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This research article presents the optimal production and proper management of energy consisting of
various renewable energy sources and battery cooperatives for the Rohingya community of Teknaf in Cox's
Bazar. By generating 210 units of electricity per day on a small scale; people can fulfill their load demand
using a combination of solar, wind, and Biomass power for a few families. At first, an optimization software
HOMER has been used for optimizing the amount of renewable power and battery needed based on differ-
ent input parameters for an effective energy management optimization. Then FLC is used for a proper en-
ergy management optimization system within which the given fuzzy rule can perform nonlinear functions
used with its own intelligence. The fuzzy rules are designed not only to work at any time of the day but al-
so to use the battery after the load demand is met when renewable energy sources are not plentiful. Opti-
mum and management results have been provided that are much effective in the conventional method. In
the meantime, rule view show that there is a proper correlation between energy production and battery
charge-discharge, dummy load, and load demand, which in turn reduces unnecessary wastage of energy.
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1. INTRODUCTION

Recently, Rohingyas who hai been come from My-
anmar to Bangladesh have been living in a hilly area
near the beach in Cox's Bazar. The government of
Bangladesh and the world organization have been giv-
ing them huge grants. Even though they are facing
various problems there. One of the major problems is
electricity that yet not reach there, which makes their
lives much more difficult.

Modern world is moving renewable energy because
a large part of this electricity comes from nonrenewable
energy [1]. Simultaneously, this nonrenewable energy
emits various harmful gases that cause serious damage
to the environment. In the meantime, almost all the
developed countries in this world like the USA, China,
Canada, Germany, Japan, Russia, India that emits
more carbon dioxide are trying to shift from nonrenew-
able energy to renewable energy [2]. Now, China has
the world's largest solar and wind power projects. India
is setting up a 648 MW solar power plant. The most
used solar panels in the world are in Germany [3].

The world's biggest problem is global warming due
to climate change, which the United Nations and world
environmentalists are encouraging the use of renewa-
ble energy to reduce carbon emissions [4]. So, all the
scientists in the world are paying more attention to the
new technology of renewable energy so that the envi-
ronment is right for us to survive. And one of the big-
gest potential sources of electricity for this renewable
energy is solar energy, which is suitable for most coun-
tries in this world [5]. With the advancement of tech-
nology, now it is possible to increase solar energy effi-
ciency by converting it into electricity.

PACS numbers: 07.05.Mh, 87.55.de, 88.05.Ec

Again, a large part of the electricity is wasted by the
rest of this world due to not controlling the energy
properly which is about 8 to 9 percent [6]. Therefore,
we are using FLC for the proper use and proper man-
agement optimization of energy for reducing energy
wastage in the distribution site.

2. METHODOLOGY

This research paper has two parts. The first one is
energy allocation optimization, and the second one is
energy management optimization. Although energy allo-
cation optimization is for the Rohingya community, ener-
gy management optimization is universally applicable.

2.1 Energy Allocation Optimization
2.1.1 Study Area and Resources Assessment

For this research work, the area that is 21.42 North
latitude and 91.98 East longitude in Bangladesh have
been selected to solve the power problem of Rohingyas
in the Rohingya camp of Teknaf in Cox's Bazar [7]. It is
a hilly area beside the beach of Cox's Bazar. As a re-
sult, the area is very suitable for solar power, wind
power, and biomass power. We are writing a research
paper for a section of the Rohingya population where it
is possible to generate about 210 units of electricity for
about 150 households a day. Daily average solar radia-
tion in the area is 4.5 kWh/m?/day, and the regular
wind velocity is 3.479 m/s. In the city of Cox's Bazar
found an average of about 330 tons of solid waste per
day which pollutes the city. We can use a part of this
waste as biomass energy.

The results were presented at the International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2021)
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2.1.2 System Description

The entire system which is taken is consists of solar
panels, wind turbines, and biomass as renewable ener-
gy sources that are the inputs of FLC. Two more inputs
are the battery's SOC and load demand. The output is
connected with load with renewable energy production,
battery charge-discharge-not use, and dummy load.
That is shown in Fig. 1. Batteries have been used to
solve power problems when renewable energy is not
always available. AC/DC converters have been used to
connect with AC loads and batteries.
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Fig. 1 - Complete block-diagram

2.1.3 PV Array

Solar power is the process of converting light rays of
different frequencies from the sun, which is the center
of our solar system, into electricity through semicon-
ductor devices. The electricity generated from solar
panels is calculated with the following equation [8]:

Psolar(t) = Usolar'Asolar'S(t), (1)

where 7soar is the efficiency of PV arrangements, Asolar
is the whole area of solar panel arrangement in m2, S(¢)
is the solar illumination kW per m2. Regular monthly
PV illumination for a year has been presented in Fig. 2.
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Fig. 2 — Average monthly solar radiation
2.1.4 Wind Model

The method of generating electricity by moving the
wind speed through the turbine due to variations in
wind flow is called wind power. The power received
from the wind is calculated by the equation [9]:

B = Cpug p AV, @
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where pq is the wind density, vis the wind speed, A is
the area of the turbine rotor, Cp. is the coefficient of
power. Fig. 3 shows the average wind speed data.
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Fig. 3 — Average monthly wind speed
2.1.5 Biogas Generator Model

Biogas is a solid compound of various types of gas
which come from cow, goat, chicken dung, abandoned
leaves in forest or hilly areas, municipal garbage, aban-
doned parts after cooking produces through the photo-
synthesis method. Photosynthesis can be described by
flowing chemical reaction [10]:

CsH1206 + 602 — 6CO2 + 6H20 + 19 MJ/m3, (3)

where CeéH1206 represents the biomass resource. Fig. 4
represents the average biomass data.
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Fig. 4 — Monthly regular biomass biodegradation in ton

2.1.6 Load Profiles

Load demand is targeted for a total of 210 units for
hot and cold seasons. An ordinary load difference is
10 %, and the time-to-time load difference is 15 % has
been deliberated. Fig. 5 and Fig. 6 represent daily load
profile for summer and winter separately.

15 Daily Profile

Fig. 5 — Everyday load outline for March-November in kW

Daily Profile

12
Howr

Fig. 6 — Regular load outline for December-February in kW

The structure is designed for 210 units,150 families
where there will be 5/6 people in each family, and they
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will be able to use 220 V, 50 Hz, lamp, fan, TV, charger.
By calculating, electric energy is considered 1.508 kWh
and 0.738 kWh per day separately for summer and
winter seasons.

2.1.7 Optimization Model Using HOMER

Homer is an optimizing software where various in-
put parameters such as solar radiation, wind speed,
biomass data, capital cost, replacement cost, mainte-
nance cost, load demand are given. The homer gives
different outputs based on the input such as how much
renewable component of energy is required from any
renewable sources for energy management, batteries,
converters, overall cost. Fig. 7 is the optimizing struc-
ture of homer.
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Fig. 7 — Proposed hybrid energy generation system

2.2 Energy Management Optimization

For optimizing system, fuzzy logic is used to man-
age renewable energy by which it is possible to reduce
the waste of electricity. FLC involves five inputs and
three outputs. The inputs are solar panel, wind turbine,
biomass source, battery's SOC, and load demand, which
are shown in Figs. 8-12. The outputs are load switching
with renewable power, battery switching, dummy load
switching. The triangular membership function has
been selected as the membership function for each
input/output because they are more efficient than other
membership functions. Three membership functions
have been selected for solar energy, namely, no, medi-
um, high. Three membership functions have been se-
lected for wind power, the battery's SOC, and load
demand, namely, low, medium, high. Three member-
ship functions have been selected for biomass power,
i.e. Not Available, Medium, High. Four membership
functions have been selected for the first output of FLC,
and they are wind power, solar + wind power, wind +
biomass power, and solar + wind + biomass power. The
2nd output of FLC has three membership functions
those are battery non-use (S1), battery charge (S2), and
battery discharge (S3). In the 3rd output of FLC, two
membership functions are selected, the first to avoid
the connection of renewable energy with the dummy
load (S1) and the next to make the connection (S2).

JJ. NANO- ELECTRON. PHYS. 13, 03024 (2021)

NA MEDIUM HIGH

Fig. 8 — Membership function of PV array in kW
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Fig. 9 — Membership function of wind power energy in kW
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Fig. 10 — Membership function of biogas generator (BG) in kW
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Fig. 11 — Membership function of SOC in percent %
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Fig. 12 — Membership function of load request in kW

The FLC works based on IF-THEN rules that are
given from human thinking. IF acts as the input and
THEN acts as the output. Here, 68 rules have been
developed for reducing the waste of energy and appro-
priate interval shown in Table 1. Fuzzy rules are made
in such a way that can work in any situation. In the
biomass generator, several rules have been made for
definitive time so that the highest load demand can
deal with. Besides, the fuzzy rules are created in such
a way that the extra power can provide a dummy load
after charging the battery. Here is the rule for the
battery has been designed in such a way so that the
battery charge below 20 % cannot give electricity to
the load and automatically will be closed when 95 % to
be deducted. As a result, the durability of the battery
will increase.
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Table 1 — Fuzzy rules

IF THEN
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3. RESULTS AND ANALYSIS
3.1 Power Allocation Optimization Summaries

In the 'Homer software', the solar radiation, wind
speed, biomass data, oil consumption, load demand,
various types of capital, and replacement cost have
been given as input data. After optimizing various
input data, 12 kW solar panels, 10 kW 5 wind power
generators, and 10 kW biomass generators were found
shown in Fig. 13. So, the range has been taken from 0
to 12 in the membership function at the solar input,
from 0 to 50 in the membership function at the wind
generator input, and from 0 to 10 in the membership
function at the biomass generator input.
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Fig. 13 — Power allocation optimization summaries

Over-all net current cost is $ 250,645, overall lev-
elized price of energy is $ 0.256 per unit and operating
cost is $ 14,777 per year. Levelized price for PV, wind
and biogas generator are 0.0532 $/kWh, 0.102 $/kWh
and 0.256 $/kWh, respectively.

Table 2 — Energy construction and feeding parameters

Production | kWh/yr |Fraction in % | Consumption | kWh/yr
PV 18.049 21 AC load 76.636
Wind 16.370 19 Excess 3.684
BG 52.462 60 - —
Total 86.880 100 Total 80.320
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Here, the annual production and use of each renew-
able energy source are shown in Table 2, where the
excess energy is very low.

3.2 Management Optimization Evaluations

CASE STUDY - A, FUZZY RULE-9, TIME:00-6

At dark, when PV is unavailable, wind power high,
biogas is unavailable, load request low and SOC is high,
then load switching of renewable power is wind (S1),
battery is OFF (S1) because of battery status high. So,
extra energy is sent to dummy load after fulfilling load
demand.
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Fig. 14 — When PV-NA, Wind-H, BGG-NA, SOC-H, LD-L, then
Power-wind, Battery-Not Charge, Dummy Load-use
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CASE STUDY - B, FUZZY RULE-35, TIME:15-17

At daytime, when PV is middle, wind power is low,
biogas energy is medium, load request is high, and SOC
is low, then load switching of renewable power is
PV + wind + biogas (S4), battery is OFF (S1) because
the total energy is required for load demand. Dummy
load is OFF.
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Fig. 15 — When PV-M, Wind-L, BGG-H, SOC-L, LD-H, then
Power-PV+wind+BGG, Battery-Not Charge, Dummy Load-NU

4. CONCLUSIONS

The proposed system is designed for the Rohingya
community where electricity has not yet been reached.
The system has much higher efficiency than the con-
ventional method, whereas the energy dissipation is
reduced. It has been possible to increase the efficiency
of a given system, with the addition of more renewable
energy sources and the appropriate fuzzy rule. From
the optimizing of renewable energy, it is understood
that the price of electricity per unit is 0.256 $, which is
lighter than the grid. But the overall system is envi-
ronmentally friendly. The emission of carbon dioxide is
23.2 kg, whereas carbon monoxide is 0.871 kg per year.
They are not higher than non-renewable sources. By
observing the cost of the given system, it is clear that
the cost of generating electricity from solar energy is
comparatively lower than other renewable energy
sources. In the meantime, if the whole system is made
with solar panels, the cost will fall; and, carbon dioxide
emissions can be reduced simultaneously.
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Bnockonasienuii MeTo HEYITKOI JIOMiKH, 3aCHOBAHUM HA riOpuaHii onTruMi3aii
IIOHOBJIIOBAHUX J3KepPeJI eHeprii, 3acToCyBaHHA B peaJIbHOMY Jaci

Nesar Uddin!, Saiful Islam?2, Yingjun Wul, Tuton Chandra Mallick3, Mohammad Farhad Hossain?,
Ishaque Mozumder2?, Al Mamun#
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V¥ crarTi MoBa #ijie IIpo ONTUMAJIbHE BUPOOHUIITBO TA HAJIEIKHE YIPABJIIHHSA €Heprielo, Kka BUPOOIIAeThCS
3 PIBHMX OHOBJIIBAHUX JKEPEJI eHepril Ta akyMyJIaTopHux Oartapeit qia rpomaau Rohingya (Teknaf, Cox's
Bazar, Bangladesh). Bupobsstoun 210 omuHUIL eJIeKTpoeHepril Ha 100y, IO 3 KUIBKOX CIMed MOKYTh 3a-
JIOBOJIBHUTH CBOI ITOTPEOM B HABAHTAYKEHHI, BUKOPHUCTOBYIOUN KOMOIHAIIII0 COHIYHOI eHeprii, eHeprii BITPY Ta
biomacu. CoouaTKy BHKOPHCTOBYBaJsocs IporpaMue sabesmnedenus HOMER s onrmmisariii KiJibKoCTI Bif-
HOBJIIOBAHOI €HepTil Ta HeoOXiTHMX OaTapell HA OCHOBI PISHUX BXITHUX ITapaMeTpiB I e(PeKTHUBHOI OITTHAMI-
3aril yIpaBJIiHHS €HeProCIOKUBAHHAM. [10TIM 3aCTOCOBYBABCA KOHTPOJIED HEUITKOI JIOTIKU IS HAJIEIKHOL
CHCTEMH OITHMI3allli yIIpaB/lHHS €HEepProCIIOXKMBAHHIM, B SKIM JaHe HEYITKe IIPABHUJIO MOKE BHKOHYBATH
HeJIHINHI (QYHKIN], K1 BUKOPHUCTOBYIOTHCS 3 $oro BiacHuM iHTesexroM. HewiTkl mpaBuia mpusHadeHl He
TIIBKA IS po0OTH B OyIb-AKUEI dac J00H, ajie 1 Jyisd BUKOPUCTAHHS OaTapei ITcjis 3aI0BOJIEHHS MOTPeOr B
HABaHTA'KEeHHI, KOJIM ITIOHOBJIIOBAHUX J3KepeJsI eHepril Maso. Bysiu orpumaHi onTrMasbHI Ta KOHTPOJIHOBAHL
pe3yJIbTaTH, siKl JAyske epeKTUBHI IIPH BUKOPHUCTAHHI 3BUYAMHOIO MeToay. ThM JacoM, HEUYITKI IIpaBuUa Io-
Ka3yIoTh, 1110 ICHye HaJIeKHAa KOPeJISAIlisa MisKk BUPOOHUIITBOM eHeprii 1 3apsimoM-po3psiioM barapel, pikTHBHIM
HaBaHTAKEHHSM 1 moTpebaMu B HaBaHTAMKEHHI, 1110, B CBOIO Yepry, 3HIIKYe 3aiiBl BTpaTu eHeprii.

Kmrouosi cinosa: I'iopunna onTumisartis BigHOBI0OBaHOL eHeprii, HeuiTka cucrema, Onrumisariisa poamoiy
eneprii, OrruMisariia yupaBIiHHS €HeProCIOKNBAHHIM.
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