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Abstract

This article proposes a method of management and control of a continuous
bus powered by renewable energies for autonomous applications. The DC bus
is obtained from two systems of renewable sources (the solar system and the
wind system) and storage battery (Lithium Ion). The continuous bus control
and management procedure require efficiency in the control of the charge
and discharge of the battery according to the load energy demand (DC Mo-
tor). The battery charging process is non-linear, varying over time with con-
siderable delay, so it is difficult to achieve the best performance on control
with energy management using traditional control approaches. A fuzzy con-
trol strategy is used in this article for battery control. To improve battery life,
fuzzy control manages the desired state of charge (SOC). The entire system
designed is modeled and simulated on MATLAB/Simulink Environment.

Keywords

DC Bus, Battery Lithium Ion, Control and Management, Lifetime, SOC, Fuzzy
Logic, DC Motor

1. Introduction

With increased awareness of the depletion of energy sources and the environ-
mental damage caused by the increase in CO, emissions in the exploitation of
carbon in electricity, the use of renewable energies is mandatory [1] (P. Chira-
deja, Dec. 2004). The combination of multi-renewable energy sources and sto-
rage systems provides a user-friendly alternative environment for stand-alone
operations [2] (M. H. Nehrir, Oct. 2011). However, there are several challenges
with the hybrid power system: configurations, control strategies and manage-

ment between various elements are necessary to achieve optimum power.
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Due to the intermittence of renewables, the use of storage systems like batte-
ries is inevitable to compensate for fluctuations in energy production [3] (Jeroen
Tant, January 2013). First, wind power is used as a source to drive a turbine
which in turn drives a generator. AC power is generated with variable frequency
and unstable voltage, so it will be converted to direct current. Direct current is
used either to serve the load directly or converted to AC to AC loads. Due to the
uncertainties on the availability of renewable energies, battery storage is adopted.
Thus electrical energy will be stored in the battery when excessive power is pro-
duced and will still be supplied to the load as soon as the source produces less.

As we know, the successive charges and discharges of the battery reduce its
lifetime. With such a system, the problem is to prove how and when the battery
should be charged, provide good energy efficiency and increase its lifetime [4]
(Yong Yin, 2008).

Fuzzy control is offered here to optimize power distribution and configure the
battery state of charge (SOC). A control strategy based on fuzzy control allows
us to satisfy the demand of the load according to the energy capacity of the

source.

2. Configuration of the DC Bus

This part presents a system for controlling a continuous bus from three different
sources, namely the wind turbine, photovoltaic source and a storage battery. For
a better management of this hybrid system, it is important to establish the archi-
tecture of the configuration.

In a DC bus, architecture as shown in Figure 1, different renewable sources
(wind-photovoltaic) and battery are connected to the DC bus through the ap-
propriate electronic converters.

Alternating current loads can be connected to the DC Bus with inverter. Di-

rect current loads can also be connected directly to the Bus with an amplifier

Power Generator : DC Bus
| ——{ DC-DC P !
E PV b Chopper _5_ e |
: g ‘| DC loads :
: . {acpc |__i_ |
: Wind A Rectifier ; i
: | { Dpcac | —¢ AC
: : | Inverter | Loads /i
Utility Load E
Lo D(i:::lllffg/e :
Battery Controller e =

Storage Equipment
-
Figure 1. DC bus configuration.
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converter to obtain a voltage necessary for these loads.
The system (see Figure 1) can also supply power to AC loads or be interfaced
to a power grid through a DC/AC converter designed to allow two-way flow of

power.

3. System Model

To verify the correctness of the designed controller, a dynamic model of the
proposed system is required. Each system will be modeled and simulated on
MATLAB. The model of each subsystem is explained in detail below.

3.1. Modeling of Solar Cell

The equivalent diagram of the real photovoltaic module takes into account resis-
tive effects. It consists a diode (D), a current source (/p) characterizing the Pho-
to-current, a serie resistance (R,) representing the losses by effect Joule, and a
Resistance Shunt (R,;) characterizing a leakage current between the upper grid
and the rear contact which is generally much greater than (R,).

The output current of the photovoltaic module (see Figure 2) is as in the fol-
lowing mathematical form:

oy = lpp =1y =g With Iy, 14,14, 15, are respectively the photonic cur-
rent, the diode current, shunt resistance current and the operating current or
(current delivered by the module), which depend on solar radiation and cell
temperature. The current 7, is directly dependent on solar radiation £ and the

temperature of the cell; it is given by the following relation.
Iph=P1.E1[(1+P2)~(E—Eref )]+E1(Tj Tt 1)

The cell temperature can be calculated from the ambient temperature and ir-

radiation as follows:

T, =T, + E(Noct - 20/800)

With:
Noct = nominal operating temperature of the solar cell.
T, = ambient temperature.

And the diode current is:

q~(V+R4Iph)
ANg -KT;
ly=1g e °7 2)
R, I
— A
Id Ish
Ly D R, v,

Figure 2. Solar panel equivalent circuit.
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With:

I, = Diode saturation current;

T; = Cell temperature;

A = diode quality constant;

N Serial cell number in a module;

L,¢ Saturation current, it dependent to the temperature, it is given by the fol-
lowing relation:

=

3 KT;
l,, =P T, -e ! 3)
The current of the shunt resistor is:
_ Vey Ry

I, = (4)
- RSH

The module current is

Loy = L (ET) =14 (.1, T;) =15, (V) (5)
=
Iy =[|31.E(1+(P2-(E—Eref) )}r[ Py (T, =Tt )]
B (6)
| PTie T .[e[q'(V*R'P“)/A”S'KTﬂ—1} [(Voy + Rl )/Ry |

=5=1+3+4

With:
E.. Reference Irradiation 1000 W/m?.
T+ Reference Temperature de 25°C.

BOOST Model
DC-DC converter allows to regulate the transfer of energy from a DC source to
the load with a high efficiency. Depending on the structure, it can be step-down
or step-up and, under certain conditions, return energy to the power supply.

1) BOOST (DC-DC)

Figure 3 is a DC-DC converter. The input source is of direct current type
(inductor in series with a voltage source) and the output load is of direct voltage
type (capacitor in parallel with the resistive load). Switch (K) can be replaced by

a transistor because the current is always positive and the switching operations

Ii N' Iu >
A Vi A
D r I,
V. —
' —c %

Figure 3. Electrical Boost equivalent circuit.
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must be controlled (on blocking and on starting).

2) Mathematical Boost Model

In order to be able to synthesize the functions of the booster chopper in the
equilibrium state, it is necessary to present the equivalent circuit diagrams at
each position of K. that of Figure 4 presents the equivalent circuit of the boost
when K is closed between [0, a7].

Kirchhoff allows (refer to Figure 4):

1 (0=6 M1, -1,0] 2
0 (=0, 28—, ®
Vo=t 8y, o ©

Circuit equivalent while K is opened:

By refer to Figure 5

I, ()=C, dcét(t) =[1®)-1.(t)] (10)
I, (t)=C, dV;t(t) (1 (01, (1)] a1
vV, (t)= Ld'at(t) =[Vi (t)-Vo (1)] (12)

3.2. Wind Modeling Tribune

3.2.1. Wind Model
Wind power is defined as:

1
o,
‘VIcz
—c |'Y
L > IL: 'Y%*‘ I":
A — A
I, 4 I,
V.
! c c, | Vo

Figure 5. Boost while K is opened.
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P, =%€-S~V3 (13)

The most interesting wind gives as speed 6 to 10 m/s [5] (A. Mirecky, 2005).

3.2.2. Tribune Model

The classic wind system is composed of a wind turbine which transforms wind
energy into mechanical energy, the device studied here is a wind turbine com-
prising blades of radius R driven by the wind and which in turn drive the gene-
rator [6] (L. Khetache, 2007).

The aerodynamic power appearing at the rotor is:
1 3
Plsz'Pszp-EﬂS-V (14)

The aerodynamic torque is:

P
C, =— (15)
'Q, 'Q,
3.2.3. Torque Dynamic Equation
P . . .
Cem:5[(Ea-|a+Eb~|b+Ec~|c)} (16)

With:

P Number of poles.

w: Rotor Speed: @ =P-'Q,

E,, . : stator force electromotive.

i, : Phase current.
For the machine, we can either use the synchronous or asynchronous ma-

chine. For our study we move on to the modeling the two machines.

3.2.4. Asynchronous Motor Modeling
MAS presents very complicated phenomena which intervene in its operation,
such as magnetic saturation, eddy current, etc. Therefore, some simplifying as-
sumptions are assumed to establish simple relationships between the motor’s
supply voltages and its currents.

The winding is distributed so as to give an magneto motor force sinusoidal if
supplied by sinusoidal currents.

We will also assume that we are working in an unsaturated regime.

We neglect the phenomenon of hysteresis, eddy current, skin effect and notch
effect.

The zero sequence regime is zero because the neutral is not connected to the

earth.

d oL s L s

S r rer

di 1 ) L, L,
i=_|:vsq_lsq[R +L—J+—a)®rq +F®rd + o, Isdo-Ls (17)

rer
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2, [L, 1
@ T, {fg“’}[(a’s‘“’)@m} e
2, [L 1
_dtrd - —Tfr” I, —{TQM}+[(@S —w)@,qJ (19)
do [P2L, P
dt =_ JL .(grdlsq _qulsd ):|_J C, (20)

3.2.5. Synchronous Motor Modeling
By the same analogy while taking into account the flux of permanent magnets.

di, -
—d=—R|d+Pa)|q+£Vd
dt L L
d, - )
—“:—R|q+Pa)|d+—‘Pa)+1vq
dt L L L
d_w:3_Pq,f..q_l_Tl_Ew
dt 27 it

3P
T, =7(ch 1q)
With: B, Jand 7;define the damping coefficient, the moment of inertia of the

rotor and the load torque.

3.3. Battery Modeling

CIEMAT Model Battery

This model, studied by Olivier GERGAUD, is based on the diagram in Figure 6
which represents the equivalent diagram of number elements in series. The bat-
tery is represented in this case by a voltage source and an internal resistance.

The equation of the voltage V,,, can therefore be written:

Viat znb[Eb]+nb[Ri|bat] (21)

where V,,, and |, are respectively the voltage and current values of the bat-
tery in Receiver Convention, E, represents the emf of the battery which de-
pends on the state of charge and R, is the internal resistance of a cell.

The equation of state charge is:

EDC = {1—Q—d} (22)

bat

A o, Ri
nb'Eb<> e

Figure 6. Equivalent circuit of CIEMAT model battery.
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The amount of missing charge Q, depends on the operating mode of the bat-
tery, it increases during charging and decreases during discharge.
The equation for the discharge voltage is given by (Gergaud O., 2002):

Viats =| 1y -(1.965+0.12-EDC) |
(23)

1™ 4 0.27
-n, - . + +0.02 |-(1-0.007 - AT
b Cm 1+ | |bat |l.3 EDCl.S ( )

where G, the battery capacity in A.h at constant current discharge is for 10
hours, and A7 'is the temperature deviation of the accumulator from a reference

temperature of 25°C.

L’expression de la charge est exprimée par:

Viarc =[N, -(2+0.16-EDC) ]

lh] 6 . 048
C]_o 1+ | Ibal |0.86 1— EDC1.2

(24)

+n,

+o.36]-(1—0.025.AT)

4. Energy Management by Fuzzy Logic

The energy management system controls the amount of energy flow between the
different components in order: wind, so and battery.

To meet the load demand, efficient management of energy exchanges between
different components and allows a significant increase in efficiency. The use of
renewable energy sources leading to a reduction in pollution.

An effective management of energy exchanges between various components
allows significant increase in efficiency.

The system configuration consists three blocks see Figure 7.

The solar panel system, the wind system and the lithium-ion battery. The
photovoltaic system and wind power are non-linear systems and the fuzzy logic
controller offers a convenient way to design a non-linear control system.

The design of these systems is necessary to maintain maximum power.

The difference between the actual power and the power generated is taken to
charge and discharge the lithium-ion battery. Battery life and SOC (charge and
discharge rate) depend on the battery charge and discharge time. To improve its
lifetime, the fuzzy controller keeps the battery SOC at the desired level.

olar Panel
Power

K1
[ Logt
Wind Logic B
Turbine Controller | Battery
K2 1soc
L)

Figure 7. Management system by fuzzy logic.
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5. Battery Management Using Fuzzy Logic Controller

In this article, a lithium ijon battery was used as an energy storage device. Com-
paring different types of batteries, lithium-ion battery has a longer service life,
which is why it is chosen here. To achieve the desired SOC, the fuzzy controller
is designed for regulation. The input of the fuzzy logic is ASOC and AP, and the
output is the variable current A/ (see Figure 8 and Figure 9).

ASOC = ASOC SOC,,, and

commande new

AP = PL _(Pwind + va)

The energy produced comes from the energy of solar panels and wind power.
The total power is the difference between the load power and the power gener-
ated by the wind turbine and the solar panel. The entry and exit membership

Figure 8. Input membership functions.

NB NS Z0 PS PB

1
0.5 F b
0 1 1 1 1 1 1 1 1 1
-50 -40 -30 -20 -10 0 10 20 30 40 50
output variable “DI”

Figure 9. Output membership of variable AL
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function contains five grades:

NB (negative Big), NS (negative small), ZO (zero), PS (positive small), PB
(positive big).

We can determine the membership function and replace it with a scale factor
to get SOC charge and discharge. If the power is negative, the renewable energy
system satisfies the load demand and the fuzzy controller forces the battery to
charge.

If the ASOC is negative, it means that the SOC of the battery is higher than the
SOC of demand. Thus, the battery should operate in discharge mode.

The state of the battery is based on the difference between the power of the
source and the power of the load.

The difference between the SOC state and the controlling SOC directly deter-
mines the battery mode.

Table 1 shows the fuzzy rules of our system. For example when the variable
input P is NB and ASOC is NB, the output I becomes PB. The control SOC ap-
plied to fuzzy control is 50%. If the SOC of the battery is less than the SOC of the
control, the battery remains in a state of charge. Otherwise the battery is dis-
charged. To extend battery life, fuzzy control rules are set to keep the SOC of the
battery above 45% [7] (K. H. M. Tech, 2014).

6. Load Control (DC Motor)

The speed of the DC motor is regulated with a closed loop speed controller using
feedback from the tachometer.

It is possible, however, to control the speed of the DC motor without tacho-
meter feedback.

Figure 10 shows a speed control circuit which drives a DC motor at a speed
proportional to a voltage command, Viy It does this by exploiting a basic cha-
racteristic of DC motors.

Proper speed control is achieved by adjusting the gain at the non-inverting
input to compensate for the voltage drop across the winding resistor.

The motor is modeled as a series winding resistor Ry, and an inverse EMF
generator. The operational amplifier circuit provides negative resistance control

equal to the winding resistance.

Table 1. Fuzzy control rules.

AP
AT

NB NS z0 PS PB

NB PB PB PB PB PB

NS PB PB PS PS PB

ASOC Z0O Z0O Z0O Z0 PS PB
PS NS NS NS NS PB

PB NB NB NB NB PB

DOI: 10.4236/jamp.2021.97111

1661 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.97111

M. M. Diop et al.

125V
O
1)
=
R —
1kQ 10kQ
Vivo— A VWA
SN\

| R, = 120
L R,,
) | dc
—|' * Motor
L 25V

1Q

Figure 10. DC motor control.

rad/sec pm
Torque of 10 N.m applied @ 1 sec
|

Ref & Actual
Speed . I
MOSFET <Speed wm (rad/s)>
@W /’L\\ > Load Torque s g <Armature curfent ia (A)> d
>+ !
,-’D—’ PID(s) Sh—o—a [60’6\ A+ |°I A b <Electrical torque Te (n m)> L
Lookup Tabla D‘LH' l Smoothing B

Inductor 10mH F+— 000 — F-p—

current

V1

—a—]
5
o

Figure 11. DC motor control model.

This causes the reverse electromagnetic force to be proportional to the control
voltage input.

The speed and direction of the motor are determined by the magnitude and
polarity of the control voltage.

This control technique is similar to the technique used on the simulation
model.

The motor speed is always compared to a reference speed following a PID
corrector. The signal at the output of the PID is then compared again to a sinu-

soidal carrier (see model in Figure 11).

7. Parameters

1) Cell parameters
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Module type: |Suntech STP2705-24 Vb 9

Number of cells per module
2]

Number of series-connected modules per string

2 |
Number of parallel strings

[s0 |

Module specifications under STC [ Voc, Isc, Vmp, Imp ]
[ 44.4999 8.19978 35 7.70979 ]

Model parameters for 1 module [ Rs, Rp, Isat, Iph, Qd ]

[ 0.32025 2562.3 8.8992e-07 8.2979 1.5 ]

2) Parameters of synchronous motor

Stator Resistance R (ohm)

[14

Inductance Ld { H)

[0.0086

Inductance Lg { H)

[0.0058

Rotor Flux constant Yaf (V/rad/s)

[0.1546

Moment of inertia J (kgm2)

[0.00176

Friction Vicious gain B (Nm/ rad/s )

[0.00038818

Number of Poles P

[

3) Battery parameters

Type: |Lithium-10n

Temperature
[ simulate temperature effects
Aging

[ simulate aging effects

Nominal voltage (V) | 24

Rated capacity (Ah) [100

Initial state-of-charge (%) |80

Battery response time (s) |}'D|

4) Tribune parameters

Nominal mechanical output power (W): |5000

Base power of the electrical generator (VA): |190f.9

Base wind speed (m/s): |12

Maximum power at base wind speed {pu of nominal mechanical power): |0.?3

Base rotational speed (p.u. of base generator speed): ‘1.2

Pitch angle beta to display wind-turbine power characteristics (beta >=0) (deg): I:I
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8. Simulation Result
8.1. For Solar

Figure 12 shows the characteristic 1., = f (va) and P, =f (va) of the en-

tire photovoltaic system for standard conditions of sunshine and temperature.

8.1.1. Influence of Temperature
Temperature is an important parameter in the behavior of cells. Figure 13 shows

I-V charateristics at 25 C

S e
| Eocaterossconnede T | IV US|
| ——— IS S A, SR
) i :
S s S
1_.-...............: ..................................................................
i i
00 5 10 15
v, (V)
P-V charateristics at 25 C
T T T T
| I — e LR 1
S froseeereeee e oo .
N~ ' ' ' '
a™ H H H ‘
20|----------------2 o aESoceoen oot oo oo e CEEEe e —
0 | | | |
0 5 10 15 20
v, (V)

Figure 12. Characteristics of current and power as a function of voltage for G = 1000
W/m? and Tc=25"C.

I-v Temperatufe Ch;aracterisi':ics

T T
' '
' '
P e Y O o ) T 2 oGl = = = = = = P == =
' '
' '
' '
v
'

P, (W)
W
Wi
(@}
-

3%} S
(=] =4
H
'
H
H
H
.

v, (V)

Figure 13. P-V Température characteristics and I-V temperature characteristic.
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100

50

that the increase in temperature results in a net decrease in open circuit voltage
and a small increase in short-circuit current, as well as a decrease in maximum

power.

8.1.2. Irradiation Influence
The increase in sunshine as in Figure 14, results in a displacement of the characte-
ristic /= A V) along the axis of the currents. The increase of the short-circuit cur-
rent is much greater than that of the open-circuit voltage since the short-circuit
current is a linear function of the illuminance, while that of the open-circuit
voltage is logarithmic.

The maximum power P, increases with increasing illuminance. However, the

voltage points corresponding to the maximum power vary little, see Figure 15.

8.2. Synchronous Machine Result
8.2.1. Mechanical Speed (See Figure 16)

For a reference speed w,r= 1200 rad/s under a load of fixed value. We see through

I-V charateristics at 25 C

10 z : : : : | ——0.2 kW/m?

i P e R —t 04 JWine

TN —oskwim

e e e i | R 1

| — s —— 10 kW/m?
i i : i : i ﬁ‘i\\\‘\

0 5 10 15 20 25 30 35 40

V., (V)

Figure 14. I-V characteristics at 25°.

P-V charateristics at 25 C

25 T T ok T T
— 0.2 kW/m? ! ; ! ) :
200 —— 0.4 kW/m?
< — 0.8 kW/m?
af 100 —— 1.0 kW/m?
50 :
0 1
0 5 10 15 20 25 30 35 40

Figure 15. P-V characteristics at 25°.

1

0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Figure 16. Mechanical speed.
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Figure 16, in the period from ¢= 0 s to = 0.01 s, that the speed varies propor-
tionally for a fixed load, and this is quite normal given the linear relationship
between the voltage and the speed. From 7= 0.01 s until #= 0.1 s the speed is
constant for w= 1200 rad/s.

8.2.2. Wind Synchronous Machine and Rectifier

We impose our machine a wind speed of 12 m/s, a blade angle of 5 degrees and a
generator speed of 1.2 rad/s. An RLC load of 110 w power is imposed on the
system.

The rotor speed (Figure 17) increases independently of the rate of the elec-
tromechanical torque. The electromagnetic torque being negative indicates op-
eration in generator mode. The torque value adapts with variations in speed and
load depending on the power supplied.

8.3. Battery Results
8.3.1. Battery Source (Figure 18)

<Rotor speed wm (rad/s)>

0.35 0.4

<Electromagnetic torque Te (N*m)>

0.35 0.4

<Stator current is_a (A)>

0.35 0.4

<Stator current is_b (A)>

0.35 0.4

<Stator current is_c (A)>

| |

0.35 0.4

Figure 17. Rotor speed, torque and rotor currents.

DOI: 10.4236/jamp.2021.97111

1666 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2021.97111

M. M. Diop et al.

300 -
Signal 1

250 i i » - , 4

e

2004 p

150 [

100

50 -

0 1 I 1 1 1 1 ] 1 1 ]
0 1 2 3 4 5 6 7 8 9 10

Figure 18. Source characteristic.

8.3.2. Battery SOC, Current and Voltage

<Voltage (V)> E
25
20!
15
10i
|
<SOC (%)>
65 f
/
6! /

<Current (A)>
500
——
0
f
0 1 2 3 4 5 6 7 8 9 10

Figure 19. SOC, voltage and Current.

From 0 to 4 s and from 6 s to 10 s, the battery charges.

From 4 s to 10 s, the battery discharges (see Figure 19).

We can conclude at the state of charge, the shape of SOC is linearly increasing
and remains decreasing at the state of discharge. The course of the current fol-
lows the course of the charge and discharge.

The voltage shape is at the rising edge if the battery is charging and the falling
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G

Renewable Generated Powel

D,

edge if it is discharging.

8.4. Management and Control DC Bus Result

The fuzzy logic battery management and control model is shown in Figure 20 is
composed of 1 KW solar source, 3 KW wind source, 3 KW load and storage bat-
tery.

The first input of the fuzzy controller is AP the difference between the Power
of the renewable source (solar + wind) and the power of the load. The other en-
try is the difference between SOC control and that of the battery. The output
gives the output current which is returned to the battery for charging and dis-
charging.

In this system, the controller can keep the SOC of the battery at a certain level
whether the initial SOC value is low or high.

The baseline SOC given to the fuzzy controller is 50%, so the battery SOC is
kept at 80%.

Battery charger for ¢= 10 (time simulation)

In Figure 21, the initial SOC of the battery is 40%, which is less than the SOC
Command so the battery charges up to 80%.

The battery is maintained at constant current (5 A) following a PID control
and the voltage evolves until it is stable at 27 V (see Figure 22).

Battery discharger for #= 10 (time simulation).

As shown in Figure 23, SOC command is given at 50% and the initial SOC of
the battery is 70%, so the battery discharges to 45 and becomes stable. In this
state, the battery current changes for a while, then it becomes constant. In paral-

lel, the voltage decreases and becomes constant for V=25 V.

Mouhamadou M diop/ENSETP/UCAD

here we have to control the management of the system
by using fuzzy logic because of its performance.

the difference of Renawable power and the load power
is the input of the fuzzy.and the output is the current

of charge and discharge that is connect directly with
battery.

T =N

Load Power

<Voltage (V)>

<SOC (kP [:]

<SOC (%)> <SOC (%)>

»

|
|

<Current (A)>

T — ]

Figure 20. Simulation model of management and control battery with fuzzy Controller.
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Figure 21. SOC less than 50%.
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Figure 22. Current constant control.
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Figure 23. SOC more than 50%.
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8.5. Load Speed

Réf and actual speed
The speed of the load (in blue) clearly follows the speed of the chosen refer-
ence (Figure 24).

Figure 24. Load speed.

9, Conclusion

In this article, we have presented the control and management of a continuous
BUS using fuzzy logic control to achieve the optimization of this system. Ac-
cording to the results, the SOC battery maintains the desired value to increase
battery life by using fuzzy control rules and also saves excess electricity produc-
tion from solar panels and wind turbines.
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