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Abstract: 
The demand for electricity is increasing all over the world. In Bangladesh, there are many rural areas where the grid connection has not reached yet. In this paper, a performance evaluation was done with a solar-wind hybrid renewable energy system with diesel backup for a school located in a remote area, Baje Fulchari village in Gaibandha district, Bangladesh. For the proposed site, the load demand was considered 10.468 kWh/day for a normal working day (taken from a field survey) having peak demand of 3.3 kW. HOMER software was used for the simulation. The solar radiation and wind speed data were collected from NASA Surface meteorology and Solar Energy database. The NPC for the most economical system configuration is found USD 6,191 with a COE of 0.125 $/ kWh. Compared to the conventional power plants the proposed system can reduce the COE and GHG emission of about 29.85% and 69% respectively. The system evaluated in this work might be implemented in a school or any other location of similar load profile anywhere in the world having the same geographical and meteorological conditions. 
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	Hybrid Renewable Energy System
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	Hybrid Optimization Model for Electric Renewable

	PV
	Photovoltaic 
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	Tip Speed Ratio

	COE
	Cost of Energy

	DG
	Diesel Generator

	CFL
	Compact Fluorescent Lamp
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	Renewable Energy System
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	Net Present Cost
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I. Introduction

Electricity has become one of the basic rights of human but in developing countries like Bangladesh 100 percent electrification is still a dream. Bangladesh is a highly populated country having a population of 163 million (in Fiscal Year 2016-2017) according to the government authorized organization for power development in Bangladesh, BPDB [1]. As the population increases and the country develops, the demand of energy also increases rapidly. According to BPDB’s annual report 2016-17 at present the growth of demand is 10%. About only 80 percent of the population in Bangladesh have access to electricity and the per capita generation here is only 220 kWh taking captive power in account and the installed generation capacity with captive power included is 16,046 MW (till December, 2017) [2].
As the transmission and distribution costs are high, a huge area of the country is not connected to the grid. So this large amount of people are out of the coverage of the national electric grid. So this large amount of people are out of the coverage of the national electric grid. Moreover, it is a time worthy matter to extend the conventional grid to cover the rest of the country. In this case, renewable energy based hybrid system or in other word Microgrid system can be introduced in these rural areas for electrification where the conventional grid connection yet has not reached. 
In this paper a primary school named “Baje Fulchari Government Primary School” in a remote location Baje Fulchari village in Fulchari Upazilla (Sub-district) in Gaibandha District of Bangladesh is considered where neither the grid connection nor any renewable energy system (solar PV, wind turbine etc.) is available and a hybrid renewable energy based solution to the electricity problem to the school is being suggested. The site is selected considering the importance of electricity in an educational institution.
To find the optimized combination of components in the desired hybrid system, renowned simulation software named HOMER Pro is used in this study. HOMER Pro analyzes the data and gives the output for most optimized combination of components on the basis of lowest NPC and COE [3].
The benefit of this study is that according to the results of the simulation the most economical, suitable and optimized hybrid system for the generation of electricity can be designed for the selected location. With this the feasibility of practical implementation of the hybrid system in the selected area can be analyzed. 
In this work RES system for a small area (a school) was designed where the generation is on small scale. So this system can be named as a Microgrid system. Microgrids are smaller versions of conventional grid system where energy generation is limited as the number of consumer and coverage area are also limited. That’s how the name came ‘Micro’.
	In Microgrids the power generation is most often renewable energy based and have a smaller capacity if we compare this with the conventional huge sized power plants. On the basis of availability of power supply Microgrids can run both in island mode and conventional grid connected mode [4]. 
The Island mode is considered when the grid supply is inadequate or the grid connection is not available in the area. Then the power generated in the Microgrid is supplied only in the ‘small area’ under it. In Island mode the Microgrid is on its own. If the generated energy is enough for its coverage area then it is fine. But if the generation is less, then the area remains in blackout. On the other hand if the generated energy is excess to the need, the extra energy is lost.
The Grid Connected mode is only suitable where the conventional grid connection is available. When the Microgrid produced power is excess to the ‘small area’ need, the extra power is delivered to the conventional grid if the grid demands and if the Microgrid generated power is not enough for the ‘small area’ area’ under it then Microgrid takes power from the grid acting as a load to the conventional grid. 
Here in our study we have considered hybrid system based Microgrid for the considered site. As the site does not have grid availability, we have considered Microgrid in Island mode.
Electrification using HRES have always been a hot topic in the research field. This system can reduce the emission of harmful GHGs [5, 6]. With the help of modern technology nowadays the setup process for a hybrid system has become easier and faster. So this type of system has grown the attention all over the world [7]. To find the most economic and optimized combination of various renewable sources for the electrification of some selected locations many researchers have used a very efficient simulation software HOMER. 
In [8] the authors have analyzed some hybrid models for rural electrification in three remote sites located in different areas of Bangladesh using HOMER. A standalone hybrid system was designed for a remote tourist spot in Bangladesh “Sajek Valley” using HOMER in [9]. In [10] a wind-PV-battery hybrid system was considered and its performance for a typical community load was studied for location in Sitakunda, Bangladesh. 
A pre-feasibility analysis for a hybrid system was analyzed in [11] for east southern part of Bangladesh. Hybrid system was optimized and modeled for a selected location in Bangladesh for off-grid electrification using HOMER and MATLAB Simulink in [12]. Solar PV and Hydrogen fuel cell based hybrid system which is a comparatively new energy solution, was used for electrification of a remote village in Bangladesh using HOMER in [13]. Several researchers in [14] have worked for rural electrification in developing countries like Cameroon using micro hydro-PV-hybrid system using this software. A remote village in southern India is considered in [15] and optimized solution for renewable energy based electrification was found.  
In [16] an analysis of off-grid hybrid system was done to find the optimum volume of systems to full-fill the demand of two residential hotels in Cameron Highlands. HOMER was used to find the optimal sizing of a Microgrid for a community building in an urban location in South India [17]. A research work was done using HOMER for finding the optimization and life cycle cost for a health clinic in Iraq [18]. This work successfully found the optimized solution, NPC, COE and other costs for the proposed system. A similar work was done for PHCs (Primary Health Center) in [19]. 
Some works have also been done for electrification of Schools in different remote locations in the world. In [20] a school in Thailand was considered and performance of a  hybrid system was analyzed. In a same type of work based on solar PV and diesel generator based hybrid system the technical and economic assessment of the system was done for electrification of a school located in Ethiopia in [21]. 
Electricity has become one of the basic rights of human. Without electricity modern life cannot be imagined. But this is not true for the people in many rural areas where the grid connection has not reached. The problem becomes greater when we consider a school without electricity. School is a place where a human being learns about life. If there is no electricity in the school that will create a great barrier to the education process. 
In our considered site “Baje Fulchari Government Primary School” as there is no grid connection the students cannot be introduced with the modern technology and devices. No computer, projector or electric device can be run in that school because of the electricity. The government is trying to make the education system modern, they are establishing ‘Multimedia Class Rooms’ with modern technologies but as there is no grid connection or any renewable energy based sources available in our proposed site, the students of this school are always deprived of the modern technology based education system. 
Moreover, even the teachers cannot use computer or other electric devices, so they are also ignorant to the modern technology. That’s how they and the students cannot upgrade themselves with the world. As no electricity is in the school, the students are losing the eagerness to come to the school mostly in hot summer days. As the area is out of grid, if the school is electrified, a night shift schooling or mass education etc. services can be provided. If the school is electrified the whole community will have the benefit. 
Bangladesh is a South Asian country located between 20.30° and 26.38° north latitude and 88.04° and 92.44° east longitude. The country is gifted with enough Solar irradiation for Solar electricity generation [8]. Bangladesh also have a very good location for the use of wind energy to produce electricity especially in the coastal areas. But unfortunately in Bangladesh, renewable energy provide a small amount and that is only 2.87% of the total generation according to Annual Report 2016-2017 of  BPDB due to various reasons like the lack of policy makers eagerness, the initial higher cost requirement and larger space requirement etc. Most of the energy is produced using fossil fuel and natural gas. But the government of Bangladesh is trying to increase the amount of renewable energy based generation nowadays. 
Annual Solar irradiation in Bangladesh is high enough. It is about 1700 kWh/m2. Again in some coastal regions the wind speed is above 4 m/s at 25m height. In the time of monsoon and pre-monsoon it is even higher [22]. So Bangladesh can switch its generation system towards renewable energy based and thus can remove all the problems of conventional power production system. 

II. Methodology

HRES is referred to the type of system where multiple (two or more) electricity generating options are used altogether [23]. The options may be renewable energy sources or fossil fuel based sources or a combination of the both. Hybrid systems are used for backing up a single generating option (like only solar or wind or generator) as well as for better utilization of resources and to reduce the net cost. 
A block diagram of the proposed HRES for the school is given in Fig.1. In this proposed system wind turbine and solar PV are used as the main sources and the diesel generator is used as a backup.
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Figure 1: Block diagram for proposed Model.

In this work to find the most feasible, optimized and economic combination of hybrid energy system components (e.g. solar PV, wind turbine etc.), HOMER simulation software was used. To simulate, some parameters like load demand, cost of the components in the system, renewable energy resources data such as solar irradiation and wind speed, the specifications of the components used etc. is needed to be put in the software as input parameters [7]. For different components the input parameters used in this work is discussed in following sections. 
2.1 Site Profile: 
In this paper a school in a rural area of Bangladesh is considered. The name of the school is “Baje Fulchari Government Primary School” a primary school located in the Village of Baje Fulchari which is a “char” area (an area beside a river or island), Union: Fulchari, Upazilla (Sub District): Fulchari and District: Gaibandha. The location of the proposed site is close to the location of Latitude: 25.26°N, Longitude: 89.64°E.
	[image: C:\Users\Fatin\Downloads\555.jpg]Figure 2: Photograph of the considered site “Baje Fulchari Government Primary School”.


In our proposed site there is no grid connection or any RES present. Even in near future there is a very much less possibility that grid connection will be available here because of the remote location of the site. The transmission line cost is also higher due to the remote location. 
Again the generation of electricity in the country is not adequate to fill up the demand in the urban area. That means the site is fully deprived of electricity. The school was established in 1988. At present there are about 270 students. It is a primary school so class 1 to class 5 is available here. 
So, in each class there are about 54 students. It is Tin-shaded school and has two blocks.  The no of total class rooms is five. There is a teacher’s room for a total of five teachers. There is also two wash rooms for the students and one wash room for the teachers. A photograph of the proposed school premises is given in Fig.2.
2.2 Load Profile: 
To find the load profile of the desired school, a field survey was carried out to the school. During the survey it has been found that there total 6 rooms and total 3 wash rooms. 
The school is kept open all the days in a week except Friday. In a year the school has a total of approx. 90 days of vacation. The school time is from 9 a.m. in the morning to 4 p.m. in the afternoon. In the total 6 rooms we have considered 3 CFL light bulbs of 30 W in each room. In each class room we have considered 3 Ceiling fans and in teachers room 2 fans of 60 W each.  
For the two bathrooms two CFL Bulbs of 23 W is considered. Besides a projector of 300 W, three desktop computers (One for teachers and other two for students) 150 W each and a printer of 40 W is also considered. Table 1 shows the load profile and kWh per day calculation in detail. For simplicity, in calculation the off periods of the school have not been considered. 
Considering all of these the total load for the proposed site was found 10,468 Wh or 10.468 kWh for a day. All the loads are considered as AC loads. According to the geographical position of Bangladesh, July is considered as the hottest month and thus here in this study is considered as the peak month. The annual average load was considered 6.87 kWh/day. The peak load for a day was considered 3.3 kW. The Load profile on monthly basis considered in this work is summarized in Table 2 and Fig.3 shows the graphical representation for annual load profile considered.

	Table I: Load Profile of “Baje Fulchari Government Primary School”
	Individual Load
	Place used
	No. of place
	No. of unit per place
	Tot. Qty.
	Watt
(AC)
(Per unit)

	Tot. watt (AC)
	Use
h/d
	Use
d/week
	7 days
	Wh
(AC)

	CFL Lamp
	Class room
	5
	3
	15
	30
	450
	6
	6
	7
	2314

	CFL Lamp
	Teac. room
	1
	3
	3
	30
	90
	7
	6
	7
	540

	CFL Lamp
	Wash room
	2
	1
	2
	23
	46
	7
	6
	7
	276

	Ceiling Fan
	Class room
	5
	3
	15
	60
	900
	6
	6
	7
	4629

	Ceiling Fan
	Teac. room
	1
	2
	2
	60
	120
	7
	6
	7
	720

	Desktop PC
	Teac. room
	1
	1
	1
	150
	150
	7
	6
	7
	900

	Desktop PC
	Class room
	2
	1
	2
	150
	300
	3
	5
	7
	643

	Printer
	Teac. room
	1
	1
	1
	40
	40
	1
	3
	7
	17

	Projector
	Class room
	1
	1
	1
	300
	300
	2
	5
	7
	429

	Total
	
	
	
	
	
	2396
	
	
	7
	10,468



Here,             Tot. Qty.= No. of place × No. of unit per place.
                      Tot. watt (AC) = Tot. Qty. ×  Watt (AC) (Per unit).
                      Wh (AC) = Tot. watt  ×  Use h/d  × Use d/week ÷7 days














	Figure 3: Annual Load Profile for proposed site.




Table II: Annual Load Profile where Annual Average (kWh/d): 6.87
	Month
	Average Load (kWh/d)

	January
	5.2

	February
	5.2

	March
	5.5

	April
	6

	May
	7.5

	June
	9

	July
	10.47

	August
	10.4

	September
	6.5

	October
	6

	November
	5.5

	December
	5.2















2.3 Proposed model architecture: 
The proposed Solar-Wind-Diesel Hybrid generation system needs the following components. A brief description is given below. A Block Diagram of the proposed system is given in Fig. 1.
a) Solar PV: 
Solar PV is a semiconductor device that produces DC current when solar irradiation is incident upon it. Solar cell is the basic unit of solar system. It is a p-n junction basically. When light (photon) is incident upon these cells electron is emitted from the p-n junction. The current generated from the solar cell is called Photocurrent, Iph. We do not use a single PV cell or module in practical life. We use Solar PV array that is an interconnection of PV modules. The equivalent circuit in ideal condition for a solar cell is defined as a current source and diode connected in parallel. Load is connected in parallel to solar cells. The relation between voltage and current for a solar cell in ideal condition [24] can be represented as: 

                                                                                                                                              (1)
Here,
IPV = Solar cell output current measured in Ampere.
Iph = Photocurrent measured in Ampere.
I0 = Diode current for Reverse saturation measured in Ampere.
q = Electron’s charge =1.6×10-19 C.
k = Constant (Boltzman Const.) = 1.38×10-23 J/K.
T = Temperature of the cell measured in Kelvin.
As we know P = VI, the power output of the solar cell can be defined as 
PPV =VPV * IPV                                                                                                      (2)
Here,
PPV = Output power of the solar cell (W)
VPV = Operating voltage of the Solar cell (V)
IPV = Solar cell output current (A)
The electrical energy generation from a photovoltaic system can be calculated from the following worldwide formulated equation [7] : 
E= A × r × H × PR                                                                                                                 (3)
Where,
PR = Performance ratio, coefficient for losses (range between 0.5 and 0.9, preferred value = 0.75)
E = Electrical Energy measured in kWh.
A = Total area of solar module in m2.
H = Annual std. global solar radiation on tilted panels.
r = Solar module ratio (%)
In HOMER, for solar PV, it assumes that the output from PV module is linearly proportional to the input irradiation. But in real life the efficiency is not like that and is limited by several factors like temperature, dust, various losses etc. Keeping these things in mind HOMER has an input named ‘derating factor’ dedicated to compensate for the variation in ideal and real life efficiencies. For this in our study a derating factor of 80% is considered. The energy production by the solar PV array can be formulated as [8],

                                                                                                                               (4)
Here,
f pv = Factor of derating.
Ypv = Total capacity of solar PV array installed.
It = Total solar radiation on the array in kW/m2.
Is = Incident radiation at std. test condition = 1 kW/m2.
In this study Generic flat plate PV is used. It has a rated capacity of 1 kW. Ground reflectance was considered 20%. Here we have considered 1 to 11 kW capacity solar PV modules for the system simulation. Some relevant data regarding Solar PV is provided in Table 3. Here the costs considered in this work, lifetime for the solar PV considered etc. are summarized. Fig.4 shows the cost curve which shows graphically the relationship between the Quantity of PV modules and Cost.
Table III: Solar PV parameters.
	Factors
	Value

	Initial Capital
	500 $/unit

	Replacement
	400 $/unit

	O&M (per year)
	1 $/unit

	Lifetime
	25 year

	Derating Factor
	80 %

	Tracking System
	None









	Figure 4: Cost Curve for Solar PV.













b) Wind Turbine: 

Wind energy is converted to electrical energy by wind turbines. Here in wind turbines the wind’s kinetic energy is captured by the blades on the rotor of a turbine. Wind makes the rotor blade of the turbine to rotate proportional to the speed of wind. As rotor blade rotates, rotor rotates with it. An alternator or electrical generator is mechanically coupled with the rotor. So with the rotation of the rotor, electricity is generated.
The amount of mechanical power a wind turbine captures [25, 26] can be found using:

                                                                                                                     (5)
Here,
Pm = Captured mechanical power from wind by a wind turbine.
Cp = Wind turbine’s power coefficient of the, dimension less (theoretical preferred value = 0.59 [7])
ρ = Air density in Kg/m3.
A = Rotor swept area measured in m2.
v = Wind speed in m/s.
The power coefficient Cp is the ratio of turbine power to wind power and depends on pitch angle and TSR [25]. The pitch angle is defined as the angle to which the blades of the turbine are aligned [7]. The TSR is defined as the turbine speed at the tip of the blade to the wind velocity [25].
TSR= λ=                                                                                                   (6)
Here, 
ω = Turbine speed.
 = Wind speed.
R= Turbine radius.
From equation (5) it can be said that output power depends on the speed of wind, rotor area as well as on power coefficient. So if operated at maximum Cp, the produced power is then maximized. So it is necessary to operate it with a rotor speed at a constant TSR [26].   In this work for the simulation is HOMER, AWS HC 3.3kW Wind Turbine model was used having a rated capacity of 3.3 kW. The relationship between wind speeds to power output for this wind turbine model is given in Fig.5 In this experiment single and two units of this model of wind turbines have been considered. Wind turbines provide AC supply in the system. The relevant data regarding Wind Turbine used in this work including different costs, life time etc. are provided in Table 4. 

	                     
Figure 5: Wind Turbine Power Curve.



	Table 4: Wind Turbine parameters.

	Factors
	Value

	Initial Capital
	5000 $/unit

	Replacement
	4000 $/unit

	O&M (per year)
	10 $/unit

	Lifetime
	20 year

	Rated Capacity
	3.3 kW

	Hub Height
	12 m












c) Converter: 
Converter is a device where electrical power is converted from AC to DC or vice versa. When the converter converts AC power into DC then it is called a rectifier and whenever DC is converted into AC by a converter then it is known as inverter. In our case the system has both DC bus and AC bus. The wind turbine and generator both provide AC power and the loads are AC loads. But the Solar PV produces DC and the storage element can store only DC power. So there must be a converter in the system that can convert AC into DC or DC into AC whatever is necessary. 
In our case for HOMER simulation solid-state type converters are being used. In this work generic system converter is used for our hybrid system. Here different capacity of 1, 2 and 4 kW converters were considered with relative capacity 100%. The other parameters for converter that are considered in this work like costs, lifetime, efficiency of converter etc. are summarized in Table 5. The inverter and rectifier efficiency are considered 95% and 90% respectively.
Table V: Converter parameters.
	Parameter
	Value

	Initial Capital
	150 $/kW

	Replacement
	120 $/kW

	O&M (per year)
	10 $/kW

	Lifetime
	15 year

	Inverter Efficiency
	95%

	Rectifier Efficiency
	90%











d) Battery: 
Battery is a storage device that is used to store the surplus energy after consumption. This stored energy is further used whenever the generation by the generating units become less than the load demand. As renewable energy sources like solar, wind all are uncertain so for these types of uncertain resources we use Battery as s storage device. The battery life is dependent upon the amount of time it is charged and discharged per day [17]. In our work we have used Hoppecke 6 OPzS 300 storage batteries. The nominal voltage of these batteries is 2 V. It has a Capacity of 0.712 kWh per unit and a maximum capacity of 356 Ah. The maximum charge and discharge currents both of these modules are 60 A. We have considered 3 such batteries in a string making a total voltage of 6 V. The throughput considered was 1,007.90 kWh. We have considered 1, 5, 10 and 15 no. of batteries for the system. Some relevant data regarding Battery used is provided in Table 6 such as different types of costs, lifetime etc. Fig.6 shows the cost curve that shows the relationship between the Quantity of battery and its Cost.
	Figure 6: Cost Curve for Battery.














	Table VI: Battery parameters.

	Parameter
	Value

	Initial Capital
	50 $/kW

	Replacement
	40 $/kW

	O&M (per year)
	1 $/kW

	Lifetime
	20 year

	Through output
	1007.90 kWh

	Initial SOC
	100%






e) Diesel Generator: 
This generator on burning fuel generates electrical energy by running an alternator. Generator output is AC so it can be directly fed to the AC loads. In this work a diesel fuel based generator is considered. This DG is considered only for the extremely rare case when the wind as well as the solar will fail to supply the demand and to satisfy the peak load if the RES fails. So in other words these DGs are used in this system as a backup source. The DG has some advantages such as it is compact, smaller in size, it can start quickly and it has a very good thermal stability. It has a greater operating feasibility and a good load support.  Considering all of these diesel generator was chosen as the backup [27].
Here in our work as a diesel generator Autosize Genset has been considered. It has a fuel curve intercept at 0.0486 Liter per hour and fuel curve slope of 0.251 L/hour/kW. Here the generator automatically sizes itself to meet the load. The price of diesel oil is considered 1.05 $/Liter. In Table 7 we have summarized the factors that have been considered while simulating for a Diesel Generator such as initial capital, replacement and maintenance costs, lifetime etc.
To run the DG we have to provide high priced diesel oil. When running this will create sound in the school premises which is not desired. Besides the local market is far away from this proposed site. So the supply of diesel oil is not smooth. This generator also causes environmental pollution. The generator emits 16.5 g of CO per liter fuel. It also emits unburned HC, particles, Sulfur, NO etc. harmful GHGs. That’s why it is given a less importance and is only kept as an emergency backup and has given the least significance in our design.
	Table VII: Diesel Generator parameters.

	Factors
	Value

	Initial Capital
	300 $/kW

	Replacement
	200 $/kW

	O&M (per op. hour)
	0.03 $/kW

	Lifetime
	15,000 h

	Fuel Cost
	1.05 $/Liter

	Min Load Ratio
	25%








                                                   






f) Resources: 
For simulation in HOMER for RES we need to provide the renewable energy natural sources data such as solar irradiation data with clearness index for Solar PV and wind speed data for Wind turbines for the specific locations considered. In HOMER these renewable energy source data are called as “resources”. By resource we mean here the natural resources of Wind speed and solar irradiation that are used to produce electricity. The wind speed and solar irradiation for the proposed site have been collected from NASA Surface meteorology and Solar Energy database in [28]. 
The annual solar irradiance for the proposed location with clearness index is given in Table 8 and is graphically represented in Fig.7 For the location considered we have annual average irradiation of 4.86 kWh/m2/day.
The annual wind speed in the given location is been presented in Table 9 is plotted in a graph in Fig.8 For the location we have got annual average wind speed of 2.85 m/s. 
The measurement of the speed distribution for wind throughout the year is known as the value of Weibull and presented by the letter k. In this work we have considered k =2 [7]. By applying Weibull’s function [29] the distribution of  wind speed’s probabilities at the ‘selected location’ was obtained. The formula for this,

                                                                                                 (7)
Where, 

 = Shape parameter which describes the dispersion of data. 

  = Scale parameter that has same units as speed, measured in m/s. 
k and c are connected with the average wind speed according to the following equation,

                                                                                                                          (8)

Here  is known as gamma function [11].
For Solar resources the time for which the sun shines can be predicted by the state of the sky method [30]. In this method correlation between the relative sunshine duration and the state of the sky can be derived by following equation –

                                                                                                             (9)
Here,

 = Number of hours for very bright sunshine.

= The period for which the Campbell-Stokes sunshine recorder keeps sensitive for the month over the representative day. 
Here,

                                                                                                             (10)
Here, 

= latitude of the station. 

= declination [31].

 =Number of days that remain clear in a month.

= The amount of mixed days in a month.

= Amount of overcast days in a month.




=++= Total no. of days in the month under that is kept under consideration.
here a,b,c are meteorological components [11].
Angstrom equation [32] can be used from sunshine to guess the global radiation. The equation is, 

                                                                                                                       (11)
Where, 

= Ratio of monthly averaged daily global to monthly averaged daily extraterrestrial radiation on a horizon surface [11, 31].

	Table VIII: Annual Solar Irradiation.
(Averaged values from July 1983 to June 2005 on monthly basis)
	Month
	Clearness Index
	Daily Radiation
(kWh/m2/day)

	January
	0.651
	4.350

	February
	0.669
	5.220

	March
	0.662
	6.100

	April
	0.596
	6.200

	May
	0.519
	5.740

	June
	0.424
	4.770

	July
	0.377
	4.190

	August
	0.405
	4.290

	September
	0.406
	3.890

	October
	0.570
	4.670

	November
	0.674
	4.660

	December
	0.675
	4.260

























	Table IX: Annual Average Wind Speed [33].
(Averaged values on monthly basis from July 1983 to June 1993, at 50 m height from surface)
	Month
	Average (m/s)

	January
	2.880

	February
	3.190

	March
	3.280

	April
	3.210

	May
	3.090

	June
	2.950

	July
	2.710

	August
	2.570

	September
	2.450

	October
	2.420

	November
	2.690

	December
	2.720






	Figure 7: Annual Solar Irradiation.















	Figure 8: Annual Average Wind Speed.













2.4 Mathematical representations for various costs and emissions
For calculations of NPC, COE and CO2 emissions HOMER follows some mathematical formula as discussed in [7]. 
HOMER calculates the NPC for all possible combinations of the system using:

                                                                                                             (12)
Here,
CNPC = Net Present Cost.
Cann.tot = Total annualized cost.
 i = Real interest rate (annual)
Rproj = Lifetime of the project.
CRF (.) =Capital recovery factor.
HOMER also calculates the Cost of Energy for the simulated system. For this it uses [7] this relation below: 

                                                                                          (13)
Here,
Cann.tot = Total cost on annual basis.

 Amount of energy per year sold to the grid.

 The total primary load amounts.

The total deferrable load amounts.
How much CO2 is emitted from the hybrid system is also calculated. To do so the following formula is being used [7]:

                                                                   (14)
Here,


The total amount of COemitted from the system.

 The value of heating of Fuel in MJ/L.

 Quantity of Fuel in Liter.

 Fraction of Oxidized carbon. 

The emission factor of Carbon in ton carbon/TJ.
For this calculation it should be kept in mind that 1 g of carbon is contained by 3.667 g of CO2.
2.4.1 Optimization criteria and Objective function:
A multi-objective optimization problem is formulated to meet these requirements. The implicit function F(ts, td) is used to describe the relationship between the objective and decision variables, whose value can be calculated by stochastic short-term simulation. F(•) can be Levelized Cost of Energy (LCOE) and Net present Cost (NPC), corresponding to reliability, economic, and environmental objectives. To make a compromise among conflicting requirements, a weighted-sum approach is introduced to integrate all these objectives into a single objective function
+                          (15)


                  (16)


where S[•] denotes the normalized form of objective function, as shown in Equation 15 and 16. H is defined as the set of candidate islanding schemes. Normalization is performed to avoid scaling effect, where the objectives with larger values will outweigh those with smaller values.  and  are weight factors of voltage fluctuation, frequency instability, economics, and environmental objectives, which should satisfy the following constraints:







The weight factors are utilized to reflect the decision preference of users, which are typically
expressed in linguistic form.
III. Simulation Result and Discussion:
3.1 Optimization Result: 
HOMER did a total of 143,352 simulations and among them 126,288 were feasible. Among them the most feasible and cost effective five simulation results have been summarized in Table 10. Here in this table the system optimization results have been shown that has been simulated by homer and has been ranked on the basis of COE and NPC.
From the result in Table 10, it is seen that on the first choice wind turbine is not included. So it can be determined that for the location for the considered amount of load wind turbine is not economical. 
The most feasible, optimized and economical combination for the site from the simulation is found to be a solar PV-battery-diesel generator hybrid system that has a NPC of USD 6,191 and a COE of 0.125 $/ kWh. Here the percentage of renewable energy to the overall generation is 82.5%. In this combination the total amount of diesel used by the generator in a year will be approx. 220 Liters. Here the solar PV supplies 3 kW and generator has 0.670 kW supply. We have 12 batteries in this system.
The second combination on the result table has wind-PV-battery-diesel generator all the three sources present. Here wind turbine is included so the NPC has become higher from the previous one. But this model has reduced amount of fuel used. This combination has a NPC of USD 10,696 and a COE of 0.216 $/ kWh. Here the percentage of renewable energy to the overall generation is 88.7%. In this combination the total amount of diesel used by the generator in a year will be reduced to approx. 143 Liters.
We have got higher NPC for diesel only system that is USD 19,038 and a huge amount of fuel usage of 1,235 L/year. The COE is also higher here and is about $.386/ kWh. Here renewable energy fraction is 0%.
Then the next model has only generator-battery based system. It has a NPC of USD 19,238. Here COE is $0.390/ kWh. The renewable energy fraction here is 0.0345%. The last combination we got is wind-generator-battery system has a total NPC of USD 19,997. Here COE is higher and is $.405 /kWh. The fraction for renewable energy here is 26.2%.                      
	Table X: Categorized Optimization Result (Selected).
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	3.00
	
	0.670
	12
	1.00
	$0.125
	$6,191
	$2,450
	82.5
	220
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	3.00
	1
	0.670
	12
	1.00
	$0.216
	$10,696
	$7,451
	88.7
	143
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	0.670
	
	
	$0.386
	$19,038
	$201.00
	0
	1,235
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	0.670
	3
	0.0031
	$0.390
	$19,238
	$351.47
	0.035
	1,234
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	1
	0.670
	3
	0.0094
	$0.405
	$19,997
	$5,352
	26.2
	912



         Here, 
             Gen. = Generator
             Batt.= Battery
             Conv. = Converter
             Ren. Frac. = Renewable Fraction



3.2 Emission of GHG: 
Our simulation results say the most feasible and economic combination of HRES for the selected location is a combination of solar PV-battery and diesel generator. As diesel generator is present in the system it will produce GHG when in operation. HOMER also estimates the amount of different GHGs that will be emitted by the proposed design. From the simulation result the system will take about 220 L of diesel fuel per year. The amount of various GHG produced by the system is shown in Table 11. 
3.3 Comparison: 
In this section we have compared the different costs and CO2 emissions of our proposed system with the costs and emissions that would be for the same sized conventional grid system. Further we have compared a diesel only system of same size with our proposed solar PV-battery-generator system.
	Table XI: GHS produced by proposed system.
	Quantity
	Value (kg/year)

	CO2
	575

	CO
	3.63

	Hydrocarbons (Unburned)
	0.158

	Particulate Matter
	0.0220

	SO2
	1.41

	Oxides of N2
	3.41





If we consider for USA the COE for energy in different states are different. If we consider New York for instance the average rate for electricity cost was 17.82 cents/kWh or $0.1782/kWh in March 2018. 






But in our proposed system has a COE of only $0.125/kWh. So we have got a saving of 29.85%. Again if we consider a natural gas based power generation for the conventional system from, we get an approximation that for gas based generation CO2 emission per GWh is about 484 tonnes. With this the CO2 emission by a gas based power plant having a capacity equal to our proposed system is calculated as 1849.3 kg/year whereas our proposed design has an emission of CO2 only 575 kg/year. So here a reduction of 69% of CO2 is possible. This is summarized in Table 12.
	Table XII: Conventional grid vs. proposed system.
	Parameter
	Proposed hybrid system
	Conventional system
	Reduction (%)

	COE
	$0.125/kWh
	$0.1782/kWh
	29.85

	CO2 Emission
	575 kg/year
	1849.3 kg/year
	69






If the proposed system was solely a diesel generator based system then the NPC, COE and CO2 emission would be greater than the proposed one. A comparison between proposed system and generator based system is given in Table 13.    
	Table XIII: Generator system vs. proposed system.
	Parameter
	Proposed hybrid system
	Generator system
	Reduction (%)

	NPC
	$6,191
	$19,038
	67.5

	COE
	$0.125/kWh
	$0.386/kWh
	67.6

	CO2 Emission
	575 kg/year
	3232 kg/year
	82.2






IV. Conclusion:
In this research work, a rural school named “Baje Fulchari Government Primary School” located in a remote area Baje Fulchari village of Bangladesh is considered and for this location the performance of a solar PV-wind-battery based hybrid renewable energy system with a backup diesel generator is evaluated using HOMER. From the simulation result the COE is found $0.125/kWh and the NPC is found USD 6,191. Both of the costs are less than conventional fuel based grid system. Moreover the proposed system is renewable energy based. It has less GHG emission compared to the conventional fossil fuel based power plants. The system proposed in this study can successfully supply the demand of the considered site with 10.468 kWh per day with 3.3 kW peak load. The most optimized system for the location is found from the simulation is a solar PV-battery based system with diesel generator backup. Though while simulation wind turbine was considered but according to the result, for the proposed location wind turbine is not the most optimized choice. In this study the problem of electricity in a remote location of the country has been solved successfully. The system proposed can not only successfully satisfy the demand of the considered location but also for locations with similar meteorological condition having the same load profile. So this study can be very much beneficial in determining the feasibility of such a system in a location similar to this. From this study it can be found that the proposed system will be economically beneficial than the extension of conventional grid as the area is remote. Further study can be done with more accurate data like measured resources value, ratings of equipment etc. and sensitivity analysis.
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