Transparent conductors by
innovative technology and economy "Dip-Coating" Solar cell
for an application. It consists of immersing a substrate into a
solution of hydrolysable compounds, and extracting it at
constant speed. The film thus formed is subjected to a heat
treatment consisting in a drying step, to remove the solvent,
followed by a densification step at a higher temperature to
crystallize the film. This technique is used commercially to
coat surfaces of 10 to 12 m2 of various metal oxides including
zinc oxide [12, 14] .in this context; we conducted a mechanism
to automate this deposition technique. The goal is to obtain
materials with desired properties that are put in evidence by
this technique. Thus, special attention was paid to the
resolution of this goal by methods of simple and reliable
deposits. Our study focused on three central pillars
-Creation of a mechanism through technology "Dip-Coating"
assisted by a heating system
-Optimization of deposition parameters using the sol-gel
process.

-Validation of this method by characterization of the deposits
of zinc oxide doped Al and Fe doped.

2. EXPERIMENTAL DETAILS:

Deposition of films Fe-doped and Al-doped ZnO was
performed using sol-gel process at room temperature , we used
a starting solution of zinc acetated hydrated (Zn(CH3COO)2
2H20) with 0.4 molar concentrations dissolved in ethanol
(C2H50H) .and iron chloride (FeCLj;)for Fe doped ZnO
solution and aluminum chloride (AICI;) for Al doped ZnO
solution. The concentration of Al and Fe was 2% with respect
to Zn. The resultant solution was stirred 250tour /minute at 90
C for 3 h to yield a clear and homogeneous solution The
substrates were cleaned Pyrex R _ pieces (75x25x1mm3) that
were at first emerged in ultrasonic bath for 10 min and finally
rinsed by ethanol Al-doped ZnO (AZO) and Fe-doped ZnO
(FZO) films were prepared on glass by repeated coating. .Dip
coating was performed with a speed of immersion 5[centimeter
/ minute] for 60 s. After depositing Each Time, the films were
preheated in air at 100 C° for 10 min. After repeating the
coating procedure ten times for the final film thickness of
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approximately 450 nm, for that we have automated mechanism
for this technique that allows control of these parameter The
films were finally post heated at 450 C for 4 h in air using an
oven furnace a schematic drawn of the dip-coating apparatus
(Figure2, 3).

3. AUTOMATON TECHNOLOGY DIP-COATING:

Dip-coating technique is very slow (since depositing a
monolayer / cycle, 1 monolayer ~ few nm), thus depositing a
thin layer of about 1micrometre, it takes a hundred cycles; So
automation this technique is necessary We performed an
automatic system controlled by PC via the parallel port and
using two stepper motor, the rotation and translation is
controlled by software written in a programming language
"Borland Delphi". L’interface générale du logiciel est
représentée a la Figure 1(b). La Forml contient un composant
TreeViewl qui contient les listes des commandes, quatre
boutons « d’insertion » et « enregistrement » pour insérer et
enregistrer, respectivement, les commandes a partir du
TreeViewl vers un autre composant TreeView2.Le logiciel
contient une liste des commandes, et nous pouvons a 1’aide de
ces derniers programmer un bloc de commandes effectué par
le PC. Premierement, entrer le nombre de cycles ou le nombre
d’opérations a effectuer, les positions bas et haut des substrats,
le temps d’adsorption, de réaction et de Séchage (Figure 2-(b))
et enfin la rotation (Figure 2-(a)). Nous avons ajouté une autre
commande « pause » pour insérer des point d’arrét et cela pour
pouvoir enlever ou placer les substrats, ou pour le Sécher avec
I’air chaud, le programme ne tient pas compte de cette
commande si nous ne la fait pas appeler par le Bouton
«Pause » (Figure 3). Nous pouvons entrer plusieurs blocs de
commandes a répéter c.a.d. nous pouvons insérer plusieurs fois
la commande « répéter I’opération »

Pour lire et écrire sur ce port en utilisant ce programme
nous avons opté a réalis€ une carte électronique. Cette
interface électronique (Figure 1(a)) permet d’actionner deux
moteurs pas a pas de type unipolaire a partir du port parallele
du PC. Les signaux qui entrainent chaque moteur en rotation
sont délivrés directement par les huit lignes de données du port
de sortie ce qui constitue une configuration matériel
suffisamment pratique pour que I’essentiel du travail soit
reporté vers la programmation. Notre maquette reste simple et
parfaitement efficace. Les deux circuits intégrés représentent la
fonction commande et la fonction puissance. En effet, le
74HCTS573 [15] transmet les niveaux logiques qui
correspondent a la mise sous tension ou pas de chaque
enroulement des moteurs. Les valeurs sont verrouillées sur les
sorties Q1 a Q8 grace au transistor T via le signal STROBE
(CO) provenant du port de contrdle de l'imprimante [16].
Chaque moteur pas a pas nécessitant une tension de 12V pour
fonctionner correctement, un ULN 2803A [17] (qui constitue
I'étage de puissance) est intercalé directement entre les sorties
du 74HCT573 et les enroulements. Le courant délivré par le
port parallele est tres petit (2,5 mA) donc nous ne pouvons pas
utiliser directement ses pins. Donc le choix du C.I. 74HC573
qui fonctionne avec un courant tres petit (The 74HCS573 is pin
compatible with Low-power Schottky TTL [1118]). Le schéma
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équivalent du 74HCS573 est représenté sur la figure 2. (a). et le
diagramme logique sur la figure 2 (b).

Une fois que nous avons terminé le circuit nous avons
passé a la réalisation du notre mécanisme .Le systeme obtenu
est représenté a la (Figure 2(a ,b)) L’équipement est constitué
de quatre béchers de 75 ml contenant les solutions
précurseurs Les substrats sont attachés verticalement sur les
quatre bras. Les deux moteurs pas a pas entrainent le
mouvement vertical et le mouvement de rotation. Le nombre
de pas du moteur 1, c.a.d. la distance de la monté et de la
descente, le nombre de pas du moteur 2, c.a.d. le degré de
rotation ainsi que le temps d’immersion dans les différent
béchers et la vitesse de la monté et le temps de séchage sont
controlés via PC par le logiciel écrit sous « Borland Delphi. »
Pour voir la fiabilité de notre mécanisme nous avons utilisé
seulement 3 bécher et deux déplacements transversaux pour la
déposition du : (ZnO : AL et ZnO : Fe)
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Fig 1(a).Schéma de I’interface électronique qui commande les
deux moteurs pas a pas.
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Fig.2.(a) schéma logique du C.I. 74HCT573, (b) diagramme
logique du C.I. 74HCT573.
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Fig 1.(b).Interface electronic control of two stepper motors
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Fig -2 .(b ) the final system of heating used for the technical
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Fig-5.(a).SEM images of thin film Fe-doped ZnO thin films

Fig. 5. (b).SEM images of: thin film Al-doped ZnO thin films
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Fig.6.XRD patterns of Al-doped ZnO thin film X .
Fig.7.XRD patterms of Fe-doped ZnO thin film4.
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Fig. 8.(a). Transmittance spectra of Fe-doped ZnO thin films

F ig. 8.(a). Plot of (ahv)? versus (hv) of Fe-doped ZnO.
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Fig.7. (b). Transmittance spectra of Al-doped ZnO thin films
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Fig. 8.(b). Plot of (ahv)* versus (hv) of Fe-doped ZnO.
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4. CHARACTERIZATIONS

To confirm our experimental procedures (automation
technology Dip-Coating) we characterized our samples of
ZnO: Al and ZnO: Fe the surface morphologies of films were
examined by electronic microscopy (SEM) (VEGA3). The
structural characterization of the films was analyzed using X-
ray diffract meter (XRD) (Siemens D500) with Cu Ka
radiation. instrument. The optical transmittance measurements
of the films were performed with a UV-Visibl
spectrophotometer (Shimadzu 1200) and calculated the optical
band gap energy.

5.RESULTS AND DISCUSSION

5.1 Scanning electron microscopy (SEM):

Figure 5 shows the scanning electron microscope (SEM)
images for 2%Fe-doped (Fig. 5a) and 2% Al-doped ZnO (Fig.
5b) films. The surface of the film displayed a homogeneous
appearance in all scanned areas of the sample as shown in
Figure 5a. The Al-doped ZnO films showed an increase in the
crystallite size, which is in good agreement with the calculated
values from the XRD a pattern widths at half maximum of the
peaks by Scherrer’s formula [19] (0.5 pm for Fe-doped and
0.4 um for Al-doped). The grain size in Al-doped case is
smaller than in Fe- doped films, and it is well known that the
growth of the materials is easier around the defects [20]

6. CONCLUSIONS

Fe-doped and Al-doped ZnO thin films have been prepared by
dip-Coating technique in ambient atmosphere. The advantages
of this technique derive from the simplicity of the sol-gel
process, short duration, and available auxiliary materials.

We have realized a mechanism to control and operate the
parameters of this technique that helped us to obtain structures
with high efficiency for Solar Cells application. the analysis of
X-ray diffraction of samples shows that its structure is
hexagonal the crystallite Size of the particles of thin films. The
SEM results are consistent with the XRD data obtained as a
function of the Fe and Al doped. The optical transmission
studies demonstrate that the average optical transmittance in
the visible region is above 80% for all of the films.
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5.2 X-ray diffract

Figures 6 and 7 show the XRD patterns of Fe-doped and Al-
doped ZnO films. For all samples, the peak position agrees
well with the reflections of hexagonal structure of ZnO
(JCPDS Card No. 36-1451). The diffraction peaks arise at, (0
0 2) 34.46°and (1 0 1) 36.31° [15] for Fe-doped and (0 0 2)
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34.28° for Al-doped ZnO without any other phases detected.
The diffraction peaks can be well indexed to pure hexagonal
phase ZnO with lattice constants a = 3.249 “A and ¢ = 5.191
°A which are in good agreement with the literature values [20,
21]. The crystallite size of the thin films was determined using
the peak (0 0 2) by Scherrer’s formula [19]:D = KM\ f cos 8(hk
D, (1) Where D is the crystallite size, A =0.154060 nm the
mean wavelength of Cu Ko radiation and B the full-width half
maximum (FWHM) of Bragg peak observed at Bragg angle 6
(rad), K = 0.9, the values of D obtained, it is obvious that the
crystallites increase, it is 19 nm for 2% doping with Al and 52
nm for2% doping with Fe. The crystallite size agrees with the
SEM observation. Furthermore, the orientation of crystallites
in Al-doped ZnO films the orientation of (only (0 0 2) peak) is
better than in Fe-doped ZnO films (two orientations).

5.3 Optical transmissions

The transmittance spectra of Fe-doped and Al-doped ZnO
films are shown in Figures 8 (a) and 8 (b). It is found that the
transmissivity is above 80%. Based on the transmittance
spectra in Figures 9 (a) and 9 (b), the optical band gap Eg was
obtained by extrapolating the linear portion of the plot (ahv) >
versus (hv) to a = 0 according to the following equation:

a = A(hv — Eg)", [22]where hv is the photon energy, Eg is the
band gap, A is the edge parameter and n = 1/2 for direct gap
material. The optical band gap Eg of Fe-doped Al-doped ZnO
films are illustrated in Figures 10 and 11. While the band gap
is 3.72(eV) for the Fe-doped ZnO film, it rises to 3.71 (eV) for
Al-doped ZnO, and the Burstein-Moss effect explains this
difference.
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Abstract — Energy in Wireless Sensor Networks
(WSNs) is of paramount importance for the remotely
deployed energy stringent sensor nodes. These nodes are
typically powered different batteries technologies via an
efficiency bidirectional DC-DC (BDC) converter. In this
purposed, this article deals with comparative studies
between three different technologies Lithium-Ion, Nickel-
Metal hydride and nickel-Cadmium, their capacity depends
on the state of charge (SOC) of the battery. Energy is
considered as a scarce resource for a sensor node,
specifically when a node is deployed in a remote region and
once it depletes the available energy, it is almost impossible
to provide supplant energy. The purpose of energy
conservation in wireless sensor networks is primarily to
increase the lifetime of a sensor node and subsequently the
entire network, which ensures availability of the various
services provided by each node. The result obtained is
satisfactory for our (WSNs) simulated in a MATLAB /
SIMULINK environment. Moreover, the obtained results
prove the robustness of the proposed control law against
variations in load resistance in the studied converter .The
most cost effective battery and subsequently better manage
the power consumption in a wireless sensor network. The
proposed control law increases the utility of (WSNs)
autonomous under several power variations.

Keywords— Wireless Sensor Networks, SOC, Power
management, SOC bidirectional DC-DC converters.

I. INTRODUCTION

In recent years, technical advances in terms of
performance and miniaturization in electromechanical
Microsystems (MEMS) and the technological
advancement of information and communication have
led to the development of a communicating micro
component called sensor, and their deployment in several

monitoring  applications  (Environmental, habitat,
industrial, agriculture, intelligent transport, military,
medical, domestic automation ... .. etc.) allow the use of

a new strategy. Wireless Sensor Networks (WSNs),

gasbaoui 2009@yahoo.com

which represent cost-effective solutions for remote
monitoring and data processing in complex and
distributed environments [1].

Wireless sensor networks are made up of several
sensors (nodes) and can communicate with each other
wirelessly and which are generally powered by a battery
of very limited and almost never renewable energy, the
objective of optimizing Energy consumption in wireless
sensor networks aims primarily at increasing the lifetime
of a sensor node and the long-term operation of the
network, which ensures the availability of the various
services provided by these networks [2].

A node often keeps a set of low-maintenance
maintenance-free devices such as microcontroller,
memories, one or more sensors, battery and a radio
module for communication, the goal is to increase the
lifespan of these small appliances , It is a problem of
energy management (the stack), in the literature the
researchers have made a lot of efforts to find methods
trying to optimize the energy consumption at the level of
the sensor and the good quality of service of the network,
based either on the manufacture of the hardware (circuits
and / or the battery of physical matter), or used the
approach of the rechargeable batteries, or used
techniques (algorithms) touching protocol layers for
example The MAC layer and / or the NETWORK layer
[3].

In this article we are interested in the first strategy,
that is to say exactly the choice of type of battery
suitable for the nodes in an WSN, therefore it is
necessary that the only source of energy provided by the
stack Must be replaced or collaborated by another energy
source by proposing a comparative technique to
contribute to the improvement of performance and
optimization of energy conservation in the network in
order to extend the energy This study consists in using
the control of a Buck Boost DC-DC converter for three
types of battery during three phase of service of (WSNs),
evaluating the performance of the proposed stack, a test
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of Simulation is carried out during the service phases of
the node.

The remained of this paper is organized as follows.
In section 2, the design of wireless sensor network.
Section 3 shows the basic operation of a lithium-Ion
battery. Section 4 describes the bidirectional DC-DC
converter. Section 5 five some simulation results and
discussion carried in MATLABY/. Finally, the conclusion
is drawn in section 6.

II. BASIC CONCEPTS OF A WIRELESS SENSOR
NETWORK AND DISSIPATION OF ENERGY IN
SENSOR NODES

The technological advances in information and
communications have given rise to a new generation of
computer network adapted to a wide range of application
very varied are the networks of sensors wireless, that is
composed by a great number of nodes which are micro-
sensors Capable of collecting and transmitting data in an
autonomous manner Figure 1 [1].

The sensor is a measuring instrument that transforms
an observed physical or chemical quantity (temperature,
humidity, acceleration, vibration, etc.) into an electrical
signal, this transformation must be a reflection as perfect
as possible of these quantities , In recent years the
concept of intelligent sensor [3] (smart sensor), a system
composed of several subsystems whose functions are
distinct, combines between the acquisition of data (signal
converter of the signal) , Information processing
(microcontroller ~ and  memory), communication
(radiofrequency), a location system (GPS) and an energy
generator.

Reqeste

EQ

User

Figure 1.Wireless Sensor Network [1]

The energy consumption generally depends on the
type of sensor and its deployment in its application, in
order to design efficient solutions in energy, it is
important to first analyze the various factors causing the
dissipation of energy Of a sensor node which takes place
in a general manner in several modes as it is consumed
during the capture, processing and transmission
(transmission, reception and listening of the channel), the
latter is determined by the quantity The data to be
communicated and the transmission distance, as well as
by the physical properties of the radio module[3]. The
emission of a signal is characterized by its power, when
the transmission power is high, the signal will have a
large range and the energy consumed will be higher, note
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that the communication energy represents the largest
portion of the energy consumed by a sensor node.

TI. PRINCIPLE OF BATTERY OPERATION
(LITHIUM-ION)

Li-ion technology consists in using the
electrochemical circulation of the lithium ion in two
materials and at different potential values. The positive
electrode and the negative electrode constitute the two
redox potentials, and the potential difference creates the
voltage within the battery. In use (the accumulator
discharges), the negative electrode releases lithium in
ionic form  Li +: Li + ions migrate to the positive
electrode via the ion conductive electrolyte; The passage
of each Li + ion within the accumulator is compensated
by the passage of an electron in the external circuit, in
the opposite direction: this is what creates the electric
current making the noued work. Figures. 2 and 3 The
shows des charing and the discharge digramme lithim-
Ion respectively [4]-[8].

Figure 4 describes the equivalent circuit of a lithium-

ion battery or, Eis the voltage of the battery without
charge voltage; Eo is the idle voltage; Kis the
polarization constant or the polarization resistance;
Maximum capacity of the battery; Qs the exponential

tension; Bis the exponential capacitance. All parameters
of the equivalent circuit are based on the characteristic
circuit in discharge.

Charge

Seperatet

Anode Cathode

Electroly

Figure 2. Diagram of a Lithium-Ion battery in discharge.

Charg:

Anodeé Seperat Cathod

Electrolye

Figure 3. Diagram of charged lithium-ion battery.


User1
Typewritten Text
Page 47


Conférence Internationale des Energies Renouvelables
Hammamet, Tunisie 19-22 Décembre , 2018

E=Ep-K—2 +AelEiv

"Q-it
t
J
0

interne Tpace

+

J' 10 Résistahce

t

Vb att

Figure 4. The equivalent circuit of a lithium-ion battery.

IV.THE BIDIRECTIONAL CONVERTER FOR
WIRLESS SENSORLESS NETWORKS

The bidirectional converter changes the current flow
direction of the battery according to the node power
requirement. The BDC boosts up the battery voltage
during the high power state and the start-up state. The
BDC buck mode is activated for the battery charging
state. The non-isolated PWM controlled power converter
is selected for the BDC designing process.[9] The BDC
circuit diagram is shown in Figure 5. V,, is the battery

voltage and the C; is the LV side capacitor. L is
denoted by the BDC inductor and Q, and Q3 are
MOSFET switches. The capacity of the DC bus capacitor

bank is denoted by C, [10]
—
[
'_

L I RNode

|+

= = Jhg

Figure 5 . Bidirectional converter circuit diagram.

When the energy flows from the LV to the HV side
during the boost mode, Q3 operates as the active switch
and the Q, is passive switch. The BDC current flow

diagram during the boost mode is shown in Figure 6. The
BDC boost mode operation is similar to the UDC boost
mode operation. The Q2 switch is operated as a
diode[11].

Figure 7 shows the power flow during the buck
operation. The Q, switch is the active switch in the buck

mode operation and the Q; in the passive state. When
the Q, is ON state, the current flow from the HV side to

the LV side and the energy is accumulated in the
inductor. Figure 8 shows the power flow during the Q, is

OFF mode[9]-[12].
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ode

Figure 6. BDC current flow during the boost mod.

T

I
It

|+
I
—
| |
IIl
I S

—

Figure 7. BDC during the Q, ON state.

Figure 8. BDC during the Q, OFF state
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Figure 9. Modele of wireless sensor Networks in MATLAB/Simulink.

60
V. SIMULATION RESULTS - ] -
. . . 40 M Phase 1
In order to characterize the behaviour of wireless e — S— = Phased
sensor Networks, simulations were carried out using the 20 1 - | | Phase
. . . e . - ase
model in Figure 9. This model uses a sensor node 0 & i
connecting to a lithium-ion battery through the DC-DC Phasel Phase?  Phase3
Buck Boost bidirectional converter that ensures an

output constant voltage 5V. The following results were
simulated in MATLAB / SIMULINK. And the Figure 10. Energy consumption [mW] during the three phases.
simulation is divided into two cases, the first one present
a performance test of Lithium-Ion for wireless sensor
Networks and a second cases show the comparative
studies between three battery technologies

The simulated results identified by Figure. 11 show
the variations of the battery power, and Figures. 12 and
13 describe variation of current and voltage respectively
in different scenarios. Figure 14 describe evaluation of
state of charge during all seniors (it was initialized to 70
% at the beginning of the simulation). Figure 15
describe the battery duty cycle of bidirectional DC- DC
converter.

70

Case 1: Lithium-Ion for wireless sensor Networks:

This case are divided by three phases topologies the
first one stand for the beginning phase’s the wireless
sensor Networks are in data acquisition and processing
phase (P,03.=10mW). The second phase correspond to
Listening to the transmission channel phase where the
power is equal(P,,q.=40mW), and finally the wireless
sensor Networks is in several transmission and reception
of data phases , in this phase the node consumes more
and more energy (P,,e=60mW), when the power

60

3 8
—

w
=)

Phase 1 Phase 2 Phase 3

%}
=)

Battery power[mW]

I
0 0.5 1 1.5 2 2.5 3

constraints are illustrated in the Table 1 and Figure 10. Tim [s]
Table 1. Specified topology of wireless sensor networks . Figure 11. Variation of battery power in different phases

0.02

Phases Event Power _ | |
information [mW] g0

Phase 1 Acquisition 10 £ ool |

Phase 2 Processing 40 o Phase | Phase 2 Phase 3
Phase 3 transmission 60 é 0.005 i
o ‘ s s ‘ s
0 0.5 1 1.5 2 25 3

Time [s]

Figure 12 . Variation of battery current in different phases.
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Figure 13 . Variation of battery voltage in different phases.
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Figure 14. State of charge of battery in different phases.
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Figure 15. Duty cycle of bidirectional DC-DC converter in different
cases.

Figure 16 and 17, demonstrate the variation of
nodal power and nodal current correspondingly.

N
=)

Phase 1 Phase 2

Nodal Power [mW]
53 F

0 I I I I I
0 0.5 L5 2 2.5 3

Time [s]
Figure 16 . Variation of nodal power in different phases.

Nodal current [mA]

st Phase 1 Phase 2 Phase 3 +

0 I I I I I
0 0.5 1 1.5 2 2.5 3
Time [s]

Figure 17.Variation of nodal current in different phases.
It is observed that the power and current nodal
variation are almost the same variations in the different
phases and form different battery technologies.

L ,

8
6
4 | | 1
2 4
0

Nodal voltage [V]

Phase 1 Phase 2 Phase3
. I | . |

0 0.5 1 1.5 2 2.5 3

Time [s]

Figure 18. Variation of nodal voltage in different phases.
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According to Figure. 10, the bidirectional DC-DC
converter is tested by varying the output node resistor,
the variation of the voltage in the node still remains
around 5V Figure 18. The disturbances do not affect the
performance of the buck-boost DC-DC converter output
voltage.

Case 2: Comparative studies:

In the node the large energy consumption is during
transmission, so a comparative study between the three
types of stack will be more concrete during the third
phase and one can observe a different observable in the
representation of the state of charge of three types of
battery technology as a function of time Figure 19, such
as the rate of lithium battery Ion rapidly reduced than
that of the Nickel Metal Hydride battery and itself as the
Nickel Cadmium battery.

70

69.9999 -

— Lithuim-Ion
Nickel Cadmuim
Nickel Metal Hydride

69.9998 -

State-Of-Charge [%]

69.9997 -

Phase 1 Phase 2

69.9996 . T . + .
0 0.5 1 1.5 2 25 3
Time [s]
Figure 19. Comparative State of charge of different battery in different
phases.
It is interesting to show the variation of SOC is
inspired as a function of time equations for each type of

battery Figure 18.

Fiting formula for lithium Ion battery:

SOC = 2e-006%M7} - 1.4e-005%A6} + 1.7e-
005%A (5} + 7.7e-005%M4) - 0.00026%° {3} +
0.00023*tA{2} - 8.3e-005%¢ + 70 )

Fiting formula for Nickel Cadmium battery:

SOC = 1.8e-006*t"{7} - 1.2e-005*tA{6} + 1.5e-
005*tM 5} + 6.9e-005*t" {4} - 0.00023*t"M {3} +
0.0002%tM {2} - 7.4e-005*t + 70 2)

Fiting formula for Nickel Metal Hydride battery:

SOC = 1.9e-006*tM{7} - 1.3e-005*t*{6} + 1.6e-
005*tM {5} + 7.2e-005*t"{4} - 0.00024*t"{3} +
0.00021*t7 {2} - 7.7e-005*t + 70 3)

These equations have allowed us to calculate the
SOC rate for each type of battery at any time, in addition
we note that there are small variations for each
coefficient of variable x from one equation to another as
in The ascending order of equation 2, equation 3 then
equation 1, the battery Nickel Cadmium, Nickel Metal
Hydride and then lithium Ion. It can be said that the
Nickel Cadmium battery gives a slight improvement
compared with other batteries, the equations (1), (2)
and (3) given, and even the results of the table 2. The
SOC value at the beginning and end of phase 3
demonstrated that the Nickel Cadmium battery is more
cost effective for the sensor node against Nickel Metal
Hydride and lithium Ion batteries
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In the transmission phases, table 2 describe the
change of SOC value of beginning and end of phase for
each materiel battery type.

Table 2. Comparison SOC between three battery types in each start
and end of the third phase.

Table 3. Power comparison between three battery types in the end

of the secand phase.

Type Pick of power [mW]
Time[s] 1 2
Lithuim-Ion 44.15 64.11
Nickel Cadmium 44.25 64.21
Nickem Metal Hydride 44.13 64.10

Type Phase 3
Begin End Diffrence
Lithui 69.99987 69.99996 0.00018
m-Ion
Nickel 69.99988 69.99972 0.00016
Cadmium
Nickem 69.99989 69.99972 0.00017
Metal
Hydride

According to the table above there is a difference
between the beginning and the end of the phase for each
battery type, so there is a addition energy consumption in
the transmission phases, but variation was different from
one type of battery to another In order from smallest to
largest, the Nickel Cadmium battery, the Nickel Metal
Hydride and then the lithium Ion.

The control of the bidirectional DC-DC converter,
switching from one phase to another phase a peak power
change at the end of each phase (1 and 2 respectively).
Figures 20 and 21 shows that the Nickel Metal Hydride
batteries present a less peak power compared with others
batteries (Lithium Ion and Nickel Cadmium).

4461 4

44.4 1+ +

44,20

Battery power[mW]

44

1 1 1 1 1 1 1 1
1.007 1.008 1.009 1.01 1011 1.012 1.013 1.014

Time [s]
Figure 20. Comparative of peak power in different battery
technologies at the end of treatment phases.

6441 1

64.2

64

63.81

Battery power[mW]

I I I I I I I I I I
2.012 2.014 2.016 2.018 2.02 2.022 2.024 2.026 2.028 2.03 2.032
Time [s]

Figure 21. Comparative of peak power in different battery technologies
at the end of transmission phases.

The exact values of the power peaks in mW inspired
by the curves are given in Table 3 and their graphical
representations respectively in Figures. 22 and 23, these
values are classified in the order of lowest value to the
highest of the Most suitable battery for our Nickel Metal
Hydride node with 44.13mW in phase 1 to 2 and
64.10mW in phase 2 to 3 against the Lithium-Ion and
Nickel Cadmium battery.
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44.25
44.15 44,13

Figure 22. Power [mW] comparison between three battery types in
the end of the seconde phase.

64,21
64,11 —| 64,1
S an an
S
& ¥
&

Figure 23. Power [mW] comparison between three battery types in
the end of the therid phase.

In addition, the results of power peak variations in
the sensor node of the end of phase 2 to3 and are given
respectively in Figures. 22 and 23 and in table. show that
the power peaks of the stacks Nickel Cadmium give poor
results as the batteries and lithium Ion and Nickel Metal
Hydride and lithium but with a more or less negligible
differences of 0.12 mW that is to say without risk for our
node.

Finally, the results of simulation of the discharges
curves as a function of time for each type of battery
technologies applied to a current of 100 mA and 200
mA respectively in Figures. 24 and 25 shows that the
discharge of the lithium ion battery Is fast as the
discharge of the Nickel Metal Hydride battery and that is
even faster than the Nickel Cadmium battery.

45F T T T T T T T T
Nickem Cadmuim
Nickel Metal Hydride
Lithim Ton

Voltage [V]

Time [h]

Figure 24. Discharge curve for 100 mA current.
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Figure 25. Discharge curve for 200 mA current.

Simulation results in Figures 24 and 25 prove that

Nickel Cadmium batteries have a long discharge
duration compared to Nickel Metal Hydride and
Lithium-Ion batteries.

Due to the importance of the energy management
problem in the wireless sensor networks and following
all these assumptions it can be concluded that the Nickel
Cadmium battery technology is the most suitable and
battery candidate applied to the wireless sensor network
node, a holistic approach to energy conservation in
(WSNs) is essential. However, such an approach is still
difficult to find due to the diversity of applications and
differing requirements, such as techniques for optimizing
energy consumption.

V1. CONCLUSION

This study demonstrates the robustness of dynamic
performance of bidirectional DC-DC converter for
wireless sensor networks. In the present work,
comparative studies of three battery technologies
lithium-Ion Nickel Cadmium and Nickel Metal hydride
are presented. Three fitting formula are proposed that
permit the relationship between stat of charge and the
timing. Nickel cadmium is the battery candidate for
wireless sensor networks compared with Lithium-Ion
and Nickel metal battery technologies.

The power variation phases do not affect the
performance of the bidirectional DC-DC converter.
Moreover, the future industrial transmission and
communication sector must take into consideration the
paper results studies into design steps.
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Abstract— During the process of architectural design, architects
often face problems to which suitable solutions are required. To
carry out this task a multitude of software programs were
developed. Nevertheless, it has been noticed that an important
number of architects do not use any bioclimatic device tools during
the design process, at least in the present case. The inadequacy of
these tools, to the professionals implied in the designing process
especially the architects, is very probable. In this regard, the
researchers aim to give the designer and the various actors a
practical tool for help in order to understand and integrate the
bioclimatic passive concepts as to the hot climate. The researchers
tried to develop a bioclimatic sketching book based on decree n’
14-27 and case based reasoning method. This novel tool offers
concrete illustrations to the actors, and assists the architects in the
architectural bioclimatic design. It may contribute to the decisive
insertion of building in its desert area during various stages of
designing.

Keywords— Architectural design process, desert climate,
integration, sketching book, schematisation

I. INTRODUCTION

Architectural projects sometimes are seen as a problem
solving activity, and the result of a long complex
multidisciplinary process of planning [1]. It is not only a non-
linear procedure but also a dynamic one. The emergence of the
conceptual solution is the result of various actions. It embraces
different sorts of interactions between the actors and their
subject-fields. [2]. Pierre Fernandez sees that the major
character that renders the act of modeling the design process
awkward is the diversity of the methods of project elaboration.
This feature of diversity can be interpreted via several ways of
conciliating both the objective (program, site, regulations...)
and subjective (composition, reference...) parts during the
process of design [3]. The architect has to get the maximum
amount of information concerning the project, and call for his
own experience in terms of knowledge and know-how [4].

Several approaches are suggested to integrate this
established fact into an intelligent device which will help the
architects to find solutions for the problems. This could be
achieved by providing the machine with the necessary

knowledge that would enable it to find the most suitable
solution.

The Case based reasoning (CBR) can be considered as the
closest one to the human reasoning based satisfaction among
all the various approaches related to artificial intelligence.
Additionally, it is the most adopted in the activity of designing
[5]. Indeed, it can help architects overcome the problem of the
lack of information concerning bioclimatic field issues and
find optimal solutions.

In its work on the reasoning base references Roger Schank
proposes [6] that a problem resolution system based on the
CBR must be guided by the experiment. The CBR is a form
of reasoning by analogy. It consists in solving a new problem,
called target problem, and by using a whole of already solved
similar precedents [7], [8].

From this perspective, this paper concerns itself with:

e QGathering and conceiving a set of conceptual strategies
related to earthquake resistance design.

e Trying to find a way to take them into account during
the early stages of designing.

e Finally, developing a sort of tool based on the
schematization and case based reasoning method to
assist architects during the designing process.

II. THE ARCHITECTURAL BIOCLIMATIC DESIGN
REQUIREMENTS

In Algeria and since 2000, the public authorities put the
issue of the elaboration of legislative code for sustainable
design as one of its priorities in order to take into account the
natural and climatic variables. This is clearly stated in the
various promulgated legislative decrees (laws: 01-20; 02-02;
02-08; 04-05; 04-09; 09-99; executive decree number 14-27)

[9].

However, to interpret suitably the spirit of the code the
designer’s experience has to be up to the level, without this a
contrary result might occur especially in the case of bad
interpretations [10]. Moreover, the majority of the available
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bioclimatic help tool devices are used as enhancers, they check but rather an enriching and assistant tool ; as affirmed by the
the feasibility of the overall architectural forms and intervene head of CLOA-Adrar (Local Council of the Architects Order),
at stages in which the architectural part is already done. Mr. LAZRAG A. : «..when conceiving we always seek
nutritive sources for the project and which stimulates the

On the other hand, the architectural bioclimatic design architectural creativity...»

requires a very close cooperation between both the technical
and the architectural bioclimatic aspects as from the early
stages of the designing process. By experiment this approach

allows a great deal of reconciliation between the architectural 1} /}
aspect and the technical design of the architectural project. ;s i ; 7

Practically speaking, the implementation of such methods i !i ;
is the result of the interaction of extremely complex factors J ;
such as: the current regulation, the economic situation, the |’ j‘ & g
technical know-how, the aptitudes, and even the different &
actors’ behavior. f(

/
H

|
|
y
{
l

Additionally, the majority of designers do not use a
decision advice tool during the early stages of bioclimatic
design process. This is mainly due to the inadequacy of these
tools to the professionals implied in the design process,
especially architects [11]. This absence can be explained on
various levels as:

Fealizstion siaged
Implementation kabours

e They are not used until the last phases of the design
process.

e Designers are heavily short of training in terms of
using these tools.

Implementation project
/--’--
.r'- p.

e Their knowledge about bioclimatic designing concepts M :
is quite poor. . \x 3 '!
e Architects consider that bioclimatic active strategies - ‘\, = !
are in charge of treating the sustainable aspect of : Y _
buildings. . :

e The fact of knowing the existence of an under state
control subsidy for the residences energy consumption
is compulsory make designing intervenors lazy in
considering bioclimatic aspects during the early stages.

Architecturs] step
B RE
[

Designing sages

e The current software devices are beyond the mastery of
architects because of their highly specialized character.

e They require relatively a long training period of time,
which professionals can not actually afford.

Dratls step

The use of these support tools varies according to the — : ' :‘\

mode of implication of the bioclimatic aspects in the g
HHBHIHE
i Lfd e i E .
i ISt

%
e

architectural design process:

In case of post-implication, the support tools will assume
the control, validation, or sanction mission. And hence, the
amendments have to limited with regard to the schedule and
project budget. Indeed, great deal of rectifications during very
advanced state of project design might imply revising a
considerable work of design on various scales. On the other

Archileckstal Design Process

hand, n Case.Of very early engagement, as Qf the dr?.ﬂ stage, Fig. 1. Implication of current helper bioclimatic device tools in bioclimatic
they will be involved as assistance in the bioclimatic design design process (Algerian case study)
(see figure 01).

Admittedly, the designing act is a rather complex activity;
it is technical and sensitive labour at the same time. It often
requests a search for ideas and information which can assist
the designer in the development of his project. This idea was

The current simulation tools of bioclimatic aspects of
building available form part of the specialized codes, and they
are not usually employed in architectural practice. During the
early designing phases, architects do not need any validation
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developed by many researchers, such as Leplat (2002) [12];
Bignon (2004) [13]; [Kacher (2005) 14]; and other... They
explain why during the architectural design process, the
recourse to the images (diagrams, sketches, pictures,
photographs... etc.) is essential. They consider also that the
information transmitted by the image is easier to
include/understand than that transmitted by the text. This
probably results owing to the fact that the image requires
fewer interpretations than the text. Moreover, the image
presents information which can be directly integrated in the
corpus of the ideas, the constraints or of the solutions of a
project. The architectural design process is regarded as a chain
made up of several couples of problem/solution formulations
which each one called upon specific representations, see figure
02.
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Fig. 2. The role of the couple problem formulation/solution in the advance of
the architectural design process (Djafi 2005) [15].
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The need for schematizations is a necessity which appears on
the various level of the dynamic articulation of this couple. It
gives the possibility of expressing the idea of the project
which one wishes to carry out, and to communicate it. In
architecture, the representation can be considered as a tool of
studies making it possible to simulate the various assumptions,
a means of anticipation, description, information, dialogue,
decision-making aid, control and validation lasting the
development process of the architectural project, and also a
tool of communication towards a public not specialized.

III. EXPERIMENTAL THE PROPOSED DESIGN PROCEDURE

The designing act is a highly complex activity; it is
technical and emotional at the same time. It often requests a
search for ideas and information which can assist the designer
in the development of his project. This idea has been
developed by several researchers and designers, such as
Bignon, Halin, and Kacher in his article « A method to index
images in the wooden architecture domain » [13], and S.
Kacher in her doctoral thesis [14] among others..., they
explain that during the conceptual process the need to return
back to visual illustration (images, pictures, drawings, etc.) is
essential. They consider that the information transmitted by
image is easy to understand if compared to written texts. This
is due to the fact that the image has a limited number of
interpretations. And it presents information which can be
directly integrated into the corps of ideas, constraints or
solutions for the project. In other terms, the image that
supports the architectural creation before and after the design
of the project in the conceptual, architectural and even
economic order. It clarifies the various situations “analysis /
development” of the designing process, and also simulates the
comprehension of the bioclimatic architectural concepts.
Moreover, it provides a clear illustration to the actors about
how to include the formal relationships between the various
attributes influencing the bioclimatic aspects of the building.
[16].

In this piece of research, our aim is to suggest a tool that
facilitates a sort of reconciliation between the objective and
the subjective parts of the design. More precisely, enhance the
communication between the different actors, and hence ensure
a tight collaboration between them as it is the fundamental
principle of any architectural design. The proposed tool is
composed of two types of structures: a linear structure and in
loop one (Figure 03).
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Fig. 3. The proposed design procedure

The linear structure is vertical and it defines the
requirements, of the bioclimatic design concerned as well as
the different developing phases of the project. The loop
structure is concerned with generating alternative solutions
and allowing the repetition of all the activities and phases of
the linear structure in an iterative way. The loop structure
divides the vertical linear into loops of five successive stages.
The first one examines the project candidates. The second
stage selects bioclimatic concepts from the given data.

Next, an analytic phase was carried out in order to suggest
the various possible conceptual solutions. Then a synthetic
step generates a potential solution through the exploration of
various combinations of the primitive elements.

Finally, the results were evaluated, at times readjusted and
reused. These phases were repeated until a satisfactory
designing solution was obtained.

IV. THE BIOCLIMATIC SKETCHING BOOK

During the process of design, architects usually use their
previous knowledge conceptualized in terms of references and
schematized cases so that to feed their new artistic products.
They do not have predetermined ways of resolution, but
instead they know a certain number of technics and methods,
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among which relying on similar projects or existing
prototypes. However, it is necessary for designers to reinvent
and recombine some strategies to eclaborate an adequate
solution each time.
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Fig. 4. Diagram of the bioclimatic sketching book

The need for rules related to bioclimatic designs proves to
be essential as they offer the architect the conceptual bases for
the architectural project. They enable also the guarantee,
integration, and insertion of climatic variables as from the
early phases of the design process. The reasoning based case is
by far the most suitable resolution approach to the problems
adopted in the act of designing. Indeed, it implies the use of
artificial intelligence “AI” which helps the architect in the
bioclimatic design and to find optimal solutions.

The diagram shown in figure 4 recapitulates the
bioclimatic sketching book. This last is the result of the
superposition of the obtained bioclimatic, urban, architectural,
and functional indicators. It is also the outcome of analyzing
the executive decree n’ 14-27 and the synthesis of
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bibliographical study which fixes the various actions defining
the bioclimatic cold_passive strategy.

V. RESULTS AND DISCUSSION

The main aim of the present experiments is to contribute to
the reflection by focusing on two essential points. The first
one is to check the association concept-image which allows a
correct interpretation and a performance appropriation of the
bioclimatic concepts. The second one is to validate the
practical, economic and creative benefits of a schematized
navigation in standard referential of bioclimatic architecture of
the Algerian southern provinces.

The results of the experiments are supported by 42
architects from CLOA-Adrar (Local Council of the Architects
Order) who have received lessons in academic master in
architecture at Adrar University in partnership with the
University of Sciences and Technologies of Oran. Work
proceeds in exercise form of design before and after the use of
the developed sketching book. All the drawings and written
traces produced during the experimentation are also reserved.
The first step of designed tool is given in figure 5.
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Main aims To protect To prevent To get cold To dissipate | To minimize
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Decree: 14-27 30,40

Protection provision

(g

-*'{’:: ( West East
i | ;
? & ‘T’.= -

L

Examination, Art: 06, 07, 08,
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The joint ownership

South

Work space
Examination, Art: 27, 28,31,

Decree: 14-27  40,13,10, 14

Recommendations

Fig. 5. sketch step page of designed tool

Thanks to this experiment that we succeeded to improve
our sketching book, determine architects' needs in terms of
bioclimatic knowledge, and also define the main features of
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the suggested approach. It enabled us to check our assumption
concerning:

e The presence of several loops of feedback makes it
possible to return back in order to take into account the
new information generated during the designing
process.

e The distinction between the various phases of the
design processes especially the beginning and the end
with loops between them implies the existence of
objective criteria. This illustrates the fact that the
objective and its properties guide the mechanism of
assistance to generate bioclimatic forms as from the
early phase.

e The reliance on the CBR concept and the graphic
demonstrations at each level of the design situation
enables the possibility to express the idea of the project
that one wishes to carry out, or to communicate.

VI. CONCLUSION

The architectural form is remarkably the most significant
element in the bioclimatic aspect of any building. The
requirements of a bioclimatic design can appear during the
first examination as an impoverishing constraint. In fact, in the
professional space, we should seek shape of buildings adapted
as much as possible with naturel variables, as well in
architectural as of technical aspects. Many successful projects
on the aesthetic level prove however that a bioclimatic
architecture of quality is possible.

Thus, beyond the "thermomechanical behavior" aspect, we
can integrate the bioclimatic concerns within the architectural
intention, and it is possible to use the bioclimatic concept as an
element of architectural expression.

The present model shows two sorts of information framing
the representation and the progress of the architectural project;
the first is meant to answers the question: « what is to be
done? ». The answer could be considered as a source of
bioclimatic conceptual ideas. And the second is an esthetic
answer to the question: « how it will look like? ». Its role is to
seek conceivable solution forms. The suggested tool can be is
conceived to be a tool of assistance and for decision-makers
during early stages of the design process. Additionally, it can
be used as a tool of communication with the common public.
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Abstract—In this paper presents the predictive model reference
adaptive system (PMRAS) rotor speed observer, This observer
developed from the classical MRAS rotor flux scheme associated
with predictive adaptation mechanism designed from the Finite
Control Set Model Predictive Control (FCS-MPC) by using a
search optimization algorithm for calculate the rotor position
which guarantee a minimum speed tuning error signal at each
sampling period. The effectiveness of the proposed observer
proved with the simulation results, show high dynamic
performance speed and position observed in sensorless vector
control process at low and zero speed as well robustness against
motor parameter variation with different loading conditions.

Keywords— Sensorless, IFOC, Classical and Predictive MRAS

I. INTRODUCTION

For many years, lots of efforts have been made in ac drives
to eliminate the speed sensor mounted on the machine shaft
this technology is referred as sensorless control [1]. In this
study presented, the predictive MRAS speed observer based
from the classical MRAS rotor flux scheme associated with
the adaption mechanism designed from the Finite Control Set
Model Predictive Control (FCS—-MPC) by using a search
algorithm developed to ensure the rotor position each
sampling time and minimizing the speed tuning error signal
to solve the problems associated with the adaption
mechanism design.

II. MATHEMATICAL MODELS IM AND VECTOR CONTROL

A. THEIM MODEL
After use the vector control, the induction machine
can be represented as a two-phase motor in a stationary

reference frame (o, ) and then convert in synchronously
dynamic reference

frame (d,q) by applying Park

transformation. The mathematical models of an IM can be
described by the following state equations [2], [3], [4], [5].
X =AX +BU )
Y=CX
With X : state variables, A : system evolution matrix, B .
control vector, U : input vector it is represented by the tension

vector.
i.\'d b 0
isq de 0 b 1 0 0 O
X: 9 U: N B: N C: N
4. v, 00 0100
., 00
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The mechanical equation is
dQ
J—=C,-C,-fQ 2)
dt
Where the electromagnetic torque is
3PL, . .
Ce = 2L (¢rdlsq _¢rqlsd) (3)

'

B. Indirect Rotor Flux Orientation control

The purpose of the flux rotor orientation is to
decouple the stator current into flux and torque producing
components, regulated separately, to obtain a good
performance IM drive [3], [6], [7]. For vector control, the
rotor flux is oriented in the d-axis

¢rq = O’ ¢rd = ¢r (4)
. . . L, .
The slip frequency is obtained as @, = y ’; Iy, (5)
The electromagnetic developed torque equation is given by
3P Lm .
Ce = 2L ¢rdlsq (6)

v

III. THE ROTOR FLUX MRAS OBSERVER

The conventional rotor flux MRAS speed observer shown in

figure 1. It usually consists of two mathematical models, the

reference and adaptive models, and an adaptation mechanism
to generate the observer speed.
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Fig. 1 The classical rotor flux MRAS observer

The reference model represents the stator voltage
equation in the stator reference frame, It generates the
reference value of the rotor flux component from the
monitored stator voltage and current components which can
be written as [1], [8], [9], [10].

p¢fll = ll:r (Vsa _Rsisa _GLSpiYa) (7)
L R .
p¢ﬂ=zL®¢—Rmﬁ—aApm) (8)

m

where ¢, , 4,, are the alpha and beta reference rotor flux

are the stator current; V

components; i s> Vi are the

sa ? i‘vﬁ
stator voltage, all expressed in a stationary reference; pis the
laplacian.

The adaptive model represents the current model,
describes the rotor voltage equations in the stator reference
frame where the rotor flux components are expressed in terms
of stator current components and the rotor speed. The rotor
flux components are given by [1], [8], [9], [10].

A L 1 ~ n
e T . By 9
p¢ra Tr sa Tr ¢ra r¢rﬂ ( )
~ L 1 - n
=y - + o 10
p¢r/? Tr sp Tr ¢rﬂ r¢ra ( )

where ¢?m ,ﬁrﬂ are the alpha and beta adaptive rotor flux

components;

The adaptation mechanism generates the value of the
observer speed. It is based mainly on the hyperstability theory
the conventional rotor flux MRAS scheme, this is performed
by defining a speed tuning signal £, to be minimized by a PI

controller, which generates the observer speed that is
feedback to the adaptive model. The error speed is the
difference among the product of rotor flux of reference and
adaptive model. The expressions for the speed tuning signal
and the observer speed can be given as [1].

€0 =0 500 —buby (11)

o, :(kp +EJ (12)
p

The velocity variant cross coupling due to speed
rotor dependent components in the adaptive model can guide
to an instability issue. Therefore, it is common for the rotor
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flux equation represented in the rotor reference frame to be
used [11].

. L
=—"—0 13
¢rd 1+Trp sd ( )
A L
= 14
o= T (14)

where ¢, and é,q are the rotor flux components all expressed

in the rotor reference frame. The implementation of the rotor
frame-based flux model is shown in Figure 2.

Rotor Référence Frame

Fig. 2 The Adaptive model in the rotor reference frame

IV.THE PREDICTIVE MRAS SPEED OBSERVER

The predictive MRAS speed observer (PMRAS) is
developed from the Finite Control Set Model Predictive
Control (FCS-MPC). The MPC is a modern digital control
technique that offers a powerful tool to deal with control
problems of power converters and electric drives. The main
prominences of FCS-MPC are its compact design and
flexibility to include many additional control targets. By
considering only finite possible states of the inverter, solving
the cost function would be straightforward.

The FCS-MPC use to design the adaptation
mechanism in MRAS speed observer. An optimization
problem is formulated to find the rotor position in order to
minimize the speed tuning signal &, .The rotor position varied

between 0 and 27 continuously; a search technique discreted
the rotor position into a limited number of positions to allow
calculating the cost function at each of these discrete
positions. The predictive MRAS observer is shown in Figure
3 [12] [13].

pmﬁ

¢mﬁ

Reference Model
voltage model )

i . .
sap Selecting
Rotor position
and

Speed extraction

Error
Generation

Adaptive Model
current model

Fig. 3 The predictive MRAS speed observer

The search algorithm is shown in Figure 4 starts by
calculating the reference model outputs ¢,,, 4, , also

initializing the base angle 6,,, and the error speed &, , and

calculating a displacement (A8;) can be given as
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T i
Ab. = 2.2 (15)
where i is the order of the current iteration.
The discrete rotor position as follows
0 =0puse+00,.(—4) (16)
Where j is the order of the displacement.
Each discrete position ¢, ; used to calculate the
adaptive model outputs corresponding to each individual
position ﬁ,a,&rﬂ . Therefore, the cost function ¢, ;is calculated

for each position as follows:
gi,j :¢rﬂ¢raiyj _¢ra¢rﬁiyj (17)

After eachs iteration, the search algorithm gets closer
to the optimal solution, which produces the minimum cost
function throughout the search space, is selected as the output
rotor position of the observer. The speed signal get by the
average value of the change in rotor position, dividing by the
simple period as follows [14].

AG,,
a)r — 2_7[ average (18)
60 ¢,
1 X
Aeaverage: ; Z(ef()t()r(k)_ Hf()t{)f(k - 1))n (19)
n=1
A6 : The average value of the change in rotor position,

average
x : Recorded of the change in rotor position,
t,: Simple period.

l Read stator current and voltages ]

[ Calculate the reference model and initiate both |

Oreor a1 5,

nitinl y,

Calculate AB,

[ Calculate 19” and calculate the adaptive model J

[ Calculate the error ey ]

[Make 5 - and 6E7a:ai+1 = 6f.i ]

initial __

Fig. 4 The rotor position search algorithm

V. SIMULATION RESULTS AND DISCUSSIONS

In this section, the simulate system used the
induction machine, the IFOC scheme for vector control is
driven by two observers speed, the classical rotor flux MRAS
with PI controller, the gains are set to Kp=1000 and
Ki=10000 which are tuned using trial error method to obtain
the optimal dynamic performance, and the predictive MRAS
with a search algorithm to ensure the sensorless and evaluate
the comparative. Simulation results obtained in MATLAB/
Simulink environment. The block diagram of sensorless
induction motor drive with CMRAS/PMRAS speed observers
show in figure 5. The motor parameters are presented in
Tablel.

Table 1. Induction Motor Parameters

Designation Quantity
Rated power 1.5kW
Rated voltage 220V
Rated speed 1428rpm
Nominal frequency 50Hz
Stator resistance 4.85Q
Rotor resistance 3.805Q
Cyclic stator inductance ~ 0.274H
Cyclic rotor inductance 0.274H
Mutual inductance 0.258H
Number of pole pairs 2
Moment of inertia 0.031kg/m2
Friction coefficient 0.00114Nm.s/rd

w I
Isd
speed
=g
OBSERVER

Fig. 5 Block diagram of sensorless induction motor drive with
CMRAS/ PMRAS speed observers

The simulation results presented and discussed from
testes the performance of both observers under the following
conditions:

- The speed reference star between times 0.5 and 1.5s
augmented from O to 100rad/s, then between times 3.5 and
4.5s reduced from 100 to Orad/s, next between times 5.5
and 6.5s reversed from O to -100rad/s and finally between
times 8.5 and 9.5s augmented from -100 to Orad/s.

- Zero speed between times 0 and 0.5s, also between times
4.5 and 5.5s, moreover between times 9.5 and 10s.

- The load torque applying 10 Nm between times 2 and 3s

- The change of rotor resistance up to 50% at time 2s.

- The change of stator resistance up to 50% at time 2s.

In figure 6, illustrates the sensorless performance of
induction motor drive with PMRAS observer, the rotor speed
observer and reference depicted in (a), the rotor position
generate from the search optimization algorithm depicted in
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(b), phase current depicted in (c), d & q axis stator currents s —
depicted in (d), alpha & beta axis rotor fluxes depicted in (e), A e - 9
the electromagnetic and load torque depicted in (f). B e I B e B e e s 1

According to these satisfactory results, the proposed e e e S 1
observer show a high dynamic performance, the FOC control R R R R S e e e = 1
technique ensures a good regulation also a dynamic torque ol ] Lk T rik
response and full decoupling between flux and torque. The T B % 5 = 7 2w
rotor speed observed precise tracking the reference including T('("B'

low and zero speed, moreover robustness against a reversal
speed, the load torque disturbance variation and very rapid
rejection.

In figure 7, illustrates the comparative sensorless
performance of induction motor drive between CMRAS and
PMRAS observers, the rotor speed observer of CMRAS,
measured and reference depicted in (a), the rotor speed
observer of PMRAS ,measured and reference depicted in (b),
speed error of CMRAS depicted in (c), speed error of
PMRAS depicted in (d).

For this important results obtained, the PMRAS
show superiority in comparison with CMRAS. The predictive
observer proved a better tracking between the reference and
the adaptive model; also reject the load torque three times

Fia, o)

torgue(Nm)

- I S
T
|

£ 1
faster than the CMRAS. i Lo g
Time(sec) 1o
150 = (f)
| P L Fig. 6 simulation results of sensorless performance of induction

motor drive with PMRAS observer (a) rotor speed, b) rotor
position (c¢) phase current, (d) d & q axis stator currents, (¢) alpha
& beta axis rotor fluxes, (f) torque

Speed(rad/sec)

g In figure 8, illustrates the sensorless performance of
asobod— 4L g induction motor drive with impact of rotor and stator
Tz"as)‘““’ resistances change, the rotor speed observer of CMRAS and
reference depicted in (a,e), the rotor speed observer of
1 PMRAS depicted in (b,f), speed error of CMRAS depicted in
lE=s (c,i), speed error of PMRAS depicted in (d,j).

] For these significant results, the PMRAS show again a
— better quality and performance, also high robustness against
- the rotor and stator resistances change. Figures (a, b) show
] the rotor speed of both observers work perfect. In figures (c,d)
7o show the PMRAS give a high robustness and more stability

against the rotor resistance change. Figure (e,f) show again
(b) the PMRAS a better robustness against the stator resistance
change with steady and less oscillations then the CMRAS

Postianred)

curentia)

Speed(rad/sec)

-150

Time(sec)

(a)
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78
Timo{ase) Tima(sec)

MU :
(©
5 T . 5 |l
_ 80 y \
EE. 50 /‘/
L \
03l “m(;;.:.) ............. 1 20 o T “mﬁ;c) e T
(d ®
Fig.7 simulation results of comparative sensorless performance of T T T 1 1
induction motor drive between CMRAS and PMRAS observers (a)
rotor speed CMRAS, (b) rotor speed PMRAS, (c) speed error
CMRAS, (d) speed error PMRAS.
: 50‘7stepchangeRr| 7
%5 as 15 ”"‘:(:M) 3 ES @ ’g“. Al
@ .
....... N\ e 7 v 2 2
B | X , 0
o # [50% wep change R | N\ Fig. 8 simulation results of sensorless performance of induction
2 A ; 3 motor drive with impact of rotor and stator resistances change.
o e (a,e) rotor speed CMRAS, (b,f) rotor speed PMRAS, (c,i) speed
20—l T e 5 o= error CMRAS, (d,j) speed error PMRAS.
®) VI. CONCLUSIONS
i S S T O I St A A In this paper, a predictive model reference adaptive
: i system (PMRAS) rotor speed observer for sensorless
g - induction motor drives has been presented. These models
i ol create from the classical MRAS rotor flux observer and the
Y B N S finite control set model predictive control (FCS-MPC). The
T 3 - a - success of this combination proved with the satisfactory
(“) simulation results, show clearly excellent observation and
C

robustness against external disturbances and motor parameter
variation under different operating conditions, especially at
zero speeds.
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Abstract —The objective of this work is the liquid-
liquid extraction of Zn (II) in an acetate medium by
the 8-hydroxyquinoline quinoline compound known
by these chelating properties, with respect to heavy
divalent metals, as well as these important biological
and pharmacological properties. Various parameters
have been optimized such as contact time,
concentration of aqueous phase, mass of extractant,
pH effect and salt effect. The thermodynamic study
showed that the extraction process is spontaneous (AG
<0) and exothermic (AH <0). On the other hand, the
extractant forms a yellow solid complex of structure
M (CyH;NO) , confirmed by IR analysis.

Keyword-The 8-Hydrox quinoléine, Environnement, Zinc,

Extraction liquid — liquid

1. INTRODUCTION

8-Hydroxyquinoline (8HQ), a derivative of the
original quinoline, has been used as an agricultural
fungicide and a preservative in the textile, wood
and paper industries, 8HQ is a powerful chelatant
that can restore balance of metals and be useful for
the treatment of metal-related diseases[1-7].

8-Hydroxyquinoline (1-8-HQ) (or
quinolinol) is a non-specific ligand chelating a large
variety of metal ions[8-9]. 8-Hydroxyquinoline is
able to chelate essential metallic ions for
metabolisme of bacteria and fungi, so 8-HQ
derivatives are used as antibacterial and antifungal.
8-HQ complexes of Zn or Mn can be also used for
such applications[10-14].
Metal complexes of 8-hydroxyquinolines were used
in supramolecular chemistry as luminescent or
fluorescent solids [4].

The objective principles of this work fall within
this framework. We propose to study the liquid-
liquid extraction of zinc (II) in an acetate medium

by 8'-hydroxyquinoline and to determine the
optimum conditions for extraction.

II. MATERIALS AND METHODS

All commercial reagents were purchased from
Prolabo or Aldrich, and were used as received
without further purification.
Spectro201plusUV-VISIBLE  spectrophotometer
and a consort C831 PH meter with combined glass
electrode were used for concentration and Ph
measurement

The FTIR spectrum was recorded on a Brucker
Vector 22 spectrophotometer

Processing of extraction

8-HQ, which is soluble in ethyl acetate and
chloroforme , was taken as the organic solvent
throughout this study. Equal volumes of organic
and aqueous phases (5 mL) were agitated for 30
min (enough for equilibrium) at 22°C under the
desired experimental conditions. The two phases
were then separated by decantation and assayed by
taking known aliquots from the aqueous phases.
The zinc concentrations in the aqueous phase were
determined, before  and after  extraction
spectrophotometrically.

III. RESULTS AND DISCUSSION

A. The contact time determined by a kinetic
extraction study of Zn (1)
The contact time is 30 minutes for chloroform and

45 minutes for ethyl acetate.
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70 1 M
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40

yield
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204

time

Figurel: Kinétic of extraction of Zn (II) pH; = 4,5
[Zn (ID]= 10°M [8HQ]= 10°M

B.  Volume ratio

T° =20C

The ratio Q between the volume of the organic
phase and the volume of the aqueous phase is very

important in a liquid-liquid extraction

—a— Chloroforme
—e— Acétate d'éthyle

85 - .
-
[
804 L] /
75 .
E .
[ -
2 -
ES
65
/
60 /
/
-
55 -
- . . . .
0,11 025 042 0,66 1
Q (ml)

Figure 2: Effect of volume ratio pH; = 4,5
(IH]= 10°M [8HQ]= 10"M Q=1

T°=20C [Zn

The results for the two solvents show that the best
yield is obtained from a volume ratio equal to 1, so
to carry out this extraction it is necessary to take the
same volume of the organic and aqueous phase

C. Effect of the initial Zn (II) concentration of the

aqueous phase

The effect of the concentration of the aqueous
phase on the extraction yield was examined in the

following concentration range: [Zn® *! =

0.005M

10-3 to
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Figure 3: Effect of the concentration initiale of Zn (II extraction
yield of Zn(I) pHi=4 -5 T°=20C [Zn (I)]= 10"M
[8HQ]= 10"M

According to this result the optimal concentration
of the feed phase will be taken equal 10”M.

D. Effect of the initial pH of the aqueous phase

The study of the influence of the initial pH of the

aqueous phase on the extraction yield was
examined by adding suitable quantities of
hydrochloric acid
*— Acétate d'éthyle
704
65 T -

pH

Figure 4: Effect of pH; on extraction yield of Zn(II)
an (ID]=102M T°=20°C V,¢/Voe=1 [8HQ]= 10
M

From the figure it can be seen that the extraction
efficiency decreases with the increase in the acidity
of the medium, this result shows that the extraction
of metal is carried out by proton exchange with the
aqueous phase. The progress of the extraction
reaction increasingly enriches the aqueous phase
with H +. Therefore, in order to carry out the
extraction in good yield, it must work in the less
acidic medium possible, in order to avoid the
formation of precipitates Zn (OH),, Zn (OH) &

E. Effect of the extractant mass on the extraction of
Zn (1I)

We conclude from the optimal mass of the
extractant is of the order 0.2 g for the two solvents


User1
Typewritten Text
Page 67


Copyright IPCO-2018

Conférence Internationale des Energies Renouvelables
Hammamet, Tunisie 19-22 Décembre , 2018

—a— Chloroforme
—e— Acétate d'éthyle

50 —® ]
° = -
45 .- hd
S0 /
S
= o
0 4 ] J
= "
304
254
L]
204 ]
T T T T T
0,05 0,10 0,15 0,20 0,25
m (g)

Figure 5: yield of extraction on fonction weight of extractant
pHi=45 T°=20C [Zn (I)]= 10°M

F. Effect of salt

We tried in this study to see the effect of addition of
CH;COONa salt at different concentrations on Zinc
(IT) extraction yields.

—a— Chloroforme
100 - —e— Acétate d'éthyle

90

80

© 70 —
< N
> \
o .
L [ ]
50 - /
40 L
. . . . T
0,1 0,2 03 0,4 05

[CH3COONa] (M)

Fig.6 : Effect of the addition of Sodium Acetate on the
extraction yield of Zn(II)

According to the figure in note the increase yield is
due to the increase in ionic strength and then
decreases due to the competition of Sodium with
the Zinc during the extraction which makes the zinc
more accessible to the interface of the extractant.

G. Effect of temperature:
The effect of temperature on Zinc extraction has

been studied at different temperatures from 22 ° C
(295K) to 60 ° C (333K) by heating in a water bath.
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Figure7: Effect of temperature on the yield of extraction pH; =
45 T°=20C [Zn(D]=10"M [8HQ]= 10"M

According to the figure, a temperature increase of
the extraction in the range (295a3330k) decreases
the extraction yield.

H. Study of thermodynamic parameters

The study of the temperature effect also made it
possible to determine the thermodynamic
parameters of the extraction, in our operating
conditions,

such that free enthalpy (AH), entropy (AS) and free
enthalpy (variation in the Gibbs function) (AG).
These thermodynamic parameters are calculated
using the following equations:

AG° = -RTInk

AG® = AH-T AS
From these two equations we derive the following
equation , which will allow us to calculate AH and
AS by plotting the curve which gives the evolution
of the constant K as a function of the temperature.
—-AH AS
LnK = RT R

K, T and R are respectively: the partition coefficient
of Zn (II) between the two equilibrium phases, the
temperature and the perfect gas constant (R = 8.314
J. mol-1 K-1).

The partition coefficient is defined by the following
expression:

[Zn (I1}larg
" [Zn (ID]ag
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Figure 8: Variation of Ink in function of 1/T

The calculated values of AH, AS and AG are
summarized in the following tablel:

Table 1: Evolution of thermodynamic parameters as a function

of temperature

TenK | AG

(KJ/mol)
295 -3 .44
298 -3,41
303 -3,37
333 -3.1

The calculation of AH shows that: - The extraction
process is exothermic (AH <0). The extraction
process is spontaneous (AG <0).

1. Extraction mechanism:

The complexing character of 8HQ is explained by
the fact that it creates coordination with O-OH of
OH in the formation of water-insoluble complex
theoretically the complex formed is of the form M
[CO9H60ON] n or n the number of charge of the metal
in our case n = 2 Thus, extraction is carried out by
simple proton exchange of the extraction against the
divalent cation of the aqueous phase to form a
yellow-colored organosoluble complex according to
the equation:

M™ 4g) + M HL (g ==-MLiy (orgy +m HL ()

J. Spectral study:

Page 69

In order to confirm the complexation of our metal,
we performed ligand IR spectroscopy analysis
before and after extraction. The complex is a yellow
solid, water-insoluble and soluble in chloroform
The characteristic infrared bands for the 8-
hydroxyquinoline ligand (Oxine) and the complex
form are shown in fig.10-11 and in table 2 .

The band located at3236.3cm™ characterizing the
OH group The band 1504 ¢ m-Icharacterizing the
CN bond The band 1629 cm™ characterizing the
CH of the aromatic ring The band 2856.4
characterized OH group around two aromatic rings
Then, in the spectrum fig.11 which corresponds to
the complex 8HQ-Zn one observes the
displacement and disappearance of certain bands
and the appearance of new bands, for example the
appearance of the characteristic band Zn-N and Zn-
O, namely 505.3 - 644.2 cm’! By virtue of these
results it is concluded that 8HQ contains two
electron donor sites located at the nitrogen atom of
the aromatic ring and the atom of oxygen of the
second aromatic ring And the structure of the SHQ-
Zn complex takes the following form:

\ TN\
O/ \O

M=Zn
Figure 9: Structure of complexe M-8HQ

750 —

thesz |
1502413829

T
5000
Liem

T T T
20000 15000 10000

Figure 11: Infrared spectrum of the complex [Zn (8-HQ]
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Table 02:
Compound v v v(C-N) v(C-O0) v(Zn-N) v (Zn-O)
(CH) (OH)
Oxine 1629 32363 1504 1280
GHQ -
2856.4
Zn (oxine), 1577 3348 1465.8 1326.9 505.3 644.2

IV. CONCLUSION

The 8-hydroxyquinoline obtained exhibited high
efficiency for the uptake and removal of zinc in water
and the recovery is quantitative (=100%). The best
performance is achieved from a molar ratio equal to 1..
The extraction yield (99.4%) was found to be higher at
slightly acid pH. At equilibrium, the extraction yield
with chloroform solvent was higher than with ethyl
acetate . the thermodynamic parameters showed that
the extraction process is exothermic (AH <0) and
spontaneous (AG <0). IR spectroscopy confirms the
complexation of Zn (II) 8HQ— 8HQ forms a stable
solid complex of yellow color, and of following
structure

/n [C9H7NO] 2
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Abstract—The main idea of direct power control Depend
primarily on, direct control of active and reactive power without
any internal control loop and any PWM modulator. The
switching states at the rectifier are selected from the switching
table where the instantaneous error between the estimation and
the reference active and reactive power of choosing the states.
Today, almost every intelligent machine has fuzzy logic
technology inside it. It presents several advantages, especially its
strength. This paper presents a direct power control with
integration of FLC for more stability and reduction of harmonics
current distortion.

Key words—PWM rectifier,
harmonic pollution, PI controller

DPC, Fuzzy logic control,

I. INTRODUCTION

In recent decades, the multiplication of the use nonlinear
loads during these last decades induces severe problems. The
problem lies in the distortion of current and voltage
waveforms. Several harmonic pollutions cancellation methods
were proposed; the typical one was the connection along the
AC side of shunt passive Filters. All the same, they are large
and Expensive. Recently, active filtering and PWM
Conversion is used in industrial plants [1].

Direct Power Control is a novel technology of control
based on the instantaneous Active and reactive power control
loops [2].

Noguchi proposes the DPC technical and it’s similar to
DTC technical for induction motors. In lieu of controlling
torque and flux, we control the instantaneous active and
reactive powers. For a unity power factor operation The
Controlled reactive power Suppose it nil [3]. The Strength
point of this technique, there are no internal current control
loops and no PWM modulator block, And With that in DPC
implementation requires the correct and the instant estimation
of the active and reactive line power [2].

The beginning, introduced of the Fuzzy logic is Lofti A
Zadeh in 1965in his paper "Fuzzy Sets". Then broke it with a
group of scientists because some of the underlying
mathematics had not hitherto been explored, this idea of the
fuzzy sets and fuzzy logic were not taken well within
academic universities. The applications of fuzzy logic were
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slow to germinate because of this, except in the Japan. In
Japan, specific fuzzy logic was fully taken over and used in
products simply because fuzzy logic worked, regardless of
whether mathematicians agreed or disagreed. A revival the
fuzzy logic in the US in the late 80s See to the success of
many fuzzy logic products in Japan. Since that time, America
has been playing Catch up with the Japan in the area of fuzzy
logic [4]. In this paper, two different Ways of Direct Power
Control for rectifier converter have been presented. The first
way DPC uses typical PI controllers. The second way DPC
introduces an FLC [5].

II.  PWMRECTIFIER

A power circuit of the three-phase VSR is shown in Fig.1
[6]. L is the inductance between the grid and the PWM
rectifier. Its main function is to filter harmonics and boost DC
voltage; in this case, we consider AC current is sinusoidal. C is
the capacitance, which stabilize DC voltage and store energy in
the DC side [7].

Tred Iy

[V de

Fig. 1 Three-phase PWM Rectifier.

III. DIRECT POWER CONTROL

This technique depends primarily on the estimation of the
instantaneous power p and q [8]. And is characterized by other
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techniques in the absence the internal current control loops and
PWM modulator block, the switching table is the
responsibility for selecting the rectifier switching states, it's
based on the sector of voltage line and the instantaneous errors
between the reference and estimated values of P and Q.
Therefore, the most important thing of the direct power control
application is to give the correct and fast estimated value of

the active and reactive grid power [2]
[8].
Va o—ffl\}“:’-\—c—lap— EWA e fitier

v L.v I | _|_
b | 37 Load
dc

Ts

Instantaneous power &
line-voltage

[ Current measurement )

Fig. 2 Direct power control configuration.

A. Active and Reactive Power Estimator

The instantaneous active and the reactive power defines by:

pP= l}(abc) . l(a[u') = Valu + vblb + V('lc (1)

_ As o (] ()
q_l)(abc) l(ahc) _Vala+vblb+vcl(? (2)

The active and reactive powers values are estimated by the
equations (3), (4). In this equation I,; Ip; L. are the ac-line, Si;
Sb; Sc are the switching state of the rectifier.

To compute p and q value from equations (1), (2), require
knowing line inductance L [9].

di, . di,

i
p=L( i+ i Y b, (5,0 + 5,0, +5.0) 3)

1
e dt dt ¢

ol di, . di . .. . .

0= 3L = D) 40,y =10+ 0=+, =) S
B. Voltage estimator

The expressions of the P and Q can be Expression as follow
pP= E(ahc‘) : z((tbc‘) = Eaia + yﬂiﬂ (5)

_ A _ . .
q _‘_)(abc) £(abc) _Ya Eﬁ _Yﬂ 'za (6)

By measuring AC-line current and computing active and
reactive power by equations (3), (4), the line voltage can be
Extracted from the equation (7) [9] [10].
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C. Detection of sector

The region of the estimated voltage vector is divided into
twelve sectors [10].

(n—2)%<sectn <(n—1)%---n=1,2,---,12 ®)

IV. DC VOLTAGE REGULATION

A. Pl regulator

In this proposed functional schema of the DPC, the
fundamental input currents is delivered by outer proportional-
integral (PI) controller of dc-bus voltage and multiplied the
output by the dc voltage for given the reference value of the
instantaneous active power, show Fig. 3 [1].

25

Vic et

Vdc

Fig. 3 DC voltage PI control.

B.  Fuzzy Controller
Fig. 4 gives the main scheme of the presented FLC. The dc

bus voltage V. is sensed and compared with a reference value
Veret for obtain the error [3].

err(k) = v ., (k) = v, (k) 9)

and its incremental variation
derr(k) = err(k) —err(k —1) (10)

The k™ sampling instant is used as inputs for fuzzy controller.
So that we have in the output the instantaneous active Pref.
The Vdc is controlled by regulating the active power using
fuzzy controller [3]. To have a good result in the Vdc control.
The inference system FLC Depends on IF-THEN rules. The
example of fuzzy base rules is shown in Table I [2].

Fig. 4 DC voltage fuzzy control.

The Fuzzy logic Rules system, Determines a set of behaviors
and transactions that relate to inputs for obtaining a good
result in outputs. So, the fuzzy system approximates at the
mathematical function of cause and his effect [11].
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Table I: Fuzzy Base Rule

The main electrical parameters of the power circuit given in
Table II:

derr N Z P
err
N GN N N
Z N Z P
P Z P GP

V. SIMULATION

To study the operation of the fuzzy DPC system, the PWM
rectifier with the whole control scheme has been simulated
using MATLAB Simulink software.

Jialtadt T
g ot [ [k

We can observe a comparison between the two kind of control
conventional on left and fuzzy logic on right, Fig.6 and 7

Table 2. Fuzzy Base Rule

Resistance of reactors (R) 0.25[Q]
Inductance of reactors (L) 10[mH]
DC-link capacitor 0.005[F]
Load resistance (RL) 100[ Q]
Phase voltage (V) 220%~/2 [V]
Source voltage frequency 50[Hz]
DC-link voltage 600[V]

shows the line current and voltage
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Fig. 7 Line voltage
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The control of DC link voltage is presented in fig. 8, fig. 9 we can o

serve the load current form.

i T T 0 T T
e e 2 = I H
=L ARE 3 —a e
Ers st 1
S o4
% =
o, T
ax Zam
FaLiy 7 ne 7
wit wn |
5 L L " L L
1] as L 3 2 (] B 15

Fig. 8 Control of DC voltage

T T T T
—t : I_al
il
: o
= o '
S e
= =
—n B 1
1t J
s .
E ¥ .
ql ¥ A L i
g B3 1 (5 L] {4 1

In figs.10, 11 we present the estimated active and reactive power, and in, fig.12 Line current and voltage of the first phase.

G

Fig. 9 Load current
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Fig. 10 Estimated active power
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Fig. 12 Line current and voltage of the first phase

Alpha beta trajectory of networks voltage is presented in fig.13, and finally we obtain the spectral analysis of networks current.
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Fig. 13 Alpha beta trajectory of networks voltage
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Fig. 14 THD of line current
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We can't notice much deference regarding the voltage
and the current of networks, The control of DC link voltage
with classical control present an overshoot of 100V, the uses
of fuzzy controller eliminates this disadvantage with a
reduced Response time, we not the same thing for load
current, fuzzy logic have good performance in the case of
power settings. In Fig.12, the voltage and the current are in
phase, which is translated by a unit power factor.

Finally, the spectral analysis shows some improvement
when using fuzzy logic; the two THD values are accepted in
international standards that impose a THD less than 5%.

VL

This paper, proposed a new technique of control for a
PWM AC-DC converter with a constant switching
frequency. It concerns the use of the direct power control
principle via an FLC system on the DC side. DPC technical
allows reducing the number of sensors used. In order to
obtain a stable exchange of the active power owe between
the rectifier and the electrical network, a fuzzy logic
regulator using for the DC voltage control. The results of
Simulation showed that the direct power control technique
with a fuzzy logic for dc voltage control improves the
performance system. These improvements concern the
performances of the system response on the DC side
(overshoot and response time), as well as the power-factor
and the THD of the line current [3]. However the
conventional regulator has a simple shape, easy to make,
and cheaper than the fuzzy regulator.

CONCLUSION
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Abstract— The purpose of this work was to identify and recover
sludge from the Wastewater treatment plant WWTP and sludge
from the CPS. Sampling is one of the most important operations
in monitoring the proper functioning of a Wastewater Treatment
Plant WWTP and Corrugated Plate Separators CPS. This is
because the representativeness of the sample is the most
important parameter because it makes it possible to make the
necessary adjustments for the proper operation of the
equipment. Sampling. however. requires means adapted to the
types of pollutant and difficulties that the site or facility offers.
This problem is not solved at GL1Z. because the sampling is
carried out according to archaic techniques using This point is
considered as priorities which must be supported by the GL1 / Z.
The conservation of the samples must itself meet standards and
criteria. and requires means. This aspect of the problem is not
properly taken into account by the GL1/Z. it is necessary to
operate a directive to respect in terms of taking and conservation
of the samples. The various analysis that we have carried out.
respecting the instructions of the manufacturer are: BODS.
COD. total phosphorus. dissolved oxygen. oils and fats.
Suspended Matter SM. heavy metals. pH and Temperature.This
forces the GL1/Z complex to rehabilitate these two sanitary :
water treatment plants and oily water of corrugated plate
separators of CPS. the problem that arises and that has always
been how to do with these sludge and how to reduce their
volumes. and their imapcts on the aquatic environment.Long
considered. as a subsidiary operation of water treatment. the
treatment of sludge can not obviously to be more lightly
defined.To be able to properly and rationally solve a sludge
problem. it is absolutely essential to know how to characterize
the '"Waste'' product and choose a treatment system depending
on the type of sludge and the final destination possible.And for
this we chose to study the establishment of drying beds at the
GL1/Z complex. Drying is used for very different products such
as granular materials. liquid products. pasty materials. etc. The
purpose of this work was to identify and recover sludge from the
WWTP and sludge from the CPS. This is why it was
recommended to set up the drying beds and a sludge treatment
unit. It can be said that the requirement of the quality and the
reliability of the treatment of the water has a direct impact on
the management. sludge which is particularly expensive and
needs to be optimized. taking into account. in particular. the

/ walid.rezig@Quniv-usto.dz

possible final destinations for sludge. Oily water deposits do not
have to be dried in drying beds because the weight of the sludge
after drying is negligible in front of the water eliminates either
by evaporation or sand filtration; and since it has an oily sludge
it can be used for incineration.This slude can not be used in
agriculture because of the very high amount of heavy metals that
are very toxic to humans and are environment it can be used in a
dead land or landfill.

Keywords — Sludge WWTP . CPS . environnement . drying.

I. INTRODUCTION

The activity of certain chemical and petrochemical industries.
considered as being responsible for the degradation of the
environment. appears as an undesirable parasitic activity. In
this context. it is not only the image of the company or its
competitiveness in some markets that are at stake [1]. but its
own survival in general. Inevitably. almost all purification
processes applied to effluents from industrial sectors. whether
biological or physico-chemical. result in the concentration of
pollutants in the form of aqueous suspension or sludge.

For some years. sludge treatment has been a real
environmental. economic and social issue. Urban sludge is
characterized by a high water content and a potentially
harmful composition for the environment (heavy metals.
pathogenic micro-organisms) and poses a real management
problem for the farmers. The sludge disposal channels are
moreover in addition regulated. Incineration is relatively
flexible (little storage. few intermediates) but remains very
expensive (transport. operation. maintenance. disposal of slag.
treatment of fumes) and demanding quality of sludge (prior
drying of sludge to to have sufficient dryness). And finally the
agricultural valorization (spreading or composting); This
treatment process is based on the input of nutrients to the
cultivated soil contained in the sludge. However. this sector is
very controversial by the public opinion. Our study falls
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within this framework; and in agreement with the technical
services of GL1/Z. we have been proposed to identify
pollution in general. to focus on the treatment of sludge and to
propose solutions [2-7].

II. IDENTIFICATION OF AQUEOUS POLLUTION
AT GL1/Z [8]

Contamination of water with foreign bodies such as
microorganisms. chemicals. industrial waste or other
degrade the quality of water and make it unsuitable for
the desired uses. Regarding the complex GL1/Z . water
contamination has been identified in different areas: the
utility zone. the process zone. the sanitary water treatment
plant (WWTP) and the Corrugated Plate Separators
(CPS).

A. Traitement of Effluents

From domestic water treatment plant (WWTP) The treatment
of sanitary water is provided by a purification plant operating
by aeration (activated sludge system), by means of air
diffusers. it is designed to treat a daily volume of 177m3/d,
to obtain a final effluent that will be discharged into the sea in
accordance with the quality standard of 40mg /1 BOD
(biological oxygen demand) and 30 mg /1 of solid in
suspension. Finally a disinfection is made before the discharge
to the sea, the effluent is treated with chlorine. A residual
chlorine content of 0.5 mg /1 is maintained [9].

The different treatment phases are :

* Collection of sanitary water in a network and then return to a
lifting station located in the zone of train 400.

* Transfer of the effluent by one of the two pumps to the
sanitary water treatment plant.

* Screening - grinding

* Ventilation.

+ Clarification.

* Chlorination.

* Rejection to the sea.

Principle of operation

For the treatment to work successfully, it is necessary to
understand how the system works.

There are two basic components of the system, a ventilation
chamber and a settling tank.

In the aeration chamber the wastewater is aerated in order to
obtain the ideal conditions for growth of aerobic organisms. In
the settling tank, these organisms can settle and are collected
and proportionally recycled to the aeration chamber and the
holding tank. These organisms represent the means for which
the purification of wastewater is accomplished [10].

a ) Grinder
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The pumped effluent from the general lifting station is
oriented towards the entrance of the grinder / grate with a
receiving box.

This grinder decreases large particles to facilitate the activated
sludge treatment operation and to ensure the non-clogging of
the pipe by these particles as shon in fig.1.

Fig.1: photo of screen / grinder

b) Aeration chamber

Leaving the mill-sprayer, the flow of wastewater enters the
aeration chamber.

The wastewater solution is aerated by means of 40 diffusers
equipped with air regulating valves, and the air is supplied by
two blowers, each having a capacity of 546 m’ / hr.

Once the growth conditions combined, we notice the gradual
appearance of a brown flocculated sludge and generally the
purification of wastewater is completely completed only when
this sludge is present in sufficient quantity.

The organisms have time to exhaust their food sources and
self-destruction occurs resulting in reduced growth rate and
hence minimal sludge production as shown in fig.2.

Fig.2 : photo of aeration chamber
d) Chlorination tank

The protection of the environment is an important activity in
the development of petrochemical plants. In this sense. the
GL1/Z complex has set to this policy and proceeded to the
rehabilitation of the units and systems installed for the
protection of the environment. For this purpose. during the
project renovation of the facilities of the complex. two ( 02)
new stations were installed. one for the treatment of oily water
and the other for the treatment of sanitary water as shown in
fig.3.
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Fig. 3 : Disinfection basin

B. Oily Water Treatment System

The treatment of contaminated water. consisting of oily water
and runoff water. is provided by a battery of 4 separators
called CPS separators which are inclined. corrugated and
alternating plates to separate the oils and suspended solids
from the water by gravity and using the principle of
coalescence in order to obtain oily effluent levels towards the
seawater discharge channel of less than 15 mg/l. given that the
allowable limit of discharges of industrial effluents is 20 mg /
1 of water for oils and fats.

I1I. PROBLEMATIC

The treatment of sludge is a difficult phase of the fight
against pollution. a puzzle for the scrubber. for multiple
reasons: scarcity of land available for spreading and disposal.
necessities and requirements of the environment and public
hygiene. etc.The GL1/Z complex has been certified since
2006 with 3 types of certifications: ISO 14001 (environmental
management) .ISO 9001 (Quality Management System).
OHSAS 18001 (British Standard Occupational Health and
Safety Assessment Series ) .And so the complex GL1 /Z is
committed to ensuring the implementation of the Quality
Health Safety Environment QHSE policy that leads to manage
all types of liquid discharge. solid and even This obliges the
GL1/Z complex to rehabilitate these two sanitary water
treatment plants of WWTP" and CPS oily water the problem
which arises and which has always been:

[J What to do with the sludge issues?

[1 How to reduce their volumes?

[0 Are they harmful?

And for that we chose to study the establishment of drying
beds at the GL1 / Z complex. Drying is a unitary operation
which consists in eliminating totally or partially a liquid
impregnating a material by supply of thermal energy. It
considerably reduces the mass and volume of products which
facilitates their transport. storage and handling.

IV.MATERIAL AND EXPERIMENTAL METHODS
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A. Sampling

The taking of samples is one of the most important operations
in monitoring the proper functioning of a WWTP and the CPS
or a structure intended for the protection of the environment.
Indeed. the representativeness of the sample is the most
important parameter because it makes the necessary
adjustments for the proper operation of equipment. Sampling
however requires means adapted to the types of pollutant and
to the difficulties of the site or the installation. This problem is
not solved in GL1/Z. in fact the sampling is carried out
according to archaic techniques using weak This point is
considered as a priority to be taken care of by the GL1/Z. The
conservation of the samples must itself meet standards and
criteria. and requires means. Table 1 gives the conservation
rules in force. This aspect of the problem is not properly taken
into consideration by GL1/Z. it is necessary to introduce a
directive to be observed in terms of taking and storing samples
[11-17]. The various analysis that we have carried out. in
following the manufacturer's guidelines are: phosphate.
dissolved oxygen. oils and fats. suspended matter SM. heavy
metals. pH and temperature. Sampling points are represented
In fig.3 , fig.4 , table 1 and table 2.

Fig.3.: Levy of sanitary water deposits
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experiment we chose 03 uniform bins of the same volume as
shown in Figure 3; Height = 15 cm; Width = 25 cm;

Table 1: Measurement of global parameters of the Length = 35 cm as shown in figures ( 5-7 ).
pollution of the depots of sanitary water deposits

. SM Phosphates ph(;l;gilacl)rus Olgtznd
pH °C) (mg/1) (mg/)
meh (me/h — Bak 01
83 | 213 | 147.05 36.184 11.799 <0.1 T
/_\_/‘z__ Sludge
H sable = 3cm T Sand
Table 2 : Heavy metals analysis of sanitary water deposits o
Pb (mg/l) | Zn (mg/) | Cd (mg) | Fe(mg) | N oo &0l=2 o) AXX . Small gravel
Cu (mg/l) (mgfl) | Zn (mg/l) (mg/l) | Fe (mg/l) i em |
<0.001 <0.001 0.063 0.031 0.139 0.0 Hgravel=5cm 0 0 Gravel
P Perforations
Filtered
water
Container

. . . . Fig.5:R tative di f pilot A
Fig.4. Sanitary water deposits Dépdt des eaux sanitaires 8 cpresentalive diagram ot prio

The physico-chemical characteristics as well as the analysis of
the heavy metals of the depots of sanitary water are

represented in the tables (1 and 2).

V. RESULTS AND DISCUSSIONS

A. Preparation of drying beds
P f Tymng Fig.6. : Preparation of drying pilots

Total phosphorus : The phosphate content of the water is
related to the decomposition of the organic matter. The
analyzes carried out on the deposits of the health waters of the
GL1 / Z complex give a value of 11.79 mg /1 of phosphorus.
which proves that phosphorus is used as a nutrient during the
biological treatment is also its presence in the kitchen waters
(detergents). Oils and fats: the analysis of oils and fats gives a
value < 0.1 mg /1 which depends on the rejected materials
during the day. For heavy metals traces of copper and lead
have been found; and a slightly high value of iron is
tantamount to the contamination of the deposition of sanitary
water by the corrosion of the walls of the installations. For our

Fig.7: Setup of pilot A
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B. Characterization of the filtered water on sand of the pilot
A sludge

V.4.1 characterization of sanitary water deposits
The physicochemical characteristics as well as the analysis

of heavy metals from the sanitary water deposits are
shown in the tables (3-4) :

Fig.7.: Drying of sludge ue

Table 3 : Measurement of global parameters of sand filtered water pollution

T SM Phosphates Total Oils and 160
pH ©0) (meg/l) (mg/l) Phosphorus fats ~
(mg/D) (mg/l) S
~ 120
81 | 202 02 7114 2320 <01 -
< & # SM before filtration (mg1)
é & 1 SM after filtration (mg/l)
E % B Standard (mg/1)
Table 4: Heavy metals analysis of filtered water from sanitary sludge g -
g 22 —
Cu Pb Zn Cd Fe Ni ﬁlt?';:i:nﬂ?:leg/l) ﬂtxil\;iln:“(:gll) s‘::;:)m

(mg/) | (mgl) | (mgM | (mg/l) | (mg/l) | (mg/l)

Physico-chemical characteristics before and after sand filtation

<0.001 | <0.001 | <0.001 | 0.012 | <0.001 | <0.001

Fig. 8 : Concentration of SM before and after sand filtration

¥
C. Drying of sanitary water deposits £
g 2
15
. . . . . . 10
Drying of sanitary water deposits was carried out in a period E 5 ' - ' P before filtration (mg/l)
of six days in the open air; the drying results are shown in % 0 el o 8P after filtration (mgl)
Table 5 and figures ( 6-11): g N N N N » 0
g \5@5 X @‘S \_6‘% @4? @& ng,, B Standard of P (mg/)
: $°° & a“iﬁ @(@9 é@ og‘ 8 OF. before filtration (mgfT)
v & "
g J&‘S & @g»‘ a@“ o &’(’b 5 OF. after (mg/)
- Dryi i i § g G § §
Table 5: Drying of sanitary water deposits K:Jeéo 8 B v“'@ %@ B Standard OF. (mgl)
- 2 &
. ) Weight of Quantity of 0
Time of drying water removed
sludge after .
(h) : after drying . 4 -~ ;
drying (g) (%) Physico-chemical characteristics before and after sand filtration
144h15 min 141.13 92.94
Fig. 9 : Total phosphorus analyses. and Oils and fats before and after sand

filtration

Fig.6.: Sludge
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c 3
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Physico-chemical characateristics before and after sand filtration

Fig.10 : Analysis of heavy metals before and after sand filtration

Table 6 : Change in oil content in sludge

Oil rate (%)

Sanitary sludge

Oily sludge

3.6 %

b) Hydrocarbon content

Table 7 : Change in hydrocarbon content in sludge

Hydrocarbon

content (mg /1)

Sanitary sludge

Oily sludge

<0.1mg/1

2175 mg/1

&
g 25
2 2
R
=l
5 1.5 = Fe (mg/l)
b Fe (mg/l)
£ 1
5 W Standard of Fe (mg/1)
£ o5
v i a a——

Fe (mg/l) Fe (mg/l) Standard of

Fe (mg/l)

Physico-chemical Characteristics before and after sand filtration

Our oily sludge of CPS contains a quarter of its mass in used

oil and a large quantity of hydrocarbons which are important

Fig. 11 : Analysis of Fe before and after sand filtration

sources of pollution since the used oil and the hydrocarbons

are toxic and carcinogenic products on the one hand, and on
the other hand a mine of energy due to their great calorific

value.
D. Analysis result of oily and sanitary sludge

The different results of the various analyses and tests are
summarized in the tables below

a) Determining the rate of waste oils

Calculation of the oil concentration in the sludge with:

¢) Phosphorus and total nitrogen content

Table 8 : Variation of phosphorus content and total nitrogen in sludge

Equation N° 1

Type of Sanitary

sludge

Sanitary sludge

Oily sludge

The mass of the 1.22 g filter paper is already tare on the scale
when measuring sludge as shown in tables ( 7-8 ).

Sanitary sludge :

Phosphorus
content
(mg /1)

21.73 mg/1

3.108 mg/1

Oil content (%) = ((5-4.82) = 5) x 100 = 3.6%

Total nitrogen

content
(mg /1)

28.95mg/1

231 mg/1

Oily sludge :

0il content (%) = ((5-3.65) = 5) x 100 = 27%

Copyright IPCO-2018
ISSN 1737-9334

Page 83



User1
Typewritten Text
Page 83


Conférence Internationale des Energies Renouvelables
Hammamet, Tunisie 19-22 Décembre , 2018

The sanitary sludge is very rich in phosphorus and nitrogen Table 10 : Quantification of metallic elements in sanitary sludge in mg / kg
nutrients which are essential for the development of the flora
which favors its valorisation in agriculture.

L . C Z F Ni Pb Cd
d) Determination of metallic elements Elements " " ¢ !
The heavy metal masses in the oily and sanitary sludge are
summarized in the following table of results in mg /1 as
shown in tables ( 9-11) :
Sanitary
Table 9 : Quantification of metallic elements in oily and sanitary sludge in 85.45 67.2 283.12 23.67 13.62 0.161
mg /1 sludge
of
WWTP
Cu Zn Fe Ni Pb Cd
Elements (mglke)
1000 | 3000 / 200 800 20
Norm in
Sanitary agriculture
. 0.8545 0.672 2,8312 0.2367 0.1362 0.00161 in
sludge of (me/ke)
WWTP g
(mg/l)
Oily sludge of 1.214 1.30 4.04 0.5367 0.3565 0.00931
CPS
(mg/L)

Table 11: Quantification of metallic elements in oily sludge in mg / kg

Cu Zn Fe Ni Pb Cd
Elements
In Algeria there are no regulations that set the limit values for
sludge parameters from wastewater treatment plants, the only
regulation that exists is the AFNOR U44041 standard,
developed for France in application of the European directive
n ° 86-278 of June 12, 1986 anyway it is a norm which Oily sludge
concerns the inputs of sludge intended for the spreading and in of cps | 1214 | 130 | 404 1 5376 | 3565 0.931
practice, it constitutes the only reference for sludge ; (mg/ke )
The values given by the atomic absorption spectrophotometry
of the laboratory GL1 / Z are expressed in mg / 1) the norm -
AFNOR gives us values in mg / kg of dry matter DM that is i\gzﬂl&re HO00 | 3000 200 800 20
why we must convert them in mg / kg of dry matter DM of in (mg/kg)
the following way:
To prepare the treated water we dissolved 1 g of sludge in 100

ml of final solution in 1 liter of dry matter solution and we
calculate the amount of these elements in 1kg of dry sludge
with the following formula:

EQUATION N °2:

Value in mg / kg of DM = X * 100/1000
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The chemical analysis of traces of heavy metals in the oil
sludge of CPS and the sanitary sludge of WWTP, shows us
well The predominance of three metallic elements with
elevation of concentration are: copper (Cu), iron (Fe) as well
as zinc (Zn) succeed by low concentration of nickel (Ni) and
lead (Pb) and finally the presence of cadmium (Cd) in the
form of a trace; but the concentration of these metal elements
remain below the AFNOR standard which concerns the
valuation of sludge in agriculture.

e) Thermal treatment of CPS oily sludge Fig.13: Oily mud of CPS in the oven calcined at 500 ° C

The energetic recovery of oily mud is accompanied by a

production of heat recovered in the form of steam or Then, using a worm mortar the ash was crushed to prepare it

electricity and the residues of the incineration called "ash" in the various analyzes (see Photo IV.27) this operation makes
which becomes another source of pollution if it is not it possible to homogenize the material taken.

eliminated c that is why we have suggested that it be valued as
an addition in the manufacture of building materials.

f) Calcination of the oily sludge at 500 ° C
At the level of the RA1 / Z refinery laboratory, the oily CPS

sludge was calcined in an oven at 500 ° C for 2 hours in
figures ( 12-17 ).

Fig.14 : Ash of oily mud

[J The ash powder will be used for:
Fig.12 : Put the oily sludge of CPS
- Chemical composition of oily sludge
- X-rays diffraction analysis (XRD);
- Fourier transform Infrared (FTIR) analysis;
-Analysis of scanning electron microscopy (SEM).
- Determination of heavy metals by the atomic absorption
spectrophotometry method.

E. Analysis result of the oily sludge (GLI /Z) dries at 500 ° C

a) Determining the rate of waste oils
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Calculation of oil concentration in sludge with in figures ( 15-
17):
Equation N> 2 :

The mass of the 1.22 g filter paper is already tare on the scale
when measuring sludge.

0il content (%) = ((5-4.8) = 5) x 100 = 4%

Fig.15 : Used oil level in oily mud

Fig.17 : Oil content of WWTP sanitary sludge

F. Techniques and characterization of sludge

Copyright IPCO-2018
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a)Chemical composition of drying oily sludge ( XRF )

The importance of this analysis is to determine the nature of
the oily mud, the results obtained are described in the
following in table 12 and fig.18:

Table 12 : The chemical composition of oily sludge

Chemical composition Percentage %
[Fat 30,6
Ashes 15,2
Humidity 6,9
IHydrocarbons 17,3
[Heat output 7000 Kcal/kg

The chemical composition of the oily sludge produced at
the EL FETH laboratory level shows us that, in addition to
containing used oils, it also contains a high level of

fat and hydrocarbons from the refining of oil hence its
high calorific value, and a source of pollution for the soil
that is why the refinery of Arzew can neither the landfill
nor the used in the Agriculture.

b)X-rays diffraction ( XRD )

Lin (Counts)

O0SX500

Fig.18 : Diffractogram of oily sludge dries at 500 ° C

* The peak at 20 ° = 23.2 © with the interarticular distance d =
3.77 corresponds to the opal-A (SiO, nH,0) [18].
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* The peak at 20 © = 27 °© With the interarticular distance d =
3.27 corresponds to quartz (SiO,) [19].

« the peak at 20 ° =27 © With the interarticular distance d =
3.27 corresponds for lepidocrocite (y -FeOOH) [20].

* The peak at 20 © = 28.5 °© With the interarticular distance d =
3.13 corresponds to the diopside (CaMgSi,Og) [18].
[18] B.Y. Imaz, M,Ediz ,the use of raw and calcined diatomite
in cement & concrete composites 30,202-21 ,2008.

» the peak at 26 ° = 28.5 ° with the interarticular distane d =
3.13 corresponds to opal-A (SiO,nH,O) [18].

* the peak at 20 ° =30 ° with the interarticular distance d =
2.98 corresponds to calcite (CaCO;) [18,19].

» the peak at 20 ° =36.5 © With the interarticular distance d =
2.45 corresponds for Kaolinite (Al,Si,05(OH),) (ASTM
N°=5-490) .

» the peak at 20 ° = 40 © With the interarticular distance d =
2.25 corresponds to For hematite (a-Fe,O3) ( ASTM N°=8-
98) .

* the peak at 20 = 40 ° with the interarticular distance d = 2.25
corresponds to quartz (SiO,) [19].

« the peak at 20 © = 43.5 ° with the interarticular distance d =
2.06 corresponds to the opal-A (SiO,nH,0) [19].

* the peak at 20 © = 48 ° with the interarticular distance d =
1.89 corresponds to quartz (SiO,) [19].

» the peak at 20 © = 49 ° with the interarticular distance d =
1.85 corresponds to quartz (SiO,) [19].

* the peak at 20 ° = 58 © with the interarticular distance d =
1.59 corresponds to quartz (SiO,) [19].

According to the diffractorgram of oily sludge dried at 500 °
C. The phase identification has shown that there are two
dominant phases of crystalline structure, calcium carbonate
(CaCO03) and silicon oxide (Si0O5,).

c¢) Fourier transform infrared spectroscopy ( FTIR )
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Fig.19 : spectrum of oily sludge dried at 500 ° C

According to the spectrum we have different bands to explain
in fig.19 :

The two absorption bands at 200 cm -1 and 1350 cm ™ in
particular represent the families Halides (C-1, C-Br, C-Cl, C-F)
( ASTM N°=5-490).

+ The 469.84 cm™ absorption plug corresponds to C-F
vibrations ( ASTM N°=5-490).

« The 543.87 cm™ absorption plug corresponds to C-I
vibrations ( ASTM N°=5-490).

« The two absorption drains at 711.81 cm™ and 676.88 cm™
correspond to the C-Cl and C-Br vibrations ( ASTM N°=5-
490).

« The 797.46 cm™ absorption plug corresponds to C-CI
vibrations ( ASTM N°=5-490) .

« The 1007.15 cm™ absorption plug corresponds to the C-C
and C-F vibrations . ( ASTM N°=11-654).

The two absorption bands at 1370 cm™ and 3000 cm™
correspond to alkanes and alkenes ( ASTM N°=11-654) .

« The absorption bung at 1415.63 cm™ corresponds to C-H
vibrations ( ASTM N°=11-654).

« The absorption bung at 1627.80 cm™ corresponds to the
vibrations C=C and C=N and N-H.

« The 1797.33 cm™ absorption plug corresponds to C=0
covalent carbonate vibrations ( ASTM N°=11-654)..

« The 2852.51 cm™ absorption plug corresponds to the C-H
vibrations ( ASTM N°=11-654).

« The 2922.09 cm™' absorption plug corresponds to C-H
vibrations ( ASTM N°=11-654)..

Generally it is hydrocarbons of long carbon chain from Cy; to
Cs30( ASTM N°=11-654).

The two broad absorption bands at 2500 cm™ and 3300 cm™
correspond to the carboxylic acids ( ASTM N°=11-654) .

« The absorption plug at 3355.06 cm™ corresponds to the O-H
vibrations of the carboxylic acid R-COOH ( ASTM N°=11-
654).

According to the spectrum of dry oily sludge at 500 ° C
indicates the presence of halides which are probably the
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additives that go into the production of finished oils, the
persistence of heavy hydrocarbons and the formation at low
amounts (traces) of acids carboxylic because of the different
chemicals use.

d) Scanning electron microscopy

Fig.20.: SEM observation of the sludge of the WWTP at T =500 ° C

The fig.20 represents the scanning electron microscopy (SEM)

observation of the CPS oil sludge at temperature T = 500 ° C.
we note that the sludge structure of CPS at T =500 ° C is

homogeneous and in the form of fibers as shown in fig.20.

e) Determination of metallic elements

The heavy metal masses in the oily sludge dried at 500 ° C are
summarized in the following table 13:

Table 13 : Quantification of metallic elements in dry oily sludge at 500 ° C

Cu Zn Fe Ni Pb Cd

Elements

1.2237 1.06 4 0.564 | 0.349 0.0065

Oily sludge
dries at
500 ° Cin
mg/1

122.37 106 400 349 0.65
Dry oily
mud at
500 ° Cin

mg/ kg

Norm in
agriculture
inmg/kg

1 000 3000 200 800 20
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The chemical analysis of traces of heavy metals of dry oily
Sludge at 500 ° C, shows us that it contains in majority of its
composition the following metals: copper, iron and zinc which
have not disappeared under the effect of the heat but which
remain inferior to the norm AFNOR which concerns the
valuation of the sludge in agricultures.

VI.CONCLUSION

From our experiments on the three drying pilots containing
three different materials selected on the basis of their large
adsorption capacities which are respectively: sand. sawdust.
and molecular sieve. Sand has been found to be the most
suitable material for drying and filtration of GL1 / Z complex
sanitary water deposits which are characterized by their overly
liquid structure. And sand has also been found. gravel and
gravel not only retain organic matter but also heavy metals.
and the total phosphorus.Or the filtered water of the sludge
needs to be recycled because we could not carry out all the
analyzes concerning the parameters of pollution like the
ammonium ion for lack of materials.

Our study is part of a sustainable development, recyclable
materials and protection of natural receiving environments in
order to minimize or eliminate waste such as treated solid
urban effluents (sludge) from the wastewater treatment plant.
de-oilers (CPS) of the GL1 / Z complex with a view to an
agronomic valorisation for the sanitary and energetic sludge
for the oily sludge.

In a first step we characterized the residual sludge of the
GL1 /Z complex; the results of the analyses showed that the
sanitary sludge contains the essential nutrients for the soil as
part of the overall crop fertilization program. The important
nutrients in the sanitary sludge are nitrogen, phosphorus and
potassium; other macro and micronutrients may also be
present.

The concentrations of heavy metals cadmium (Cd), chromium
(Cr), copper (Cu), nickel (Ni), lead (Pb) and zinc (Zn) are
below the required standards.

The oily sludge according to the results obtained, contains a
very high rate of used oils contributing to its valorization as a
substitute fuel in the furnaces of cement plants or blast
furnaces foundries, the principle is to promote the energetic
power of the material. organic dried sludge because its
calorific value is very high, ready that of methane. The use of
alternative fuels makes it possible to diversify energy
resources and reduce costs.

On the one hand In the ovens, the organic components will be
exposed to a heat of 2000 ° C and will be burned integrally,
while the mineral components will undergo a chemical
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transformation which will integrate with the clinker without
altering the excellent quality of this one.

The use of sludge ash as an additive to cement clinker in order
to minimize the increasing amount of waste in coordination
with existing industries in the national territory using the least
expensive processes.

Finally, we can say that our sludge recovery study completely
eliminates this waste in an ecologically and economically
exemplary industrial process. It is the most environmentally
and economically the tightest way to address the problem of
sludge and ash disposal.

ANNEXE
Table 14 : Limit values for industrial liquid effluent discharges Joradp. April
2006
VALEUR TOLERANCES AUX
N° o |5 B ANCIENNES
LIMITES| INSTALLATIONS
1 Température °C 30 30
2 pH - 6.5-8.5 6.5-8.5
3 MES mg/l 35 40
4 Azote Kjeldahl " 30 40
5 Phosphore total " 10 15
6 DCO ! 120 130
7 DBO5 ! 35 40
8 Aluminium " 3 5
9 Substances 0.005 0.01
10 Cyanures " 0.1 0.15
11 Fluor et " 15 20
12 Indice de phénols| " 0.3 0.5
13 Hydrocarbures " 10 15
14 Huiles et graisses| " 20 30
15 Cadmium " 0.2 0.25
16 Cuivre total " 0.5 1
17 Mercure total " 0.01 0.05
18 Plomb total " 0.5 0.75
19 Chrome Total ! 0.5 0.75
20 Etain total " 2 2.5
21 Mangangse " 1 1.5
22 Nickel total " 0.5 0.75
23 Zinc total " 3 5
24 Fer " 3 5
25 Composés " 5 7
organiques
ke
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Abstract— This paper presents a general modeling and control
of the Doubly Fed Induction Generator (DFIG) based Wind
Energy Conversion System (WECS). Firstly, We start by
modeling the wind turbine. Then, an maximum power point
tracking (MPPT) control algorithms is detailed. Thereafter, we
given DFIG's mathematic model in the d-q coordinates. Both
Grid Side Converter (GSC) and Rotor Side Converter RSC
control strategy are presented theoretically based on vector
control. Finally, The validity of this control algorithm has been
verified by the simulation of the 2-MW DFIG wind turbine
system.

Keywords— DFI1G, WECS, MPPT, RSC, GSC.

I. INTRODUCTION

Over the last recent years, Wind Energy Conversion
System (WECS) became the center of attention for intensive
research, and a number of studies have been done by different
groups of researchers. It can be classified into two groups :
fixed-speed and variable-speed turbines.

The typical configuration of variable-speed WECS using
DFIG considered in this paper is illustrated in figure 1. It can
be divided into two principal parts which will be modeled
separately: the DFIG whose stator is connected directly to a
grid, whereas its rotor is connected to the grid through two
static converters bidirectional and a DC-link in a
configuration called Back to Back converter (BTB), The
back-to-back converter consists of two voltage source
converters, one called as the Rotor Side Converter (RSC) and
the other called as the Grid Side Converter (GSC) [1,2].

(O#EE] ere

Lfilter

—

Vabeg

Figure 1. wind energy conversion configuration of DFIG system
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II. AERODYNAMIC TURBINE MODEL

A. Characterizations of wind turbines:

To classify wind turbines, two terms are commonly used:
the tip speed ratio and the power factor [3]:
- The tip speed ratio is given by the following expression

QR

Vw

A= @)

where Qr is the angular velocity of the wind turbine shaft
measured in mechanical radians per second, Ry is the radius
of the wind turbine (length of blade) in m, v, is the wind
speed in m/s.

- The power coefficient of the wind turbine is defined by
the following relation [2]:

1 1 0.003

A AH0.02B B+ 1

(2)
C,=C, (X,B)=0.46(17;5f1 -0.58p - 0.002p 214 _ 13.2)(e -18.4/xi)

Figure 2 shows the function in Equation 2 plotted for
several values of f3.

Cp(A.s
s p(\4)
—pB=0
04l | T B=Z
pB=4°
03| |——pP=6°
3] —p=8
021 g=10°
01} /
D — \-V’ I i L i 1
0 2 4 6 8 10 12

tip speed ratia, A

Figure 2. Tip-speed ratio versus power coefficient

B. Mechanical power of turbine

The kinetic power of the wind is given by the following
relation [3-5]:
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P, = % PA vy A =TRY 3)

Where p is air density (kg/m’), A is the rotor swept area
(m?),

According to the theory of German scientist Albert Betz,
the mechanical power extracted from the wind kinetic power
is given by:

1
Py =P, xCp=— pALV2Cp (4)

C. Torque of the turbine:

the torque of the turbine is expressed according to the
angular speed of the rotor and the mechanical power of the
turbine by the following relation:

P 1
Tr=—L=—pAv3,C,, Cp=C,A 5
TQT szWt P t )

Where C, is torque coefficient.

III. DYNAMIC TURBINE MODEL

A. Turbine Gearbox

The Turbine Gearbox aims at the adaptation between the
shaft velocity of the turbine (Low speed shaft) and that of the
generator (High speed shaft). In the case of an ideal gearbox,
the gear ratio can be modeled mathematically by [3-5]:

N=—m=_T (6)

where N is the gear ratio, T; and T, are torque of the
turbine on Low and high speed shaft respectively, Q and
Q,, velocity of the turbine on Low and high speed shaft
respectively.

B. Equation dynamic of wind Turbine

The fundamental equation of the dynamics which makes it
possible to determine the evolution mechanical speed from
the torque exerted on the shaft of the rotor of the wind
turbine T and the electromagnetic torque T, [3-5]:

aQ,.
J F =Tm _Tem -DQm (7)

where D is the damping coefficient of turbine.

The diagram of the dynamic model of the wind-based
turbine is given in

The diagram of the dynamic model of the wind-based
turbine is given in figure 3.
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Figure 3. Dynamic model of the wind turbine

IV.MAXIMUM POWER POINT TRACKING (MPPT)

The strategy of this control consists in controlling the
electromagnetic couple in order to regulate mechanical speed
to maximize the generated electric output [2,4,5].

From the dynamic equation of the turbine, we have:

In permanent mode, one can write (by neglecting the effect
of the couple of viscous frictions):

T, =T,, ®)

The electromagnetic couple of adjustment is given starting
from an estimate of the wind couple:

When the turbine functions with the maximum power
point, then: A=A"" and Cp=C}’ .

The electromagnetic couple of reference must be regulated
with the following value:

« T

Tem =FT ©)
Consequently:
T, =k®Q2 (10)
Where
1 ; CY
kP=—pArRy —— (11)
3
2 AN

The expression of the couple of reference then becomes
proportional to the square of generator speed.

| N
Yo

\ A
Se S
. Tem
Vs, ls—p  T.,Calculate |—p  command
D o9 ()2—> kP Trm*

Figure 4. MPPT based on Optimal torque control
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V. MODEL OF DFIG

The mathematical model is expressed, in the reference
frame (d-q) turning at the speed of the stator field, by the
relations given below[2,5,6]:

A. The dq voltage equations

. d
Vas= Rslds T Vs

dt - 0¥ g5

. d
Vgs = Rslqs + al//qs + OV g
p (12)
Var= Rridr + a‘//dr -0 W
. d
Vqr= Rrlqr +d_qu + O)r‘//qr
t
B. The dq flux equations
Vas= Lsids +Lmidr

Va= Lmlds + Lrldr
l/’qrz Lmlqs + Lrlqr

Where R .R;, L, L; are respectively the resistances and
inductances of the stator and rotor windings, and L, is the
mutual inductance.

C. Dynamic Power Expressions

The active and reactive stator and rotor powers are
expressed by:

S

PS:ERe{VSiS*}=%(vdsids+vqsi

gv]

1l

| W
]

o
—_——

2 (14)

L) 3 . .
Vil } = _(Vdrldr +Vqr1qr )

D. Electromagnetic Torque Equation

L

m

L—(‘//qsidr"//dsiqr) (15

em

3
T,=—
2P

E. Mechanical Equation

Q.
J T = Tem 'Tload

(16)
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Where: J is the inertia on the shaft, ®, is rotor angular
velocity (o, = pQu), T, is the torque on the shaft

originating from mechanical means, p is the number of pole
pairs.

VI. BACK-TO-BACK CONVERTER MODELLING

The back to back converter can be associates into two[5,6]:

- A first rectifier part.

- An inverter second part.

The storage of the energy on the continuous side is done
via a capacitor C of tension Vg,

Figure 5. Power circuit of Back-to-back converter

The output voltage of rectifier and inverter of the back to
back converter are calculated by using the following relation:

Var Sarl Vai Sail
Vor |= Vous| Sor2 || Vbi |~ Vbus| Sbiz a7
Ver Ser3 Vei Sci3

The current i, that flows DC-link is given by the following
relation:

ic :ipr_ ipi = (Sarliar_ Sbr]ibr_ Scrlicr) - (Sailiai_ Sbilibi- Scilici) (18)

VII. VECTOR CONTROL OF THE DFIG

A. Rotor-side Converter (RSC) control

Vector control is one of the most widely used control
schemes for the DFIG based Wind Turbine Systems.
Alignment to the stator flux simply means that the d-axis of
the reference frame is chosen to coincide with the stator flux
vector. This causes the g-axis component to be zero in the
equations [6-10]. We can write:

Vas= Vs (19)
Vg =0

The rotor voltage dynamics are derived by aligning the
rotor voltage equation to the stator flux. we have:
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d L,d
o=R,ig+oL, —iy -o.cL i, + ——
ar¥ O g e T g e
‘ (20)
d. . L,
Vg =Ry +oL, — gl it ool i+ mrL—S\yS

2

where o = 1- is the total leakage factor.
SLI
Consequently, the torque and reactive power are controlled
independently from each other. The torque expression in the

dq frame can be simplified as follows:

3 L,
Tem sz_\Vs qr :>T K Tlgr (21)

And the stator reactive power expression in the dq frame:

3 L, A .y
Qs= 'Ems L_\Vs (ldr_L_s]:> QS: KQ [ldr'L_sJ (22)

m m

A general RSC control structure is shown in Figure 6.

PWM
>

'sabc "
s 3 ! Lin/Ls
g
. Q Qs
. i, i
o e : a tsaq calculate
dq 'sabe

Figure 6. Bloc diagram of the RSC control [2,9]

B. Grid-side Converter (GSC) control

The objective of the grid-side converter is : (1) to keep the
DC link voltage Vi constant, and (2) to set a unit power
factor [10]. In order to achieve these goals, many studies use
the concept of vector control in the synchronous dq reference
frame with voltage-oriented [6-10].

According to Kirchhoff voltage law, the voltage balance
across the filter (R ,L; ) connected to the grid are given
bellow:

. d.
Vaf = Rflag+ Lf aldg‘l' Vag

. d.
Vpe = Relpe+ Lg E]ngr Vig (23)

. d.
Ve = Rflcg+ L; alcg+ Ve
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Through a (abc - a[s) transformation, then
(ap - dq) transformation, we can get the voltage equation in
the dq synchronously rotating frame:

. d. .
var =Ridgy + L aldg + Vg - 0Ll
24
s

. d. .
o = erqg +L; alqg + Vg ooSLfldg

Where o, the supply angular frequency.
The d-axis of the dq reference frame will be aligned with
the grid voltage angular position. So,

f 2 2
Vao Ve = Ve =V, 25)

ng:O

we get

. d. .
Var = erdg+ L; aldg+ Vg~ (DSLflOlg

d (26)
Vor = Riige + L¢ alqg + oLy,
The active power is proportional to ig, as:
P,=2 vy > Kp P, 27
g_E(Vdgldg Vel qg) > 5 Vaglag = ldg Pgte @7)
The reactive power is proportional to ig as:
_ 3 . . _ 3 . ok _ K * 28
Qg _E(ngldg “Vaglgg ) - _E Vaglgg = 1gg = QgQg (28)
A general GSC control structure is shown in Figure 7.
Vae |
Vi 1
o Vac lag __ WM i o—i[‘)\}
ko EEaC
“ ’ 1§:1 Filter
! (Bp.L)

> : lag iag Laveg
Vabeg Bg Tabeg _8 .
—#+> PLL e i Vaneg
]

Figure 7. Bloc diagram of the GSC control [2,9]

Grid

VIIL SIMULATION RESULTS

In this section, we present the simulation results of the
proposed control strategies for a DFIG based wind generation
are conducted by using the Matlab/Simulink package. The
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DFIG is rated at 2 MW, and the main system parameters used L xio . ‘ __ Toraue
in the simulation are listed in Table 1. 2 = .
TABLE I THE MAIN SYSTEM PARAMETERS E 5 = 1
o
System Parameter =
Rated power : 2 MW, *E
Rated stator voltage : 690 V¢ E
Rated stator current : 1760 A £
Rated torque : 12.7 k.Nm, it
DFIG Pair of poles : 2, 5 ! | ‘ ! | | ! | |
Rated rotor voltage :2070 V g 0 1 2 3 4 5 3 7 8 s 10
R,=2.6 mQ, L, = 87 mH, Time (5]
L,=2.5mH, L, =783 mH, Figure 9. Electromagnetic torque
R, =2.9 mQ, L,, =87 pH,
L= L, + Ls=2.587 mH, Figure 10 shows the stator reactive power.
L =L,+ L,=2587 mH
Multiplier N =100 <108 . . i Iﬁear.tivle |:u:\werI
DC BUS Cpus = 80 mF, V4= 1150 V § 210
L Filter R;=20 uQ, L;=40 mH g 10 . a &
Turbine J=127kgm’,R=42m B 2
-
GRID V=690V, f=50Hz T 8 318 32 322 324
&
The switching frequency of the power switches of the GSC § 0 =
and RSC is set to 4 kHz, and the frequency of the AC grid 1 B & § ® & § @& & &
was 50 Hz. time [s]
To maximum value of the power coefficient Figure 10. Stator reactive power

corresponding, we choose a null pitch angle (§ = 0 rad).
The evolution of the DC bus voltage can be seen in Figure

The grid-side converter controller is examined under the 1

following condition; The reference of the DC bus voltage v
is set at 1150 V, and the reactive power reference value QZ, is

. : DC bus Volta
set to zero for unity power factor operation of the converter. 3000 ot

The rotor-side converter controller is examined under the ! ‘ di e
11585

2000 1150

following condition; The reference torque T, is calculated

according to OT MPPT strategy, and The reference stator

1145

reactive power value Q is set to zero for unity power factor.

DC bus Voltage [v]

@
o

L3

w

w

=

s

=

Figure 8 shows the wind speed profile varies as a step
function with wind speed of 8, 10, and 12 m/sec 500

wind speed profile 0 2 4 6 8 10
time [s]

12
| Figure 11. DC bus voltage
1071 1
8 ] Figure 12 shows the phase shift between the stator current

and the stator voltage is 180°. This means that the stator
active power is deliver to the grid.

wind speed [m/s]

time [s]

Figure 8. wind speed profile

Figure 9 shows the electromagnetic torque corresponds to
a MPPT strategy and the generator electromagnetic torque.
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Stator current and stator voltage

Stator Current [A]
Stator Voltage [V]
I {4}

o B8

tn
=]
=]

-1000 H

-1500

time [s]

Figure 12. the stator current and the stator voltage

IX. CONCLUSIONS

In this paper, the modeling of the DFIG based on Wind
Energy Conversion System (WECS) have been considered
and clearly explained. Control strategies and fundamental
mathematical equations of the RSC, GSC and MPPT have
been presented in detail. The simulation results of DFIG
controlled by RSC control and GSC control showed when the
wind speed changed for given profile.

The obtained result using MATLAB®/Simulink® allows
verify confidently working principle of the DFIG based on
WECS.
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Abstract— In this paper, we studied the integration of shunt
Static Synchronous Compensator (STATCOM) in the
electrical networks for a main objective is the reduction of
total active power losses of the network 5-bus, we relied on
the algorithm of Newton-Raphson (N-R ) for load flow and
to find optimal sizing and allocation of STATCOM, the
simulation results obtained clearly show the beneficial
effect of the optimum location of STATCOM on the
performance of the power system reliability and feasibility
by minimize the voltage deviations such for minimum
power loss, voltages of the all buses are found in the
allowable margin ( £10%) by injecting reactive power at
the point where it is implanted, the power flow and power
loss before and after placing the STATCOM have been
compared the effect of the STATCOM on the power flow
remains moderate. Proposed algorithm is implemented in
MATLAB.

Keywords— STATCOM; Optimal location; Newton-Raphson;
Power flow; Power loss.

I. INTRODUCTION

Currently and in the decades to come, public utilities will be
forced to operate the system close to its thermal and stability
limits due to major obstacles such as, the dominance of
environmental law and over all the problems of cost. The cost
of the lines and the power losses, as well as the difficulties
encountered in the construction of new transmission lines,
would often limit the available transport capacity, there are
many cases where economic energy or reserve sharing is
limited by transmission capacity, and the situation does not
improve[1], [2] . Moreover, in a liberalized electricity service
environment, an efficient power grid is essential to the
competitive environment of reliable electricity service, in the
present days, and with the deregulation of the electricity
market, the traditional power system practices have completely
changed. Better use of existing power system resources with
economic cost has become essential[3]. FACTs devices
(Flexible AC Transmission Systems) could be a way to carry
out this function without the disadvantages of
electromechanical devices such as slowness, the increased

Copyright IPCO-2018
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intent for these devices is largely due to the recent development
of high power electronics, combined with the deregulation of
the energy sector, which has made the use of FACTs cost-
effective in power transmission business. In addition, for
economic reasons[4], [5], the installation of FACTs devices in
all nodes or branches of the power network is impossible and
is not necessary therefore the placement of FACTs devices in
a network is necessary. In this work, the approach taken for
calculating power flow and solving the optimal placement
problem of STATCOM relies on Newton Raphson algorithm,
we tried to put the STATCOM in three nodes to find the
optimal location and its size in a power system 02 machines 5-
bus, it will be shown that power losses is greatly affected by
presence of a STATCOM in transmission system has been
presented to increase the transfer capability and it will be
concluded that the voltage profile can be improved effectively,
so STATCOM is one of the most effectiveness custom power
devices (CPDs) [6] is applied to improve the power system
operation.

II. PRINCIPLE OF STATCOM

The STATCOM is the SVC version consisting of a high-tech
semiconductor-based voltage converter associated with a
capacitor as a DC voltage source and the set connected in
parallel to the system network as shown in the Fig.1, The
STATCOM is connected through a filter circuit to the grid at
the point of common coupling (PCC).[7]

Power S at the output of STATCOM can be expressed by the
following expression:

The expressions of the active and reactive powers in the
reference of Park are given by:

Pr=Vgyicq ()
Qf = _Vdicq (3)
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Such as:

V4 : Voltage of the point common coupling (PCC) in the
reference of Park.

{ca» Leq: Direct and quadratic current of STATCOM.

AC system BUS

c
Q Coupling
transformer

VSlI

Cdc

Fig. 1 STATCOM diagram.

We then notice that the component i, allows to control the
reactive power and the component i-; to control the active
power. Ifthe current is late, as shown in the Fig. 2 the sign of
the quadratic component of the current is negative so the result
is positive reactive power means the STATCOM absorbs
reactive power (inductive mode)[7]

q

Fig. 2 Operation in inductive mode.

When the sign of the quadratic component of the current is
positive, the current is in advance, as shown in Fig. 3, the result
is a negative reactive power[8], which means the STATCOM
provides reactive power to the network (capacitive mode)
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Fig. 3 Operation in capacitive mode.

III. BASIC CONCEPTS OF NEWTON — RAPHSON

The search for the optimal configuration of STATCOM, to
be installed on a power network, requires the call of a program,
one of these programs, the load-flow calculation program.

The calculation of the load flow of a given power network
consists in calculating the nodal voltages, the powers passing
through the lines[9], as well as the reactive powers generated
by the different generators. In this work the Newton-Raphson
load flow calculation program is performed on the MATLAB
platform, simulations are applied on a network 2 machines 5
bus which is presented in the fig. 5.
The main parts of the load flow calculation program (LF) are:

e Reading the network database.

e  Constitution of the admittance matrix Ybus.

e Program launch calculates nodal voltages.

e Calculation of the energy flow P and Q in the lines

and the total losses.
e Display of results.

A .constitution of the admittance matrix

The nodal admittance matrix Y, is a square matrix of order
n describing the power system consisting of n buses//0], it
presents the nodal matrix of the buses of the power systems,
and each bus in a real power system is usually connected only
to a few other buses through the transmission lines. Matrix Y
is also one of the data needed to formulate a power flow study.

Form of the admittance matrix presented in system of
equation (4):

Yii, Y2 .. Y
Ynl YnZ Ynn

The shunt or series admittances are calculated by the formula:
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i Y Vi SSii=]
Yij — {yu El::]%] ] (5)

B. Newton-Raphson method for load-flow calculation

Newton Raphson's method is the most important method

V. TEST NETWORK AND LOAD FLOW SIMULATION

A model of the network used for 5 of its buses have 2
generators, as shown in Fig.5. Firstly without the integration
of STATCOM we extract the voltage and the nodal angles, the
active and reactive power of the lines also the total active
power losses, by using the load flow program of the fig. 4

for solving the power flow problem. It’s the most important
method for solving the power flow problem. Among the
important steps of this method is the formation of the Jacobian
matrix.[1] So the method of Newton Raphson consists in
calculating the voltages (module and phase) of the nodes of a
given network. These nodes belong to three types, (PV, PQ,
slack bus). The node PQ has two unknowns (modulus and
phase of the voltage), while a node PV has a single unknown
which is the phase of the voltage. The reference node or the
slack bus has no unknowns.

The formation of the Jacobian matrix requires the computation
of partial derivatives:

Afi(x)  0filx) = 9fa(x)  0fa(x) (6)
69]' ’ aV]' ? 691 ? an
afy(x) .
al_ei = Yk=1IVil IVk| (=Gix sin @y + By, cosby)
afy(x) .
alvi = Yk=1lVi| (Gix cos Oy + By sin By, )

(M
9f2(x) .
azef = Yk=1lVil Vi (=Gix sin by + By cos 6y)

0f(x) _
av; -

k=11Vk| (Gix cos B; + By sin 6, )

IV.THE APPLIED ALGORITHM

12958} 002
oaseiogs 04+i005

09872 4367 0981|4570

[t

01682

0
1l
|

)
o053 gz
—

f <
00556 0.0483

ozios 1L2sn oo

“T _Lu
Active Vuwev[ 'I‘nmm Power

Fig. 5 Network 02 machines 05 buses without STATCOM.

Program result also gave us the total active losses without

The Newton Raphson (N-R) algorithm is an iterative
numerical method that tries to find a solution to the nonlinear
equation system, by an iterative solution in fig. 4:

the integration of STATCOM:

Such as:
Pjyss= 0.0612 Pu.
Maximum iteration number =100.

Beginning

Reading the database

Constitution of the admittance matrix
Constitution of the Jacobian matrix
iter=0

i=0

While stop criterion = 0

iter =iter + 1

Calculate voltage V and angle
calculate P, Q

if condition stops < tol or iter = iter_max
stop criterion =1

end if

end while

if stop criterion = 1 then

calculate the load flow of the lines
display of results

if not

solution does not converge

end if

end

Fig. 4 different steps of the algorithm used.
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TABLE [

EXTRACTS DATA OF LINES OF THE 5-BUS TEST NETWORK

Line | From To R(Pu) | X (puw) | B(pu)
bus bus
1 1 2 0.02 0.06 0.06
2 1 3 0.08 0.24 0.05
3 2 3 0.06 0.18 0.04
4 2 4 0.06 0.18 0.04
5 2 5 0.04 0.12 0.03
6 3 4 0.01 0.03 0.02
7 4 5 0.08 0.24 0.05
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VI. METHODOLOGY FOR PROPOSED WORK

e Step 01: Network data must be collected for 02
machines 05 bus

e Step02: Apply Newton-Raphson method for load
flow in MATLAB program is carried out from which
nodal voltages, nodal angles, active and reactive
power and determine the total active losses without
STATCOM.

e Step03: The network comprises five nodes, on the
three load nodes we successively place the
STATCOM, at each installation we extract the curve
of the active power loss according to the reactive
power injecting or absorbing between:

[-0.5 Pu, +0.5 Pu].

e Step04: Then, we locate the exact STATCOM
location relative to the minimum active power loss
according to a single value of the reactive power
between: [-0.5 Pu, +0.5 Pu].

e  Step05: For the value of the reactive power injecting
or absorbing which gave us a minimum of power
losses and about which, we will able to determine if
this value will give us the voltage of all the three
nodes in the allowable margin.

e Step06: Finally, the impact of STATCOM upon load
flow, before and after optimal localization

VII. SIMULATION RESULTS
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Fig .6 Power Losses according to Reactive Power (injecting and absorbing)
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The result of the program of total active losses with the
integration of STATCOM is:
Pjyss=0.0605 Pu.
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In the beginning, we started the simulation without
STATCOM results of the power flow shows in fig.5, in this
case the total power losses is: Pj,ss = 0.0612 Pu.

To improve network power losses, the STATCOM is installed
in the three load nodes are: “03”,” 04” and “05”, in fig.6 it is
noted that the placement of STATCOM in the bus 03 gives the
best result compared to the other buses, such that for a
minimum of power losses the reactive power delivered to the
network is: Q¢ = —0.17Pu.

In Fig.8, it seems very clear that the optimal location to get the
minimum power losses: Pj,gs = 0.0605 Pu for a single value
of reactive power injected is Qc = —0.17 Pu is to place the
STATCOM in the load node “03”.
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Fig. 9 proves the effectiveness of the optimal location of the
synchronous static compensator to maintain the voltages of the
all buses in the allowable margin (+10%)

In “Fig.10”, it is noted that the voltage of STATCOM is greater
than the voltage of the point common of coupling (v-nd3)
between [-0.5pu, Opu], therefore STATCOM operated in
capacitive mode and provides the reactive power to the
network, and between [0Pu, 0.5Pu] the voltage of STATCOM
is smaller than the voltage of the point common of coupling (v-
nd3) therefore STATCOM operated in inductive mode and
absorbs the reactive power from the system.

Fig.5 and fig.7 shows the power flow before and after placing
the STATCOM so the effect of the STATCOM on the power
flow remains moderate.

VIL CONCLUSION

Power demands will keep increasing more and more,
consequently the power system network is become less secure,
it is concluded from many research that by placing FACTS
controllers the power system security is improved, This work
mainly helps in understanding the principles of STATCOM
and also the basics of reactive power compensation using
STATCOM, we have used MATLAB coding for Newton-
Raphson load flow method to calculate the active power losses
before and after STATCOM’S allocation, From above
obtained results, it is clearly understood that STATCOM can
providing appropriate amount of reactive power for reducing
the power losses and maintaining voltage in allowable margin.
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Abstract— Currently, it is necessary to replace Portland cement
with environmentally friendly materials. The cement production
process is associated with a high consumption of energy,
resources and of course a large amount of carbon dioxide
emissions. This research work deals with the valorization of
dune sand of Taghit (south-western Algeria) in construction and
more particularly the new concretes namely self-compacting
concretes (SCC) and high performance concretes (HPC). The
results obtained on the different materials studied show that the
use of Taghit sand dune as a partial replacement of cement
considerably improves both their rheological properties and
their mechanical performance.

Keywords— Dune sand, New materials, rheological
characterization, mechanical performance, Eco-environmental
study

I. INTRODUCTION

Sand Dune has many uses around the world. The
granulometry, the uniformity, the chemical purity and the
nature of the dune sand make it a unique resource. Demand
for this resource is increasing due to an increase in the
number of products using dune sand and because other new
uses have been developed [1]. The main use of dune sand is
in the construction of materials [2-4]. Sand is used to make
molds and cores. Molds are used to form new materials. Core
sand fills spaces and voids. Silica sand (quartz) is also used in
the manufacture of glass. Railroads use large amounts of sand
to improve traction on wet or slippery rails. Sand is used in
sanding. The floors of some large open hearth furnaces are
covered with siliceous sand. Sand is an excellent filter for
removing sediment and bacteria from water. Finally, one area
of increased use of sand is in fiberglass manufacturing [1].

Sand is a unique raw material for the construction industry
at present. Not only is it used for glass but more so for
making concrete, filling roads, reclamations and building
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sites [2]. Each has its own requirements in respect of the
quality of the sand [5-6].

The main objective of this research work is to develop the
Taghit dune sand (south-western Algeria) in the construction
and more particularly the new concretes namely self-
compacting concrete (SCC) and high performance concrete
(HPC).

II. TECHNICAL CHARACTERIZATION OF BASIC MATERIALS

A. Physical properties

The cement used is Portland cement resistance real 425
bars. The dune sand coming from crushing sand dune which
is on the level of Taghit, wilaya of Bechar (Algeria), the
maximum coarse aggregate of crushed dune sand does not
exceed 80um. Table 1 present a Physical properties of
Portland cement and dune sand.

TABLE I
PHYSICAL PROPERTIES OF PORTLAND CEMENT AND DUNE SAND [7]
Portland Dune
Items Cement Sand Regulatory
Absolute 3.05 2.8 NE P 18-558
density
specific surface 3200 3000 EN 196-6
(cmzlg)
Unit weight
(kg/m3) 1120 1300 NF P 18-554
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B. Mineralogical and chemical properties

The results of DRX analysis carried out on the dune sand
of Taghit and Portland cement are presented graphically on
Fig 1. It was noticed a peak of approximately 100 % of silica
with dune sand and calcite for cement which translated the
predominance of SiO, and CaCOs;, the others revealed
elements present at small percentages.
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Abrams cone consists of measuring the diameter of concrete

(%] s spread on two perpendicular lines and takes the mean. The
m ’ test L-box (fig 3-b) is used to check the mobility of confined
— PortandCement concrete and verify the implementation of concrete will not
& =IO be thwarted by blocking phenomena. The test of stability (fig.
5 % $1:50 3-c) by sieve can qualify compacting concrete to the risk of
- :fﬁm segregation and indicates the degree of segregation of SCC.
40

Fig. 1 XRD analyze of Portland cement and dune sand

Fig. 3 Qualification test of self-compactability concrete: a-Slump flow, b- L-
Box and c-Stability in sieve

From the fig 2, it was observed that the shape of Portland

cement particle is angular, dappled, broken or round forms According to Table 3, all self-compacting concrete (SCC)
observed for dune sand. must meet the recommended criteria for testing [AFGC,
2008].
TABLE 3
RHEOLOGICAL PROPERTIES OF SELF- COMPACTING MIXES
Rheological properties
SCC mixes Slump flow L-box Segregation
(cm) index (%)
. - Limited values
20kV  X10,000 1pm 20kV  X10,000 1pm according to AFGC. [9] 60 - 75 >0.80 <15

Fig. 2 SEM photographs of: (a) Portland cement; (b) Dune sand

B. High performance concrete
The chemical compositions of Portland cement and dune

) The Compressive strength is an indicative characteristic of
sand are presented in table 2.

concrete that allows us to envisage other properties.

TABLE 2 Generally, enhanced durability properties can be obtained

CHEMICAL PROPERTIES OF PORTLAND CEMENT AND DUNE SAND (8] with concretes of higher compressive strength. The fig 4
Elements (%) | Cement | Dune sand present.s the compressive strength of various HPC mi).(es
Si0, 17.49 97.15 determined at different ages. As expected, the compressive
ALO, 451 0.79 strength of HPC increased with age. As can be observed, the
Fe20; 3.02 0.21 compressive strength slightly increased with increase of
CaO 62.78 0.11 amount of dune sand. This is due to the physical nature of
MgO 2.15 0.05 better packing, as addition of dune sand governs the

SO, 2.38 0.14 compressive strength due to the denser matrix and the better
Na,0 0.05 0.18 dispersion of cement grains [6]. Fineness of the dune sand
TiO, 0.64 0.05 also affects the strength as it filled up the micro pores within
Others 0.02 <0,02 the concrete matrix and densified the concrete [7]. The dune
Loss of ignition | 8.10 0.58 sand have improved the properties of HPC such as porosity

reduced and better bonding in inter transition zone [6].
III. VALORIZATION OF DUNE SAND IN NEW MATERIALS

A. Self-compacting concrete

The SCC must satisfy many tests, we chose three that are
recommended by AFGC. [3] that allow to characterize the
principal properties of SCC in the fresh state (fluidity , static
and dynamic stability, free and confined environment)
spreading Abrams cone flow box L and stability through a
sieve. The test slump flow (fig.3-a) is carried with the
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Fig. 4 Mechanical properties of high performance concrete mixes

IV. CONCLUSIONS

In light of the results obtained during this research work,
this study allowed us to extract the following conclusions:

o It is possible to manufacture a new concrete (SCC and
HPC) based on dune sand with better rheological and
mechanical performances;

e The incorporation of dune sand slightly improves the
mechanical resistance of concretes. The addition of
dune sand can help increase the compactness of
concrete by forming a more compact granular skeleton;

e The use of sand dune of Taghit in the construction is
very interesting economically and ecologically on the
one hand through the partial replacement of cements,
and on the other hand, it contributes to the
improvement of physical and mechanical properties of
concretes.

Finally, we can say that the development of sand dune can
provide a solution for some work in the desert regions of our
country.
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Abstract—  The structural, electronic, and
thermodynamic properties of Ca;.,Sr,O ternary
alloys in NaCl structures at various Sr

concentrations are presented. The calculations were
performed wusing the full potential linearized
augmented plane wave (FP-LAPW) method within
the density functional theory (DFT) in the local
density approximation (LDA) and two developed
refinements, namely the generalized gradient
approximation (GGA) of Perdew et al (1996 Phys.
Rev. Lett. 77 3865) for the structural properties and
Engel and Vosko (1993 Phys. Rev. B 47 13164) for
the band structure calculations. Deviation of the
lattice constants from Vegard’s law and the bulk
modulus from the linear concentration dependence
(LCD) were observed for the alloys. The
microscopic origins of the gap bowing were
explained by using the approach of Bernard and
Zunger (1986 Phys. Rev. Lett. 34 5982). In addition,
the thermodynamic stability of the alloys was
investigated by calculating the critical temperatures
of alloys.

Keywords— DFT, Alloys, FP-LAPW, Band gap,
semiconductor

INTRODUCTION

Semiconductor alloys, which are solid solutions
of two or more semiconducting elements, have
important technological applications, especially in
the manufacture of electronic and electro-optical
devices. One of the easiest ways to change
artificially the electronic and optical properties of
semiconductors is by forming their alloys; it is then
interesting to combine two different compounds
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with different optical band gaps and different
rigidities in order to obtain a new material with
intermediate properties. Hence, the major goal in
materials engineering is the stability to tune the
band gap independently in order to obtain the
desired properties. The alkaline earth chalcogenides
(AX: A = Be, Ca, Mg, Sr, Ba; X =0, S, Se, Te)
form a very important closed shell ionic system
crystallizing in NaCl-type structure at room
conditions except for the MgTe and the beryllium
chalcogenides. These compounds are
technologically important materials having many
applications  ranging  from  catalysis to
microelectronics. They have also application in the
area of luminescent devices [1-3]. In fact, one of the
easiest ways to change artificially the electronic and
optical properties of semiconductors is by forming
their alloys; it is then interesting to combine two
different compounds with different optical band
gaps and different rigidities in order to obtain a new
material with intermediate properties. Therefore, a
great deal of progress has made in the last few
decades in understanding the effects of disorder in
random alloys. Zunger and co-workers [4] have
introduced an approach that greatly reduces the size
of the supercell required to obtain a realistic
description of a random alloy by using so-called
‘special quasirandom structures (SQSs).

In this paper, we model Ca; St O ternary alloys at
some selected compositions with ordered structures
described in terms of periodically repeated
supercells (SQSs). In order to carry out our
calculations, we have applied the full potential-
linearized augmented plane wave (FP-LAPW)
method. On one hand we focused our efforts on the
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physical origins and variation of the optical band
gap within the alloy fraction; on the other hand we
address the more fundamental issue of the phase
stability of these alloys.

METHOD OF CALCULATION

The calculations presented in this work were
performed using the FP-LAPW method. By this
method no shape approximation on the potential or
on the electronic charge density is made. Inside
atomic spheres, a linear combination of radial
functions times spherical harmonics is used, while
in the interstitial region a plane wave expansion is
used. The method is implemented in WIEN2K code
[5], which allows the inclusion of local orbitals in

perform the structural optimization by minimizing
the total energy with respect to the cell parameters
and also the atomics positions.

The total energy calculated as a function of unit cell
volume where fitted to the murnaghan’s equation of
state [9]. The equilibrium lattice constants and bulk
modulus both for binary compounds and their alloys
are given in table 1 and 2. Considering the general
trend that GGA usually overestimates the lattice
parameters [10], our results of binary compounds
are in reasonable agreement with the experimental
and other calculated values.

Table 1. Calculated lattice parameter of CaO and SrO
compounds and their alloys at equilibrium volume.

the basis in order to improve the linearization and

Lattice constant a(ﬁ )

make possible a consistent treatment of semicore X This work  Exp. other

and valence states in an energy window. We used GGA LDA calculation

both local density approximation (LDA) and ~cu 510 1 5198 5068 5.16[18] 5.197[16], 5.223[17]
generalized gradient approximation (GGA). The 075 5125 4.994

exchange-correlation potential for the structural 05 5043 4912

properties was calculated by GGA based on the 025 4947 4821

Perdew et al [6] form, while for the optical and 0 4837 4719 481[19] 4.86[17]. 4.84 [16]

electronic properties, the exchange-correlation
functional of Engel and Vosko (EV-GGA) [7] was
applied. In the calculation, the convergence

Table 2. Calculated bulk modulus B of of CaO and SrO
compounds and their alloys at equilibrium volume

parameter RKmax, which controls the size of the
basis sets in these calculations, was set as 8.0. The
cut-off energy, which defines the separation
between the core and valence states, was set as —6.0
Ry. For the sphere radii, we have adopted the

values of 2.3, 2.2 and 2.1 au for Ca, Sr and O,
respectively. A mesh of 47 special k-points for
binary compounds and 125 special k-points for the
alloy were taken in the irreducible wedge of the
Brillouin zone. The lattice structures of the alloys

Bulk modulus B
(GPa)
X Nos calculs Exp.
GGA  LDA Autres
Ca . Sr,0O 1 83.248 104.491 91 [18] 86 [16]
0.75 90.067 108.308
0.5 94.401 113.747
0.25 98.295 120.478
0 102.070 128.9602 110[19] 117 [17]

under investigation have been modeled at selected
compositions as detailed in our previous work [8].

RESULTS AND DISCUSSION

A. Structural properties

In this section, we have analyze the structural
properties of CaO and SrO compounds in the
rocksalt structure using the GGA scheme. The
alloys have been modeled at some selected
compositions (x 0.25, 0.5, 0.75) following the
SQS approach. For the considered structures, we
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Usually, in the treatment of alloys, it is assumed that
the atoms are located at the ideal lattice sites and the
lattice constant varies linearly with according to the
so-called Vegard’s law [11]. However, violation in
this linear law has been reported in semi-conductor
alloys both experimentally [12, 13] and theoretically
[14, 15]. As an example the results obtained for the
composition dependence of the calculated
equilibrium lattice parameter for Ca;Sr,O alloys,
respectively are shown in Fig 1.
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Fig 1. Calculated equilibrium lattice constants of the
Ca; SO alloy for different concentrations using
GGA.

A small deviation from Vegard's law (a linear
variation of the lattice constant of alloys versus
composition x) is clearly visible with an upward
bowing parameter equal to a -0.099 A for
Ca;«SrO alloy obtained by fitting the calculated
values with a polynomial function. Fig. 2 shows the
bulk modulus as a function of x for the Ca;Sr,O
alloy respectively. A Similar behavior was observed
for the composition dependence of the bulk modulus
for the alloy. Deviations of the bulk modulus from
the linear concentration dependence (LCD) with
downward bowing equal to 7.459 GPa for this alloy,
was observed. This deviation is mainly due to the
large mismatch of the bulk modulus of SrO and
CaO binary compounds
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Fig.2. Composition dependence of the calculated bulk
modulus (solid squares) of Ca;_Sr,O alloy compared
with LCD prediction (dashed line).

B. Electronic properties
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To compute the band gaps for binary compounds
and their alloys self-consistently, the LDA, GGA
and EVGGA are used within the DFT. The band
gap results for the different concentrations are given
in Table 3. The band gap values given by the
EVGGA formalism are reasonably in agreement
with experiment; the LDA and GGA gives a lower
value. In fact, it is well known that the GGA usually
underestimates the experimental energy band gap
[20, 21].

Table 3. The gap energy Eg of the Ca;,Sr,O ternary
alloy at equilibrium volume (all the values are in eV).

Ca,Sr,O E, (eV)
X Our work Exp. Other work
GGA EVGGA
1 3.327 4.032 5272[22] 3.01[11],3.2[23]
0.75 3.353 4.025
0.5 3.379 4.006
0.25 3.423 4.048
0 3.671 4.271 4.1[24] 2.097 [25]
In fact, the energy gaps are systematically

underestimated in ab initio calculations, and this is
an intrinsic feature of the density functional theory
(DFT), DFT being a ground-state theory is not
suitable for describing excited-state properties, such
as the energy gap. However, it is widely accepted
that GGA (LDA) electronic band structures are
qualitatively in good agreement with the
experiments as regards the ordering of the energy
levels and the shape of the bands. Engel and Vosko
[26], by considering the underestimation of the
energy gap, constructed a new functional form of
the GGA which is able to reproduce better the
exchange potential at the expense of less agreement
in the exchange energy. This approach (EVGGA)
yields a better band splitting. However, in this
method, the quantities that depend on an accurate
description of exchange energy Ex, such as
equilibrium volumes, are in poor agreement with
experiment. Fig. 3 shows the composition
dependence of the calculated band gaps using the
GGA and EVGGA schemes. It is clearly seen that
the calculated band gap decrease with the
composition for the Ca;SrO alloy.
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Fig 3. Composition dependence of the calculated
band gap for Ca;SrcO alloy.

C. Thermodynamic properties

In order to study the phase stability of the Ca;_,Sr,O
alloy, we calculated the phase diagram based on the
regular-solution model [27-29]. For alloys, the
Gibbs free energy of mixing AGm is expressed as:
AGn = AHy, —TAS, where, AH,, = x(1—-x),

ASy=—R [xInx + (1—x) In (1-x)], AH},, and AS;, are
the enthalpy and entropy of mixing, respectively; is
the interaction parameter and depends on the
material; R is the gas constant and 7' the absolute
temperature. The mixing enthalpy of alloys can be
obtained from the calculated total energies as AHm
= Eapxcix — X Eag — (1-X)Exc, Where Eapxci-x, Ea and
Ec are the respective energies of the A;B,C alloy
and the binary compounds AB and AC. We then
calculated AH,, to obtain as a function of
concentration. The interaction parameter increases
almost linearly with increasing x. From a linear fit.
First we calculate AGm using the equations above,
and then we use the Gibbs free energy at different
concentrations to calculate the T—x phase diagram,
which shows the stable metastable and unstable
mixing regions of the alloy. At a temperature lower
than the critical temperature 7c, the two binodal
points are determined as those points at which the
common tangent line touches the AGy, curves. The
two spinodal points are determined as those points
at which the second derivative of AGm is zero;
&*(AGm)/ ox* = 0. Figure 4 shows the calculated
phase diagram including the spinodal and binodal
curves of the alloy of interest. We observed a
critical temperature 7c = 596 K for the Ca;-, Sr,O
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alloy. Hence, our results indicate that the alloy
Ca;-, Sr,O is stable at low temperature.

600 [ S ‘ Ca, SrO
T =596 K
500 | C
)
o 400 |
28
S
g 300 |-
=
o
= 200
100 \
0

L L L L
0,0 0,2 0,4 0,6 0,8 1,0

Composition x

Fig 4. T —x phase diagram of the Ca,_, Sr,O alloy.

CONCLUSION

We have used the FP-LAPW method to study the
structural, electronic and thermodynamic properties
of the Ca;_,Sr,O alloy. The composition dependence
of the lattice constants, bulk modulus and band gap
has been studied. The calculated band structure
shows a transition from indirect to direct band gap.
Like the lattice constant, the band gap exhibits
nonlinear behavior or bowing effect with the change
of concentration. We observed a critical temperature
Tc =596 K, which means that the Ca;-,Sr,O alloy is
stable at low temperature. These

data may be useful for mechanical, chemical and
electronic industries where the performance of a
device is affected by its thermodynamic properties.
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Abstract— In this work, we present a characterization of the
physical properties of a crosslinked network of poly (2 phenoxy
ethyl acrylate) (poly (PEA)) prepared by UV photopolymerization.
Glass transition temperature (Tg), thermal degradation temperature
(Ty) and refractive index (n) of poly (PEA) networks are determined
experimentally. The study of behavior of variation of these
parameters as a function of the degree of crosslinking was made.
Empirical models of Askadskii at al are also used to calculate these
physical parameters. The estimated parameters have been compared
with the available experimental values.

Keywords— crosslinked network, UV photopolymerization,
Glass transition temperature, thermal degradation temperature,
refractive index.

I. INTRODUCTION

Poly (2-Phenoxyethyl acrylate) networks are chemically
synthesized by UV radiation. This method has proven
effective with acrylates, particularly because of its advantages.
UV radiation polymerization is a method that shows its
reliability compared to other methods of synthesis and
considered the cleanest method since it does not require
additives that can alter the properties of the polymer so it
usually occurs at ambient temperatures [1].

The study of the physical properties of materials, whether
natural or artificial, and their relationship with the
environment, is very important in the field of application and
industrial. As a result, many methods are developed as well as
many academic studies are conducted to study the
relationships between physical properties and the extraction
of the laws that connect them.

On the other hand, several theoretical models have been
developed to predict these properties. There are models based
on the chemical structure of the repeating unit. The
approaches that derive the best predictions from these
properties are those of: van Krevelen [2], Bicerano [3], [4]
and Askadskii - Matveev [5] — [10]. These three models are
different in the treatment method but have given good results
compared to the experimental ones for the case of linear
polymers and copolymers. However, polymer networks are
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much more processed by Askadskii at al. They have
succeeded in presenting empirical models for calculating the
physical properties of polymer networks by taking into
account the presence of the crosslinking point as well as its
functionality.

In this work we will study the variation of vitreous
transition temperatures and those of thermal degradation as
well as the variation of the refractive index as a function of
the degree of crosslinking experimentally using different
techniques; An attempt has also been made to compare the
experimental results with those obtained by calculations
based on the Askadskii’s model.

II- MATERIALS AND METHODS

1-  Materials

The acrylic monomers used for this study is 2-Phenoxy Ethyl
Acrylate (PEA) (from Aldrich). The cross-linking agent is:
1.6-Hexane Diol Diacrylate (HDDA) (supplied by Cray
Valley, France). The photo-polymerization agent used is: 2-
hydroxy-2-methyl-1-phenyl-propane-1 (Darocur 1173, from
Ciba Geigy). The chemical structures of the different
components are given in Figure 1.

Q

PEA Darocur 1173

[]
‘\\)LD/\/\/\\/"\”/\\\
HDDA °

Fig 1: Chemical structure of the components of the initial mixtures.
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The kinetics of polymerization were carried out using a
Fourier Transform Infrared Spectrometer (FT-IR "Perkin
Elmer").

2- Polymer networks synthesis:

Blends of PEA/HDDA/Darocurll73, were prepared in
different weight fractions by varying the quantity of HDDA
and keeping the amount of the photo initiator constant
(PEA/HDDA/Darocur1173=99/0.5/0.5wt.%,...), These initial
mixtures were stirred mechanically for some hours before
they were cast in small flat sample holders, exhibiting a
single homogeneous phase. The samples were exposed to UV
radiation under nitrogen atmosphere, using Philips TLO8S UV
lamps exhibiting a wavelength A=365 nm and an intensity
I=1.5 mW/cm®. The exposure time was fixed at 20 minutes to
achieve complete conversion of all monomers in the
precursor system. The samples obtained are optically
transparent cross-linked polymer networks.

A characterization by the infrared spectroscopy technique
(FT-IR) before and after polymerization showed the total
disappearance of the characteristic strip of the acrylates (C=C)
at 1635 cm™, indicating that the conversion is very important
(see Figure 2).

—s=— Mixture before polymerization
0,44 |—— After 20 min of polymerization

o
w
1

Absorbance (u.a)

o
N
h

1632 1640 1648

Number of waves (cm'l)

Fig 2: Illustration of the disappearance of the characteristic band C=C
(1637cm™).

III- EXPERIMENTAL PART

A. Determination of glass temperature:

Analysis of transition temperatures and enthalpies of
polymers networks were performed on a Pyris Diamond DSC
apparatus (Perkin-Elmer model 8000).

Figure 3 shows the characteristic thermograms for Poly(PEA)
/ HDDA polymer networks.
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Fig 3: Influence of the degree of crosslinking (% HDDA) on the
thermograms of isotropic networks of poly 2-Phenoxy-Ethyl-Acrylate (Poly
(PEA)).

To visualize the influence of the increase of the glass
transition temperature T,, we have traced (Figure 4) the
evolution of the glass transition temperature as a function of
the degree of crosslinking of the Poly (PEA) networks. On
this graph, it is clear that the T, increases following the
increase in the degree of crosslinking. We also note that this
increase to a parabolic form.

Fig 4: Influence of the degree of crosslinking (% HDDA) on the glass
transition temperature of Poly (PEA) networks.

The increase of the glass transition temperature of a polymer
matrix following the increase in crosslinking is a
phenomenon that has already been observed in the literature
[11] — [12]. This effect is not surprising and can be explained
in terms of the internal mobility of the system. Indeed, the
presence of crosslinking points (ie chemical bridging)
between the polymer chains reduces the overall mobility of
the system. Therefore, a reduction in the mobility of the
molecules leads to an increase in the Tg because it requires
more thermal energy to cause the movements of the polymer
chains.
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B. Determination of the temperature of thermal degradation:

Thermogravimetric analyzes were performed using a TGA
apparatus Pyris 1 from Perkin Elmer.

The weight loss curves were recorded over the 20-700 °C
temperature range at a rate of 10 ° C / min in a nitrogen
atmosphere and are shown in Figure 5.

The network Poly (PEA) cross-linked at 0.1% HDDA has a
thermal stability in the range 20- 100 ° C (Figure 5), and then
the network manifests a more significant loss of mass from
the temperature 320 ° C to 95% decomposition to 430 °. The
presence of a second domain for total decomposition may be
due to an oxidation reaction due to the presence of oxygen.
Noting in this study that the rate of crosslinking has no more
influence on the system behavior and its temperature of
degradation of fate that one marks the same value of Ty
whatever the degree of crosslinking.

—— 0.1% HDDA
— 0.5% HDDA
1% HDDA
—— 5 HDDA

100 4

80 -

60 -

40

weightloss (%)

20

T T T T T T
0 100 200 300 400 500 600 700

Temperature (°C)

Fig 5: Thermogravimetric curves of system (Poly (PEA) / HDDA)

C. Determination of the refractive index:

The refractive index (n) is an important optical property of
polymers and is widely used in materials science. As it is
characteristic for each material, it can be used for
identification purposes or for the prediction of other
properties. For example, the refractive index undergoes a
second order transition at the glass transition temperature and
can therefore be used to determine its value.

The refractive index is defined as the speed of light in
vacuum relative to the velocity in the polymer. It is directly
related to polarizability and depends on the wavelength of
light.

Most polymers are amorphous and are, therefore, isotropic.
Their refractive indices are the same for all the senses that the
path of light can take through the solid. Several methods for
determining the refractive indices of amorphous polymers
have been carefully described in the literature.

To measure the refractive index of our polymer networks, we
adopted a simple method that gives more precise results
invented by M. Gharbia at al. [13].
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The principle of the optical experimental technique
consists of measuring the deflection by reflection of a laser
beam (A = 633 nm) at normal incidence (Figure 6).

To measure the refractive index, we illuminate a vacuum
prism that gives a first rectangular point. The same prism
containing the polymer network thin film gives a second
rectangular deflection point. The laws of Descartes make it
possible to measure the index of refraction.

Fig 6: picture of typical spots of light by reflection through the vacuum
prism and the isotropic prismatic sample centered on the reflected laser beam
[13]

According to the law of Snell-Descarte we have:

_sin(2a + D)
"= sin (2x)

the variation of the refractive index as a function of the
degree of crosslinking is illustrated in figure 7. it is observed
that the refractive index increases in the denser networks. As
a beam of light enters a medium, it causes a disruption of the
electron density, slowing down the electromagnetic wave.
Dense materials slow down the wave, increasing the
refractive index (n). the appearance of the variation of (n) is
similar to that of the variation of the glass transition
temperature (T,); a growing parable.

1,575

1,570 4

1,565 -

1,560 -

Refractive index (n)

1,555 -

0 1 2 3 4 5
% HDDA

Fig 7: variation of the refractive index as a function of the degree of
crosslinking (% HDDA)
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IV- CALCULATION PART

A. Calculation of the glass transition temperature of Poly
(PEA) polymer networks:

It has been determined experimentally that the glass
transition temperature, as well as many other properties of the
network systems, depends on the number of repeating units
between the cross-linked points 'm', in other words the degree
of crosslinking.

Askadskii at al's approach to calculating the glass
transition temperature is based on considering the unit as a set
of anharmonic oscillators, connected by different types of
intermolecular bonds. The magnitudes of the increments, put
into the calculation, have a definite physical meaning and are
energetically characterized both as weakly dispersive
interactions and as strongly intermolecular interactions
(dipole-dipole interaction, H bonds, etc.).

The general formula used to calculate the glass transition
temperature of polymer networks is as follows:

=)
. I
g [Zaim/i +;ij ‘+(Z‘K,.AV1)

l.ch crl.p

Where:

> AV, is the van der Waals volume of the repeated fragment in
the network.

(Ya; AV +bj),; is a selection of constants for linear strings
participating in the repetitive fragment of the network such as:
- g is a selection of constants, which characterizes the
energy of a weak dispersion interaction as the
average contribution of each atom in this interaction.
- b; is a selection of constants that characterizes the
energy of a strong specific intermolecular interaction
(dipole-dipole, hydrogen bonds, etc.).

(YKi AVi).1,, is a selection of constants for the network link
point.

We will apply this equation to our poly (PEA) network. This
network displays the structure (Figure 8). He owns.
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Fig 8: representation of the poly (PEA) polymer network structure.

The general formula of the glass transition temperature T,
obtained is as follows:

_ 181#m+107.6
S 67142+ m+317.08

10° (K)

B. Calculates thermal degradation temperature T, for Poly
(PEA) networks:

The approach for calculating the temperature of the
thermal degradation T, is the same as for the estimation of the
glass transition temperature T,. But in this case, the energy of
the chemical bonds, but not that of the intermolecular
interaction, is taken into account in the calculations, although
the latter also has a significant influence on the dissociation
energy of the chemical bonds.

The form that describes the degradation process is as

follows:
>Av,
T, ==——
> KAV,

Or

- T,: is the 'Onset' temperature of thermal degradation.

- K;: are contributions of the individual atoms to the initial
degradation.

using the same structure of Figure 8 to perform the
calculations. we thus obtain the equation which describes the
variation of T4 as a function of the number of monomers
between two crosslinking points as follows:
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_181%m+107.6
4921 m+164.12°

10° (K)

C. Calculates the refractive index 'n':

The refractive index is the most important optical property
of polymers. The index of refraction n is determined from the
following relation which is derived from the famous Lorentz-

Lorentz formula:
,22 1 av Z i

n*+2 N, AV,

Where:

- Nj: is the number of Avogadro;

- K, is the average molecular packing coefficient (for
voluminous monolithic bodies, K,, = 0.681 and for
films, K,, = 0.695);

- YR; is the molecular refraction which includes the
refractions relative to each atom and the type of
bond (double, triple, etc.).

the application of this formula on the structure shown in
figure 8 gives us the following expression:

n*—1 _ 0.695(50.494%m+28.262)
n*+2  0.6023(181%m+107.6)

D. Result and discussion:

the table below shows a comparison between the
experimental results and those calculated by the empirical
models of Askadskii.

knowing that the values of m corresponding to those of %
HDDA are calculated from the following equation [14]:

M

c

M

r

m =

- M,

between crosslinks.

is the number average molecular weight

e M, isthe molecular weight of the PEA repeating

unit.

we also note that the values of a;, b, AV; and K; of
individual atoms in the repeating unit of the polymer are
obtained from the reference [5].
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Parameter % Estimated Experimental
HDDA value value
0.1 -6 -1.2
Glass-
Transition 0.5 -5.6 -0.28
Temperature
(Ty) 1 -5.5 0.15
5 -4.3 1.96
0.1 450°C 430°C
Temperature = 5
of Initial 0.5 450°C 430°C
Degradation 1 450°C 430°C
(Ta)
5 450°C 430°C
0.1 1.557 1.555
Refractive 0.5 1.556 1.56
fndex 1 1.556 1.566
()
5 1.556 1.575

V- CONCLUSIONS

determination of different physical parameters of poly (2-
phenoxyethyl acrylate) networks was obtained using different
techniques. the study of the variation of these parameters as a
function of the degree of crosslinking shows that the latter has
an influence on the glass transition temperature and on the
refractive index. the variation behavior of these two
parameters is similar and shows increasing parabolic speeds.
This observation leads us to think that there is a relationship
between the two properties. but more work is needed to
confirm this remark. the degree of crosslinking has no
influence on the temperature of thermal degradation. the
calculated calculations based on the empirical models of
Askadskii are in good agreement with what has been obtained
experimentally for the case of glass transition temperatures
and thermal degradation, while the calculation of the
refractive index shows that the latter is not affected by the
degree of crosslinking which is not the case in the
experimental. Overall, the comparison between the theoretical
results and the applied results is acceptable, even the
difference between the results is in the standards.
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Abstract—The novelty of this work is to study the anionic
polymerization of methacrylamide using an environmentally
friendly catalyst Maghnite Na+, a proton exchanged
montmorillonite clay, in an ice bath. We have synthesized the
monomer methacrylamide (MAM) by the condensation of
Ammonia with methacrylic anhydride in bulk (without solvent)
at 0°C for 1 hour and its polymer was synthesized using a green
catalyst “maghnite Na*” in tetrahydrofurane THF at 0°C. The
Poly methacrylamide structure is1 characterized and confirmed
by Infrared Spectroscopy (FTIR), H nuclear magnetic resonance
(NMR) spectroscopy and Thermal properties of the polymers
were determined using thermogravimetric analysis (TGA).
Keywords— Anionic polymerization; Maghnite-Na+;
Methacrylamide; Montmorillonite; Green catalyst.

I. INTRODUCTION

Heterogeneous catalysis is of vital importance to the
world’s economy, allowing us to convert raw materials into
valuable chemicals and fuels in an economical, efficient, and
environmentally benign manner. For example, heterogeneous
catalysts have numerous industrial applications in the
chemical, food, pharmaceutical, automobile and
petrochemical industries [1]. They are preferred due to their
robustness and lower operational cost, in particular through
easier recovery/separation from the products. [2].

The wide range of industrial applications of PMAM is due
to their high water solubility. The most important uses for the
polymers are as flocculating agents for minerals, coal,
industrial waste, and additives in paper manufacturing [3].

The methacrylamide monomer is polymerized by both
radical and anionic route [4]. The radical polymerization of
methacrylamide is described in previous works; in various
solvents and initiators by R. Anbarasan et al in water at 75°C
using potassium persulfate as initiator [5] and by Muserref
Onal and Meltem Celik in water at 85°C using benzoyle
peroxide as initiator [6] and their copolymerization was
studied by M. Sadeghi et al onto pectin in water at 70°C using
ammonium persulfate as initiator [7], and with
methylmethacrylate in  absolute  ethanol using
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Azobisisobutyronitrile (AIBN) as initiator by N. Grassie et al
[8].

The novelty of this work is to study the anionic
polymerization of methacrylamide initiated directly by a
montmorillonite clay, “Maghnite-Na™ a new nontoxic and
recyclable catalyst. initially, we have synthesized the
monomer methacrylamide by the condensation of ammonia
with methacrylic anhydride in bulk (without solvent) at 0°C
for lhour; and subsequently the polymerization of monomer
was carried out under suitable conditions in THF at (0°C) for
24 hours initiated by anionic catalyst “maghnite Na* .

The monomer and polymer are characterized and confirmed

by Infrared Spectroscopy (FTIR), 1H nuclear magnetic
resonance (NMR) spectroscopy and Thermal properties of the
polymers are determined using thermogravimetric analysis
(TGA).

II. EXPERIMENTAL

1. Preparation of Catalyst “ Maghnite-Na*

“Maghnite-Na*” was prepared as described by Belbachir and
collaborators [9, 10]. Raw-Maghnite (20 g) was crushed for
20 min using a prolabo ceramic balls grinder. It was then
dried for 2 h at 105 °C. The Maghnite was placed in an
Erlenmeyer flask together with 500 ml of 1 M NaCl solution.
The Maghnite/water mixture was stirred using a magnetic
stirrer until saturation was achieved over 24 h at room
temperature, the mineral was then washed with distilled water
to become chlorure free and then filtered and dried at 105 °C.

e XRD analysis of Catalyst
The X-ray diffractogram of sodic montmorillonite shows an
offset of the angle 20 from 6.8 to 12° thus indicating the
increase in the interlayer distance of 12.52 A for raw
maghnite and 12.34 A for sodic clay, confirming the
intercalation of Na* ions in the space initially occupied by H"
ions.
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Fig 1. XRD spectra of Raw-Maghnite and Maghnite- Na*.

2. Syntheses
2.1.  Synthesis of methacrylamide monomer (MAM)

Synthesis of monomer was carried out by mixing 0.1mole
(10ml) of ammonia with O.lmole (15ml) of Methacrylic
anhydride in bulk (without solvent); the reaction mixture was
cooled to 0-5°C using an ice bath during 1h.

After that, we filtered the solution recover the product. The
product obtained was a white powder which when
recrystallized in a methanol-diethylether mixture.

»  Yield=85%

CHj
Hc=— c/
\C —0 CHj
NH; + o/ _ . He==c
\c —0 0°C c=—o
P c/ H,N
\CH3
Schemel. Schematic representation of the synthesis of methacrylamide
(MAM)

2.2. polymerization of MAM

The anionic polymerization of MAM was carried out in
sealed tubes. Each tube contains a mixture of 1 g of MAM,
10ml of tetrahydrofurane THF and (0.15g) 15% of maghnite-
Na®*. The mixtures were kept in an ice bath at 0°C and stirred
with a magnetic stirrer under dry nitrogen for 24 hours. The
resulting polymer was precipitated in methanol, washed for
several times, dried at 40°C in vacuum and weighed.

CHj
CHj |
+
HZC:C mag Na *_%CHZ_C%’_*
0°C | “m
n Cc=0 /C:O
HoN H,N
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Scheme 2. Schematic representation of the synthesis of Poly (methacrylamide)
(PMAM) catalyzed by Maghnite Na*.

3. RESULTS AND DISCUSSION
3.1 Characterization of the monomer (MAM)

The structures of monomer are characterized and confirmed

'"H and C nuclear

magnetic resonance (NMR) spectroscopy.

by Infrared Spectroscopy (FTIR),

The IR (cm") spectrum of (MAM): UNH primary amine 3374.45,
3179. 85, 607, VUCH2,CH3 293075, 2984, Vc=0amide 167164, Vc=C
1600, vey 1401.49.

—
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Fig 2. FTIR spectra for the starting products (A) ) Methacrylic anhydride; (B
Ammonia and product synthesis (C) methacrylamide (MAM)

The '"H NMR in (CDCl5) shows: (¢ ppm) 1.951(s, 3H of -CHj),
5.39-5.76 (d, 2H of =CH}), 6.027- 6.488 (2s, 2H of —NH,).

o
'3
b /
H,C=—C
\
G
¢ / .
L HoN a

r T T
0 8 a0 50

1
Fig 3. H NMR spectrum (CDCl;) of Methacrylamide (MAM) obtained.

The "C NMR in (CDCl3) shows: (* ppm) 18.63(-CHa);
120.88 (=CH,), 139.123(C=C), 170.95(C=0),mide-
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and at 3.23ppm are attributed to the methyl protons groups (-
; : ‘ 583 ; CHj3;) at the end of the polymer chain; as well as a doublet at
‘ ‘ ‘ “ | 5.39-5.76 ppm are assigned to the vinylic hydrogens (b)
(=CH). The strongest and sharp peak centered at 4.70 ppm
corresponds to water deuterated solvent (D,0) respectively.
¢—o !

/ b|

D10

- p
‘ g 3 s £ a | F b '!} g
T J . v ¥ _T ’ ’ - y ‘ ’ ¥ . g T " ’ ’ 4 5 o H—C—i Hg_.f CH=C

13 .
Fig 4. C NMR spectrum (CDCl;) of Methacrylamide (MAM). NH, NH, NH;

3.2. Characterization of Poly (methacrylamide) , ’

The IR spectrum of poly (MAM) is identical for the monomer A ! 4
excepting that we observe the increase of the intensity of the ———— T

bands. Two large and intense bands at 3314.93cm —————— ----- ——— T
1 g b . * -
corresponding to N-H stretching and large bands between

-1 . . Fig 6.]H NMR spectrum (D,0) of Poly(methacrylamide) (PMAM) obtained.
2836 and 2990 cm were attributed to C-H symmetrical and

asymmetrical stretching on CH, and CH; groups, 3.3. Thermal studies
respectively. The absorptions at 1653 cm ' are assignable to
amide carbonyl (C=0) stretching. The thermal stability of the polymer is studied by

thermogravimetric analysis in air from room temperature. The
TGA a curve of PMA is shown in the Figure 7 clearly
indicates that the polymers undergo one stages of degradation.
The degradation is varying from 196 °C to 238 °C, which
depends on the PMAM decomposition due to the sensitive
and the weakest the methyl group from the PMAM chain
| correspond to 99.38% weight loss indicating that the polymer
\f exhibits low thermostability. The PMAM have flexible
I aliphatic main chains exhibit much lower thermal stability
w/ and degrade rapidly at low temperature.
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Fig 5. FTIR spectra for the methacrylamide (MAM) monomer (A) and
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polymer methacrylamide (PMAM) (B) 1‘

The 'H NMR spectrum in figure 7 confirms the structure of -
the polymer obtained in this study. Two broad peaks observed -
between 1.058 and 1.68 ppm are assigned to methylene and Fig 7. TGA a curve of the Poly(methacrylamide) PMAM in air.

methyl protons of the polymer repeating unit and second .. . .
yp oLy P & An anionic mechanism for the reaction was proposed. From

broad peak between 6.80 and 7.55 ppm corresponding to the the mechanism studies, it was showed that monomer was

protons of amine group (—-NH;). The small peak at 1.82ppm inserted into the growing chains.
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E N § CH,Na and at 0 °C for 1 hour, obtaining a better yield and selectivity to
: | HyC z the product 100% and the structure of monomer and polymer
: 0/\\c—cu g—@o HgS T CHs are confirmed by Infrared Spectroscopy (FTIR), 'H and “C
z + / ’ : c—o nuclear magnetic resonance (NMR) spectroscopy. The result of
: T 0= \ : T | thermogravimetry indicated that the polymer exhibits low
P NH, S thermostability.
: Vg N Finally, The simplicity of the method, good properties catalytic
aga of the support catalyst solid (Maghnite-Na") make it an
o attractive method for the synthesis and polymerization of
Scheme 1. Initiation methacrylamide
- § CH,Na CHs
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toxic Maghnite-Na+ clay at room temperature in the conditions

that respect the principles of green chemistry. The synthesis of
the monomer is carried out by reaction of ammonia with a
single reactant methacrylic anhydride in bulk (without solvent)
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Abstract— In this paper, the presentation of DC microgrid and
wind turbine generator based on PMSG (permanent magnet
synchronous generator) is presented. The system contains a
permanent magnet synchronous generator based WECS (wind
energy conversion system) connected with DC-microgrid through
an AC/DC converter and DC/DC converter type boost converter
to fed a DC load under 400 VDC. Wind turbine model has been
utilized for generation a 10 KW, and the MPPT technique has
been utilized here for more efficiency. The modelling and the
simulation of WECS under Matlab environment has been
effectuated and the result are obtained.

Keywords— DC microgrid, WECS, PMSG, DC-DC converter,
MPPT

I. INTRODUCTION

Now day, the world ongoing to the renewable energies
because it’s free, clean and environment friendly to decreasing
fossil fuel consummation and CO, emission.

Renewable energies as wind energy conversion (WEC) and
solar photovoltaic (PV) systems and geothermal, are now well
developed, cost effective and are being widely used, while
some others like fuel cells (FC) and biomass are in their
advanced developmental stage [1]. Wind energy is the fastest
growing energy technology in terms of percentage of yearly
growth of installed capacity per technology source [1].

There are two main types of wind energy conversion
systems: fixed speed and variable speed WECS. The variable-
speed WECS uses power maximization method and algorithms
to extract as much power as possible from the wind [2].

PMSG is direct drive, can be used without gearbox, has
high efficiency and low maintenance, and it’s the prefer for
standalone system [3][4].

MPPT technique can be used to capture the maximum
power from available wind, by mechanical way (pitch angel
control) or electrical method (electronics converter).

Various techniques of MPPT have been considered in
WECS like hill climbing search HCS, tip speed ratio control
TSR, optimal torque control OTC, perturb and observe P&O,
fuzzy logic controller and many evolutionary technique [4][5].

P&O algorithm is well known MPPT method due to its
simplicity and effectiveness [4], which requires no information
about the turbine characteristics, need only voltage and current
measurements.

A microgrid system integrates the several types of
renewable energy sources, such as solar system (PV), wind
turbine, fuel cell, to the household and industrial load
[7].it can be classified to AC microgrid and DC microgrid.

DC microgrid is Aggregation of renewable energy sources
such as PV, wind energy and FC, storage devise such as
batteries, super capacitor and fly wheel, DC loads such as dc
machines and plug-in electric vehicles.

Today’s many of consumer loads are DC supplied.
Electronic based office and home appliances, such as
computers, laptops, tablets, phones, printers, TVs, microwave
ovens and lighting, consume electricity in DC form [6].

This paper proposes a modelling and control of PMSG
based on wind turbine generator as a part from DC microgrid.

II. PROPOSED SYSTEM

The figure 1 shows a DC microgrid model, the last includes
2 renewable sources and their converters, a battery for storage
with bidirectional converter for charging and discharging and
2 kinds of loads.

The study in this paper is about WECS, modelling and
simulation. And the benefits of this clean source on DC
microgrid operation.
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Fig.1 standalone DC microgrid PV/wind/battery.

III. MODELLING OF WECS

A. Modelling of wind turbine

The wind turbine is used for the conversion of wind kinetic
energy to mechanical work.

The mechanical power P capuured by wind turbine rotor
blades [1,2,3]

P = 5 pTR*V3Cp (B, 7) (M)

Where,
p is the air density (kg/m?).
R is radius of wind turbine blade (m).

V is wind speed (m/s).

C(A, B) is the power coefficient, which expresses the
relationship between the tip speed ratio A and the pitch angle
B.

The power coefficient is the ratio between obtained power
and the available power. Cp can have a max of 0.59 ( Betz
limit), and we can calculate it as:

To eliminate the mechanical control of pitch angel, we take
B=0.

The power coefficient is as

116

Cp(M) = 0.5176 (— —9. 06) ST L 00068L  (2)

And tip-speed ratio given by:

= 3)

Where w is the blades angular velocity.

B. Modeling of permanent magnet synchronous generator

To simplify the study of the PMSG, it is convenient to
transform the equations from the stationary stator frame into
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the d-q axis using Park transformations. The mathematical
model of PMSG can be described in the d-q reference system
as follows [7]

The equations for d-axis and g-axis currents are defined in
[3,4] as:

disq _ Rsq . Lsq 1
= - +w,ig, +—u 4
dt Lsq sd s Lsq sq Lsq sd ( )
disq Rsa sd 1 1
—_ - l — W, lgq +— +—u 5
dt sq s( Lsq sd Lsq '//p ) Lsq sq ( )

The electromagnetic torque obtained from the rotor of
PMSG is given by:

T, =15 ;[ l//pisq + isdisq(Lsd - qu)] (6)

Here,

Isd, isq, usd and udq are the current and voltage of d and q
axis respectively. Ws is the angular frequency of the generator.
Lsd and Lsq are the inductance of the generator. [Ip is the
permanent flux. Rsa is the resistance of the stator and P is the
number of poles.

IV.MPPT AND BOOST CONVERTER

To reduce of cost energy must be use an effective technique
for truck and capture the maximum power from wind turbine
that is called the maximum power point tracking MPPT [8].

Perturb and observe P&O is the algorithm widely used to
extract MPP because it is simple and easy to implement [9].

The boost converter is electronic intermediate to implement
the MPPT in the system by reducing the duty cycle. (fig 2) and
(fig 3) show the MPPT flow chart of P&O algorithm and boost
scheme respectively.

| RED=PG) _'{

L_MI_Q

Fig. 2 P&O algorithm Flow chart [10]
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V. SIMULATION AND RESULT

The proposed WECS is simulated by Matlab/Simulink fixed

wind speed for rated speed of wind 11m/s.

In rated wind speed, the system extracts 10 KW, and DC bus

has 400V.
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Fig .4 simulation scheme of the system
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Fig. 6 curve shows dc load voltage
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Fig. 8 Curve illustrates lamda value when beta=0

In DC microgrid system there is only one condition for the
connection, this condition is Vwina = Vpc_microgrids for that we
can achieve V_load=400v at all time on the simulation.

VI. CONCLUSION

This paper presented a modelling and simulation of WECS
based on PMSG in DC microgrid system.

the proposed MPPT algorithm based on P&O control the
boost converter by varying the duty cycle.

In the simulation section, we implemented the global system
and got the results in the case of fixed speed generator.
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Abstract— The purpose of this article is to investigate the
relationship between renewable electricity generation, oil price
and economic growth in Algeria using the cointegration
approach and Vector Error Correction Model (VECM). We
examine simultaneously short-term and long-term impacts
between the studies variables: renewable electricity generation,
oil price and economic growth during the period 1990-2016. We
propose also to forecast the renewable electricity generation to
2025 under different scenarios. The main results of the analysis
show that the oil price influenced positively, in the short and
long term, the renewable energy generation in Algeria. It implies
that higher oil price allows more investment in the renewable
energy. This result further confirms the strong dependence of
Algerian economy on oil revenues and raises several questions
about looking for new sources of financing to develop renewable
energies and achieve the sustainable development.

Keywords — Electricity generation, Renewable energy, Oil
price, Economic growth, VECM.

I. INTRODUCTION

Algeria, a producer and exporter of hydrocarbons, is
exploiting its natural wealth in order to provide the
resources needed for its economic development through
the expanding of the energy sector. Therefore, its
economy is strongly dependent on fossil fuels exportation
revenue, which account for about 30% of the country’s
Gross Domestic Product (GDP). However, the level of
socio-demographic, economic and climatic changing
requires a thinkable energy policy that takes into account
the challenges of the future, including the decline of fossil
resources, the volatility of oil price and the environmental
issues. Indeed, the integration of renewable energies (RE)
into the national energy-mix is a major challenge in terms
of preserving the availability of the fossil resources,
responding to the growing domestic energy demand and
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contributing to the sustainable development. In fact, the
use of renewable sources aims not only to decrease the
harmful environmental effects of using fossil fuels, but it
can also delay the depletion of our hydrocarbon reserves.
Furthermore, Algeria has a great potential for developing
its share of RE as conditions especially for solar and wind
energy are of outstanding quality [1]. Aware of these
advantages, the Algerian authority adopted in 2011 its
national renewable energy target. The RE program had an
experimental phase devoted to testing the various
available technologies and conducting pilot project. It
included: Hybrid power plant (Gas-Solar) of Hassi R'Mel
(150MW that includes 25 MWh of solar power capacity),
operational since 2011, and the photovoltaic power station
of Ghardaia (1,1 MW) with the wind farm of Adrar (10
MW) operational since July 2014 [2]. The encouraging
results of this phase, added to the significant technological
progress  (especially in  photovoltaic and wind
technologies) and the sharp decline of their costs [3], led
the policy-makers to update and enlarge the program in
May 2015. It envisions the installation of 22 GW of RE
by 2030, which is almost double than what was set as a
target before (12 GW), providing a share of 37% in the
total installed capacity and 27% in the electricity
generation. Of these 22 GW, about 4.5 GW are supposed
to be installed by 2020 [4]. The RE program will be
conducted in two phases:

First phase 2015 - 2020: The installation of 4000 MW
shared between photovoltaic and wind power capacity, as
well as 500 MW, between biomass, cogeneration and
geothermal energy.

Second phase 2021 - 2030: The development of the
electrical interconnection between the North and the
Sahara (Adrar), which will allow the installation of large
RE plants in the regions of In Salah, Adrar, Timimoun
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and Bechar and their integration in the national energy
system.

The targets per technology are set according two phases
as outlined in the table below:

Table 1 Phases of the Algerian renewable energy program [4]

1* phase 2" phase

Unit: MW 50152020 2021-2030 ol
Photovoltaic 3 000 10575 13 575
Wind 1010 4 000 5010
CSP - 2 000 2 000
Cogeneration 150 250 400
Biomass 360 640 1 000
Geothermal 05 10 15
Total 4 525 17 475 22 000

Furthermore, to support investments in this sector,
the authority implemented a Renewable Energy National
Fund (RENF) in 2009, merged later with the National
Energy Efficiency Fund (NEEF) in 2014, to provide
financing through a 1% levy on oil tax revenues [4]. Other
forms of State’s assistance and incentive are carried out
through a guaranteed purchase price mechanism (feed-in
tariffs), for the projects connected to the network, over a
period of 20 years for solar and wind and 15 years for
cogeneration [4].

Even if policymakers keep on providing the
necessary policies and subsidies, the RE program is slow
to materialize [5] (only 3.19% of RE in the energy balance
in 2016) (see Fig.2). According to the above and knowing
the importance of fossil’s revenue in the Algerian
economy, we can think that the oil price is a determining
factor, among others, in the development of the RE
program. Thus, this paper attempts to examine empirically
the nexus between these variables using an advanced
econometric model.

Among the studies conducted in the developed
economies, Chul-Yong and Sung-Yoon [6] listed many
studies exploring the relationship between oil prices and
renewable energy diffusion and most perform panel data
analysis. These investigations present contrasting results
(substitutive/complementary effect, or non-existent), and
the authors suggest that an analysis of their relationship in
each market is necessary.

In the case of Algeria, there have been no academic
studies focusing on this in our best knowledge. Mostly,
despite their rarity, the existing researches have dealt
either with nexus of electricity consumption (renewable
non-renewable) and the economic growth, or with
renewable electricity consumption and the environmental
degradation. Among the recent one, we can mention
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Belaid and Abderrahmani [7] examined the causal
relationship between economic growth, petroleum price,
and electricity consumption using the 1971-2010 period.
The results of the cointegration and causality tests confirm
the presence of a bidirectional causal relationship between
electricity use and economic growth. The authors indicate
also the absence of causality across energy consumption
and petroleum price.

Belaid and Youssef [8] explored the dynamic causal
relationship between CO2 emissions, renewable and non-
renewable electricity consumption and economic growth
in Algeria over the period 1980-2012. The Cointegration
approach revealed the existence of a long-run relationship
among the variables. However, in the short-run, results
proved unidirectional causality relationship running from
GDP to non-renewable electricity consumption.
Furthermore, results attest that renewable electricity
generation has not a significant contribution to energy-
based carbon dioxide emissions reduction target.

Amri [9] analysed the relationship between
economic growth and energy consumption (renewable and
non-renewable) in Algeria between 1980 and 2012. The
cointegration tests show the existence of long-run link
between real gross domestic product, real capital and the
two categories of energy consumption i.e. renewable
energy per capita and non-renewable energy. Also, the
estimations with long-run and the short-run autoregressive
distributed lag (ARDL) indicate that only the non-
renewable energy sort and capital can contribute to
enhancing economic growth whereas renewable energy
does not show any significant effect.

In addition to these studies, the nexus between
energy and economic growth in Algeria has been also
examined in other papers referred to several countries.
Among these: Ziramba [10] investigated the relationship
between economic growth and hydroelectricity
consumption using series data from Egypt, Algeria, and
South Africa over the period 1980-2009. The multivariate
framework’s results provide support for the neutrality
hypothesis for Egypt. The feedback hypothesis is
confirmed in Algeria while the conservation hypothesis is
supported in South Africa. Sahbi and Shahbaz [11]
explored the causal relationship between renewable and
non-renewable electricity consumption, economic growth
and CO2 emissions for 10 Middle East and North Africa
(MENA) countries over the period of 1980-2009. Their
short-run dynamics reveal the unidirectional causality
running from renewable and non-renewable electricity
consumption and economic growth to CO2 emissions. In
the long-run, the results confirmed a bidirectional
causality between electricity consumption (renewable and
non-renewable) and CO2 emissions.
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II. ALGERIA'S ELECTRICITY GENERATION

To make electricity available to all, both for the benefit of
the economy and citizens, Algeria provided a great means
(financial and material) to develop its electricity network and
improve its capacity.

Therefore, Algeria has a successful electrification rate of
more than 99%, with 9 million customers connected to
electricity network in 2016 [12].

As illustrated in the Fig.1 below, the Installed capacity
has steadily increased over the past decade to reach 19,006
MW in 2016. Electricity from renewable sources represented
only a tiny fraction, representing 606 MW of the installed
capacity in this year.

20000 - 19006
18000 -

16000 -

14000 - 12940
12000 - 325 11352 11389
10000 -
8000 -
6000 -
4000 -
2000 -

8412 8041

2007 2008 2009 2010 2011 2012 2003 2014 2015 2016

@ Renewable ®Thermal

Note: Renewable includes hydro, solar, wind and others sources; thermal
includes diesel, combined cycle, gas and steam.

Fig. 1. Installed Capacity of Generation in Algeria (MW) [13]

Algeria’s electricity generation is mainly based on non-
renewable sources. Out of the 19,006 MW worth of installed
capacity registered in 2016, natural gas accounted for an
astounding 95%, which by itself amounts to more than 18
GW. The RE (Hydroelectric, solar, wind) and the Diesel
represent respectively 3% and 2% of the installed capacity.

Solar &Wind Hydro
1.90%, _120%

Thermal
96,81%

Fig. 2. Algeria Installed Energy Capacity (2016) [13]
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In 2016, electricity consumption reached 54,149 GWh
compared to 30,320 GWh in 2007.

In parallel, electricity generation rose from 36,474 GWh to
65,686 GWh between 2007 and 2016.

Both electricity generation and consumption have increased
by an average of 7% per annum during this period.

70
60
50

40 CAGR 2007-2016

7%
30

20
10

0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

== (Generation == Consumption

Fig. 3 Growth in electricity generation and consumption in Algeria (TWh)
[14]

III. DATA AND METHODS
A. Data

The aim of this contribution is to estimate the impact of
oil price and economic growth on the renewable electricity
generation in Algeria. Using the cointegration tests and vector
error correction model (VECM), we will examine
simultaneously short run and long run impacts between the
renewable electricity generation, oil price and economic
growth.

The choice of the variables was not an easy task to model
the impact of economic conditions upon the development of
the renewable energy in Algerian case. Some data are quite
incomplete and are only available at limited period. For this
reason, we have limited our empirical study at a sample of 27
years, covering the period 1990 -2016. The considered
variables are renewable electricity generation (RELEC), oil
price (OILP), economic growth (GDP) and the non-renewable
electricity generation (NRELEC). There are collected from
World Development Indicators (WDI-2017) and BP
Statistical Review of World Energy (2018).

Fig.4 presents the general evolution of the economic
growth (%), oil price ($/Baril), renewable and non-renewable
electricity generation (GWh).
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Fig. 4 Renewable and non-renewable electricity generation, oil price and economic growth, in Algeria (1990-2016)

B. Methods
1) Stationarity Test (Unit root tests):

Most macroeconomic time series are trended and

therefore in most cases are non-stationary. Therefore, the
standard ordinary least squares (OLS) regression procedures
can easily lead to spurious regression. In some cases, the
results of the OLS regression show a very large value of R*
and very large values of t-ratios, whereas the variables used
in the analysis have no real interrelations [15].Therefore, the
stationarity test of the series is very important. If a series is
stationary without any difference, it is designated I (0). On
the other hand, a series that has stationary first differences is
designated I (1), or integrated of order one. To test
stationarity of our series, the Augmented Dickey-Fuller test
has been used.
Augmented Dickey and Fuller tests (ADF) (1979, 1981)
determine the presence of a unit root (the series can be
considered as non-stationary) or not (the series is stationary)
[16-17]. Moreover, if the series (RELEC, NRELEC, OILP
and GDP) present the same order of integration, we can
conclude that there is a risk of cointegration between our
variables.

2) Johansen'’s Test for Cointegration

The Johansen’s Test for cointegration uses two tests to
determine the number of cointegration vectors: The
Maximum Eigenvalue Test and the Trace Test. In some case,
Maximum FEigenvalue and Trace test may yield different

results, according to Alexander (2001); the results of Trace
test should be preferred [18].

Knowing that, if we have more than two variables in the
model, then there is a possibility of having more than one co-
integrating vector (the variables in the model might form
several equilibrium relationships). In general, for k-number of
variables, we can have only up to k-1 co-integrating vectors.
To find out how many cointegrating relationships exist
among k wvariables requires the use of Johansen’s
methodology [19].

After testing the order of integration of all variables, the
Johansen’s methodology require the selection of the optimum
lags (p) of the vector autoregressive (VAR) models, which
are determined with the Likelihood Ratio (LR), Final
Prediction Error Criterion (FPE), Akaike Information
Criterion (AIC), Schwarz information Criterion (SC) and
Hannan-Quinn information criterion (HQ). Then, the lag
length (p) was selected through the estimation of an
unconditional VAR model. It is a crucial input for the
cointegration test, which makes the estimation of long run
relationships possible.

The identification of some long-run relationships
between the studies variables (RELEC, NRELEC, OILP and
GDP) leads to estimate a VECM by using the Johansen
estimation techniques [19-20].
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3)  Vector Error Correction Model (VECM) less than the critical values at a 5% significant level'. All
variables become stationary after first difference. They are
After finding a cointegration relationship between the then integrated of order one I (1).

examined variables, we can estimate a VECM.

. 3 . Table 2 The Augmented Dickey Fuller (ADF) test results
VECMs are a category of multiple time series models to

model simultaneously short run and long run impacts. The _Variable t-statistic
VECM separates the short-run and long-run relationship At level At 1* difference
among the variables. It is recommending when the times RELEC -1.1647 -6.9079*
series variables are cointegrated [21]. Otherwise, VECM is no NRELEC 1.7300 2.9907*
longer required and we directly precede to Granger causality OILP -0.5272 -4.4596*
tests to establish causal links between series. The estimation GDP -0.6767 -8.5440*
of our model is based on the following equations: Lag lengths are selected automatically according to Akaike Info
Criterion.
*: Test statistics are significant at 1 % level of significance.
P i
RELEC, :ocn+z oy DJ'LPr_E-+Z Xy GDP:_J- To know the number of cointegration vectors by using
3 ™ Johansen approach, the length of VAR model must be
P ' P determined by considering the different lag selection
+Z 0y NRELC, o+ Z Ky RELE;_pn +E12 o (1) criterions (previously cited). Table 2 shows that the optimal
= =i lag order is one (p = 1) for three of information criterion.
. . Table 3 Lag order selection criterion
OILP = B, + Z B.; RELEC, . + Z B, GDP.. Tags LogL LR FPE AIC SC____HQ
= i 0 -543.39 NA 5.52e+15  47.59 4779  47.64
8 ’ 5 1 -477.36  103.35*% 7.33e+13* 43.24 44.23% 4349
2 -466.86  12.77 1.37e+14 43.72 45.50 44.17
+ Z Pan NRELC, o+ Z B OILE g + 250 . (2) 3 45422 1099  28le+ld 4401 4658  44.66
o n=1 , m=1 4 -413.69  21.14 9.74e+13 41.88%* 45.24 42.773*
* indicates lag order selected by the criterion
DB, =10+ ) 1y OB+ ). 7y GOF,.,
2o o 2 5 The results of Johansen’s test for cointegration with a lag

of order one are presented in table 3 (the model with constant,

! L 7 ‘II . . . . .
t Z Yan NRELC“"'I-Z Yam NRELC .y, + 2t . (3) no trend is chosen). The Trace statistic indicates that RELEC,

= p B NRELEC, OILP and GDP are cointegrated. The null
ooy hypothesis of at most one cointegration relation is not

NRELEC, =6, + ) 8 4 ) 6. GDP,_.
VR =h ZEH DJLR"+ZB*J C0Pr; rejected at 5% level (10.59 < 15.49). In other words, the

=1 . . .
! number of cointegrated vectors with one lag is equal to one.

P B
+Z 8. RELC, o+ Z By NRELC,_py + 24 - (4)

n=1 m=1 Table 4 Results of Cointegration tests

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
. . No. of CE(s)  Eigenvalue  Statistic  Critical Value Prob.**
The VECM presents not only the long-run relationship None * 059 2801 4785 0.046

of the variables, but it has an additional significant advantage: At most 1 0.48 2536 2979 0.148
forecasting [22]. Thus, we apply dynamic forecasts to assess At most 2 0.24 .78 15.49 0.385
how far the estimated model has approximated the real- At most 3 0.06 178 384 0.181
historical valu.es and to see if long-term f(')r'ecasts are Qlose to No intercept no trend Trace test indicates 1 cointegrating equation at
the targets set in terms of renewable electricity production. the 5% level of significance.

* denotes rejection of the hypothesis at the 5% level.

**MacKinnon-Haug-Michelis (1999) p-values

IV.RESULTS

Table 2 indicates that the null hypothesis of no unit roots
for the three series (RELEC, OILP and GDP) are rejected at
their first differences, because the ADF statistical values are

' The critical values of test statistics are tabulated in Fuller (1976) and
MacKinnon (1996).
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1) Short and long-run relationships:

The presence of cointegration relationship between the

the critical bounds, which reflect the stability of model’s
parameters.

variables requires the estimation of the VECM. The log run 15
relationship between the RELEC, NRELEC, oILP andGDP | -
for one cointegrating vector is given in the table 5. 10 o
o [

Table 5 Long-run relationship B

Dependant Coefficient | Std Error t-statistic 0

variable ARELEC

OILP 3.828 2.258 1.695 S T

GDP 43.169 15.763 2.738 T

NRELC -0.014 0.007 -2.079 10 e

Constant 65.75 / B

_15 T T T T T T T T T T T T T T T T T T
In the long term, all the coefficients are significant at 5% 19982000 2002 2004 2006 2008 2010 2012 2014 2016

of significance. Based on these results, we can say that the —_cusum 5% Significance

impact of OILP and GDP on RELEC are positive and
significant. It implies that a higher oil price and more
economic growth permit a more investment in the renewable
energy. Besides, the impact of NRELEC is negative, due to a
substitution effect between the shares of the two sources of

generation electricity.

In the short run, table 6 indicates that only the variable
oil price has a significant and positive effect at 5% level of
significance. The effect of the economic growth on renewable
electricity generation is statistically insignificant in the short

term.

Table 6 Short-run relationship

Fig. 5 Plot of cumulative sum of recursive residuals

1.6

1.2

-0.4
— 199é I200(‘) |200é |200‘{ I2006I IZOOé |201(‘) I2012I I2014‘ |2016
Coefficient  Std. Error t- Prob.
Statistic | —_ CUSUM of Squares ———-- 5% Significance |
Fig.6. Plot of cumulative sum of recursive residuals of squares
ECT -0.78 0.24 -3.17 0.004
D(RELEC ) 0.09 0.22 041 0.685 o . ‘
D(OILP.,) 5.06 )34 254 0.019 3)  Forecasting using alternative scenarios
D(GDP.) 14.69 12.01 1.22 0.236 According to the Annual Energy Outlook (2018), the price
D(NRELEC,)) 0.005 0.01 0.38 0701 of Brent crude, in 2017 dollars, reaches $125 per barrel by
Constant -17.07 39.30 -0.43 0.668 2020 and $170 per barrel by 2025, in the assumption of
. Higher Oil Price case, compared with $35 per barrel by 2020
R-squared 0.46 F-statistic 3.29 and $40 per barrel by 2025 in the Low Oil Price case.
Adjusted R- 0.32 Prob(F-statistic) 0.026
squared ) We use these projections of oil prices to determine the
Durbin-Watson stat 1.87

2)  Parameter stability

To test the parameter stability,
cumulative sum of recursive residuals CUSUM and the
cumulative sum of recursive residuals of squares CUSUM?
tests. Figs 6 and 7 show that both diagrams are situated inside
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we have use the

different scenarios for the renewable electricity generation in
Algeria by 2025.

Fig.7 represents the forecasting output of our VECM
model, which correspond to the three scenarios of oil price:
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In the Reference case’ (Base Line scenario), the renewable
electricity generation will progress by 5% to reach 584 GWh
by 2025.

In the High Oil Price case, the Renewable electricity
generation will almost tripled by 2025, where it will rise to
1058 GWh, reflecting good financial conditions.

Finally, in the case of low oil prices, renewable electricity
production is expected to decrease by 7% by 2025.
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Fig. 7 Scenarios of Renewable Electricity Generation by 2025

V. DISCUSSION AND CONCLUSIONS

The goal of this paper was to set out the nexus between
renewable electricity generation, economic growth and oil
price in Algeria from 1990 to 2016. We reached this objective
by using the cointegration approach and vector error
correction model (VECM). The main results of the analysis
show that the oil price influenced positively the renewable
energy generation in Algeria (ceteris paribus) in the short and
long term. It implies that higher oil price allows more
investment in the renewable energy. In fact, in our forecast
analysis, the high oil price case almost tripled renewable
electricity generation. This result further confirms that public
investment based on oil revenues has shown its limits
especially in a context of low prices, and raises several
questions about looking for new sources of financing to
develop renewable energies and achieve the sustainable
development. Currently, Algeria produces about 96% of its
electricity from thermal technologies. However, considering
the depletion of hydrocarbons with high greenhouse gas
emissions, renewable electricity has become a major
alternative to fossil fuels to cope with the runaway domestic
demand and to honor the environmental commitments. In the
regulatory framework, Algeria has ambitious quantitative

2 . Lo . .
Notice that the Reference case projection assumes trend improvement in
the actual conditions of the renewable electricity generation in Algeria.
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targets to generate almost 40% electricity from RE by 2030,
with financial incentives, but its implementation comes
slowly.

So far, Algeria has relied on its hydrocarbon revenues to
diversify its economy and deploy its renewable energy plan.
This strategy has shown its limits given the volatility of oil
prices.

The Algerian authorities have recently recognized the need
to find new sources of financing for renewable energies and
the public-private partnership seems to be a chosen option as
a new scheme of financing. Indeed, on the inauguration of the
9" edition of the International Exhibition of Renewable
Energies (ERA 2018), hold in Oran in October 2018, the
Algerian Minister of Energy, launched messages to the
national partner, public or private as well as the foreign
partners to convince them to invest in Algeria where there is
"good business, win-win partnerships”". He also invited,
during a press briefing, all present, foreign and national
partners, to attend a meeting on 22 October 2018 in Algiers to
discuss and prepare the tender notices of the renewable
energy. The Minister explained: "We want to involve you in
discussing the specifications, we changed the way we do
things ... and now, we are open, and we want to welcome
investors”. This is a new era for the development of
renewable energies in Algeria, which we hope will be more
reactive and more efficient, to see green energy becomes a
reality in Algeria.
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Abstract— In this paper, experimental mechanical
characterization of two laminated composite materials with
woven fiberglass reinforcement and thermosetting unsaturated
polyester resin is carried out. Our laminates consist of 04 folds of
fabrics (Mat 450g / m2, Taffetas 800g / m2) and are implemented
by contact molding in the form of plates. The main objective of
this study is to determine the mechanical characteristics
(ultimate stress, elastic limit, flexural modulus) and to follow
their evolution as a function of the distance between supports,
taking into account the effect of shear stress. The variations of
the force-displacement curves during the three-point bending
will be presented and discussed in this conference.

Keywords— Composite Laminates, Reinforcement Woven
three-point bending, slenderness, Behavior.

I. INTRODUCTION

The composite materials have been the first choice in the
aerospace industry since they are flexible in the design
process to be adapted for specific applications. Fatigue
properties of composites are vary significantly due to the
difference in the properties between the fibers and matrix of
the composite and the composition. Failure mechanisms of
composite materials can be categorized into four major
groups, fiber/matrix shear-out, fiber breakage, matrix
cracking, and delamination. Philippidis and Vassilopoulos [1]
used modified of Tsai—Hill criterion as well to develop a
deterministic fatigue life model based on the static failure
criteria to cyclic loading. Reifsnider and Gao [2] Presented a
model of fatigue life model based on the microstructural level.
The objective is to determine the failure of the composites by
considering the interactions between the fibers and the matrix,
as well as the interfacial bonding in the micromechanical
analysis. Fawaz and Ellyin [3] presented a new model to
predict the S-N Curve of unidirectional laminates with
arbitrary ply orientation based on S-N Curve of laminates
with fibers aligned in one orientation. The development of
composites based on the mechanical and geometric properties
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have evolved over the years to avoid damage and to provide a
good working condition. The effect of environment on the
fatigue of bonded composite joints according to the fatigue
threshold prediction, also the diffusion of moisture in
adhesively bonded joints presented by Wahab et al. [4, 5].
The damage of composite structure playing very attractive in
the mechanical application. Different application in the static
and dynamic are presented in recent years. Khatir et al.[6]
presented a damage identification of composite based on
experimental analysis using model reduction, optimization
techniques, and modal analysis. Capozucca and Magagnini
[7] presented a static and dynamic of damaged composited
using experimental and numerical analysis. Pascal, F., et al.
[8] was presented FEM of the 5-harness satin woven
composite material based on the semi-continuous approach.
The bundles are modeled with rod elements and a specific
damageable shell element is used to stabilize this truss
structure. This proposed approach is validated by a
comparison with three-point bending tests and low-velocity
impact tests. The calculated load-displacement curves and the
damage extent correlate well with experimental results.
Mansouri, Lilla, et al. [9] presented the effect of
hygrothermal aging in different media on the mechanical
behavior of mixed short fiber/woven composite laminates of
4 plies of fiberglass fabrics (Mat 300 g/m2 , Mat 450 g/m2 ,
Taffetas 800 g/m2 ) and unsaturated polyester resins, which
are realised by contact moulding. Lampani, L., et al. [10]
analyzed the damage in composite laminates with embedded
piezoelectric patches subjected to bending action. Meng,
Maozhou, et al. [11] investigated the effect of moisture
ingress on the bending fatigue of laminated composites. The
authors, developed of accelerated testing to investigate the
correlation between composite fatigue and moisture diffusion
effects. Zhang, Diantang, et al.[12] the influence of the off-
axis angles on the flexure behaviors of three-dimensional (3D)
woven carbon/epoxy composites is presented with different
angles, 0 degree, 30 degree, 45 degree, and 90 degrees, are
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experimentally tested via three-point bending method. Al-
Hajaj, Zainab, et al [13] presented the impact of properties of
a new hybrid composite material made from woven carbon
fibers plus flax fibers in an epoxy matrix. The Failure of
woven composites under combined tension-bending loading
was presented by Khoshbakht, M., et al. [14]. Aboshio et al.
[15] presented an experimental investigation of the
mechanical properties of neoprene coated nylon woven
reinforced composites.

This study has application for of the evolution of
mechanical properties bending of laminate composites
according to the distance between supports for wider
applications in other fields of engineering. The remaining
parts of the article are organized as follows. Initially, The
material study is presented in Section 2. Then, Section 3
experimental condition. In the Section 4 , Results and
discussion. Finally, the concluding remarks are given in
Section 6.

II. MATERIAL STUDY PRESENTATION

In this study, we used two different laminates consisting of
04 folds of type E glass fiber in the form of mats and fabrics
(Mat 450g / m2, Taffeta 800g / m2) see Table 1 and Fig 1,
and an unsaturated polyester thermosetting resin.

Mat 450 g/m?

Taffetas 800 g/m*

Fig. 1 Different reinforcements used in this study.

TABLE I
STRATIFICATION USED
Material reinforcement Empilement
1 Glass mat 450 g/ m2 4 layers
2 Taffeta glass 800 g/ m2 4 layers

In this case, the laminate plates used to cut the specimens
are obtained by the same manufacturing process as that used
for fishing vessels, namely, contact molding. The process is
manual as presented in Fig 2.
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Fig. 2 Contact molding

III. EXPERIMENTAL CONDITIONS

The three-point bending tests are carried out according
to the recommendations of French standards NFT57-105. The
tests are made on a universal machine model IBERTEST,
instrumented with a load capacity of 100KN with speeds
ranging from 10 to 500 mm / min. The central failure of
radius 5 mm as well as lateral supports of spokes of 2.5 mm.
the geometry of the test is given in Fig 3. The static test
provides access to the resistance formulas of the following
materials:

¢10mm

Force ¢

B
WV
$Smm o L < 15mm
= it -
|
Fig. 3 Geometry in the Bending test.
O_3PL (1
“2pn?
__6Yh
=— @
E - L® AP 3
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T - L 4
max =~ 3 pn “)

Where :

6 : The normal stress; € : The relative deformation.

During the bending stress, the stress field is not
homogeneous, and the applied force generates not only
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normal tensile stresses - compression (1) but also shear
stresses (4). In practice, for a sufficiently large value L / h the
effects of shear can be neglected. The values of the arrow for
different ranges (L) are (40, 50, 64, 80 and 100 mm).

The plates used are textured fibers, we have determined the
mechanical properties of the two types of materials in two
directions as presented in the Fig 4.

A

Composite plate

Longitudinal

specimen

— Transverse
specimen

»
»

Fig.4 Cutting direction of the specimens
IV. RESULTS AND DISCUSSION
We presented the results of the various experimental tests
carried out as part of our study.

A. Bending results in two directions

The results obtained according to the direction of
solicitations are summarized in Table 2.

TABLE 2
MECHANICAL PROPERTIES IN TWO DIRECTION FOR BOTH
MATERIALS
Material Eapp ce or ge er
[Gpa] | [MPa] | [Mpa [%] [%]
1
1 | Longitudinal | 4.33 12391 142.37 | 0.028 0.038
(0.4) (9.24) 9.7) (0.04) (0.002)
Transverse 4.05 107.54 120.85 0.026 0.032
(051 | (12.19) | (734 | (0.001) (0.001)
2 | Longitudinal 15.53 251.65 271.68 | 0.016 0.018
0.59) | (20,01) | (0.4) (0.001) (0.001)
Transverse 13,39 261.61 309.42 | 0.018 0.028
0.99) | (7,68) (60.95) | (0.001) (0.007)

Fig 5 shows the evolution of the stresses as a function of
the direction of stress for the laminate and the fabric
reinforcement laminate, respectively. We can say that in both
materials the laminate does not have the same behavior. First
of all, we find for elastic modulus and deformation is
insensitive to the direction of stress. On the other hand, the
deformation at break is influenced by the direction of stress
and type of reinforcement.

B. Influence of the distance between supports

The evolutions of the mechanical properties obtained as a
function of the slenderness are summarized in the Tables (3,
4) and represented by the curves of Figs 6 and 7.

According to the results obtained, we noticed that all the
specimens exhibit a similar behavior for the same material
with a dispersion of the mechanical characteristics. The
overall mechanism of rupture of our test pieces differs
according to the type of the fold.

TABLE 3

MECHANICAL CHARACTERISTICS OF MATERIAL 1.

Pinch Eapp ce or €e €r Tmax
[mm] [Gpa] [MPa] [ Mpa] [%] %] [MPa]
40 4.63 80.53 148.91 0.018 0.041 8.21
(0.45) (24.16) (6.16) (0.007) (0.001) (0.37)
50 5.51 142.59 179.40 0.027 0.036 7.13
(1.77) (21.86) (37.36) (0.006) (0.005) (0.57)
64 5.83 138.15 171.74 0.025 0.036 5.34
(2.23) (33.32) (29.74 (0.003) (0.005) (0.57)
80 2.87 108.52 133.11 0.028 0.039 3.67
(1.77) (3.29) (10.18) (0.001) (0.001) (0.15)
100 4.11 100.76 127.78 0.024 0.038 2.79
(0.16) (2.56) (2.52) (0.002) (0.002) (0.09)
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TABLE 4

MECHANICAL CHARACTERISTICS OF MATERIAL 2.

Pinch Eapp ce or €e €r Tmax
[mm] [Gpa [MPa] [ Mpa] [] [%] [MPa]
40 9.55 210.14 223.06 0.022 0.032 9.47
(0.72) (43.62) (49.65) (0.003) (0.015) (2.12)
50 12.09 216.23 249.02 0.018 0.03 8.47
(0.46) (30.88) (4.11) (0.002) (0.007) (0.23)
64 11.71 90.33 249.98 0.016 0.032 6.55
(0.51) (34.13) (42.08) (0.003) (0.007) (1.16)
80 11.09 207.29 236.43 0.018 0.034 4.85
(0.43) (33.51) (27.71) (0.002) (0.001) (0.6)
100 13.18 209.85 238.44 0.016 0.026 391
(0.54) (19.74) (16.82) (0.001) (0.005) (0.24)
Eapp Elastic stress
14 T 300 T T
12+
250 - 5 i
I A [ | Longitudinal
or ] 'II_'?:r?s"\:drlsr;al I Transverse
200 )
8
150
6
4 100
2 50
0
! 0
1 2
(a)
Breaking stress (C)
350 T Elastic strain
300 T T
300 -~ "
[ ] Longitudinal 2501 |
250 I trans erse [ | Longitudinal
Transverse
200
200
150
150
100 100
50 50
0 : 0 : 2
(b) (d)
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Breaking strain
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0.005

(e)

Fig.5 Evolution of the Mechanical characteristics versus sens

of two materials.

According the results presented in the Figs 6 and 7  (force
/ displacement) it can be seen that the behavior of the material
1 is semi-fragile.

For material 2 (see Fig 7), we noticed a nonlinear zone
associated with the appearance of plastic deformation and the
beginning of the damage where we heard cracks, which
correspond first to the delamination inter folds. In order to
characterize the effect of the distance between supports and
the type of folds effect. A comparative study of the properties
of use is conducted.

800 T T T T T T

700 Pinch 40 il
Pinch 50
Pinch 64

600 Pinch80 | |
Pinch 100

500

400

Force [N]

300

200

100

0 I r r r r r
0 2 4 6 8 10 12 14
Displacement [mm]

Fig. 6 Force versus defection Curve in material 1
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Fig. 7 Force versus defection Curve in material 2
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Figs 8 and 9 show the dimensionless evolution of mechanical
properties as a function of slenderness. It is noted that all the
mechanical properties are influenced by the variation of the
slenderness. We note for both materials a sudden decrease in
the shear stress with the variation of the slenderness which
shows that the shear is inversely proportional to the distance
between supports. For sufficiently large values of L / h the
effects of shear can be neglected.

C. Influence of type of folds

In Figs 10 and 11 show a comparison of mechanical
properties as a function of slenderness. The first remarks to
extract from these figures that the behavior between the two
materials is different and the stresses of the specimens of the
laminate 2 are significantly higher than those of the
specimens of the laminate 1.

10 T T T T T
[ N
~
I .
N
N
*
8 -
—*— Material 1
- —B— Material 2
‘T
o
2
x 6 [
©
£
5 =
4 ~
3 =
2 r r r r r
40 50 60 70 80 90
Pinch [mm]

Fig.10 Evolution of the shear stress versus pinch of two materials.
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Fig.11 Evolution of the Mechanical characteristics versus pinch

of two materials.
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In the Fig 11, we found that the modulus and stress of the
specimens of the laminate 2 are higher than those of the
specimens of the laminate 1. This difference can be explained
by the fiber content. Material 1 contains 31.15% fiber and the
other 63.16%.

In the applied loading a matrix increases the mechanical
strength of the material, an increase in the volume fraction of
the fibers increases the modulus of elasticity according to the
law of the mixtures and the modulus of young. Nevertheless,
the opposite is to be noted concerning the breaking strain and
the elastic stress for L = 64mm.

V. CONCLUSIONS

In this study, a strong interest was focused on the type
effect of the stack and the distance between supports on the
mechanical properties of the composite material and their
evolutions. The analysis of all the results obtained shows that
the influence of the distance between supports on these
characteristics is difficult and depending on the efforts to be
made, the designer is potentially free to steer the reinforcing
fibers as he wishes.

The performance of stratified composite materials in
service depends on several structural parameters such as,
fiber geometry (mats, fabrics), rate, quality of the
matrix/reinforcement interface, etc., as well as the matrix that
can modify the properties mechanically.
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Abstract — The composite materials are largely used
(aeronautical, railway, automobile, etc....) because of their
advantageous mechanical properties (weight
ratio/resistance). Because of the complexity of the
phenomena present in the zone of cut, current knowledge
on their machining is limited and prevents their optimal
use. Of share their constitution, these materials pose many
problems during their machining. The objective of this
study is to ultra seek the parameters of cut during the
composite machining of materials Concrete High efficiency
(HPC) and Concrete Fiber Ultra High efficiency (HPCF) is
proposed for the manufacturing of the moulds to carry out
parts out of composite materials, or the materials used for
the manufacturing of the moulds of the composite material
parts like polyester, silicone and resin epoxy etc. , do not
resist high temperatures, and also to analyze the behavior
of the composite concrete during machining. Allowing to
avoid the appearance of the defects (heating and wear of
the cutting tool). An experimental design of machining of
some tests was defined for the research of the parameters
of cut (cutting speed Vc, depth of cut ap and advances by
turn f). The variation of the parameters of cut for each test
showed that machining after treatment to cause problems
in particular on the level as of cutting tools and the
appearance of the quoted defects.

Keywords: machining, HPC, HPCF, mould, composite
materials, parameters of cuts, surface quality.

I. INTRODUCTION

The current challenge of the industrialists is based more and
more on the profit of time and the reduction in the
manufacturing costs while respecting the environment. Among
these industries, machining occupies a very important place in
the technical family of manufacturing of machine elements.
The principle of machining is to remove matter so as to give to
the blank the wanted form, using a machine tool. By this
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technique, parts of a high degree of accuracy are obtained.
During the machining of a part, the removal of matter is
carried out by the conjugation of two relative movements
between the part and the tool: the movement of cut (cutting
speed) and the movement in advance (speed in advance).
There exist two manners of generating required surface: by
work of form or work of envelope. In the case of the work of
form, it is the shape of the sharp edge of the tool which
conditions surface obtained. In the case of the work of
envelope, it is the conjunction of the movements of cut and in
advance which defines final surface. Nowadays, machine tools
of digital control, i.e. brought under control by a computer
system, make it possible to automate partially or completely
the procedure. At the time of the cut, the matter in interference
with the trajectory of the tool is detached by plastic
deformation moreover of the part and is transformed into chips.
The characteristics of surface depend on the couple tool-matter,
i.e. parameters concerned during the cut (cutting speed, speed
in advance, depth of cut,...). In machining, there exist several
configurations usable according to the process of cut (turning,
milling, drilling,...). In the context of our study, we will be
interested more precisely in the first two techniques the most
used namely:

— Plane correction, application on a concrete HPC part;

— Milling, application on a material concrete HPC and
HPCF. This work in two parts was shared:

II. OPERATION OF SURFACING WITH A
STRAWBERRY

Part A: Machining of the new Concrete with cutting tool
mills out of metal carbide The machining of Concrete HPC
where HPCF with for goal to manufacture a mould for
composite material part, or to give simple form or to
complicate, or to correct the surface quality during use of the
Concrete mould several times. To be done from there, it is
necessary to know the parameters of cuts of the Concrete. The
preliminary test of the machining of the Concrete and
surfacing as shown in the figure
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machining one notes that the tool crushes material it does not
have their cut. In short: Even however the cutting speed and
speed decreases by it in advance; this nuance of the matter of
Tool mills two metal tool is not appropriate for the machining of concrete HPC
arbide Sizes where HPCF. With another test one takes the same tool with a
speed of 40 tr/min the mini value on the machine, and even
speed in advance one notes that stop them cutting changed
color as of the first master key and the same stop them cutting
are to damage, so takes some of other passes one notices that
the tool will damage all stop them cuts because the material
Concrete with machined east constitutes of sand of dune which
contains silica grain which explains the hardness of this
concrete and the black zone in figure 3.

Figure 1: surfacing with tool out of metal carbide

According to the formula N= 1000Vc/7*D one finds
a value of 630tr/min and

Vf =770mm/min, as of the first master key appears a
flame in a zone of the part as indicates it the
following figure:

. B

Figure 3: problem of machining and variation of the parameters of cuts

For the test of following surfacing one used a strawberry two
Sizes diameter 80mm to brought back plate SANDVIK with a
rotational frequency 630tr/min and advance a value of
125mm/min; during machining in the first does not pass from
remark; for the second master key at the end of the operation
of surfacing it appears a flame, this flame and due to the
temperature due to friction tool part, one stopped the machine
for bomb disposal expert the rotational frequency of 630tr/min

What it will explain for this zone; that is to say the material ~ to the value 315tr/min it there is always problem of machining,
is very hard that the tool or the parameters of cuts is male there thus one has to decrease speed until 160tr/min and the
selected. flame is disappeared.
The parameters of cut one will know: Plate b rought back

To keep the speed of the pin.

Vary speed in advance.

Or conversely.
One notes:
For a speed of 112tr/min and speed in advance of 215mm/min;
it is noticed that this material is very hard and this kind of
work of surfacing with a tool mills two metal carbide Sizes is
not appropriate; because the tool with heated and has to
change its state and even carries it tool to roasted; during

Figure 2: problem of machining

Surfacing

L~

Figure 4: strawberry 2 T with plate brought back nine.
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For a test of surfacing on another concrete HPCF part one
raised two points essential st it is that if one takes the same
cutting speed with a depth of cut equal or lower than 1mm, one
notes that it there is no problem of machining but for the 2nd
point if the depth of cut is increased one notices the
appearance of a flame there one intervened for decree the
machine, to decrease the number of revolutions until 160tr/min,
the following figures explains the phenomenon.

Figure 5: Before reducing speed. ~ Figure 9: After the reduction speed.

The operation of surfacing on a Concrete part HPCF (Concrete
fibre ultra high efficiency) with milling showed that machining
without use of lubrication was one can difficult because the
part is very hard, to maintain the form of stop cuts it is
necessary to use lubrication; after use of the last one has vary
the number of revolutions of 630tr/min until the speed of
160tr/min for the 1st speed one notices the light-back even
with the use of lubrication as indicates the figure so below but
the 2nd disappearance of the flame; thus even with the use of
lubrication one notices the appearance of the flame. One can
calculate the advance F of the formula:
Fedinf douf=Tr =20 o7niss

v ou: N 160 : mm

Problem of
machining

Figure 6: appearance of a flame Figure 7: disappearance of the flame until
has speed 630 and 315tr/min speed 160tr/min.

III. COMPLETION WITH CUTTING TOOL
The finishing operation with a cutting tool then remains the
last operation for obtaining a quite polished surface quality; for
that one makes a control of surface quality by one installs
roughness.
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The measurement of roughness with installs roughness shows
that the machining of Concrete (HPC and HPCF) without or
with lubrication does not give a good performance for was of
surface according to the measurement of several points in the
two parts. For the other Concrete part (HPCF) Concrete fiber
ultra high efficiency after surfacing with lubrication one
recorded for three points of surface roughness as shown in the
figure herewith a reduction of the value of roughness what
wants to say that tends some towards a good performance of
surface quality.

Graph of roughness Ra (um) according to number of
revolutions (tr/min) :

700
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100 -
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0
a 2 4 6 8 10 12

Rugosité Ra pm

Figure 8: Graph of roughness Ra (um) according to number of revolutions
(tr/min)

one notices that the surface quality to be increased it becomes
more polished by decreasing the number of revolutions, but
remains insufficient in front of roughness by measuring the
last 6.08um. The following tables illustrate the tests of two
materials HPC and HPCF.

IV. CONCLUSION
In this work we have to treat a general information on the
machining of composite materials concrete and given the
parameters of cuts for each kind of machining (milling, plane
correction, drilling....), the defect of machining of composite
materials; but for the composite kind of material Concrete
HPC where HPCF it should be machined has the fresh state
without treatment to form the model of the mould i.e. in the 1st
day of the release from the mould, then to make a heat
treatment after machining can about it use it to increase the
characteristics of material to mould the composite material
parts. The operation of surfacing of a mould out of Concrete
(HPC) or (HPCF) treaty with the drying oven because several
problems in particular on the level of the cutting tool out of
metal carbide even by using lubrication; for a strawberry
with plate brought back SANDWIK, one has manages to
determine the parameters of cuts of material HPC and HPCF.
The results obtained helps us to fix these parameters for the
machining of this material, a number of revolutions of
160tr/min and a speed in advance of 125mm/min and a depth
of cut delmm are sufficient for the machining of these
materials. For obtaining a roughness of value of 6.08um one
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takes a number of revolutions 40tr/min and speed in advance
240mm/min. The machining of the mould out of Concrete

[Zitoune, 2010] Zitoune R, Krishnaraj V, and Collombet F,
“Study of drilling of composite material and aluminium stack,”

(HPC) or (HPCF) after thermal treatment the drying oven to
cause problems of machining. Machining before treatment
does not cause any problem with the same cutting conditions.

Composite Structures, vol. 92, pp. 1246-1255, 2010.
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Abstract— Gypsum is produced as a waste product by various
industries. Tunisian chemical industries, which are specialized in
manufacturing aluminum fluoride ALF3 from fluorspar,
produce in big quantities synthetic gypsum CaSQ, as a by-
product. Only a small quantity of this waste is directed to
industrial or commercial use. The challenge of this study is to
model a complete process of gypsum (waste) decomposition by
carbon monoxide. The simulated process allows to recover
sulfur from the solid waste by integrating it into the production
cycle as a raw material of sulfuric acid manufacture. In this
study a comprehensive assessment is developed using Aspen
HYSYS V8.8 software for process modelling.

Keywords— gypsum, sulfur, carbon monoxide, simulation,
HYSYS.

I. INTRODUCTION

The “Industries Chimiques du Fluor” (ICF) is one of the
largest producers of aluminum fluoride in the world with a
capacity of 42,000 MT per year destined wholly for the
commercialization to the aluminium smelters in the world.
ICF proceeded during the year 2009 with the construction of
an Anhydrite production unit. The annual production is about
100,000 MT[1]. Such a quantity will be interesting to be
valorized at the economical and environmental side. In an
environmental protection policy context which addresses
current issues such as acidification and degradation of air and
soil quality, and being aware of the problems posed by
different types of medium- and long-term releases behind
ecosystem, ICF has been continuously deploying for years
efforts in the order to improve the quality of the environment
in different units of production.

The key idea of the project is to develop a process to
recover sulfur from CaSO, .Thus to introduce it into the
sulfuric acid production cycle. A valorization of the gypsum
will be carried out
Besides, the performances of gypsum’s valorization, as an
industrial waste, are generally very good. In fact, CaSO, can
be easily valorized. Additionally, it has an interesting
economic value to be employed particularly concerning its
becoming and use.[2]

Page 143

The choice of the valorization process depends primarily on
the company’s needs. This study proposed a process of
gypsum decomposition by carbon monoxide. Firstly two out
of three stages of this process are already industrially
mastered. The proposed process is more profitable thanks to
the production of NHj, in parallel with the production of CaO
and SO,, through the revalorization of H,. It generates high
profits just in one year. Moreover, it allows the recovery of
sulfur in the form of SO,. The generated SO, will be used to
produce sulfuric acid which will be reintroduced into the
production cycle [3]. Through the use of Aspen HYSYS V8.8
software to make simulations, we studied the gypsum’s
decomposition in order to produce the sulfur dioxide. The
first part of this paper focused on the presentation of the
simulated process. In the second part we discuss the whole
simulation results

II. MATERIAL AND METHODS

Simulation software is a very good tool for the process
industry, according to the level of conceptual design and also
during the entire lifecycle of the equipment, were it can be
very useful for performance, debottlenecking and process
studies. [4]

The present process model of gypsum decomposition by
CO is efficient and profitable. This process which produces
valuable quantities of CaO and SO, would be economically
reliable once the CO is produced in site. This requires not
only the installation of a reactor to decompose the gypsum,
but also the installation of a CO production process. The
processing plant will likely include a synthesis gas production
step and then a gypsum decomposition step using CO which
is present in the synthesis gas. Hence, this will enable us to
reduce expenses since the costs to obtain CO through this
process are cheaper than buying CO as a raw material. Also,
the sale or the use of the formed products, NH3, SO, and CaO,
would make this process profitable. Thus, a new source of
incomes is created.

A. Process simulation:

Commercial software ASPEN HYSYS® program version
8.8 was used to model the gypsum
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decomposition by CO .HYSYS is an oriented-object design
simulator. Any specified changes on an element are reflected
throughout the model. [5] .This software is characterized by,
the Integrated Engineering Environment: All necessary
applications are used in a common simulation environment,
the possibility of modeling in a stable or stationary state and
in dynamic model. Also, it contains an Internal Macro Engine
that supports the same syntax as Microsoft Visual Basic. You
can also automate different tasks in HYSYS without another
program need.

The methodology of process modelling includes selecting
chemical components from database, choosing proper unit
system, defining stream conditions (temperature, pressure,
flow rate and individual composition of each chemical
component) and lastly selecting the proper thermodynamic
model.[6]. A set of representative chemical composition is
extracted and obtained from the literature reports. Chemical
components are available in the Aspen library. For the
thermodynamic model, the Peng-Robinson equation was
defined. The process that will be simulated includes two
stages. The first stage is the production of synthesis gas
followed by CO production. The second stage is the
decomposition of gypsum by CO. Process models are built
and established by connecting energy and material streams to
unit operation blocks such as, reactors, separator, and cyclone.
There are two main steps in this simulation process: The first
one is the setup, in which the Fluid package, reaction sets,
and components are selected. The list of reaction components
includes CH,4, H,O, CO, CO,, H,, N», and O,.The second step
is the simulation that contains the following equipment, a
reformer which is a conversion reactor in which the major
part of methane reacts with the steam to produce dihydrogen,
carbon monoxide, and carbon dioxide, a combustor which is
a second conversion reactor which holds the reformer product,
the air stream, and the steam stream of the combustor as the
reactor feeds, a series of three equilibrium reactors in which
the water-gas-shift reaction takes place, a separator ,a Gibbs
reactor and finally a cyclone.

B. Process flow diagram (PFD)-A conceptual design of
gypsum decomposition by carbon dioxide:

All main unit operations are illustrated in a simplified process
flow diagram in Fig. 1.

The process that will be simulated includes two stages. The
first stage is the production of synthesis gas followed by CO
production. The second stage is the decomposition of gypsum
by CO.

Gas production is an important stage in this process. It allows
to synthesize ammonia. In a typical synthesis process of
synthesis gas four reactors are required. In this model, we
need five reactors since the conversion and the equilibrium
reactions do not trigger the same modelling settings and thus
cannot be placed in the same reactor. The combustor is
separated into a conversion reactor and an equilibrium reactor.
Desulfurized natural gas is the source of hydrogen in this
model. It is reformed in a conversion reactor (reformer) when

combined with steam. As the temperature of the steam is
successively lowered, the water-gas shift equilibrium reaction
takes place in the last two reactors.[7]

Etape 1 Etape 2
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Fig. 1 Process flow diagram simulated on HYSYS

1) Production of carbon monoxide Production of carbon
monoxide

The steam reforming (SMR) is the most widespread process
on an industrial scale and the best controlled for the
production of hydrogen in synthesis gas.[8]

It is one of the important processes in the production of
hydrogen and syngas.[9]

It is a classic technology for the synthesis gas production,
carbon monoxide and oxo gas (hydrogen / carbon monoxide
mixture). [10]

Several technologies produce syngas from natural gas. The
steam reforming is the most used one. Methane (CH,4) and
water vapour are converted to H, and CO in a catalyst
presence nickel [11]. This reaction is endothermic. The
reaction illustrated by equation (3) optimizes H, production
by converting the CO produced by the reforming reaction.
This technique is targeted in the production of hydrogen to
manufacture NH;.

Steam reforming:
CH,+ H,0 — CO+3H, AH °298=206kJ/mol (1)[12]
CO, reforming:

CH,+C0,—2C0 +2H, AH°298=247 k] /mol (2)
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"Water-gas shift":

CO+ H,0 — CO,+H, AH ° 298 =-41 k] / mol (3) [13]
The CO required to decompose gypsum can be produced
from the steam reforming of methane (CH,) from natural gas.
Other methods are possible, such as the biomass gasification.
However, methane reforming was chosen, because it is a
known and controlled process on an industrial scale.
Examples of industries which employ such process to
produce syngas include Sasol in South Africa, Exxon in the
United States, and Shell in Netherlands.

In fact, the price of natural gas is currently stable. Natural gas
is not expensive particularly due to the growing exploitation
of shale gas. The production of CO is simulated on HYSYS
as the first step process. Methane steam reforming process is
simulated by a reformer which is a conversion reactor in
which most of the methane reacts with the stream to produce
dihyrogen, carbon monoxide, and carbon dioxide, a
combustor which is a conversion reactor which holds the
product of the reformer, air stream, and the combustor steam
stream, and a series of three equilibrium reactors in which the
water-gas-shift reaction takes place. The CO stream is
connected to step 2 (Gypsum decomposition). Hydrogen (H,)
will be connected to a step of ammonia production. Other
gases are released with the flue gases through step 2 and
ammonia production's step.

Figure 2 shows the methane steam reforming diagram used
on HYSYS.

CH, and water are mixed at 371.1 ° C and 34473.9 hPa psia
and heated to 926.6 ° C.

Finally, this step requires 1455.5 kg / h of CH4 and 4249.25
kg / h of water in order to get enough CO to decompose
3605.6 kg / h of gypsum.

SET-1

Fig. 2. Methane steam reforming diagram used on HYSYS.
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1) Gypsum decomposition:

The second step of the simulation on HYSYS is the
decomposition of gypsum at equilibrium (in Figure 3). It is
composed of a Gibbs reactor: at 1100 C ° and 101353.3 hPa.
Another reactor appears on the process diagram, but indeed it is
included in the Gibbs reactor. Since the decomposition
reactions are endothermic, this reactor serves to bring the heat
of reaction by combustion of natural gas.

The combustor requires 1455.5 kg / h of natural gas and
1455.5 kg / h of oxygen to heat the Gibbs reactor at 1100 ° C.
It is followed by a cyclone which separates the solid phase
from gases.

 — bl
co R1-OUT Cyclone
eparator “QUT
RGIBES
-
Cyclone
SOLIDS
CASD4
—-
Q100 *
HdtGas [——p
R180UT2

NG-COMB

SSRatio

L -
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Fig.3. Gypsum decomposition at equilibrium on HYSYS

Several tests were carried out on the parameters of reactors
to determine the optimal conditions of the operation. The
main objective is to obtain maximum values of SO, and
CaO quantity.

Firstly, it was necessary to determine the required incoming
quantities knowing that those for gypsum (with a small
humidity percentage) were fixed at 3605.6 kg / h by
optimizing the quantities of SO, and CaO.

Besides, it is important to determine the temperature of the
Gibbs reactor, because it is also a parameter which
determines the conversion rates for the different involved
reactions.

C. Results and discussion:

After several performed tests by simulation modifying the CO
quantity produced in step 1, it was noted that an amount of
moles of CO equivalent to that of CaSQO, is required to
convert all the input quantity of CaSO,. Around 1254.18 kg /
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conversion rate (%omol)

chemical vield (% mol)

h of CO are produced by the reaction between 1455.5 kg / h
of CH,4 and 4249.25 kg / h of water vapor.

In order to determine the optimum temperature of CaSO,
decomposition, the conversion rate was calculated for
temperatures between 900 ° C and 1600 ° C. It is interesting
to obtain the highest possible conversion's rate while

100
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Fig. 4. CaSO, conversion rate as a function of the Gibbs reactor
temperature on HYSYS

These results show that a Gibbs reactor operating at 1100°C
would be sufficient to decompose CaSO, and the conversion
is maximum.

The chemical yields of SO,, CaO, and CaSO, were calculated
for different Gibbs reactor's temperatures between 900 ° C
and 1400 ° C. As illustrated in Figure 5, when the reactor's
temperature is above 1100 ° C, the chemical yields of CaO
and SO, are maximum; about 55% of CaO and 45% of SO,,
and CaSOQ, is absent.

100%
90% - SRR N
80% —+—502
0% CaS04
60%
50% Va = "
.-/ # * *
1100 1200 1300 1400

Température R (°C)

Fig 5. Chemical performances of the different components according to
Gibbs's temperature on HYSYS
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minimizing the operating temperature. In fact, high
temperature requires more resistant and more expensive
materials.

Figure 4 shows that CaSQO, is converted to 100% from 1100 ° C.

An experimental validation of the simulation was made by
comparison between simulation's results and gypsum
decomposition experiments on fixed bed reactor.

In her studies, Sandrine Marty made several experiments on
phosphogypsum to determinate phosphogypsum behavior in
an oxidizing reducing atmosphere. The goal of this series of
experiments is to find a way to reduce CaS produced
quantities and then to maximize CaO and SO, production .
To analyse the effects of combining a reducing and oxidizing
atmosphere on the production of CaS, CaO and SO,,
phosphoqypsum was previously decomposed with CO at
1000 ° C. The CO inlet was closed and pure oxygen was
injected into the tube. The solid composition, was analyzed
then by XPS.

TABLEI
PHOSPHOGYSUM COMPOSITION(ANALYZED BY XPS.)

T(°C) |AtmosphereCaSO4( [CaO( [CaS( [Conversion [Chemical [Chemical
% % % rates yield vield
mol) mol) | mol) ICaO(%) (CaS(%)

1000 reductive 56.3 44 0 437 19 0

oxidative
According to the experimental results, the optimal

temperature for the CaO and SO, production from
phosphogypsum decomposition in the presence of CO is 1100
° C .There is an optimal quantity of CO when the mass ratio
CO / PG = 0.2 .Then the reactions should have place in a
reactor which combines two phases; in a reductive
environment and then with presence of O,, seems to favor the
production of SO,.

The results of the simulations made with the HYSYS
software are thus validated by the experimental results.
Indeed, the experiments and the simulations confirmed that
the decomposition of the gypsum by CO in CaO and SO, is
feasible and favored when the reactions are made in a reactor
which makes the combination of two phases reductive then
oxidizing (Gibbs in HYSYS) fuel at a temperature of 1100 °
C, and the conversion will be maximum.

TABLE I

COMPOSITION OF THE SOLID OBTAINED FROM THE HYSYS SIMULATION

T(°C)|Atmosphere/CaSO4( | CaO [CaS( [onversion |Chemical |Chemical
% (% | % rates yield yield
mol) mol |mol) Ca0O(%) |CaS(
) %)
11 00| Reductive 0 53 0 100 53 0
oxidative
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III. CONCLUSIONS

Through theoretical simulations by HYSYS, the gypsum
decomposition was studied in a reducing environment by CO
at an operating temperature fixed at 1100°C. This process
produces valuable quantities of CaO and SO,. It would be
economically reliable once the CO is produced in site. This
requires not only the installation of a reactor to decompose the
gypsum, but also the installation of a CO production process.
An innovative process was presented in this study including a
synthesis gas production step and then a gypsum
decomposition step using CO which is present in the synthesis
gas. The sale or the use of the formed products, NH3, SO, and
CaO, would make this process profitable.

The gypsum decomposition process by CO is efficient and
profitable. First, it produces NH; from H,. Thus, a new source
of incomes is created. Second, by using the CO generated from
the syngas process, we would be able to afford the needed fuel
for Gypsum decomposition process. Hence, this will enable us
to reduce expenses since the costs to obtain CO through this
process are cheaper than buying CO as a raw material.
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Abstract— The thermal performance of a Parabolic Trough Solar
Power Plant (PTSPP) is critical to the overall efficiency of the
system. The advancement in PTSPP technologies has led to the
development of steam production and efficient solution that
utilizes the sun’s energy for thermal power generation. In this
work a parabolic trough concentrator with aperture area of 10.8 m?
was designed and evaluated in the Research and Technology
Center of Energy (CRTEn) in Tunisia. This type of concentrating
solar power collector is analyzed for indirect steam generating
system. Several parameters, as thermal characterization of
absorber; thermal efficiency of mixed heat exchangers; thermal
efficiency and concentration ratio of PTSPP and quantification of
steam generation, were considered in order to study their effects
on energy efficiency. Experimental results show that the receiver
of parabolic trough concentrator extracts 552.73 W of absorbed
energy. We found that the thermal energy efficiency varies from
24% to 34% for PTSPP system and reach an average
concentration factor around 200. As result, parabolic trough
concentrator produced 4 kg/h of the steam generated.

Keywords— Concentration ratio, Parabolic Trough Solar
Power Plant, Receiver, Steam generating systems, Thermal
efficiency

L INTRODUCTION

Recent studies have proved that the global energy demand
is increasing. The massive use of fossil fuels has led to
energy shortages and environmental pollution. Therefore, it
is increasingly important to find alternative fuels.
Renewable energy is the promising solution to this problem
such as wind, solar, river, sea waves and nuclear which
scientists are trying to benefit from [1], [2], in many sectors,
by generating electricity. A study predicts that renewable
energies provided electricity in the world by 44% in 2035
[3]. Electricity production solar systems are the common
technologies for solar thermal power plants. Solar energy
utilization is a promising choice due to its abundance, low
carbon emission and wide distribution. Concentrating solar
power (CSP) technology is one of solar energy utilization
technologies which can be classified into four types based
on a system’s method of collecting solar energy: linear
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Fresnel, parabolic trough, central receiver and parabolic
dish. The CSP technology is an attractive option in the
renewable energy generation market, an environmental-
friendly renewable energy approach that can greatly
contribute to environmental protection and energy
conservation [4]. The CSP can be used in a great variety of
applications such as desalination, solar cooling, industrial
heating, refrigeration and electricity production [5], [6].
According to the International Energy Agency (IEA), the
installed capacity of CSP will reach 20 GW by 2020 and
800 GW by 2050 [7]. Parabolic Trough Collector (PTC) is
one of the mature and widespread solar concentrating
technologies [8], [9] and it can be used for large scale
power generation very effectively with high dispatchability.
The solar parabolic trough systems have many advantages
such as high efficiency modularity, high power density,
versatility, abundant operational experience, and the ease of
coupling with fossil fuels and other renewable energy
sources [9]. The performance of this technology is
significantly influenced by the distribution of radiant flux
around the line focus absorber. In the literature, there are
numerous studies on Concentrating Solar Power
performance. Ravelli et al.[10] presented a model of direct
steam generation in Concentrating Solar Power Plants.
They developed a simulation procedure in order to predict
the performance of a Concentrating Solar Power Plant with
direct steam generation technology. They used three
different simulation environments such as TRNSYS,
Thermoflex and Octave to predict the performance of a five
MWe direct steam generation solar power plant, designed
under the INDITEP project. Experimental studies on a
Solar Heat Concentrating Steam Generator developed by
Qianggiang et al. [11]. They interested of the steam
production rate and the steam production under different
solar irradiance. The daily steam production of the system
is about 6.174 kg, when the average solar irradiance is
about 896 W/m?, and the steaming cumulative time is about
five hours. Experimental characterisation of a solar
parabolic trough collector used in a micro-CHP (micro
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cogeneration) system with direct steam generation was
developed by Bouvier J.L. et al.[12] . Authors demonstrated
that the system produces saturated steam during 8 h with a
quality higher than 0.6 for a flow rate of 33 kg/h and the
collector performances are suitable for the coupling with
the steam engine. Marefati et al. [13] developed an optical
and thermal analysis of a parabolic trough solar collector
for production of thermal energy in different climates in
Iran with comparison between the conventional nanofluids.
They evaluated the solar energy potential using PTC in
under consideration cities with different climates. Masood
et al. [14] presented a simplified design procedure of
parabolic trough solar field for industrial heating
applications. This study conducted for solar-only system
without thermal energy storage which resulted low annual
capacity factor. Abbood et al. [15] designed, constructed
and tested a parabolic trough solar concentrator system for
hot water and moderate temperature steam generation. They
designed and operated a three PTC in order to generate hot
water and moderate temperature steam. Several parameters
were investigated in the performance analysis of the PTC
array. They found that the technical feasibility of using PTC
for applications requiring thermal energy at temperature up
to 150°C. Abdelhady et al. [16] designed and tested a
parabolic trough solar collector. They tested the
performance of parabolic trough solar collector
experimentally and they obtained a thermal efficiency in the
range 70% - 65%. Murtuza et al. [17] presented an
experimental and simulation studies of PTC design for
obtaining solar energy. They tested the newly developed
parabolic trough solar collector and characterize its
performance. The results of this work allowed the
performance of new parabolic trough components such as
heat collecting elements and surface materials to be
measured when the collector becomes a test-rig in on
ongoing solar thermal research program. Bellos and
Tzivanidis [18] developed an analytical expression of
parabolic trough solar collector performance. They
determined the thermal performance of PTC and
determined five parameters by this model for the
calculation of the thermal efficiency.

II. EXPERIMENTAL SETUP.

Our experimental setup is a Parabolic Trough Collector
(PTC) designed and constructed in the Research and
Technology Center of Energy (CRTEn) in Tunisia. A
Parabolic Trough Collector is described as a long, trough-
shaped reflector that has a parabolic cross-section with a
slope affected by the rim angle. It focuses the reflected
sunlight irradiation along a line running the length of PTC.
A cylindrical receiver is located at a linear focus and
maintained by two arms in the extremities (Fig.1). The
absorber tube is designed to absorb most of the energy
focused onto it to heat thermal oil “Transcal N” as Heat
Transfer Fluid (HTF) to a higher temperature. Thermal
exchange between Transcal N and water will be transferred
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to a mixed heat exchanger to achieve the hot temperature
for steam production. PTC always has a tracking system,
which are usually adjusted with their long axes from north
to south.

Fig.1 Real image of Parabolic rough Collector in CRTEn

III. MATHEMATICAL MODEL FOR PTC:

The useful heat delivered by a Parabolic Trough

Concentrator Qu is the heat flux absorbed by thermal oil as

working fluid circulated in the solar heat exchanger and it is
also the difference between the solar power absorbed by the

absorber Qa and the heat losses from the receiver to the

surroundings Qp which is defined by :

Qu = mOil Cp—oil (T'ogtil—ab - ]:rto—lilb) = Qa - Qp (D

My, is the oil mass flow rate, C

poil 18 the oil heat

Oil oil
capacity and (T, _7;n—lab) is the difference between

out—ab
the inlet and outlet temperatures of the oil.

The expression of solar power absorbed by the absorber Qa

is:
Q,=n, IA, o))

T]OP is the optical efficiency its estimated value is taken as
0.85 [19]. I is the direct solar radiation incident on the
collector and Aap represents the aperture area of the solar

concentrator PTC.
The heat loss (the conductive, convective and radiative

losses) Qp from the receiver of the parabolic trough of the

surroundings (as shown in Fig.2) is defined by:
0,=UAT-T) 3)

U | 1s the overall heat transfer coefficient, it can be

calculated based on the conductive, convective and


User1
Typewritten Text
Page 149


Copyright IPCO-2018
ISSN 1737-9334

Conférence Internationale des Energies Renouvelables
Hammamet, Tunisie 19-22 Décembre , 2018

radiative heat transfer coefficient proposed by Ref. [20],

Ar is the receiver area of PTC and (T, _Ta) is the

difference between the temperature of the absorber and the
ambient temperature.

Radiation loss \ -

Convection loss

Optical loss

Glass cover

Receiver Evacuated space

Fig.2 Cylindrical receiver of Parabolic Trough Collector

The thermal efficiency of the PTC is the ratio between the
useful energy delivered and the available solar energy [21].

Mew = 5~ “4)

The mean concentration factor of the system is:

A

CR = Ar nen (5)

ap

Aap represents the aperture area of the PTC

The thermal energy efficiency of the absorber 1], is the

ratio between the thermal efficiency of the solar
concentrating system and the optical efficiency which is
defined by [22].

nab — nen
Tlop

(6)

The mass of evaporated water (steam) during the test period

M, defined by the difference between the measured
quantity of water M, and the quantity of residual water in

the water tank 1,
m.= m,—n @)
IV. RESULTS AND DISCUSSION

The receiver tube is the main component of Parabolic
Trough Collector and plays an important role. Therefore, it
is important to study the absorber efficiency of PTC. Fig.3
shows variations of the inlet, outlet temperatures of
Transcal N which circulated in the receiver of Parabolic
Trough Collector. It is seen from the illustration that the
optimum outlet temperatures of the PTC absorbers are
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equal to 71°C at noon. It is clearly perceived in Fig 3 that
the average difference between the oil inlet and the oil
outlet temperatures in the absorber of parabolic trough is
equal to 7°C as shown in Fig.3.

90

—— |nlet oil temperature
—— Qutlet oil temperature

0
a
1

754
70 4
65 -
60
55 -
50 -

45

[
a
1

QOil temperature of PTC in the absorber (°C)

10 1 12 13 14 15
Time (HH)

Fig.3 Variations of the receiver inlet and outlet oil temperatures as a
function of time.

The figure 4 represents the variation of concentrated solar
flux and global solar sunshine as a function of time. It is
clearly that the absorbed solar flux reaches an average value
around 800 W/m’ for global sunshine in the order of 1000
W/m® as shown in Fig4. So, our PTC presented an
acceptable thermal and optical quality.

1200 === Global sunshine
=== Absorbed solar flux

1000

2

W/m

800
600 -

400

200 -J

Absorbed solar flux and global sunshine (!

o

10 11 12 1I3 14 15
Time(HH)

Fig.4 Variation of solar flux absorbed as a function of time.

The thermal efficiency of PTC is influenced by the
mechanical parameters, the optical parameters, the sun
tracking system and the hydraulic circuit. To evaluate the
experimental thermal energy efficiency and the
concentration ratio for parabolic trough, an analytical
expressions Eq. (4) and (5) evaluated and described in
Section III. It is observed that the thermal energy efficiency
varies from 22 % and 32 %. Eq. (6) shows that the
efficiency of the absorber is proportional to the thermal
efficiency of PTC as shown in Fig.5.
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It is clearly seen that the parabolic trough solar collector
reaches an average concentration factor around 200.
180 1 .

160 1 —— Thermal efficiency of PTC

—— Thermal efficiency of PTC absorber

140 —— Concentration ratio of PTC
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Fig.5 Variations of thermal efficiency and concentration ratio as a function
of local time

Figure 6 illustrates the steam mass generating obtained
during the test period with different values of pressure. The
maximum value of the steam generated is 4 kg/h for PTC

system.
45

4,04
3,5
g 3,0
2
= 254
»
©
£ 2,04
£
3 15
2
(7]
1,0
0,5
0,0 T T T T T T
3 4 5 6 7 8 9

Pressure(bar)

Fig.6 Variations of steam mass as a function of pressure.
Conclusion

A detailed experimental study was presented to determine
thermal characterization of PTC absorber installed in the
Research and Technology Center of Energy (CRTEn) in
Tunisia. The receiver tube provides high thermal efficiency
with large heat transfer area and transfers it to the mixed
heat exchanger to produce indirect steam generation. The
PTC thermal energy efficiency varies from 22 % to 32 %
and reaches an average concentration factor around 200. As
result of this study, the maximum value of the steam
generated is 4 kg/h using an efficient PTC receiver.
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Abstract -The aim of this paper is to present a command
approach of a typical double-stage grid-connected PV system
functioning under normal conditions and symmetrical grid
voltage dips (SGVD). In Normal Operation Mode (NOM), the
command developed rises the relatively low solar voltage to a
suitable level corresponds to the Maximal Power Point
Tracking (MPPT) and regulates, respectively, the dc-link
voltage and the output inverter currents. It permits to inject
energy into the grid at unity power factor and a current with
low harmonic distortion.

Under SGVD, the control strategy approach should ensure a
stable connection as long as possible and inject some reactive
power to support the grid faults. This command calculates
dynamically active and reactive powers that inverter can
deliver according to the level of voltage dips and inverter
rating currents. Those values are used as reference to control
output inverter currents, the dc-link voltage and to deactivate
the MPPT command. To validate and to prove the
effectiveness of the control strategy, some experimental results
are also presented.

Keywords- PVG, Connected PV system, normal operation
mode, SGVD, MPPT, balance voltage sag,

I.  INTRODUCTION

The high penetration of the Photovoltaic Generators (PVG)
in the Low Voltage (LV) parts of the grid raises several
concerns and voltage problems in the Point of Common
Coupling (PCC). They are generally voltage amplitude
drop, frequency deviations and higher harmonic
components. The impact of those problems cannot be
ignored on the LV-level grid because they affect the grid
stability and the safety, as well as the power quality. For
this reason, some grid requirements and standards are
published to regulate the interaction between the PVG and
the grid network and to ride through fault during the
disturbance [1-9].

The main problems of the grid connected PV systems
are the balance and unbalance voltage sags [10, 11]. Their
common cause is principally the short circuits and the
connection of large load. The consequence is the
disconnection of the PVG from the grid. In [12-16], it is
required that the PV generator ceases to energize local
loads in the presence of voltage sags and frequency
variations. The disconnection of PVG units, with large
scale, from the grid at the first time of the fault is not an
optimal approach. Moreover, the repeated disconnections
might have a negative impact on components life time and
disturbance of the grid. For this reason, the inverter should
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stay connected to the grid within a short time and injected
some reactive power to support the grid when it presents a
voltage dips. In that case, the inverter control provides
dynamic grid support in terms of Low Voltage-Ride
Through (LVRT) in order to stabilize the grid and to avoid
loss of a massive amount of PV power [1,9]. Thus, the
stability, the reliability and the safety of the whole system
can be improved if the command keeps the PVG connected
as long as possible. To maintain a stable connection, many
control strategies are developed to handle grid faults for
three-phase PV systems. They are principally unity power
factor control, positive sequence control, constant active
power control and constant reactive power control [17-23].
The control strategy developed in [24], using power factor
control, allows the single-stage inverter based three-phase
grid connected PV system operations under unbalance grid
faults without over current. In addition, it overcomes the
high level harmonics and the over current when voltage sag
occurs. The control is made on stationary reference frame
using Proportional-Resonant current control. In [25], a
control of positive and negative sequence components of a
large scale grid connected PV system under unbalance
voltage grid sags is discussed. The use of filtering
techniques to extract dq-components of voltages and
currents introduce delays which makes the dynamic
response of the system slower. Furthermore, there is a great
restriction on choosing suitable parameters for the current
and voltage controllers. In [26] a study on double-stage
based three-phase grid connected PV systems under several
grid faults is presented. It used an external control loop that
regulates dc-link voltage and an internal control loop that
regulates active and reactive current components of the grid
current. It demonstrates that symmetrical faults have a
higher impact on PV system performances than
asymmetrical faults, both at the PCC and inside the grid
connected PV system. All the papers discussed above are
focused on controlling the grid connected PV system under
balance and unbalance grid voltage sag. They discussed
some issues regarding stability and dynamic performance of
the connected system but they haven’t studied the
interaction between the grid fault and the MPPT control.
They discussed partially and only the inverter control and
omitted the MPPT algorithm.

This paper proposes a flexible active and reactive power
control strategy which allows the double-stage grid
connected PV system operation under normal conditions
and SGVD. This command is made in dq-rotating reference


User1
Typewritten Text
Page 153


Conférence Internationale des Energies Renouvelables
Hammamet, Tunisie 19-22 Décembre , 2018

frame using proportional- Integral (PI) controllers in the
current and voltage control loops.

In NOM, The command developed around the first
stage will raise the relatively low solar voltage to a suitable
level corresponds to the optimal photovoltaic power.
Around the second stage a voltage and current loops have
been designed to regulate respectively the dc-link voltage
and the output inverter current. In the Grid Faulty
Operation Mode (FOM), the control approach calculates
dynamically the active and reactive power that inverter can
deliver when SGVD occurs at the PCC. Those values are
used to calculate the reference inverter currents and to
deactivate, by an external control loop, the MPPT
command according to the level of voltage dips and the
inverter rating currents. This proposed strategy overcomes
drawbacks such as current harmonics, dangerous dc-link
voltage and current peak and ensures a safe connection as
long as possible to the grid.

This paper is organized as follows. Section II describes
the overall system configuration and control structure in
NOM and FOM. Section III presents the simulation results
and discussions.

II. CONFIGURATION AND CONTROL
DESCRIPTION OF THE SYSTEM

A general diagram of the control strategy of a typical
double-stage grid-connected PV system is presented by
Figure 1. It includes a dc-dc converter which boosts up the PV
voltage within an acceptable range of the PV inverter [12, 14,
16] and makes the system flexible to track the maximum PV
power. A dc capacitor that connects the output terminals of
boost to the three—phase voltage inverter. The main purpose
of the dc-ac converter is to check the active and reactive
power which is transferred to the grid. An LCLfilter is used
to couple the converter to the ac grid and to limit the high
order harmonics coming from the inverter switching
behaviour. The monitoring and control unit consists of a
voltage sag detection, a power calculation bloc, a current and
voltage controllers and a MPPT control.

Grid

DC D

|| .
PVG J‘ (@ _/}1.'_,%,&}"\__%.
i _TYd:‘_d A ‘

TG
D

e

va IMonitoring and control unit : \Y

I | Grid detection and synchronization '8
PV - PQ calculator 15,

I Current and voltage controllers

' MPPT control

Fig.1. Overall control structure of the grid connected PV system

Two main operation modes for the proposed grid connected
PV system are discussed in this paper; the Normal
Operation Mode (NOM) and the grid Faulty Operation
Mode (FOM). Hence, a fast grid fault detection block
should be used. It permits to switch from NOM to FOM
once the grid voltage drop exceeds its limits. In the NOM
and around the grid side converter, the proposed control can
be implemented as the reference profiles by setting the
reference powers (active power (P*) and reactive power

(Q*)). The active power reference is approximately equal to
the maximum PV power and the reactive power reference
should be zero in order to have the grid current in phase
with the grid voltage (i.e., high power factor). The active
power control is achieved through the control of the dc-link
voltage.

Due to its simplicity and less costly implementation, a
conventional perturbation and observation-MPPT algorithm
has been adopted around the first stage to extract the
maximum PV power. Once a SGVD is detected at the PCC,
the inverter increased instantaneously its output current to
keep a balance power between the PVG and the grid.
However, the current is limited by the inverter rating
current. This situation can disturb the connected PV system.
To improve the stability of the overall system without a
disconnection, the control should switch from NOM control
to the FOM control [27-31]. In this case, the monitoring
unit switches to the non-MPPT functioning mode in order
to avoid tripping the inverter over-current protection [32,
33]. Simultaneously, the inverter should inject a reactive
power varying with the voltage sag level, the inverter rating
current and the requirements given in [34, 35]. The power
delivered by the PVG should be equal to the inverter output
power in order to maintain constant dc-link voltage and to
protect the bus capacitor. For this reason, an external
control loop is designed which used the inverter output
power as reference to deactivate the MPPT control (Figure
5). The flowchart given by Figure 2, presents the conditions
allowing the switch between the both operation modes. If
the maximum PV power exceeds the inverter output power
and the dc-link voltage deviates from its reference; the
control strategy switched instantaneously to the FOM and
thus the MPPT control has been deactivated and the
inverter should inject a reactive power in order to support
the grid fault. However, if the two conditions are not
satisfied, the FOM should be disabled and the PVG delivers
as much energy as possible to the grid with a MPPT control
algorithm.

Measure of V (1), Iy(n),Vgc (n),
Ve (n), Ig (n), Y Py
Calculation of Py(n) and Ppymax(n)

Povmax(m)=Pg (n)-3 Py

N
[Nom|

A V.

Fig.2. Flowchart of the normal and fault operation modes
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A. PV- side power control

The proposed control scheme of the dc-dc converter in
various operation modes is given by Figure 3. In NOM, a
MPPT algorithm based on Perturbation and Observation
(P&O) method (Figure 4) is employed along with the PVG.
Its objective is to extract the maximum power from the
PVG at any operating conditions based on the irradiation
and temperature. The MPPT algorithm should find the
adequate reference voltage (Vp,*) imposed by the dc-dc
converter to the system. The reference voltage (V,,*),
provided by the MPPT/non-MPPT algorithms, constitutes
the input of the voltage and the current controllers. As
indicated by Figure 3, voltage and current control loops are
used in cascade. The voltage control loop with the PV
current compensation provides the reference current (I;*),
while the current control loop with the PV voltage
compensation gives the reference voltage (V,,*) for PWM,
as indicated by equation 1.

The inversion of equations, representing the voltage and
current variations, respectively, in the capacitor C, and the
inductance L,, given in [36], provides the optimal control
of the PV current and voltage. The controller parameters
are chosen to maintain constant the voltage and to reduce
the current ripple.
{i; =R, (v — V) + iy W
vy = R — i) + Upv
The boost converter command signal is given, according to
[37], by:

* v;n
my, = 2
h=n @)
Where the reference voltage value v * may be described
according to the control input and the state variables.
According to equation 1, the reference voltage is given by:

Um = RVRCU;;‘U +(1- Rch)vpv + Rcipv — R 3)

R, and R_ represent respectively the PV voltage and

current regulators. When the boost switch frequency is
higher, the time constant is very small and its influence to
the whole system may be ignored, so proportional
correctors are sufficient. They are parameterized according
to the value of the capacitor, the inductance and the
dynamic of the regulation loops [38].

Under SGVD, the inverter output current (I,) should
increase to keep the power constant [39], but the current is
limited by a maximum rating current (I,<I,,,,) which avoids
inverter to shut-down. Therefore, the inverter can’t deliver
the PV power to the grid and its output power (P) becomes
lower than the maximum PV power (Pymax). Thus, the
difference between the input and the output inverter powers
is stored in the dc-link capacitor. Consequently, the dc-link
voltage increases and exceeds its limit (Vgeimi) Which
makes the plant disconnected from the grid network. In that
case, to limit the dc-link voltage and to maintain the
connection as long as possible in FOM, it should be
limiting the power delivered by the PVG. The control
system switches to the non-MPPT operation mode in order
to ensure a balance power between the PVG and the grid
and to avoid tripping the inverter over current protection.
Consequently, the PV current decreases according to the
characteristic of the PVG and the control of the dc-link
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voltage has been ensured by an external control loop as
given by Figure 5.

B. Grid-side power control

The main purpose of the inverter control is to transfer
all PV power produced into the grid, to regulate the dc-link
voltage and to set a unity power factor for grid currents.
The proposed control scheme is two loops based as
indicated in Figure 6. The outer loop is the dc-link voltage
and the inner one is around inductor currents. The
compensation of the reactive energy required by the local
load is ensured by the electrical network. Under these
conditions, three elementary blocks of command around the
inverter appear; the dc-link voltage controller, the current
loop and the phase locked loop (PLL). Under SGVD, the
inverter control should switch to the FOM. The reactive and
active power references should be changed within the
voltage sag level and duration, as well as the inverter rating
current [2]. The proposed control scheme of the inverter in
NOM and FOM is given by Figure 6.

1) Voltage loop: The voltage loop is composed of two
modules which ensure the control of the dc-link voltage and
the calculation of the reference currents. In NOM, the first
module supply a dc current allowing the calculation of the
reference active power injected into the grid. As indicated
by Figure 6, it is given by P* = i,*vy. = P,,,..c Whereas the
reference reactive power (Q*) should be zero in order to
obtain the line current in phase with the grid voltage. The
objective of the voltage control loop is to regulate the dc-
link voltage at a specified value and to provide the
reference current. The closed loop control of the dc-link
voltage is needed because the output power of the PV panel
varied with irradiance and temperature. The inverter input
reference current i.* is described by the following
relation [37]:

ie = lgc — Rac(Wge — Vac) @)

To control the dc-link voltage, a Proportional-Integral (PI)
corrector has been used. It is parameterized according to the
capacitor and the dynamic of the regulation loop [40]. The
dc- link voltage reference (v,*) is set to 515V. Under
SGVD, the required active and reactive power references
should change. According to [41], they are given by:

«_3
P = Evglzd
«_3
Q" =5 Yglzq 5)
Pp*v =P" +ZPswi
Y, Pg;are the switching losses in the converters B, + P,,, »

V, is the amplitude value of the grid voltage at PCC and
P,* is the reference output power which should be
provided by the PVG when the boost command switches to
the non-MPPT control. The new required active power was
lower than the maximum PV power delivered in normal
conditions (P,,*< Ppymax). The second module of the voltage
loop is devoted to the calculation of the reference currents
i,¢* and iq*. Reference currents i,¢* and iq* are calculated
from the grid voltage and the reference active and reactive
powers delivered by the switcher block according to the
operation mode.
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These currents, according to [42], are expressed in the
synchronous reference dq-frame by:

a) . 1 P* —=Q"\ (Vga
{l;q} - v;d+v§q (Q* P* ) (qu) (6)

Where P* can be equal to Ppyp,y 01 %vglzal + Y P,,,; and Q*

3 . .
can be equal to zero orzvglzq according to the operation

mode. V,; and V,, are the grid voltage components at the
PCC.

2) PLL loop: According to Eq.6, reference currents injected
into the grid, are deduced from the measurement of grid
voltages. Indeed, the network voltages at the PCC can
contain various faults (voltage dips, harmonics, short
interruptions...) which can pass into the current provided by
the inverter. To mitigate this problem, several methods are
developed in the literature [43, 44]. Among those methods
we are interested in PLL expressed in dq- frame. This
method is able to provide the grid frequency and phase
information. The grid phase provided by the PLL will be
used in the current loop unit. The PLL regulator should be
designed to respond within a minimum of overshoot under
grid frequency and voltage variations. When the difference
between grid phase angle and inverter angle is reduced to
zero, the PLL became active and we obtain; v,,=0 and
vgd=—\/3 *v, [43]. The model of the PLL is strongly non-
linear. However, to synthesize the PLL corrector, we
considered a linearized model for weak variations of grid
phase angle (6,). According to Figure 7, the closed loop
transfer function of the linearized PLL model is equivalent
to a transfer function of second order system. The dynamic
of this loop is obtained according to the desired response
time T, (i.e. T,= 10ms). To avoid any oscillation type of the
PLL response, the damping factor should be equal to 1 (€ =
1). This choice of T, and & permits consequently to deduce
the various regulator parameters kq and ty.

ng* = 0 k (1 + 1 ) WI‘(’.Y' 1 erest
. — Z
o TyS — s
Vea
V3.V,

Fig.7. Structure of linearized PLL model

2.2.3. Current loop

Outer current controller

Voltage controller

The ac current controller is considered particularly suitable
for active inverters for its safety and stability performance.
It consists of a model based cascade controllers. It is
composed of an outer current controller (C,) for the
network line current, i.e. current i;, an intermediate voltage
controller (C) for the filter capacitor voltage and an inner
current control loop (C,) for the output inverter current ij;.
The outer current loop should drive the output current iy,
and i, to the desired steady state current, namely to the
shape and phase of the utility grid voltage by generating
control signals m;* and m,* for PWM. The line current is
implemented in the synchronously rotating reference dq-
frame.

Hence, individual controllers for the active and reactive
quantities with additional compensation for the cross
coupling of the d and q axis components are obtained. This
current controller block was common for both NOM and
FOM. Its inputs are the dg-current component references
generated by the voltage loop (ix* and i5g*). According to
the state space description of the output LCL-filter model
[38], the reference voltages are given by:

d
B - . .
Vea™ =1L, I (i2q™) + Rylrg = O loing + Vg

4 (N
Veg' = L2 Z(IZq*) + R2i2q + a)restLZiZd + Veg
The inverter output reference currents are given by:
- dv., * .
ha™ = Cf - = Cf wrestch +iy
dv % (®)
. _ cq .
l]q* - Cf dt + Cf OrestVea T 12q
The inverter output voltage references are given by:
% d . . .
vig*=1L T (l17*)+ Rilyy — 0,0 Lyiyy + vy
©)

d . . .
qu>I< = Ll E(l]q*)_'_ Rlllq + a)restLllld + Veq

According to [45], terms 7, 8 and 9 should be elaborated by
control loops as given by Figure 8. The controller structure
consists of three cascade regulators with additional feed-
forward and feed-back terms given by the LCL -filter
model. In order to stabilise regulators, the gains of the
proportional parts are altered from the dead beat gain by
the constants k;;, k.. and k;,. Their values are obtained from
the stability analysis [46].

Inner current controller

d » » > »
- Vad o i - - Ved -
AT —
Cy(s) g
’ 11
%—»ﬂ:*
WyesiL2 WrestCr &
- fis*

Wt

Fig. 8. Scheme of the current loop
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Table 1: Parameters of the grid connected PV system

Parameter value Parameter value
Cell series resistance Ry 0.011 Q Output PV filter resistance Ry, 1Q
Cell parallel resistance R,, 1035 Q Output PV filter capacitance Cpy 0.005F
Ideal constant of diode n 1.25 DC link Capacitance Cgc 0.009F
Cell reverse saturation current Is 13.89.10°T exp(-13.2.10%T) A Filter inductance L, 19mH
Photo current of PVG I, [2.807+1.4.10(T-T.ep) 1D A Filter resistance R 0.5Q
Cell reference temperature Tr¢ 298.15 °K Filter capacitance Cy 10pF
Series cell ng 40 Filter inductance L, 20mH
Parallel cell n, 1 Filter resistance R, 0.5Q
Series modules Nj 20 Grid inductance L, 0.005H
Parallel modules N, 3 Grid resistance R, 1Q
Short circuit current of PVG: I 8,37A Maximal PV current Ijymax 7.6A
Open circuit voltage of PVG: Vo 428V Maximal PV voltage Vpymax 340V
Boost 10sses D Phoost oW Inverter losses Y Piny oW

ITII. SIMULATION
A. Normal operation mode

Under normal grid conditions, the grid connected PV
system is operating in the MPPT mode, in order to deliver
as much energy as possible to the grid network and to
obtain a power factor near the one. The most important
waveforms simulated are shown in Figures 9 and 10. These
simulations have been obtained under constant irradiance
(@=1000W/m?) and ambient temperature (T,=25°C). They
are selected to demonstrate the most significant aspects of
the system behaviour. The reference and measure are
respectively represented by dotted and continuous line.
Salient parameters of the system and regulators are
presented in Tables 1 and 2.
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Fig. 9. Simulation results under constant climatic conditions: (a):
Maximal PV power (blue), inverter output active (green) and reactive
(red) powers, (b): dc-link voltage (measure and reference), (c¢): Grid
frequency provided by the PLL
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Figure 9 shows some characteristics of the PV system
provided during normal conditions. Figure 9(a) presents the
maximal PV power supplied by the PVG, as well as the
reactive and active powers injected into the grid. At steady
state, real power through the inverter is controlled and
reactive power is forcefully made zero. The reactive power
oscillates around its reference showing unity power factor
operation and control performance of the grid current. The
active power supplied by the inverter oscillates around its
maximum reference. It can be seen that, in NOM, the
inverter output power follows its reference and that average
power control has been established. The maximal PV power
is approximately equal to the inverter output power because
the converter losses are neglected. The dc-link voltage,
maintained at a constant level, followed instantaneously its
deadbeat reference voltage V,.* (Figure 9(b)). As a
consequence, the active power extracted from the PVG is
completely injected into the grid. Figure 9(c) presents the
grid frequency estimated by the PLL. It oscillates around its
nominal value equal to 314rd/s.

10

(] PR SPPUNE ISR - SR RSV SRS SRR - S—— 4
z (@ ;
L 6k . - Kiif i
3 b i

2

ol i e

131 132 133 134 135 136 137 138 139
time (s)
1 T T T

400} 1 j s -
=350 (b)~ ;
5 B < - .
S vttt g . > o i
g |

300

250 ‘

131 132 133 134 135 136 137 138 139
time (s)
Fig. 10. Simulation results under constant climatic conditions: (a): Inverter
current d-component (measure and reference), (b): Inverter voltage d-
component (measure and reference)
In the inverter side, the current and voltage d-components,
as depicted in Figure 10, followed their references. Those
results show the good performances of the various control

loops under normal grid conditions.
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B. Grid fault operation mode

In order to study the behaviour of the proposed control
strategy in the FOM, a symmetrical grid voltage dip is
applied at the PCC. The following paragraphs illustrate the
response of the grid connected PV system under 50%-
100ms SGVD. Two states of the MPPT control are
discussed. The first studies the impact of the grid fault on
the stability of the overall system when the MPPT control is
actuated. The second case discusses the disabling of the
MPPT and the switch from the NOM to the FOM control.

1) Case 1: Actuation of the MPPT command.

The voltage sag duration is for 0.1s from 1s to 1.1s. In
the PV converter side, PV current and the PV voltage are
also as the same because the MPPT control stay enabled.
As indicated by Figure 11, the PV current and voltage
remain nearly their references. The voltage dip doesn’t have
an influence on the maximum power provided by the dc-dc
converter. This is due to the dc-link capacitor which acts as
a buffer zone between continuous and alternative parts. The
impact of the SGVD appears only on the grid side. If a
transient fault occurs, the average active and reactive
powers deviate from their nominal values. As indicated by
Figure 12(a), the average active power injected by the
inverter decreases to 1.8 kW while the reactive power rises
up to 280VAR in order to withstand the voltage dip. When
the grid voltage at PCC decreased to 50% (=110V), the
inverter output current increases during the fault and
reaches to the maximum rating inverter current (6.5A).
Then, the inverter output power becomes lower than the
maximum power injected by the PVG. Thus, the difference
between these powers has been stored in the dc-link
capacitor. Consequently, the dc-link voltage (V) increases
to a high level which can destroy the capacitor (Figure
12(b)).

0.8 1 12 51‘4 1.6 1.8

1.042 1.044 1.046 1.048 1.05 1.052 1.054
time(s)

Fig. 11. Simulation results under 50%-100ms SGVD: (a): PV current
(measure and reference), (b): PV voltage (measure and reference)
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Fig. 12. Simulation results under 50%-100ms SGVD: (a): maximal PV
power (blue), inverter output active (green) and reactive (red) powers, (b):
de-link voltage (measure and reference)

Figure 12(a) shows that, after the clearance of fault, the
inverter output power (P) decreases slowly and reaches the
maximum PV power (Pymax). As indicated by Figure 12(b),
the dc-link voltage decreases progressively discharging the
energy into the grid and reaches its reference in 200ms.
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Fig. 13. Simulation results under 50%-100ms SGVD: (a): grid frequency
provided by the PLL, (b,c) : grid voltage (green) and (.*40) inverter
current (blue)
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Figure 13(a) illustrates the grid frequency estimated by
the PLL. It presents some overshoot at the start and the
clearance of the grid disturbance. As it can be seen by this
figure, the PLL dynamics present a significant role in
transient behaviour of the grid connected PV system.
Figures 13(b) and 13(c) show the ac side voltage and the
inverter output current. As it might be noticed in those
figures, there is a phase leading/lagging between grid side
line current and voltage. A low displacement can be noticed
between the synthesized current, current effectively injected
into the grid, and the line voltage. As a result, the unit
power factor is not achieved during the grid voltage dips
and for instance, the inverter should provide a reactive
power. Both the start of the voltage dip and the end of that
present a transient current oscillations, respectively, deltat;
and deltat, as indicated by Figures 13(b) and 13(c).
++ Grid connected PV system under various SGVD
The utility of the dc-link capacitor, to support and to dump
the SGVD is discussed in this part. To analyze the necessity
of the capacitor, various symmetrical grid voltage dips
characterized by their level and duration [1-8] are
simulated. The corresponding dc-link voltages, inverter
output active and reactive powers are recorded in table 3.
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Fig. 14. Characteristics of the grid connected PV system under various
SGVD; (a): dc-link voltage, (b): inverter output active (blue) and reactive
(red) powers for 100ms voltage dip duration

As indicated by Figure 14(a), for various duration of
grid voltage sags, the dc-link voltage increases
progressively and moves away to the internal protection
fixed at 110% of Vg.. Thus, the dc-link control loop based
on PI regulator loses its performance because the energy
produced by the PVG is accumulated in the continuous bus.
Consequently, the dc-link voltage increases to a high level
which can destroy the capacitor. According to Figure 14(a),
both the duration and the level of the SGVD present an
impact on the dc-link voltage. For a voltage limit equal to
560V, the system can support a SGVD equal to 10% in
0.2s, 25% in 0.16s and 35% in 0.1s with activation of the
MPPT control. After those limits, this fault becomes
dangerous because the PV power can’t be totally
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transferred into the grid side. To resolve this problem and to
ensure safety as well as stability of the overall system, the
control strategy should switch to the FOM. In this case and
in absence of storage system, the MPPT command should
be deactivated in order to limit the injection of the PV
power, and thus the dc-link voltage decreased and reached
its reference. The dc-link voltage becomes controlled
indirectly by the active power delivered by the inverter at
PCC. For this mode, the reference active and reactive
powers used to control the inverter change to their new
values according to Eq. 5. This solution ensures balance
between production and consummation powers and thus a
safety of the overall system has been realized. Figure 14(b)
illustrates the power-grid voltage sags response curve. It
explains that in case of voltage sags region; there should be
a reduction of active power by S00W for each 15% of step
voltage dip. However, when the SGVD is less than 20%,
the active power injected by the inverter is approximately
equal to the maximal PV power (P,ym.) and the reactive
power is zero. The less difference between the dc and ac
powers is stored in the dc- link capacitor making a safe
increase of the dc-link voltage. For this reason, it is
necessary to oversize the bus capacitor in order to damp the
low level of the voltage dip. Moreover, it is necessary to
deactivate the MPPT control when the level (AV) and
duration (At) of the symmetrical grid voltage dips exceed
the limit fixed by the grid codes [1,2].
2) Case 2: disabled of the MPPT command
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Fig. 15. Simulation results under 50%-100ms SGVD: (a): PV current

(measure and reference), (b): PV voltage (measure and reference), (c):
(P/280)-V (green) and I-V (blue) characteristics
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Table 2: Parameters of the system regulators

Parameter Value  Parameter Value
Gain of PV voltage regulator R, 10 Gain of the inverter output current regulator ki, 50
Gain of PV current regulator R, 34 Const. time of the inverter output current regulator 7i;  0.002
Gain of dc link voltage regulator k. 0.001  Gain of the voltage regulator kv, 0.1
Const. time of dc link voltage regulator tgc 0.1 Const. time of the voltage regulator tv, 0.002
Gain of PLL regulator Ky 10 Gain of the filter output current regulator ki, 10
Constant time of PLL regulator o 0.1 Const. time of the filter output current regulator ti, 0.003

Table 3: dc-link voltage and inverter output powers for various duration and level of SGVD

Grid voltage dips (%) 0 10 20 30 40 50 60 70 80 90 100
Inverter output active power (kW) 26 26 255 25 2.1 1.64 133 1 0.66  0.33 0
Inverter output reactive power (kVAR) 0 0.03 0.07 025 035 0355 023 0.7 0.09 0.025 0
dc-link voltage (duration of fault: 0.1s) 515 520 528 565 586 653 702 750 794 836 876
dc-link voltage (duration of fault: 0.16s) 515 540 556 580 629 724 794 860 921 980 1042
dc-link voltage (duration of fault: 0.2s) 515 553 575 598 656 768 850 925 997 1065 1140

In NOM, the maximum PV power is 2552W; the PV
voltage and the PV current at the maximum power are
357V and 7.15A, respectively (Figure 15). Once a SGVD
appears at 1s, the control system switches instantaneously
to the FOM. In this case, the PV power, the voltage and the
current reach progressively new values. The current,

Volta

200 |-k

-200 {ff-----

Voltage (V) and current (4]

provided by the PVG, decreases in order to maintain the dc- oo 1
link voltage lower than the limit value (560V). L L SSREREE SESRSRRRERE (PR, snaenees
According to Figure 16 (a), the control system ensures a B =)

safe dc-link voltage lower than the limit value fixed at
560V. Its maximum value is equal to 520V.

Figure 16(b) shows the variation of the dc current provided
by the boost during the FOM between 1 and 1.1s. If the
control system switches to the FOM, the current decreases
progressively until 3.4A in order to ensure a balance
between the PV power and the ac power provided at the
PCC. After 100ms, the fault is cleared and the grid
connected PV system goes back to its NOM. In the same i i e
time, the MPPT unit continues to track the optimal PV Hrnei=)

power. Fig. 17. Simuliﬁ)on results 1]13r11der 5](3%'—100ms SGVD: (a?: gri]()i1 voltage
As it shown by Figures 15 and 16, the system takes some (green) and (. )Curr?el;c(ﬁVieglgie;'n;n;:\r;:;;utpm active (blue) and
time to join its normal state because of the MPPT process.
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Figure 17 illustrates the response of the grid connected

I AN N N S N ) PV system to 50%-100ms voltage dip which can occur on

=0 the grid voltage. The inverter starts to inject reactive power
AT r/\w—-~ to support the grid voltage and limits the active power
g [ output to prevent the inverter from over current protection.
= st The operating point is severely affected by the SGVD
(reduction of about 40%). It is shown that during the fault,

505 the PV system is controlled to limit the active power (=

L 5 = = e 1800W) and to inject some reactive power (= 280VAR)

Hme (s} into the grid. As illustrated by Figure 17(a), the voltage

B waveform collapses and the inverter current magnitude

s s becomes high during faults. This is to keep a balance power

A8 e / """" R S between the PVG and the grid. During the step transient in
gl the grid voltage, there is a phase leading/lagging between

i :: 7 grid side line current and voltage.

2 PR & T A R Figures 15, 16 and 17 illustrate the performances and
I o e e R 1) R dynamics of the command approach in FOM between 1 and
3.6 1.1s. It permits to the inverter to support the grid within a
po=—=—o b - . .. .. short time when it presents a SGVD. They show that the

time (s)
Fig. 16. Simulation results under 50%-100ms SGVD: (a): dc-link voltage
(measure and reference), (b): dc current injected by the dc-dc converter

command approach provides a high performance, safety
and stability of the overall system. Moreover, it allows a
stable connection to 50%-100ms symmetrical grid voltage
dip.

Copyright IPCO-2018 Page 161
ISSN 1737-9334


User1
Typewritten Text
Page 161


Copyright IPCO-2018
ISSN 1737-9334

Conférence Internationale des Energies Renouvelables
Hammamet, Tunisie 19-22 Décembre , 2018

IV. CONCLUSION

In this paper a control strategy approach has been
developed around a double-stage grid connected PV system
functioning under normal conditions and symmetrical grid
voltage dips. This command is dedicated to improve the
reliability during the grid fault operation and to avoid
catastrophic failure. Its validity to ride-through symmetrical
voltage dips has been performed by simulations.

In NOM, the proposed control raises the PV power to
the maximum power point and maintains the dc-link
voltage. Meanwhile, it injects a PV power into the grid at
unity power factor and a current with low harmonic
distortion. In FOM, the control strategy injects the adequate
amount of active and reactive power into the grid and
disabled the MPPT control in order to reduce the inverter
output power to the target value delivered by the PVG.

Hence, it has been demonstrated that the proposed
control scheme in various operation modes presents high
performances in transient and permanent phases. It
improves the safety of the overall system and increases the
connection time when grid faults occur. Moreover, it
provides ride through capability and contributes to the
system stability.
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Abstract— The analysis of the obtained results from the
variation of the technological parameters of two solar cells with
silicon, on their photovoltaic production, worth knowing the one
designed by two structures polycristalline and monocrystalline
(region N and P) called celll and the other one designed by two
monocrystalline structures called cell2 showed a narrow relation
between the initial conditions of manufacturing of cells, and the
photovoltaic parameters resulting during their functioning.

Keywords- Efficiency, polycrystalline Silicon, monocrystalline
Silicon.

I. INTRODUCTION

Solar PV cells are electronic devices that use P-N
junctions to directly convert sunlight into electrical power [1].
A complex relationship between voltage and current is
exhibited by the P-N junction in the solar cell. The voltage and
current both, being a function of the light falling on the cell,
and experimental conditions of manufacturing of cells. The use
of a digital simulation highlights the optimization of the
dominating parameters to obtain a maximal efficiency for two
photovoltaic cells having for structure : poly-Si(N)/c-Si(P)
called Celll et c-Si(N)/c-Si(P) called Cell2. For this we used an
applied SILVACO program for equations and relative relations
for the structures used in the conception of the photovoltaic
cells.

The parameters that will be improved in this work are the
technological parameters, the size’s thickness and the doping.
This optimization includes the influence of these parameters on
the two cells in order to obtain a structure with a high
efficiency.

At first, we use the SILVACO software to determine the
photovoltaic current considered practically equal to current of
short circuit. And, secondly we use the MATLAB software to
determine the parameter’s photovoltaic such as photocurrent,
open circuit-voltage and efficiency.

II. METHOD

The simulation by SILVACO is based on the digital
resolution of three fundamental equations of transport of
carriers in semiconductors which are respectively the equation
of Poisson and the equations of continuity and transport for
electrons and holes [2]. After the definition of the meshing of
the studied structure the materials and models, the simulator
estimates numerically the resolution of these equations in
every knot of the meshing [3, 4], and determine the current of

*Corresponding author.
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short circuit under the standard conditions of illumination
(AM1.5G) in 300°K.

The simulation by MATLAB, consists in drafting a
program into which we introduce the equations of a real model
to the solar cell, by exploiting the results obtained from the
software SILVACO. All the work is based on the study of the
influence of the thickness size (that is in the zone N or in the
zone P) on the photovoltaic parameters for every cell. Three
parameters are important in analyzing the performance of solar
cells: the short-circuit photocurrent, the open-circuit
photovoltage, and the efficiency [5, 6], and the influence of the
variation of the doping in every region on these parameters.

III. RESULTS AND DISCUSSION

Fig. 1, presents the technological structures of the studied
cells obtained from the software SILVACO [7].

AILAS
Dt foen fareallt_0 st

§

VN A M Y e e

Fig. 1. Technological structures with the software SILVACO, (a) Celll: Si-
poly(N)/c-Si(P), (b) Cell2 : c-Si (N)/c-Si(P).

The characteristics of these cells are included in the Table
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Table 1: Characteristics of Cells

Zone Thickness (pm) Dopage (cm®)
N 0.8 10E14
Celll
P 20 10E16
N 0.1 10E14
Cell2
P 20 10E16

A. Impact of thickness
1) Influence of the thickness in the zone N

We arrange the thickness of 0.8um until 13 um of the layer
N, by maintaining the other constant parameters.

In Fig. 2, we show the evolution of the photovoltaic
efficiency according to the variation in thickness of layer N of
the celll. For the varying values of thickness from 0,8 to 10
um, there is an increase of short circuit current ~ photovoltaic
current and open circuit voltage, the curent crosses from 14.317
mA to 17.287 mA, and the voltage appears constant. For the
values of thickness varying from 10 to 13 pm, we notice a
decrease into two parameters; the efficiency obtained for a
thickness of 0.8 um is 7.35 % as for the thickness of 10 um, it
gives a 8.96 % efficiency. Reaching 13 um, it falls in 8.89 %.
The maximal efficiency is 8.9557%, corresponds to the value
of thickness 10 pm.
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Fig. 2. Influence of the thickness in the zone N. For (a) Celll and (b) Cell2
on the efficiency.
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For the cell2, we vary the thickness of 0.1pum until 0.6 um. For
the values of thickness varying from 0,1 to 0.4 um, we notice
an increase of photocurent; It passes from 20.497 mA to
20.58mA. And from 0.4 to 0.6 um, the photocurent decrease;
it spends 20.58 mA to 20.541 mA.

We notice that the obtained efficiency for a thickness of 0.1
um is 11.35 % as for the thickness of 0.4 pum, it gives 11.4 %.
Reaching, we notice that the efficiency obtained for a thickness
of 0.1 pm is 11.35 % as for the thickness of 0.4 um, it gives
11.4 % efficiency. Reaching 0.6 um, it falls to 11.37 %. The
maximal efficiency is 11.396%, corresponds to the value of
thickness 0.4 um. At 0.6 um, it falls in 11.37 %.

2) Influence of the thickness in the zone P

For the cell 1, we vary the thickness of 4um until 20um of
the P layer, by maintaining the other parameters constant (see
Fig.3). A proportional increase of the photovoltaic parameters
with the thickness of the P layer is noticed, and it until the
value 11um, after, all the values decrease. So, the obtained best
efficiency is 8.6585% for the value of 11um.

For the cell2, we arrange the thickness of 4 pm until 20 pm,
the maximal values of the photovoltaic parameters are reached
when the value of the thickness in the P layer achieves 19um
(11.4083%), beyond this value, it decrease.
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Fig. 3. Influence of the thickness in the zone P. For (a) Celll and (b) Cell2 on
the efficiency.
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B. Impact of the dopage
1) Influence of the dopage N

For the celll, we arrange the doping Nd=1x10"" cm™ until
1x10"em™ (Na=1><1016 /cm3). According to obtained curves on
Fig. 4, we notice that the photovoltaic parameters increase with
the increase of the dopants concentration Nd (Nd
Na=1x10'""cm®). The increase of the doping allows a
remarkable improvement of the photovoltaic conversion. This
can be explained by the fact that the increase of doping
increases the life expectancy of the minority carriers, as well as
their mobility.

The best obtained efficiency is 8.9557 % for the values of
doping Na=1x10""/cm’ and Nd=1x10"/cm’. For the cell2, we
vary the doping Nd of 1x10'%/cm’ until 1x10"cm™ (Na=1x10"°
/ cm®). We notice that the increase of the concentration of the
doping Nd, led an increase in the values of the various
photovoltaic parameters; the best efficiency obtained with this
structure is 11.3903 % for the values of doping Na=1x10'%cm’
and Nd=1x10"/ cm’.

—O— Cell2
114 |—m—Cell1

Efficiency (%)
© >
[ ]

]
1

T T T T T
1E10 1E11 1E12 1E13 _ 1E14
Concentration of dopants (cm *)

Fig. 4. Influence of the amount of dopants in the zone N on the efficiency

2) Influence of the dopage P

We vary the doping Na=1x10"cm” until 1x10%cm™
(Nd=1x10""/cm’). The results illustrated on Fig.5, show a
progressive increase of the photovoltaic parameters according
to the doping of the zone P in celll and cell2. The optimal
values are obtained at concentration of 1x10"7cm™ (8.7962%)
in the celll. After this concentration, all parameter’s
photovoltaic decrease at the same time following by
decreasing, and decrease after this concentration.

For the cell2, we vary the doping Na= 1x10'® cm™ until
1x10”cm™, and take the doping Nd=1x10'*/cm’. We notice
that all the photovoltaic parameters undergo a reduction during
the increase of the dopants concentration in the P layer of
1x10"%cm? to 1x10"/cm® by maintaining constant the layer N
at 1x10"/em’.
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Fig. 5. Influence of the amount of dopants in the zone P on the efficiency

The comparison between the efficiencies obtained from
both studied cells such as represented on Figures, show a clear
difference between curves, the photovoltaic quality of cell2 is
better than that obtained for celll.

The analysis of the results obtained from the variation of
the thickness for every zone of the junction, showed that when
the lengths of distribution of the photo-generated carriers are
upper to the traveled distances, the photovoltaic conversion
increases until a maximal value in a certain value of thickness,
then for high values of thickness, the length of distribution of
the photo-carriers becomes small compared with the thickness
[6-8]; The photo-generated carriers have to travel distances
bigger than their lengthes of distribution, what leads drives to a
strong rate of recombination because of their weak life
expectancy decreasing the photovoltaic quality[9,10].

While the increase of the doping improves all the
photovoltaic parameters occurring in the efficiency on
conversion of every studied solar cell; Indeed the variation as
well of the open circuit voltage as the density of photo-current,
evolve in the same sense as the evolution of the values of the
doping of the layer N. However, the increase of the doping of
the layer P shows an inverse phenomenon for cell2. This is may
be due to the gradient of concentration raised between both N
layers and P layer (Nd=1x10"‘cm™ and Na=1x10"°cm™ to
lxlolgcm'3) [8]. For celll, the obtained results are better for a
doping of 1x10'7cm™, and beyond this value they fall. That
confirms our results which are in good agreement with other
work [11].

IV. CONCLUSION

The obtained results in this work, allowed to determine the
influence of two important parameters: the size and the rate of
doping characterizing two solar cells; the analysis showed that
an important improvement of the photovoltaic efficiency is
possible from an adequate choice of the material and these two
parameters.
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