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Abstract

With increasing environmental concerns and reducing fossil fuels, the significance of producing
electricity via renewable energy resources and replacing it with conventional fuels is increasing day by
day. At the same time, the dependency of renewable energies on environmental conditions makes it
challenging. One of these challenges has been managing the energy resources of the hybrid power
system. Hence, in this research, a fuzzy intelligent controller has been designed and implemented to
manage the energy resources of a grid-tied hybrid power system including solar energy and battery
storage in laboratory dimensions. In the present study, by using the Arduino board as an energy
management unit in the hybrid power system, tried to provide a basis for the use of renewable energy
resources in real dimensions and mass production. The mathematical modeling of the system's
equipment is presented and the hybrid power system is simulated using MATLAB software. Moreover,
the ability of real-time data monitoring has also been added to the system. Eventually, the capabilities
of the proposed smart fuzzy logic controller have been assessed by applying a usual day in springtime.
The outcomes indicate that the suggested hybrid power system and the controller can save energy about
60 percent.
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Figure (1): The structure of the proposed hybrid power system
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Figure (2): The proposed control method for the hybrid power system

@edyg Jig 1Y

Jlasl Jome S5 UK bl 2 88 2 45l alolen K, Jol (st 55 oo (sl o ) 5oL, Jo
(V) doles g o0piS pgad 4 1) dshad cpl ol oo oolaw! Joles o (V) JSo ol 0als &8l o Jobos o) jo P-N Wi
iz 3l oads aidle gla ok o394 goud o> sla Sk Hld) bl 5 jeSie Jlae aes co plis 1) o cpl b Lo e
I¥A] sl onss 3, o dlins S oy sSkens

®w Y Y Zw,

[¥A] o yes Jobw Jolro jlu :(¥) JSCi
Figure (3): The solar cell equivalent circuit [38]
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Figure (4): The equivalent circuit of the lithium-ion type energy storage source [40]
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Figure (5): The simplified flowchart of the control method
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Table (1): The rules of fuzzy intelligent controller
G wolgh 0ussS J S (rilgd (V) Jeus

sy [ F | b | sbass st | et | e | TEE g | a5 s
S 9>
\ if L L L —) OFF ON ON
Y if L L M —) OFF ON OFF
Y if L L H —) OFF ON OFF
£ if L M L —) ON ON OFF
I if L M M —) ON OFF OFF
4 if L M H —) ON OFF OFF
Y if L H L —) ON ON OFF
A if L H M —) ON OFF OFF
q if L H H —) ON OFF OFF
\ if M L L —) OFF ON ON
) if M L M —) OFF ON ON
Y if M L H —) OFF ON OFF
VY if M M L —) ON ON ON
V¥ if M M M —) ON ON OFF
V0 if M M H —) ON ON OFF
\# if M H L —) ON ON OFF
VY if M H M —) ON OFF OFF
VA if M H H —) ON OFF OFF
14 if H L L —) OFF ON ON
Y. if H L M —) OFF ON ON
AR if H L H —) OFF ON OFF
YY if H M L —) ON ON ON
YY if H M M —) ON ON OFF
Y¥ if H M H —) ON ON OFF
Yo if H H L —) ON ON ON
Y§ if H H M —) ON ON OFF
A if H H H —) ON ON OFF
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Figure (8): The fuzzy intelligent control surface
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Figure (9): Implementation of the hybrid power system and system status monitoring
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Figure (11): Simulation of the hybrid power system using MATLAB software
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Figure (12): The comparison of system behavior in the simulation environment and the real world
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Figure (13): The amount of power generated during the day by the solar cell

1 T T T T
=3 - |
2
S 0.5} |
Q
o
© - -
=

0 1 1 s 1

0 S 10 15 20 25

0.8 [~
0.6 |
04 |

o 02 L

Demand load &
Grid status

Time (hours)

58> Job 55 00 Lo )y el ol 50 (0 F) S
Figure (14): The amount of demand load during the day
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Figure (15): The input/output diagram of the controller during the day
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Figure (16): The total amount of demand load during the day
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Figure (17): The amount of power consumed from the utility grid to satisfy the load
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Figure (18): The amount of power consumed from the utility grid to charge the battery
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Figure (19): The amount of power consumed from the storage battery to satisfy the load
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Figure (20): The amount of power consumed from the solar panel to satisfy the load
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Figure (21): The amount of power consumed from the storage battery and solar panel simultaneously to satisfy the load
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Table (2): Comparison of the amount of power used by the proposed hybrid power system and a typical power system
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. Linear programing

. Passivity control

. Particle swarm optimization (PSO)

. Model predictive control®

. Pumped-storage hydropower

. Teaching learning based optimization (TLBO)
. Maximum power point tracking (MPPT)
. Doubly fed induced generator (DFIG)

9. Sugeno-fuzzy inference system (IF)

10. Overcharge protection

11. Double-exponential equation

12. Polycrystalline

13. Thermal voltage

14. The elementary charge of an electron
15. Solar-induced current

16. Charge and discharge

17. Polarization

18. Online

19. Singleton

20. Sugeno
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