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 Penetration of renewable sources to the grid is always a problem for 

electrical engineers, apart from reliability and efficiency, cost optimization is 

also a big concern among them. Wind, solar and battery hybrid combinations 

(WSB-HPS) are also very common among hybrid systems, but this WSB-

HPS combines wind and solar energy power generation reduces the charge 

and discharge time of the battery. Therefore, this system improves the 

reliability of the power supply by fully utilizing the wind and solar power 

generation and improves the charging and discharging state of the battery and 

hence reduces the whole cost as the investment in battery is reduced. 

backtrack search algorithm (BSA) is the highly efficient and powerful 

algorithm to solve combinatorial optimization problems. In this paper an 

attempt is made to optimize the hybrid combination using BSA in the matrix 

laboratory (MATLAB) environment and comparable study is made using 

HOMER. A complete optimised data is generated for a particular area in 

Manipur and reduced cost is suggested.  
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1. INTRODUCTION 

With the discovery of electricity, our life has become safer and easier instead of using oil and gas 

lamps, which were flammable and dangerous. Ever since the introduction of electricity, people were more 

eager to harness the power for a variety of purposes ranging from lighting their homes to electric cars in 

order to make their lives convenient [1], [2]. It helps in the development of a nation and it is the most 

important source of energy utilization process. Electricity is the foundation of human growth and 

advancement [3], [4].  

However, there are still some major challenges faced by the generating stations when transmitting 

the generated electricity. Corona effect, radio interference and Ferranti effect are some of the common 

challenges faced during transmission. New technologies like high-voltage, direct current (HVDC) and facts 

have already been introduced in the power market for more efficient transmission of electricity [5], [6]. 

Converters used between the bus bars are also effective.  

But the effort in transmitting power from generating stations to end users in hilly regions is always 

difficult because there is an increase in cost due to difficult terrain. Hence this hybrid power system 

consisting of wind, battery and solar is introduced so that it can be installed near the end users. This helps in 

the reduction of transmission cost as well as the dependency on conventional energy sources are also 

decreased [7], [8]. Further cost reduction is expected and consequent climate change mitigation.  

https://creativecommons.org/licenses/by-sa/4.0/
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The schematic diagram of the hybrid renewable energy systems (HRES) model is shown in Figure 1. 

The figure shows solar and wind energy supplying electricity to the load. Battery is also used for energy 

storage. Renewable energy resources are abundantly available in nature although it depends on the weather 

conditions and locations whether these energies are accessible or not. Hybrid system employing renewable 

resources that combines one or more resources along with a battery is more promising and has higher 

reliability than the conventional energy source [9], [10]. In remote and isolated places, this hybrid power 

system is more preferable [11]. At the same time, depletion of exhaustible non-renewable energy resources is 

kept in check. The output of photovoltaic (PV) and power generated from wind turbines usually fluctuate due to 

the irregularities and unplanned nature of solar energy and wind energy and so it requires a huge capacity of energy 

storage systems to meet the required load demand in standalone mode and therefore depends on utility grid. This 

issue can be overcome by the mutual combination of solar and wind characteristics by taking into account the 

complementary characteristics of solar and wind energy [12], [13]. An appropriate solar, battery and wind energy 

system can maximize the reliability of power supply and reduces the cost of the system [14]. In a grid connected 

hybrid system, grid is kept as a back-up power system for fulfilling the required load demand [15]-[18]. In this 

paper, astudy was conducted between two techniques using HOMER and backtrack search algorithm (BSA) f in 

matrix laboratory (MATLAB) environment (R2018a version, 40832900) to find the best result and reduced cost is 

suggested for hybrid renewable energy system for powering the National Institute of Technology Manipur and 

Shija Hospitals, Manipur.  
 
 

 
 

Figure 1. Schematic layout of the hybrid system 

 

 

2. METHODOLOGY AND NUMERICAL FORMULATION 

The process of optimization is implemented using an algorithm known as a modified BSA. BSA is a 

newly developed progressive algorithm and it has a particular mechanism to generate trial individuals 

enabling it to perform calculation of numerical optimization problems very fast [19]-[22]. An American 

mathematician D.H. Lehmar was the first to introduce the term “backtrack” in the 1950s.  
 

2.1.  Mathematical modeling of the required components 

The power output for the photovoltaic arrays is given by,  
 

Ppv = fpvPpv_r
G

GSTC
[1 + αT(T − TSTC)] (1) 

 

where Ppv_r= rated power output of the PV module,  

fpv= de-rating factor (loss and shading considered) 

GSTC = standard solar radiation on PV 

TSTC= standard temperature on PV 

T and G = real time temperature and solar radiation 

αT = temperature coefficient 
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The curve for the generated wind power from the wind turbine can be represented by (2),  
 

Pwt = {

0 vw < Vci or vw > Vco 

Pwt_r  
vw−Vci

Vr−Vci
Vci ≤ vw ≤ V

Pwt_r Vr ≤ vw ≤ Vco 

 (2) 

 

where Pwt_r = rated power output of wind turbine,  

vw = wind speed 

Vr = rated wind speed 

Vci = cut-in speed 

Vco = cut-out speed 

The terminal voltage of the battery is given by,  
 

Vbs = Ebs − IdchR0 (3) 
 

where Ebs = effective internal voltage,  

Idch= discharge current 

R0 = internal resistance 

The effective internal voltage is given by,  
 

Ebs = Eo + AX + CX (D − X)⁄  (4) 
 

where Eo = internal battery voltage at fully charged/discharged state,  

A = variation in initial linear internal battery voltage with charging state 

D,C = increase/decrease in battery voltage during progressive charging/discharging 

X = maximum normalized capacity at specified current 
 

2.2.  Strategy of energy management 

Considering the hybrid power system, when the total power generated by the system is less than the 

load demand, the battery will be discharged and is given by (5). And when the total power generated is more 

than the load, the battery will be charged and is given by (6). The power flow expression is given by,  
 

𝑃𝐿(𝑡) = 𝑃𝑤𝑡(𝑡) + 𝑃𝑝𝑣(𝑡) + 𝑃𝑏𝑠_𝑑𝑐ℎ(𝑡) (5) 
 

𝑃𝐿(𝑡) = 𝑃𝑤𝑡(𝑡) + 𝑃𝑝𝑣(𝑡) − 𝑃𝑏𝑠_𝑐ℎ(𝑡) (6) 
 

2.3.  Strategy of energy management 

The reliability of the power supply is given by (7),  
 

LPSP =
∑ [PL(ti)−(Pwt(ti)+Ppv(ti)N

i=1 +Pbs_dch(ti))]

∑ PL(ti)N
i=1

 (7) 

 

where ti ~ tN = operating time of the system. If the scope for load satisfaction (LPSP) is 0, then it indicates 

that the load demand is always met by the system. And if it is 1, then the load is never satisfied. 

The rate of relative fluctuation is given by,  
 

DL  =  
1

P̅L
 √

1

N
∑ (Pwt(ti) + Ppv(ti) − PL(ti))

2
N
i=1  (8) 

 

where P̅L= average power of load. A lower value of DLimplies that complementary characteristics of solar 

and wind is utilized efficiently. 
 

2.4.  Required constraints 

The maximum number of wind generator turbines, solar panels and battery respectively are given by, 
 

N wt  ≤  [
L

(6−10)d
+ 1] . [

W

(3−5)d
+ 1] (9) 

 

where L and W = length and width for the region,  

d = rotor diameter 
 

N pv ≤  [S 2 S pv⁄ ].  αpv (10) 
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where S2 = given installation area for solar PV panel,  

S pv= area of one PV unit 

 αpv = coefficient for possible shadow area 
 

N bs ≤  [S 3 S bs⁄ ] (11) 
 

where S2 = given installation area for battery,  

S bs = area of single battery 

The minimum number of wind turbines, solar panels and battery respectively are given by,  
 

N wt ≥  ∫ PL(t)dt
tm 3

tm 2
∫ Pwt(t)dt

tm 3

tm 2
⁄  (12) 

 

where tm2–tm3= effective operating time of wind turbine during night,  
 

N pv ≥  ∫ PL(t)dt
tm 1

tm 0
∫ Ppv(t)dt

tm 1

tm 0
⁄  (13) 

 

where tm0–tm1 = effective operating time of PV during day,  

 

N bs  ≥  
λ .WLd

η .Cbs .Vbs .DODmax
 (14) 

 

where WLD = energy consumed everyday by load,  

Vbs, Vbs = voltage and capacity of single battery 

η = battery discharging efficiency 

The reserved operating capacity is given by,  
 

∑ PDG ≥  (1 +  μ%)PL (15) 
 

where PDG= total power output of the distributed generation,  

μ = operating reserve ratio (10%) 

The charging and discharging constraints of the battery is given by,  
 

SOCmin ≤ SOC ≤ SOCmax (16) 
 

rch ≤ rch_R , rdch ≤ rdch_R  (17) 
 

where rch, rdch = charging and discharging rate,  

rch_R , rdch_R = limited charging and discharging rate 
 

Ich ≤ Ichmax , Idch ≤ Idchmax (18) 
 

where Ich, Idch= charging and discharging current,  

Ichmax, Idchmax= maximum charging and discharging current 
 

0 ≤ Pbs_ch ≤ Pbs_chmax (19) 
 

0 ≤ Pbs_dch ≤ Pbs_dchmax (20) 
 

where Pbs_ch, Pbs_dch, = charging and discharging power,  

Pbs_chmax, Pbs_dchmax= maximum charge and discharge power [23], [24],  
 

NC ≤ NCmax (21) 
 

where NC, NCmax = charging/discharging cycle of battery and its limited value,  
 

2.5.  Total cost 
 

Initial cost of the system Ci = (NpvCpv+NwtCwt+NbsCbs)fcr (22) 
 

where Cpv ,Cwt, Cbs=cost of PV panels, wind turbine and battery,  

fcr=capital recovery factor 

Operating and maintenance cost,  
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COM = Cpv_OMtPV + Cwt_OMtwt + Cbs_OMtbs (23) 
 

where Cpv_OM, Cwt_OM, Cbs_OM=operating and maintenance cost of PV panels, wind turbine and battery 

tPV, twt, tbs=operating time of PV panels, wind turbine and battery,  
 

Replacement Cost CR = Cpv_R + Cwt_R + Cbs_R (24) 
 

where Cpv_R, Cwt_R, Cbs_R=replacement cost of PV panels, wind turbine and battery,  
 

2.6.  Objective function 

Reducing the total cost of the hybrid power system is regarded as the objective function. It is given by,  
 

min f = min(Ci + COM + CR − Cgs + Cgp + Cpc) (25) 
 

where Cgp, Cgs = Cost of purchasing power from the grid and selling power to the grid,  

Cpc = penalty cost. The flowchart of the suggested method is shown in Figure 2. The flowchart explains the 

step-by-step procedure of the optimization process. The various data collected are used and the final net total 

cost is found out.  
 

 

 
 

Figure 2. Flowchart of the proposed method 
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3. SITE UNDER STUDY AND ITS LOAD ESTIMATION 

The suggested model is presented for powering the National Institute of Technology Manipur and 

Shija Hospitals, Manipur. These two premises are located adjacent to each other at the same location in 

Manipur. The former is an educational institute of national importance and the latter is a renowned hospital 

of the state. The selected site is situated at 24°50’33.20’’N latitude and 93°55’28.82’’E longitude [25].  

The power consumed by the institute and the hospital are segregated and listed in the Table 1. The total load 

demand is also noted.  

 

 

Table 1. Details of load profile 
Sl. No Load Considered Daily Load Demand Peak Load Demand 

Load 1 NIT Manipur 1210 kW/day 215.38 kW 

Load 2 Shija Hospitals 2639 kW/day 402.04 kW 

Total Average Load Demand 3849 kW/day 

 

 

In this paper the required data of electrical load for both the institute and the hospital are collected from 

the Manipur state power distribution company limited (MSPDCL). Here, Figure 3 presents the hourly load 

profile for National Institute of Technology (NIT) Manipur, the highest peak demands can be seen during 0800-

1700 hours. And Figure 4 presents the hourly load profile for Shija Hospitals, and the highest peak demands can 

be seen during 1100-1300 hours.  

 

 

 
 

Figure 3. Average hourly load profile of NIT Manipur 

 

 

 
 

Figure 4. Average hourly load profile of Shija Hospital 

 

 

4. RESOURCES AND ELEMENTS 

The resources and elements that are viewed for the optimization procedure are listed in the Table 2. 

The resources used are wind turbine, Solar PV and battery. The purpose of battery is to utilize it during low 

energy production from the sources. Various cost of the components are also listed below.  

 

 

Table 2. Details of the components used 

Source Company Lifetime Type Rating Capital 

Cost 

Replacement 

Cost 

O&M 

Cost 

Wind 
Turbine 

J.D. Engineering 
Works 

20 years 3-Phase Permanent 
Magnet 

48 V and Rated 
Power 1 kW 

Rs. 50,000 
/kW 

Rs. 90,000 
/kW 

Rs. 10,000 

Solar PV 

Module 

Loom Solar 25 years Mono Crystalline 340 W, Derating 

factor of 80% 

Rs. 12,400 

/unit 

Rs. 12,400 

/unit 

Rs. 4,000 

/unit 
Battery Amaron HCV 

620D 31R 

8 years Lead Acid Battery 12 V, 80 Ah Rs. 6,300 

/unit 

Rs. 6,300 /unit Rs. 1000 

/battery 
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4.1.  Solar energy and wind energy resources 

The solar energy radiation data of the selected location which is at 24°50’33.20’’N latitude and 

93°55’28.82’’E longitude is obtained from the National Aeronautics and Space Administration (NASA) 

surface meteorology and database of solar energy. The obtained data of solar radiation is shown in Figure 5. 

The clearness index measures the clearness of the sky and it is dimensionless. It is defined as the fraction of 

the solar radiation that passes through the atmosphere of the earth and hits the surface of earth. Its value 

ranges from 0 to 1 and is shown in the figure. Solar insolation measures the amount of solar radiation, which 

is incident on the earth’s surface. The average solar insolation of the selected site is 5.58 kWh/m2/day. 

The data of wind resource for the selected site is also obtained from the National Aeronautics and 

Space Administration database of solar energy. Figure 6 shows the average wind speed data collected from 

the database. The left vertical axis indicates the average wind speed of the selected site and the horizontal 

axis represents the months of the selected year. The yearly average wind speed data is 4.2 m/s. 

 

 

 
 

Figure 5. Solar radiation data 

 

 

 
 

Figure 6. Wind speed data 

 

 

5. RESULTS AND DISCUSSION 

The BSA performs several repeated iterations and the optimum results can be seen from the final 

iteration. As can be seen from the iteration process, the most optimal, and efficient results are the design 

composed of solar photovoltaic cells, wind turbine, and battery. The last stages of the iteration process are 

shown in the table. A comparison of the results obtained from HOMER optimization [25], [26] and the 

proposed method is made and is given in the Table 3.  

 

 

Table 3. Comparison of the results 
Method No. of PV module No. of wind turbine No. of battery Total Cost DL LPSP 

Using HOMER 758 0 2655 210000000 Nil Nil 

Using BSA 2276 7 1506 1794553 0.77 0.0 

 

 

Table 3 shows the results obtained from different optimization techniques. It can be seen that in 

reference to the HOMER model [27], [28], there is no scope for load satisfaction (LPSP) and utilizing the 

complementary characteristics of wind and solar (DL). But in the proposed method, because of full utilization 

of complementary characteristics of solar and wind, a smaller fluctuation of the output power is achieved. 

The proposed method guarantees a high-power supply reliability along with a lesser number of battery 

storage capacity.  

 

 

6. CONCLUSION 

An attempt is made to optimize the energy cost of particular area under consideration using 

HOMER and a powerful backtracking search algorithm (BSA). It is shown that the battery involvement is 
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reduced with addition of solar panels (renewable). Optimization technique using BSA seems more promising, 

and found far better than done using HOMER. The total net present cost (NPC) comes out to be 

approximately Rs. 18 lakh with total saving of Rs 20 crore, advocating the huge savings with the proposed 

combinations of renewable sources. We obtain LPSP as zero, so it guarantees high power supply relaibilty. 
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