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This research article represents a method of the intellectual power management optimization that in-
tegrates renewable sources with battery backup using fuzzy technique. The developed fuzzy controller
monitors the continuous variations of the energy of selected renewable sources and load demand for the
energy management systems. Then FLC shifts to provide electricity into the load allows for fuzzy instruc-
tions for efficient power supply. Here, the fuzzy rule has been developed from human thinking with the
highest priority of renewable energy to electric load in any time of a day. When the load demand is full, the
excess power will be charged to the battery. Again, if at any time of the day, the power generation from re-
newable energy is less, then the stored electricity in the battery will act as a backup system to load. Lastly,
if at any time of the day the load demand and the condition of the battery charge are full, even if the re-
newable energy remains, it is arranged to be given to the dummy load. The system has been built where
electricity has not yet been reached. The simulation results show that a properly constructed fuzzy rule
can work 24 h a day for any difficult situation where the nonlinear function has been used. The whole sys-

tem is very environmentally friendly where no harmful gas is emitted.
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1. INTRODUCTION

Electricity in the development of all fields in the
modern world. Again, the most used in this power gen-
eration is nonrenewable energy which is limited and
release of harmful gases as well yet greenhouse affect
[1]. So, the whole world is moving towards new technol-
ogies of renewable energy for the purpose of power gen-
eration. Moreover, renewable energy does not harm the
environment. Present-day, about 1.2 TW hydroelectric
energy is used out of the 3 TW. Through biomass energy
to fulfill total load demand, about 31 % of the land is
required on earth [2]. Therefore, this energy resource is
not suitable for electricity generation. The wind power
system is asymmetrical and comparatively unusual
which is used about 0.6 TW power in 25-70 TW range.
The use of geothermal energy is quite low that is about
1 TW out of 13.5 GW. But the energy from the sun is
obtainable for a long period. The use of sunlight on the
ground is around 125,000 TW [3]. That is concluded
6,000 times more than the world energy request. So,
solar energy is the best option for electricity.

At present, Bangladesh is more applicable for solar
energy, small-scale hydropower, biofuel energy, and
wind energy [4]. Among them, the solar resource is
more effective in the entire region with around 4 to
6 kWh solar irradiation and 250 to 300 in the daytime
in twelvemonth that can relieve the entire load request
of a household in that state [5]. Some coastal areas of
Bangladesh are very conducive to wind power genera-
tion, where our government can take various steps to
generate electricity by installing turbines [6]. As a re-
sult, the electricity demand will be less on the one hand
and, the environment will be protected from various bad
gases on the other hand. Again, these areas also appli-
cable not only wind energy but also solar energy at a
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time. So, we can fulfill total load demand of this area by
using solar and small-scale wind technology which must
decreases the load pressure on the national grid.

The poor energy management system is a noticeable
problem in Bangladesh as well as all over the world
because we cannot bring out the highest power by tra-
ditional method. A big amount of energy is missing in
the transmission and distribution line. Accordingly, to
minimize power loss, the fuzzy control technique is
applied for feasible EMS. Therefore, to progress an
effective energy managing structure, the fuzzy control
technique has been used in this paper.

2. METHODOLOGY
2.1 Overall System's Block Diagram

Recommended energy management structure con-
sists of PV modules, AC wind turbines, storage system
which is revealed in Fig. 1. The PV modules and wind
turbine are the major foundations of power then extra
power is stowed into batteries to satisfy the energy
request during the times of no origination from the
main sources allowing desired fuzzy rules. The output
power of PV modules is DC which is varies with solar
irradiation or random environmental effects. So, a
DC/DC step-up converter is used to obtain a stable DC
power. Besides, the output power of the wind turbine is
AC which fluctuates with regard to time for the muta-
tion of wind velocity. Therefore, an AC/DC converter is
applied to match with FLC, and another DC/DC boost
converter is used to obtain stable voltage as well as
supreme power from the wind turbine. The dummy load
is a kind of machine which is applied for testing purpose
to emulate an electric load. Since, this system has been
developed for stand-alone in where grid is not available,
so dummy load is required for testing system.

The results were presented at the International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2021)
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Fig. 1 — Suggested structure's block-diagram

2.2 Solar Energy Conversion System

Solar power is the process of converting light from
the sun into electricity through a semiconductor device
[7]. Below the thin glass plate of the solar panel is a
layer of silicone which looks black from the outside [8].
This silicone layer has two edges, positive and nega-
tive. When protons come from sunlight, they excite the
negative side. Then the neutrons on this negative side
are attracted to the positive side [8]. The whole process
takes place through magnetic flux. Then if the circuit is
completed, then electricity flows. The basic formula for
finding the total current I flowing through a solar pan-
el is given below [9]:

oV+RD . (V+RD)

(eY)
N_AKT R,

I=N_Ip, - N, I,(exp

In the above equation, N, is the number of parallel
cells, Ipv is the PV cell current in amp, V is the voltage
across the load in volt, Rs is the series resistance in Q,
Rgn is the shunt resistance in Q, T is the solar module
working temperature in Kelvin, Ns is the number of cells
connected in series, K is the Boltzmann constant equal
to 1.3805-10-23 J/K, A is the ideality factor equal to 1.6,
and Io is the saturation current of PV module in amp.

2.3 Wind Energy Conversion System

Wind bases turbine is a rotating device that propa-
gates electrical power from wind speed to kinematic
energy [10]. There are two kinds of viz; one is horizon-
tal-axle wind turbine, whose blade rotates in horizontal
position, and another is vertical-axle wind turbine
whose blade rotates in vertical position with earth
level. Among them, the horizontal-axle turbine is ex-
cessive appropriate for gathering supreme power in a
day. Its designing blade can handle billowy wind
speeds [11]. Therefore, the horizontal axle wind turbine
is probably more comfortable for producing much elec-
tricity than others. Thus, the original mechanical pow-
er ability can be figured by the below equation [12]:

B =3 A, @)
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where the wind velocity is denoted by v in meter per
second, and the power coefficient is denoted by Chpa.

For EMO, small size 2.5 kW WES5 Tulipo wind tur-
bine has been selected so that it can handle heavy air
density of the remote area and can produce electricity in
less air density. This kind of turbine has some ad-
vantages yet, it creates poor sound and oscillation [13].
It does not need more maintenance and fully automatic.

2.4 Energy Management Approach

The proposed energy management (EM) is advanced
owing to houses, so that, five or else six-person lives in
every family through 120 square meters of living place.
Various electrical applications are connected in every
house. The nominated appliance has been designed for
220 V AC voltage, 50 Hz frequency. Table 1 describes
the rating of an electric device of households with two
bedrooms, one kitchen, two bathrooms and a corridor.

Table 1 - Electric equipment of a house

Number [Watt rating of| Total watt rating| Watt
Appliances of ap- | every appli- | of every appli- |[hours
pliances| ance in watt ance in watt | /day
CFL lamps 12 25 300 12
Refrigerator 1 200 200 8
Ceiling fan 6 60 360 10
Television 1 150 150 8
Electronic . 5 10 50 10
charger device

Suggested power management structure has been
advanced by depending on fuzzy logic performance viz
Mamdani interface method. To ensure highest and
effectual output to management system, fuzzy logic
technique is applied in this study. The main objectives
of recommended structure are to satisfy the conditions
marked below.

e PV modules as well as wind turbines act as main
sources of energy production.

e Battery performances work as a supplementary
energy reservoir.

e The load request must be satisfied regardless of
the period.

e The control method as well as charging and the
discharging system depend on load request and
obtainable power.

The suggested energy management optimization
consisting of three types of input and doublet outputs
those are exposed in Fig. 2. The tierce inputs are totali-
ty of bringing power from renewable foundations which
is denoted as Pres, state of charge which is denoted as
SOC and load demand that denoted as LD. Entire in-
puts have tierce triangular membership functions like
low, medium, high exposed respectively in Fig. 3,
Fig. 4, Fig. 5. The two-output membership functions
are battery-NU-C-DC (have three membership func-
tions, those are denoted as S1, S2, S3) and dummy load
ON-OFF (have two membership functions, those are
denoted as S1, S2). The range of membership function
of battery has been considered (0 to 95 %) so that the
battery does not reach full charge as well as 100 %. If
the battery reaches 100 %, then the lifetime of the
battery will be minimized and damage as soon. Again,
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at the time of discharge of the battery, it will not reach
0 % because of designed fuzzy rule. Fuzzy rules have
been developed in order that the discharge rate of the
battery is crossed the range of lower membership func-
tion, then it will be stopped automatically.

An optimization operating software (HOMER) has
been contributed to calculating the optimum size of the
system's components as well as PV module, wind tur-
bine (2.5 kW WES5 Tulipo wind turbine) and battery
6V, 6.94 kWh 6CS25P) for the energy management

optimization.

Battery-NU-C-DC.

A

Dummy-Load

A
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Fig. 2 — Block diagram of suggested fuzzy based EMS
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Fig. 4 — Membership functions of SOC in percent %
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FLC anticipates with inputs and outputs which acts
based on IF-THEN statements. IF part is recognized as
the input section and THEN part is recognized as the
output section. In this study, overall, 24 rules have
been considered for various operating conditions those
are presented in Table 2.
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Table 2 — Fuzzy rules for EM

IF THEN
Ru | Pper= S0C LD Battery Dummy
les | Ppp+ Load
No | Puing
1- L/M/H/ L/L/L/ L/L/L/ | 81/82/82 | 81/51/81/
9 L/NM/H/ MMM/ | L/L/L/ | /S1/82/3 81/51/81/
L/M/H H/H/H L/L/L 2/51/81/ 51/52/52
31
10 | M/H/L/ L/L/MY/ MM/ 31/32/33 | 81/31/381/
- M/EH/L/ M/M/H/ | M/ /81/82/8 81/51/81/
17 | M/H H/H MM/ 3/51/81 51/52
M/M
18 | H/L/M/ L/M/M/ | H/H/H | 81/83/83 | 81/81
- H/L/NY/ M/HH/ | /H/H/ /81/83/8 81/51/81/
24 | H H H/H 3/51 51/51

3. EVALUATION OF ENERGY MANAGEMENT
APPROACH

The FLC output for the EMS depends on the execu-
tion at any instant. There are about 24 rules developed
with three inputs and two outputs.

Case study — A

In Fig. 6, when entire produced power from solar
module and wind turbine (Pre:) is high, SOC of battery
is low, LD is low. Then battery has been considered for
charging and dummy load has been considered for not
use. Because in this step, generated power is available,
but SOC of battery is low. So, the first priority is gone
to battery for charging.

Pnet=3.18e+03

R

[} 4000 100 0 4000

S0C = 3.85 LD = 697

Battery-NU-C-DC =1 Dummy-Load = 0

Fig. 6 — When P..-H, SOC-L, LD-L, then battery-charge,
dummy load-not use

Case study — B

In Fig. 7, when whole produced power from solar
module and wind turbine (Pre:) is high, SOC of battery
is high, LD is low, then battery has been considered
for not use and dummy load has been considered for
use. Because in this step, generated power (Pre) and
SOC of battery are available. So, extra energy is gone
to dummy load.

Pnet =3 3e+03 S0C=715 LD =576

Battery-NU-C-DC =0 Dummy-Load = 1

o Hooo o 100 1] 4000

Fig. 7— When P..-H, SOC-H, LD-L, then battery-not use,
dummy load-use
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Case study — C

In Fig. 8, when entire produced power from solar
module and wind turbine (Prer) is medium, SOC of bat-
tery is high, LD is high, then battery has been consid-
ered for discharging and dummy load has been consid-
ered for not use. Because in this step, generated power
(Pret) from renewable sources is medium and SOC of
battery is high. At the same time, load demand is low.
So, battery has been considered for discharging.

Pnet = 2e+03

| L

o 4000 o 100 o 4000

SOC =70 LD = 2.82e+03

Battery-NU-C-DC =2  Dummy-Load = 0

Fig.8 — When P..-M, SOC-H, LD-H, then battery-discharge,
dummy load-not use
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Fig. 9 — Overall hybrid system
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4. FUZZY TECHNIQUE BASED EMO
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VY craTTi mpeIcTaBIeHU METO T IHTEJIEKTYaJIbHOI ONTUMI3aIlil YIIPaBIiHHS eHeprieo, SKuil 00'eIHye I10-
HOBJIIOBAHI JPKEpesIa 3 Pe3ePBHUM aKyMyJISITOPOM 32 JOIIOMOI0O0 MeTOAy HediTkol Joriku. Po3pobiaenwnit ko-
HTPOJIEP HEUITKOI JIOTIKHM BIJCTEsKye IIOCTIMHI 3MIHHM eHeprii 00paHuX IIOHOBJIIOBAHUX JKepes Ta IoTpeOu B
HaBaHTAKEHHI JIJI CUCTeM yIPaBIIIHHA eHeprieo. [loTiM KOHTPOIEp MepeMUKAETHCA Ha OAa4y eJIEKTPUKHI
B HABAHTAMKEHHS, 110 JI03BOJIsSIE BUKOPUCTOBYBATH HEJITK] 1HCTPYKILI JJ1sT e(DEKTHBHOTO €HEPTrOMOCTAYAHHS.
Byio po3pobiieHo HediTKe TPABMIIO 3 HAWBHUIIKAM IPIOPUTETOM BITHOBJIIOBAHOI eHeprii Mo BiIHOIIEHHIO JI0
€JIEKTPUYHOTO HABAHTAMKEHHSA B OyIb-aKkui yac noou. Kosm maBanTaskenHs Oy/e MOBHUM, HAJJIUITKOBA II0-
TY:KHICTH Oyne akyMmyJsoBatucsa B Oartapel. fkimo :x y Oyap-sakxuil yac 1o6H BUPOOJIEHHS eJIeKTPOeHepTii 3
TIOHOBJTIOBAHUX JIPKEPeJsI eHeprii Oysie MeHIe, ToO HAKOMMYeHa B OaTapel eJeKTpoeHepris Oyze MiATH K pe-
3epBHA CHCTeMa JJIsT HABAHTAKEHHs. |, HaperTi, AKII0 B Oyab-aKuil yac 100U mmorpeba B HaBaHTAMKEHHI 1
cTaH 3apsaay barapei OyayTh HOBHUMHE, TO €HEPris, KA 3aJIUIIAEeThCs, Oyae Ipu3HadeHa JJIsa mepeaadi (ik-
THBHOro HaBaHTa:keHHs. Crcrema 1oOymoBaHa TaM, fe Ie HeMae esiekTpoeHeprii. Peaysibprat MoesoBaH-
HsI IIOKA3YIOTh, I[0 IIPABUJILHO II00YJIOBAHE HEUYITKE MPABUJIO MOKE IPAIF0BATH 24 MOAWHU HA 00y IS
OyIb-KOI CKJIQTHOI CUTYyAaIlll, KOJIM BUKOPHUCTOBYEThCA HesiHIHA QyHKIiA. Besa cuerema myske exosoridua i
He BUJIiJIs€ IIKIIJIUBUX I'a3is.

Knrouosi ciosa: Onrumisaliisi yIpas/IiiHHSA eHeprocroskuBauuaM, Meron HewiTkol jorikn, CoHsyHa eHepris,
Enepris sitpy.
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