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 Renewable hybrids play an essential part in assisting India with quickening the 

decarbonization of power production and lowering power production expense 

in the medium term. PV and wind energy are complementary to each other, 

making the system to generate electricity almost throughout the year. In this 

paper, a grid-associated PV-wind energy system tied with a battery is analyzed. 

PV, wind, grid and battery are the sources to be effectively scheduled for 

uninterrupted power and cost minimization. Energy management controllers 

use optimization strategies for effective utilization of sources and cost 

minimization. The methodologies are detailed as optimization problems. 

Limiting the household energy cost is considered as objective, and the delivery 

ratio of power offered to the grid and utilized locally is treated as the 

optimization variable. In this paper, an improved genetic algorithm is proposed 

to solve the formulated nonlinear optimization problems. The time-of-use tariff 

is becoming popular in India; therefore, this article analyses the improved 

genetic algorithm based intelligent power and cost management system under 

time-of-use tariff. Using MATLAB, the proposed approach's performance is 

presented with the comparative analysis of conventional self-made for self-

consumed and rest for sale mode and genetic algorithm-based energy 

management controller. 
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1. INTRODUCTION  

Integration of various sustainable power sources to satisfy customers' energy requirements in remote 

places is becoming increasingly common these days [1]. Because wind and sun energy is opposed, the 

organization can generate electricity almost all year. Due to the discontinuous nature of both solar and wind 

energy sources, the use of an energy storage structure (ESS) is common in standalone applications [2]-[5]. In 

the meanwhile, owing to the inherent characteristics of available renewable sources, such as eccentricity and 

fluctuation, running hybrid renewable energy systems with greater reliability is a big issue. As a 

consequence, there are several control mechanisms available to ensure a smooth power transfer. The wind 

energy conversion system (WECS) requires a regulator capable of ensuring its activity mode around the 

optimal operating point in order to maximize the amount of energy delivered from a wind turbine as 

indicated by wind speed vacillations. Three forms of maximum power point tracking (MPPT) have been 

extensively studied in the literature: tip speed ratio, power signal feedback control, and hill-climbing search 

[6]-[8]. However, it necessitates wind speed, which increases the expense and complexity of implementation. 

https://creativecommons.org/licenses/by-sa/4.0/
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A fast and effective fuzzy-based MPPT technique is devised to overcome the previously described concerns 

[9]. 

Several researchers suggested soft computing-based MPPT algorithms to extract a large quantity of 

solar energy [10]-[14]. Mirjalili and Lewis [15], created the whale optimization algorithm (WOA) in 2016. 

WOA is driven by the remarkable hunting behavior of humpback whales, and it is commonly used to solve 

nonlinear optimization problems. WOA is proposed in this article to extract maximum power from a PV array. 

Many studies explored how to reduce the use of fuel and so reduce CO2 emissions while maintaining a high 

degree of reliability and power eminence for microgrids. This is achieved by increasing the use of renewable 

resources, dispatching and scheduling petroleum product generators at their optimal productivity working 

points, and storing excess energy in a storage system while reducing dependency on the utility network. Several 

researchers used a genetic algorithm to optimize the multi-source system's cost and sizing [16]. 

At the time of installation, cost minimization is planned through appropriate size and position. After 

installation, an energy management plan for a hybrid system [17]-[19] is utilized to decrease costs and meet 

demand. In investigated an energy management system for a microgrid with PV and battery storage based on 

model predictive control (MPC). The objective of EMS in the microgrid is to provide reliable and optimum 

generation from different sources [20]. In a grid-associated private PV-wind power structure, optimization 

plays a vital role in energy storage, delivery schedule, load management, charging of the battery and 

optimizing the percentage of the purchasing power from the utility grid. In reality, energy prices have a huge 

impact on the financial success of PV-wind power networks [21]. 

When used properly, energy tariffs for a network-connected private PV-wind power system can 

provide significant financial benefits to energy consumers. Feed-in tariff schemes, which were first 

implemented in Germany in 1990, require electric utilities to acquire all renewable-generated power at a 

fixed price per kWh. However, one common criticism of the feed-in tariff is that it does not produce enough 

competition [22]. In a grid-associated sustainable power network, the percentage of buy to sell expenses and 

the building electrical load profile are important boundaries. When the price for acquiring power is more 

significant than for selling, where the tariff is time dependent, the cost-effectiveness of a grid-connected PV 

array is improved by restricting surplus PV power taken care of to the network dominantly [23]. The time-of-

use (TOU) tariff is becoming a popular way to buy electricity all over the world. They can improve the 

energy efficiency of power networks from a strategic standpoint, resulting in emission reductions [24]. 

Self-made for self-consumed and rest for sale (SFC&RFS) is an existing system in India, where the 

excess energy is stored in a battery; after reaching battery maximum capacity, rest power is given to the grid. 

In the case of power demand, energy stored in a battery is utilized till minimum battery power, then 

purchased from the grid. In [25] analyzed the energy management of a grid-connected PV system with a 

battery, employing an approach similar to the SFC&RFS method, to reduce a household's operational energy 

losses. In both cases, excess power and demand in the power system work irrespective of tariff. When the 

battery is fully charged, it may be necessary to purchase electricity from the grid at a high tariff, reducing the 

cost advantage to the consumer. To increase the cost benefit of the consumer. Analyzed optimal energy 

management controller grid- associated private PV system with energy storage [26].  

Zhang and Tang [26] employed a genetic algorithm (GA) for energy management control, and the 

results were compared to the conventional SFC&RFS mode. GA is widely used to address a variety of 

optimization issues due to its user-friendliness and positive outcomes. For GAs, premature convergence is well-

known [27], which is where the issue of hanging about the local optimum rather than the global optimal comes 

from. Hanging around the local optimum in a cost optimization issue decreases the consumer's daily cost benefit 

in this application. This research proposes a multiparent crossover approach-based GA, entitled Improved GA, 

to address this issue and enhance the cost benefit. The energy management techniques and economic benefits of 

a grid-connected private PV-wind power structure with battery storage utilizing improved GA are discussed in 

this paper. The daily cost benefit of the customer is discussed here with the improved GA based energy 

management system in comparison to the conventional SFC&RFS mode and GA. 

 

 

2. RENEWABLE HYBRID POWER SYSTEM 

In this analysis, direct current (DC) integration is chosen for variable speed drive wind turbines that 

include a converter-inverter. Improved equipment, lower costs, and increased energy production are all 

advantages of the DC-coupling system. A typical DC connection is used to coordinate the DC yield of the 

wind, solar PV plant, and batteries in this design. To convert this DC power into alternating current (AC) 

power, a typical inverter with joined yield AC capacity is used. The Block diagram of the proposed system is 

shown in Figure 1.  

Wind, solar PV plant and batteries are connected with DC bus through DC-DC converter for voltage 

matching. Battery charging from the DC bus alone employs a DC-DC buck converter. Inverter after DC bus 
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uses LCL filter for sine wave shaping and harmonic reduction. From Figure 1, it is observed that each power 

system, battery charging and discharging, grid connection and load are controlled using intelligent power and 

cost management system.  
 
 

 
 

Figure 1. Block diagram of grid associated PV and wind power system coupled with battery 
 
 

2.1.  Wind energy system 

The WECS comprises a variable speed wind turbine, a permanent magnet synchronous generator 

(PMSG), a DC-DC boost converter and a controller. The power extracted from the wind is [28] 

 

𝑃𝑊 =
1

2
𝜌𝐴𝑣3𝐶𝑝(𝜆, 𝜃) (1) 

 

where 𝜌 is the air density in kg/m3, A is the area swept by the rotor blades in m2, and v is the wind velocity 

in m/s. Cp is the power coefficient and is a function of tip speed ratio (TSR, 𝜆) and pitch angle (𝜃). The 

schematic of the wind energy system is shown in Figure 2 (a). A PMSG is chosen because of its minimal 

operational and support costs [29]. The generator yield is reliant on the breeze speed. The three-stage yield of 

the generator is rectified utilizing a diode rectifier, and the voltage level is then enhanced with the help of a 

DC-DC support converter, as seen in Figure 2 (a). 

To extract maximum power from wind energy produced, an MPPT method is applied. Once the 

wind speed is lesser than the rated value, it is important for the wind turbine to quickly follow the wind speed 

change to provide maximum power to load or grid. In this analysis, the fuzzy logic controller is employed as 

MPPT Mamdani method of fuzzy is selected for MPPT, whose output is defined by linguistic variable to 

offer fine-tuned output, while conventional methods produce predefined step change. The optimum duty ratio 

is produced by 49 tuned fuzzy rules. 
 

2.2.  PV Power system 

PV power structure consists of PV array, DC-DC boost converter with MPPT control, as shown in 

Figure 2 (b), which is connected with the DC bus. MPPT method tracks maximum power and offers voltage 

regulation through the boost converter, making the PV system suitable for grid/load connection. A PV 

module comprises several PV cells associated in series and parallel to get the necessary voltage and current. 

Every PV cell is fundamentally a p-n diode. Single-diode mathematical model is material to mimic silicon 

PV cells, which comprises a photocurrent source 𝐼ph, a nonlinear diode, and internal resistances 𝑅𝑆 and 𝑅sh. 

The PV module’s current 𝐼 under discretionary working conditions can be portrayed as [31]. 
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(a) 

 

 
(b) 

 

Figure 2. Renewable energy system; (a) wind energy system [30], (b) PV power system 
 
 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑜 (𝑒
𝑞(𝑉+𝐼𝑅𝑠)

𝑘𝑇 − 1) −
𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
 (2) 

 

As shown in (2) 𝐼𝑜is diode saturation current, Q is the charge of electron =1.6 x 1019(Coulomb), K is 

Boltzmann constant (J/K) and V is cell output voltage (V). In this paper, 12 panels are connected in a series-

parallel configuration. Each panel is a rated power of 340 W and a maximum voltage (Vmp) of 38.2 V. The 

WOA is offered as an MPPT approach in the PV power structure in this study. WOA is inspired by 

humpback whales' bubble-net hunting technique [15]. The regulator detects the relative voltage and currents 

for each population of whales, i.e., duty ratios, and estimates yield power. WOA is used as an instantaneous 

control MPPT technique in this study, i.e., duty cycle control using a population of whales as duty ratios to 

reduce consistent state oscillations. Direct control MPPT reduces power loss and hence increases the system's 

productivity. 
 

2.3.  Battery energy storage system (BESS) 

The battery stores an overabundance of energy and supplies the load when the produced energy isn't 

sufficient for the load. Intelligent power and cost management systems keep power within a defined window, 

avoiding over-discharge or overcharge control. When the power required by the load is less than the 

electricity generated by the PV cluster and wind generator, the battery is charged through the DC bus. This 

procedure is repeated until the battery reaches PBAT-MAX; once the battery reaches its maximum power, it 

is disconnected from the bus to avoid overcharging, and excess power from sources is delivered to the grid. 

Batteries have connected again when battery power decreases below PBAT-MAX. The battery gets charging 

when the power needed by the load is more noteworthy than the power produced by the PV cluster and wind 

generator. To secure the battery against over-discharging, the battery is separated when its power falls 

underneath PBAT-MIN. At this condition, the load is supplied from renewable energy sources and the grid. The 

inverter-converts generated energy from DC to AC for an AC load [32]. 
 
 

3. INTELLIGENT POWER AND COST MANAGEMENT SYSTEM UNDER TOU TARIFF  

The PV power system, wind energy system, and battery energy storage system mentioned above are 

all connected by a DC bus. Each is individually controlled through intelligent power and cost management 

system under the TOU tariff. When renewable energy is overabundance than the load demand, the excess 
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energy is stored in the batteries or vended to the grid. The amount of energy charging the battery or vended to 

the grid is decided by the delivery ratio (Ϧ), which is considered as an optimization variable. When the 

renewable energy is lesser than the load demand, battery or grid supplies the rest of the energy to load which 

is decided by intelligent power and cost management system based on a tariff. In this section cost benefit for 

the owner of a renewable energy system is discussed with the help of a cost and energy management system.  

Power generated from renewable energy sources (𝑃𝑟𝑒𝑛), load power (𝑃𝐿), power purchased from the 

grid (𝑃𝐺), power vended to grid (𝑃𝑠𝑒𝑙𝑙) and power stored in the battery (𝑃𝐵𝐴𝑇) are the major power parameters 

that decide the performance of the grid. Power purchased from the grid (PG) and power sold to the grid (Psell) 

are the two prime factors that directly affect the overall grid cost. The cost benefit is controlled indirectly by 

battery charging and discharging power. 

- Mode 1: Consider over the period [t0, tf], whereby the renewable output exceeds the load demand then 

power sold to grid is  
 

𝑃𝑠𝑒𝑙𝑙,𝑡 = (𝑃𝑟𝑒𝑛,𝑡 − 𝑃𝐿,𝑡) ∙ Ϧ𝑡 (3) 

 

where Ϧ𝑡is the delivery ratio. It is the optimization variable of the power and cost management optimization 

problem and is limited by 
 

0 ≤ Ϧ𝑡 ≤ 1  (4) 
 

Then, the remaining part of power, (𝑃𝑟𝑒𝑛,𝑡 − 𝑃𝐿,𝑡), is further delivered through Ϧ𝑡to battery as 

 

−𝑃𝐵𝐴𝑇,𝑡 = (𝑃𝑟𝑒𝑛,𝑡 − 𝑃𝐿,𝑡) ∙ (1 − Ϧ𝑡) (5) 

 

where −𝑃𝐵𝐴𝑇,𝑡is the charging power of the battery storage. Selling cost of energy at the instant t is  

 

𝐹𝑠𝑒𝑙𝑙,𝑡 = 𝑃𝑠𝑒𝑙𝑙,𝑡 ∙ 𝐹0 (6) 

 

where Fsell,t is the electricity sale cost and 𝐹0 is the selling price of PV and wind power. 

 

- Mode 2: When the renewable output is less than the load demand, i.e.,(𝑃𝑟𝑒𝑛,𝑡 − 𝑃𝐿,𝑡 < 0), the battery 

storage is changed to discharging state. To fulfill the load requirement, extra electricity will most likely be 

purchased from the grid. Purchasing electricity from the grid at the instant t is 

 

𝑃𝐺,𝑡 = 𝑃𝐿,𝑡 − 𝑃𝑟𝑒𝑛,𝑡 − 𝑃𝐵𝐴𝑇,𝑡 (7) 

 

profound drain or excessive charging reduces the battery's operating life and incurs additional maintenance 

costs. As a result, it is a good idea to set the battery power status limitations as shown in (8). 

 

𝑃𝐵𝐴𝑇 𝑀𝐼𝑁 ≤ 𝑃𝐵𝐴𝑇,𝑡 ≤ 𝑃𝐵𝐴𝑇 𝑀𝐴𝑋 , (8) 

 

where 𝑃𝐵𝐴𝑇,𝑡is the battery power at t. 𝑃𝐵𝐴𝑇 𝑀𝐼𝑁, 𝑃𝐵𝐴𝑇 𝑀𝐴𝑋 form a boundary for 𝑃𝐵𝐴𝑇,𝑡. 

The buying price of energy from the grid at the instant t,𝐹𝑏𝑢𝑦,𝑡 is influenced by the electricity tariff. It is 

attained by 

 

𝐹𝑏𝑢𝑦,𝑡 = 𝑃𝐺,𝑡 ∙ 𝐹𝑝𝑟𝑖𝑐𝑒,𝑡 , (9) 

 

𝐹𝑝𝑟𝑖𝑐𝑒,𝑡is the electricity tariff at t. In this analysis, 𝐹𝑝𝑟𝑖𝑐𝑒,𝑡follows a TOU tariff rule. 

 

 

3.1.  Cost benefit as objective function 

The total cost benefit of a grid-associated hybrid private power system during the period [t0, tf] is 

stated as shown in (10). 

 

𝐹𝑡𝑜𝑡𝑎𝑙−𝑇𝑂𝑈 = ∫ (𝐹𝑠𝑒𝑙𝑙,𝑡 − 𝐹𝑏𝑢𝑦,𝑡)
𝑡𝑓

𝑡=𝑡0
∙ 𝑑𝑡 (10) 

The total cost, Ftotal, is considered as the objective function of the power and cost management 

optimization function. Maximising Ftotal accomplishes the optimal profit of the entire small scale power 
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system. Consolidating the objective function (10) and constraints, the energy management optimization 

problem under TOU tariff is produced as shown in (11). 

 

max 𝐹𝑡𝑜𝑡𝑎𝑙−𝑇𝑂𝑈 (Ϧ𝑡) = ∫ (𝐹𝑠𝑒𝑙𝑙,𝑡 − 𝐹𝑏𝑢𝑦,𝑡)
𝑡𝑓

𝑡=𝑡0
∙ 𝑑𝑡 ,

𝑠. 𝑡.
𝑃𝐺,𝑡 + 𝑃𝑟𝑒𝑛,𝑡 + 𝑃𝐵𝐴𝑇,𝑡 − 𝑃𝑆𝐸𝐿𝐿,𝑡 − 𝑃𝐿,𝑡 = 0 ,

(𝑃𝑟𝑒𝑛,𝑡 − 𝑃𝐿,𝑡) ∙ (1 − Ϧ𝑡) + 𝑃𝐵𝐴𝑇,𝑡 = 0 ,

(𝑃𝑟𝑒𝑛,𝑡 − 𝑃𝐿,𝑡) ∙ (Ϧ𝑡) − 𝑃𝑆𝐸𝐿𝐿,𝑡 = 0 ,

0 ≤ Ϧ𝑡 ≤ 1 ,
𝑃𝐵𝐴𝑇 𝑀𝐼𝑁 ≤ 𝑃𝐵𝐴𝑇,𝑡 ≤ 𝑃𝐵𝐴𝑇 𝑀𝐴𝑋 ,

 (11) 

 

The power and cost management optimization (11) are constrained nonlinear optimization problems. 

It is first digitised and then dealt with using mathematical computations in the following. In the energy 

management problem, the delivery ratio (Ϧ) is the optimization variable; the renewable power forecast and 

institutional load forecast are the inputs. 

 

3.2.  Improved GA in power and cost management system 

The proposed improved GA based optimization algorithm is delineated in Figure 3; it makes out of 

the accompanying primary steps: 

− Step 1: Initialisation 

In this stage, the population is initialized, which comprises a set of chromosomes. It signifies an order for a 

problem to be solved. Apart from that, the parameters of GAs are also initialized for future application. 

− Step 2: Fitness evaluation and selection operator 

Following the determination of the energy source status, chromosome fitness is determined. At that point, 

the selection operator selects better chromosomes to be endured. The binary tournament operator [33] is 

active, which chooses the better chromosomes with higher objective values in this maximization problem. 

− Step 3: Crossover operator 

In this stage the two-point crossover operator toward mate two chromosomes which are self-assertively 

assigned. There is a crossover rate (Pc) that resolves whether the crossover operator implements the 

mating of two chromosomes. 

− Step 4: Mutation operator 

A chromosome is planned to mutated when it is smaller than the mutation rate (Pm). Here, a well-known 

swap mutation operator is used. The approach entails creating arbitrary chromosomal cut-points and then 

swapping the genes that are suited to the dual cut-points. 

− Step 5: Multi-parents crossover operator 

A multiparent crossover operator is proposed to generate descendants from several parents. In this stage, 

the created descendants are deposited in an exterior store and utilized in the substitution state. The 

magnitude of the outside store is the same as the dimension of population. At that point, entire 

chromosomes are checked pair-astutely predictable with their succession results. At the point when an 

unnecessary solution is found throughout the pair-wise correlation, a chromosome is sequentially drawn 

from the outside store which has not been used and afterward supplanted in the overlapping arrangement.  

With the help of the above steps improved GA finds out optimum Ϧ for maximum cost, to offer enriched 

daily benefit. 
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Figure 3. Flowchart of improved GA based optimization algorithm 

 

 

4. SIMULATION RESULTS AND ANALYSIS 

PV-wind grid-associated system tied with battery model is developed using MATLAB/Simulink. 

Specification of the hybrid power system is shown in Table 1. 
 
 

Table 1. Specification of the hybrid power system 
System Specification 

PV 4 kW  

Wind 5Hp  
Boost converter  PV Wind 

Inductor 100uH 110uH 

Capacitor 1000uF 1000uF 

Switching Frequency 20KHz 20KHz 
Battery 2kw  

DC Bus 330V DC.  

Inverter 1ϕ Inverter, 50Hz, 
230V 

 

 

 

The hourly weather profile of Karnataka is used to test PV systems with WOA MPPT and WECS 

with fuzzy MPPT. Maximum power tracked by PV and wind systems are recorded in MATLAB for cost 
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optimization analysis utilizing improved GA. For one day, cost optimization is examined. This research takes 

into account Karnataka's time-of-use tariff profile for private educational institutes. The following parameters 

are taken into account while optimizing the power and cost management controller: 

Selling price (𝐹0)= ₹3.85 
 

Electricity tariff (𝐹𝑝𝑟𝑖𝑐𝑒) ={
₹6.2, between 10PM to 6AM
₹7.2, between 6AM to 6PM

₹8.2, between 6PM to 10PM
  

 

Constraints of optimization are set as, 
 

𝑃𝐵𝐴𝑇 𝑀𝐼𝑁=0.2E,  
 

𝑃𝐵𝐴𝑇 𝑀𝐴𝑋=0.8E;  

 

where Eis the rated capacity of the battery storage. In this analysis E is 2kW and PBAT at the initial state of 

analysis (𝑃𝐵𝐴𝑇,0) is 0.505E (1010W). 

Parameters of improved GA are as shown in, 

− Number of chromosomes: 20; 

− Number of parents: 3; 

− Crossover rate: 0.85; 

− Mutation rate: 0.2 

Figure 4 depicts the hourly production of a renewable energy system for a single day. The total 

amount of renewable energy is equal to the sum of wind and solar energy. On this particular day, the greatest 

renewable energy produced was 3.7 kWh, while the least energy produced was 0.87 kWh. PV energy is 

generated from morning 7 a.m. until evening 6 p.m., as shown in Figure 4 (a). PV output at 7 a.m. and 6 p.m. 

is significantly lower than at other times of the day; at 12 p.m., the greatest PV power generated is 2717 

watts. Figure 4 (b) depicts the wind energy's hourly power profile; it can be seen that power is more than  

600 W throughout the day. Wind speed of 9.3 m/s produces maximum wind power of 2160 W at 8 p.m. As 

demonstrated in Figure 4 (c), integrated renewable power is more than 800W throughout the day due to the 

influence of wind energy. Figure 5 depicts the hourly load profile for a single day. The highest load on a day 

is 3 kW, while the smallest load on a day is 0.73 kWh, as shown in Figure 5. The hourly TOU tariff profile is 

shown in Figure 6. 

 

 

 
(a)  

(b) 

 

 
(c) 

 

Figure 4. Hourly energy production; (a) PV power, (b) Wind Power, (c)Total renewable power 
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Figure 5. Hourly load profile  
 

 

  
 

Figure 6. Hourly TOU tariff profile 
 
 

Figure 6 shows that different tariffs 6.2, 7.2, and 8.2 are distributed throughout the day. Figure 6 

indicates that the tariff is lowest from 10 p.m. to 6 a.m. in the morning, and highest from 6 p.m. to 10 p.m. in 

the evening. The tariff during rest hours is 7.2, which is modest in comparison to other tariffs. In this study, 

the hourly tariff profile is critical; when there is a need for power, an alternate source battery or grid is picked 

according to the tariff. If the tariff is low, electricity is obtained from the grid; otherwise, the load is supplied 

by the battery. So that battery discharge is optimized and purchasing costs are kept to a minimum. 

Figure 7 (a) shows the performance of the improved GA with varied power in a single window. 

Figure 7 (b) depicts the improved GA optimized delivery ratio under the TOU tariff, whereas Figure 7 (c) 

depicts the battery charge profile. Figure 7 shows that there is a power demand from 6 p.m. to 5 a.m.; 

depending on the tariff, the battery is drained in the evening hours (6 p.m. to 10 p.m.) to decrease purchasing 

costs. As illustrated in Figure 7 (c), the battery drained its full power and reached a low value around  

P (BAT MIN). Power is purchased from the grid during the low tariff time, which runs from 10 p.m. to 5 

a.m. In the case of power demand, as illustrated in Figure 7 (b), the delivery ratio Ϧ𝑡 is optimized to zero. 

Figure 7 shows that there is surplus power from 6 a.m. to 5 p.m., which is used to charge the battery 

while the remaining electricity is sold to the grid. Because the analysis begins with a battery power of 1010 W, 

if there is excess power, it priorities battery charging until 8 a.m. while maintaining a low delivery ratio. Then, 

to boost selling power, the delivery ratio is raised. Since the battery reaches its maximum power P (BAT MAX) 

around 10 a.m., the delivery ratio is optimized to its maximum value of 1. Because the battery is kept at its full 

capacity until 6 p.m., the entire extra power is sold to the grid with a delivery ratio of 1. Based on the power 

available and battery power, the hourly profile of delivery ratio indicates that the delivery ratio ranges between 0 

and 1. When there is no extra power, the delivery ratio is optimized to zero. In the event of surplus power, the 

delivery ratio is increased from 0 and reaches 1 when the battery achieves maximum power, based on battery 

condition. Figure 8 depicts an hourly cost profile in INR. The cost ranges between +10 and -10 INR, as seen in 

Figure 8. The cost in + denotes the sale price, whereas the cost in-denotes the purchase price. Figure 8 illustrates 

that from 6 p.m. to 10 p.m., there are no selling or purchasing costs since, as explained, the battery fulfills the 

power requirement. Due to the high tariff, no power is purchased during this time. Figure 8 shows that power is 

purchased from the grid during the low tariff period of 10 p.m. to 5 a.m., which is displayed as a negative value. 

Even if there is extra power between 6 and 8 a.m., because the selling price is low, priority is given to battery 

charging by low Ϧ values. From 9 a.m. to 5 p.m reasonable selling cost is yielded, shown as positive bars. The 

overall benefit per day by using improved GA is INR 2.01.  
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Apart from power and cost management controller optimization, the selling price of power 

determines the system's cost benefit. The selling price is determined by the amount of subsidy obtained and 

the type of renewable energy source used. As a result, the impact of the selling price is investigated using 

various costs such as ₹3.45, ₹3.9 and ₹4.15. The same system is analyzed using SFC&RFS mode for all 

selling prices to validate the efficacy of the proposed improved GA. 

At various selling prices, Figure 9 compares the performance of improved GA and SFC&RFS mode. 

It can be shown that increasing the selling price improves the daily benefit using both approaches. For a 

selling price of ₹3.45, the SFC&RFS approach yields a daily benefit of 0.78, whereas the proposed GA 

method yields a daily benefit of ₹2.01. SFC&RFS technique gives a daily benefit of ₹7.25 and ₹10.85 for a 

selling price of ₹3.9 and ₹4.15. Improved GA delivers economic benefits such as ₹8.87 and ₹12.6 for the 

aforementioned benchmark prices. From Figure 9, it is observed that under all benchmarking prices improved 

GA offers increased daily benefit, which validates the efficacy of proposed optimization. The benchmarking 

price of 3.9, highlighted (encircled) in Figure 9 is considered for comparative analysis. Economic benefits of 

improved GA in comparison with SFC&RFS method are shown in Table 2. In Table 2 indicates that the 

existing SFC&RFS technique provides a daily economic benefit of ₹7.25, whereas the optimization 

employing improved GA provides an economic benefit of ₹8.87. The proposed power and cost control 

system boosts the benefit to ₹1.62. 
 

 

 
(a) 

 

 
(b) 

 

 
 

(c) 

 

Figure 7. Performance of improved GA under TOU tariff (a) hourly power profile using improve GA (b) 

delivery ratio (c) hourly charge profile of the battery  
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Figure 8. Hourly profile of cost (INR) 
 

 

 
 

Figure 9. Comparative performance of improved GA and SFC&RFS mode under various selling price 
 

 

Table 2 shows that the proposed technique provides a revenue growth rate of 22.34%. The revenue 

growth rate of grid connected renewable energy systems studied in Zhang and Tang [26] is considered in this 

research to validate the efficacy of suggested improved GA in comparison to conventional GA. In [26] 

revenue growth rate of GA based power and cost management system is presented in comparison with 

SFC&RFS method, which is 17.47%. The revenue growth rate of improved GA and GA in comparison with 

SFC&RFS method is shown in Table 3. 
 
 

Table 2. Economic benefits of improved GA in 

comparison with SFC&RFS method 
Operation mode Daily benefits/ 

INR 
Revenue growth 

rate/% 

SFC&RFS 7.25 - 

improved GA  8.87 22.34 
 

Table 3. The revenue growth rate of improved GA 

and GA in comparison with SFC&RFS method  
Operation mode Revenue growth rate/% 

SFC&RFS - 
GA [26] 17.47 

improved GA  22.34 
 

 

 

Table 3 indicates that, when compared to the SFC&RFS approach, GA optimized power and cost 

management controllers give a revenue growth rate of 17.47 %, showing the success of power and cost 

management controller optimization over SFC&RFS. In comparison to the SFC&RFS approach, the 

proposed improved GA optimized power and cost management controller produces a revenue growth rate of 

22.34 % for the same selling price. According to the results of the investigation, the suggested improved GA 

technique provides a greater economic advantage not only when compared to the SFC&RFS approach but 

also when compared to GA-based optimization. Improved GA improves optimization accuracy, resulting in a 

4.87% in revenue growth rate as compared to GA optimized power and cost management in a hybrid 

renewable power system. 
 
 

5. CONCLUSION 

The main goals of a small-scale hybrid power system are efficient energy usage and cost reduction. 

This research considers a grid-associated PV-wind energy system with a battery. Whale optimization 
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algorithm and fuzzy logic controller are used as MPPT in PV and wind energy systems, respectively, to track 

maximum power. Intelligent power management controllers are necessary to maximize the use of solar and 

wind energy. Intelligent power management controllers are required not only for efficient use of resources 

but also for financial gain. In this study, an improved genetic algorithm for power and cost management is 

proposed. The objective function and optimization variable are, respectively, the total energy cost and the 

delivery ratio. In a conventional genetic algorithm, the local optima problem may lower the power system's 

cost benefit. As a result, for improved cost benefit, an improved genetic algorithm with multi-parent 

crossover is presented in this paper. The research is based on one-day irradiance and wind speed data from 

Karnataka. WOA and FLC MPPT based PV and wind energy analyzed using real-time weather are applied as 

input to improved GA based power and cost management system. The economic benefit of the proposed 

improved GA system is presented with the comparative analysis of conventional SFC&RFS mode and 

genetic algorithm-based energy management controller. In a PV-wind energy system, the daily benefit from 

the standard SFC&RFS approach is ₹7.25, however, it is improved to ₹8.87 with the proposed improved GA 

based energy management controller. With the help of optimization in the energy management system, the 

economic benefit of a day is improved by ₹1.62 compared to the existing SFC&RFS technique. The proposed 

system's daily revenue growth rate is 22.34%, compared to 17.47% for a conventional GA-based energy 

management system with a TOU pricing. When compared to the GA optimized power and cost management 

system, the proposed improved GA enhances economic benefit by 4.87%. Using multiparent crossover in 

optimization to avoid local optima enhances the cost benefit of the planned power system. As a result, it's 

proven that the proposed improved GA technique outperforms both the SFC&RFS method and GA-based 

optimization in terms of economic gain. Meanwhile, the study shows that the battery never hits the minimal 

battery power level, which extends the battery's life and enhances its performance. As an outcome, the 

proposed improved GA-based power and cost management system effectively uses all power sources while 

providing increased economic benefits. 
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