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Abstract—The efficiency of a micro-grid and its optimal size
are both determined through economic analysis. Optimization is
necessary for running and expanding a micro-grid economically.
Fulfilling equity and inequality standards may reduce total
production costs including capital, operations, pollution, and
renewable energy subsidies. A cost-optimization method called
particle swarm optimization (PSO) is effective and flexible. Here,
a framework for assessing the practicality, cost, and impact of
off-grid energy systems on people and the planet is presented. A
mathematical function of the micro-grid component might recycle
power production by the hour based on available resources and
store any surplus energy in a battery. Here, a model of a PV-
Wind-WtE-battery hybrid system is proposed for the halishahar
area of Chattogram, Bangladesh. Design considerations include
solar panels, wind turbines, batteries, and diesel engine power.
To determine the best parameters for the design in terms
of total annual cost, particle swarm optimization algorithm is
employed. This micro-grid has no trouble providing Halishahar
with sufficient power for a whole year. The LCOE of this system
is 0.22 $/kWh. Compared to conventional electricity, it results in
lower carbon dioxide emissions.

Keywords—Cost optimization, Greenhouse gas emission,
Micro-grid, Particle swarm optimization, Renewable energy,
Waste to energy.

I. INTRODUCTION

Electricity is a critical requirement because it’s everywhere.
In Bangladesh, not having reliable electricity makes life
hard. Bangladesh’s GDP grew 6% annually over the past
decade, however many rural and island populations lack grid-
connected power. Bangladesh relies mostly on coal, oil, and
gas, which emit CO2 and other pollutants. People are seeking
for alternate energy sources and eco-friendly ways to store
energy as fossil fuels decrease and greenhouse gas emissions

grow. We studied how micro-grid structure and energy storage
capacity impacted LCOE. Many energy storage methods are
cost-effective, depending on needs.
Several studies give a practical and techno-economic evalu-
ation of establishing a hybrid PV/Wind/WtE/Battery system
[1]. Phommixay et al. contributed in review on the cost
optimization of micro-grids via particle swarm optimization
brief details about PSO algorithm, Optimum micro-grid sizing,
optimal cost [2]. In this review, There is no discussion about
CO2 and it is considered one of limitation. Modern research
focuses on optimizing micro-grid components to fulfill load
needs at the lowest cost and highest reliability. Due to the
complexity of improving the micro-grid, effective optimization
approaches were needed. Particle swarm optimization (PSO)
is a good and practical technique to improve the micro-
grid since it uses the worldwide optimum to discover the
ideal solution [3]. Environmental concerns drive demand for
renewable energy. Optimizing a renewable energy system
can enhance its technological and economical performance.
Reducing the number of micro-grid pieces reduces startup
and energy costs. We designed an off-grid micro-grid for
Halishahar, Chattogram, using PSO.
This paper aims to build an off-grid micro-grid system with
core generating units like WtE, PV, Wind, Diesel, and an
energy storage system, to minimize the total cost of installation
and levelized cost of energy by finding the optimal component
configuration using Particle swarm Optimization algorithm,
and to reduce greenhouse gas emissions and environmental
damage.



II. MODELING THE HYBRID SYSTEM

Fig. 1 shows the approach to the micro-grid system diagram,
explaining each part’s mathematical meaning and purpose. It
has PV panels, wind turbines, a waste-to-energy plant, a diesel
generator, batteries, and AC/DC converters.
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Fig. 1: Hybrid Power Generation System

LCOE and GHG emissions are reduced using an Energy
Management Strategy and PSO. WtE turns waste into elec-
tricity. In times of high production, extra energy can be stored
in Battery Bank. Besides, Diesel Generator used as backup.

A. PV Panel Model
In order to calculate the amount of energy produced by a

solar PV panel, the equation (1) is used.

Psol(t) = P s
r
Gh(t)
GS

[
1 + kt

(
Tamb(t) + 0.0256Gh(t)− TS

)]
(1)

In this equation, P s
r stands for the solar PV panel’s rating,

Gh(t) stands for the hourly solar radiation incident at the sur-
face of the solar PV panel (W/m2), GS stands for the standard
incident radiation (1000 W/m2), kt is −3.7 × 10−3(1/◦C),
Tamb(t) stands for the hourly ambient temperature, and TS

stands for the standard temperature 25 ◦C [4].

B. Wind Turbine Model
The wind turbine model in the proposed design employed

was quadratic. To determine the wind turbine’s output power,
the equation (2) is used.

Pwt(t) =


0 V (t) ⩽ Vcin or V (t) ⩾ Vcout

Pw
r Vrat ⩽ V (t) ⩽ Vcout

Pw
r

(V (t)− Vcin

Vrat − Vcin

)
Vcin ⩽ V (t) ⩽ Vrat

(2)

This equation represents the power output of a single wind
turbine, with the rating of the turbine denoted by Pw

r , and
with four different wind speeds, Vcin (the cut-in speed), Vcout

(the furlong speed), Vrat (the rated wind speed) and V (t) (the
wind speed at the target height) [5].

C. Modeling of Waste to Energy Technology (WtE)

The MSW fractions’ high heating values (HHV) were
calculated using a bomb calorimeter. The relatively low ther-
mal energy output from the waste fractions used for power
generation is shown in (3).

LHVmsw =

9∑
1

W ×HV (3)

In this equation, LHVmsw represents the low heating value,
HV represents the average heating values of MSW and W
represents the percentage by weight [6]. Equation (4) is used
to get the energy potential recovery from MSW, PWtE .

PWtE = LHVmsw ×Wmsw × 1000

3.6
(4)

In this equation, PWtE represents the energy potential from
MSW, Wmsw in tons represents the weight of MSW, LHVmsw

represents the net low heating value of the MSW (MJ/kg) and
converting ratio (1 kWh = 3.6 MJ) [6].

D. Diesel Generator Model

In the process of designing a micro-grid, the amount of fuel
that a diesel generator uses, denoted by the symbol q(t) [7],
can be expressed as

q(t) = aPDG(t) + bPrated (5)

Equation (5) represents the rated power as Prated, the pro-
duced power as PDG(t), and the fuel consumption character-
istics as a and b as coefficients [7].

E. Battery Bank Model

Micro-grids store surplus energy during periods of plentiful
renewable energy production and deliver power during times
of little or no output. Assessing charge is needed to measure
energy effectively. The battery’s SOC can be determined over
a period of time using the formula (6)

SOC(t)

SOC(t− 1)
=

∫ T−1

T

Pb(t)ηbatt
Vbus

dt (6)

In this equation Vbus represents the bus voltage, Pb(t) repre-
sents the input/output power of the battery, and ηbatt represents
the battery’s round trip efficiency. If Pb(t) is positive, the
battery is being charged; otherwise, it is being discharged [5].

F. Dual Converter Model

A system using DC components needs DC-to-AC power
conversion. Solar PV panels and batteries generate DC elec-
tricity, which must be converted to AC. The size of the
converter is set by the peak load, denoted by Pm

L (t) [5].
The power output of the converter, denoted by Pinv , may be
calculated as follows:

Pinv(t) = Pm
L (t)/ηinv (7)

In equation (7), ηinv represents the efficiency of the converter.



III. PARTICLE SWARM OPTIMIZATION

Micro-grid components, installation costs, LCOE and GHG
emissions are reduced using PSO. MATLAB’s random func-
tion generated random particle swarms. Then, objective func-
tion is used to evaluate each population cluster. If any of
the conditions weren’t met, the technique would penalize the
optimal value. The PSO was able to minimize the objective
function while ensuring the micro-grid could supply the load
for the energy penetration scenario. By using this method, the
best particle from a swarm can be selected. Individual and
overall top scores were recorded in separate variables. At this
stage, the program checks if the border exceeded the minimum
or maximum particle count and weight and velocity will be
updated.

IV. ENERGY MANAGEMENT STRATEGY

All of the generating units in the micro-grid system opti-
mized in this study are near the region of electrical demand,
hence no distribution losses are evaluated.

Fig. 2: Flowchart of Energy Management Strategy of Micro-
grid System

Energy management must be a priority in micro-grid plan-
ning and development for seamless operation. ”Fig. 2” displays
the analysis’s energy management method [8].

V. OPTIMIZATION PROBLEM FORMULATION

This research sought the hybrid system’s minimal NPC
value without sacrificing efficiency. Wind turbines, solar PV
panels, batteries, and WtE rating determine best configuration.
ASC analyzes cost-benefit and its lowest solution meets all
needs. The goal function includes capital, replacement, and
O&M. Installation and civil works are capital expenditures.
The following function is the key aim function that must be
lowered.

ASCmin = F (PsolCsol+ NwtCwt + PwteCwte+

NbattCbatt + PinvCinv)
(8)

In equation (8) the costs of solar PV panels (per kW), wind
turbines (per kW), batteries (per unit), and inverters (per kW)
are denoted by Csol, Cwt, Cbatt, and Cinv , respectively. The
rating of WtE is denoted by Pwte, whereas the cost of WtE
is denoted by Cwte. The rating of the inverter is denoted by
the symbol Pinv [9].

Best configuration is determined by LCOE and dependabil-
ity. LCOE is the system’s average usable kwh price [9]. It can
be presented in equation (9).

LCOE =
ASC ($/year)

Total useful energy served (kWh/year)
(9)

VI. ANALYSIS CONDITION

The estimation of annualized basic load consumption model
focused on Halishahar area covering 22°19’ and 22°20’ north
latitude and 91°45’ and 91°48’ east longitude. Electrical load
demand data is obtained from the Power Grid Company of
Bangladesh Ltd [10]. The area’s annual energy demand is
estimated to be 107,150 MWh based on load calculation.

(a) 24 Hours Load (b) Annual Load

Fig. 3: Electrical Load Demand (Hourly)

Hourly and annual load demand of Halishahar are shown
in Fig. 3a and Fig. 3b, respectively. Besides, hourly solar
irradiance and hourly wind speed statistics for Halishahar are
collected from NASA website [11].

VII. RESULTS & DISCUSSIONS

In system modeling, the PSO method simulates every con-
ceivable modification to meet load requirements. If the system
can’t meet demand, a diesel generator will be used.

Fig. 4: Convergence Curve of PSO

PSO obtains the optimum value of 2.38 × 107 after 50
iterations of 500 under operational limitations as shown in
Fig. 4. Here, renewable sources can meet the load without a
diesel generator. PSO optimizes each model’s outcomes and
reduces the system’s NPC and LCOE.



Fig. 5: Comparison between total generation and load demand

Fig. 5 compares annual generation and load demand. From
this figure, photovoltaic, wind, and WtE conversion of renew-
able energy can be analysed.

Fig. 6: Energy Generation Comparison

Fig. 6 compares renewable energy production. Solar pro-
vides most of the electricity. The wind turbine produces the
least power. Also, WtE generation affects this power system.

TABLE I: Final Design of Micro-grid

Component Quantity Annual Generation Annual Cost
Name (kW) (MW) Cost ($)
Solar 44478 73256 1.0284×108

Wind turbine 2925 4482.7 1.5631×107

WtE 25000 63714 1.8832×108

Battery Unit 31379 - 7.7539×107

Converter Unit 37900 - 4.1373×104

Total 141452.7 3.8437×108

Annual generation from renewable sources and WtE plant
for the micro-grid were provided by the PSO algorithm. Table
I helps us get a bird’s-eye view of the annual generation and
costs, which come out to 141452.7 MW and 3.8437×108 $,
respectively. This micro-grid had an LCOE of 0.22$.

VIII. CONCLUSIONS

This paper constructed an off-grid hybrid renewable energy
system that supplies electricity to a small community and uses

an energy management system to control its equipment. The
evaluated system is comprised of PV-Wind-WtE-Battery. The
micro-grid’s final output meets the area’s electrical demand.
Using micro-grid components would reduce the initial cost
and operating costs. In addition, it was found that the average
yearly CO2 emission was lower than usual. This technology
may be refined and applied in new ways as energy demand
rises. Therefore, this hybrid system is suitable for such an
environment because it reduces environmental impact and uses
the PSO algorithm to solve problems.

The annual generation and cost of this project is computed.
In a real or simulated context, the model is subject to several
additional limitations. More so, there’s a WtE main generating
unit. Waste as an energy source has great promise but a hefty
price. Primarily, garbage is burned to create combustion gas,
which is used to generate electricity. Boilers use biomass
fuel to create high-pressure steam. The yearly LCOE of the
system’s CO2 emissions may be computed, and Biomass can
be included into the electricity supply. All of these are future
work for the micro-grid.
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