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Abstract 
 
India is aiming to achieve solar energy generation of 100GW by 2022. 

Nowadays domestic consumers are propmoted to install solar based grid-

connected systems in their residence. This system consists of solar PV and 

effective management of PV generation, battery power (BP) and Utility Grid 

(UG), can reduce the energy bills of the consumer. Utility companies adopt 

Stepped Tariff (ST) and Time of Day tariff (ToD) for generating energy bills. 

In this paper, an optimal strategy for energy management in domestic power 

generation systems, working under ToD tariff has been proposed. Strategies 

have been formulated that resulted in optimized parameters to maximize the 

customer benefits. The parameters were optimized using Antlion 

optimization technique. A case study of the proposed system has been made 

with a typical residential electrical system and the results have been 

validated. The results infer that the proposed strategy optimized though 

Antlion optimization can be effectively used for energy management fetching 

maximum benefits to the customers. 

 

Key words: Antlion, Optimization, Energy Management, Domestic PV 

system, Grid Connected. 
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1 Introduction 
 

Increasing consumption of India is aiming to achieve solar energy 

generation of 100GW by 2022. Nowadays residential photovoltaic systems 

(RPV) connected to grid have been strongly promoted in India. RPV system 

consist of PV for power generation. Effective management of PV generation, 

battery power (BP) and Utility Grid (UG), can reduce the energy bills. Utility 

companies adopt Stepped Tariff (ST) and Time of Day tariff (ToD) for 

generating energy bills. In this paper, an optimal strategy for energy 

management in domestic power generation systems, working under ToD 

tariff has been proposed. Strategies have been formulated that resulted in 

optimized parameters to maximize the customer benefits. The parameters 

were optimized using Antlion optimization technique. A case study of the 

proposed system has been made with a typical residential electrical system 

and the results have been validated. The results infer that the proposed 

strategy optimized though Antlion optimization can be effectively used for 

energy management fetching maximum benefits to the customer. Fossil fuel 

and its impact on the environment have sparked alternative energy research. 

Solar energy being the best and easy solution for alternate energy, has 

undergone accelerated development in the past. Thus, solar energy 

generation and utilization can reduce the consumption of fossil fuels, 

optimize the energy costs and mitigate pollution to environment. However, 

since the solar energy being unpredictable due to dependence of nature and 

its weather conditions it requires proper management for an effective 

utilization. This problem can be very well addressed by connecting it to the 

grid, adding storage element.  

Today, the problems of solar energy related to variations in the varying 

weather conditions can be overcome by connecting the system to grid, 

combining it with energy storage equipment [1]. Therefore, practically power 

systems for domestic application is a combination of multiple power sources. 

A systematic management of these multiple energy sources including optimal 

scheduling based on the utility tariff is needed [2].  Energy management can 

be done in two ways namely design management and operation management. 

Forecasting methods can provide insights to plan and process of a system [3]. 

The wind-solar hybrid system connected to the gird is studied [4] and [5]. A 

reliability study is conducted for PV and battery system [6] and [7]. In [8], a 

review of reliability models, methods to estimate the influence of non-

conventional energy means on the availability of electricity generation is 

provided. Economic evaluation for a grid connected system used for 

domestic applications, working with feed in tariff and ToD is studied [9]. 

Optial design of Hybrid Micro-Grid System (HMGS) using, HMGS Particle 

swarm optimisation method has been proposed and evaluated [10]. Energy 

management system to power the critical loads without interruption from 

PV/Battery/UG was attempted [11].  
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A proper energy management is achieved by appropriate selection of 

energy system using equipment technology. A reliable PV plant connected to 

UG is optimised using heuristic approach [12]. A PV plant connected to the 

UG is optimized for scheduling the power drawn from UG [13 - 15]. The 

proposed research work, emphases on the energy management approaches of 

a Residential PV (RPV) generation system connected to grid along with 

stirage of battery. In this study, the storage device and UG are meant to 

power the critical loads, whereas, UG and RPV power the normal load. 

Schedule of optimal power drawn from these sources is a non-linear 

problem, addressed through nature inspired antlion optimization [16] 

technique.  

The organization of the research paper is as follows: Section gave an 

introduction for the need of energy management in residential PV system 

connected to the grid. Section 2 deals with the modelling of PV system, 

followed by the consititution of energy management problem in Section 3. 

The proposed Ant Lion Optimization (ALO) algorithm is dealt in section 4 

and section 5 ellobarates the case study. The simulation results of the system 

taken up as case study is presented in section 6 and the conslusions arrived 

from this research work is presented in section 7.  

 

2 Modelling of PV System 
 

A grid connected RPV with backup battery is depicted in Figure 1. The 

power sources are PV, Grid and storage. The connected load is divided into 

critical loads (CL) powered by storage/UG and normal loads powered 

through RPV/UG.  

 
Figure 1: RPV system connected to Grid with backup. 

 

2.1 PV Generation 
 

Arrays of PV form the integral part of PV based generating system. PV 

output is deifned by equation 1 [2].  
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             (1) 

Where PSTC and TSTC are the maximum power and temperature 

respectively of PV array standard testing conditions. k the power temperature 

coefficient, is -0.0047
o
C. The cell temperature Tc of solar cells at ambient 

temperature Ta is given by [2] equation 2. 

                                                                                   (2) 

 

2.2 Modelling Storage Device 
 

The commonly used energy storage devices in RPV are lead acid 

batteries. The energy stored in them is given by equation 3[3].  

 ( , Charging 

( , Discharging                                           (3) 

The energy stored is calculated at time t and (t-1) illustrates the status of 

charging and discharging. Where Ebat,t represents the battery stored energy at 

t, Pld,t - the load power and Ppv,t  the  PV output power, ηinv and ηbat are 

efficiencies of inverter and battery respectively. 

 

2.3 Rules for Scheduling Power  
 

The proposed system combines power sources from Grid, PV and 

battery. Better understanding of the dependability of these power sources is 

important in scheduling the sources for supplying the load. The power 

generated by PV is highly dependent on the climate, weather conditions, time 

of the day and season. Forecasting such a source of power is stochastic and 

beyond control. The excess demand of energy is supplemented by the 

importing power from the grid. Here the backup capacity of the battery is 

restricted to source the CL only. Keeping the storage element less on the 

other hand will reduce the life cycle electricity cost. The scheduling is done 

as per the following table 1. 

 
Table 1. Scheduling power to the loads 

Condition of 

Grid 

Connected 

Load 

Grid 

Cost 

(ToD) 

PV Battery 
Power to 

Critical load 

Other 

loads 

3kW -230V High Yes-230V X PV via Grid Grid 

3kW -230V Low Yes-230V X PV via Grid Grid 

3kW -230V High No (<200V) Battery Battery Grid 

3kW -230V Low No (<200V) Battery Battery Grid 
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The PV power generated is supplied to the grid. The net meter reads the 

net energy drawn from the grid. Moreover, when power of the gird becomes 

costly or when there is a power outage, battery supplies power to the critical 

loads. The scheduling is based on the present policy of Indian government on 

grid tied PV systems. The time of demand (ToD) prices are used by utility 

companies for arriving the energy cost for customers whose monthly 

consumption exceeds 500kWh.  It can be seen from the above table that the 

scheduling is dependent on the availability of the source and cost of utility 

power. 

As per the Indian policies, scheduling power is done based on the 

following assumptions. 

Load is divided into two – critical loads and power loads 

PV is connected to the grid. PV power generated ≥ Load power 

PV power is directly used for battery charging  

PV power after meeting the load and battery charging is fed to the grid. 

When PV generation is less, then battery supplies critical load and balance 

load is supplied by the grid.  

             ω =   PV Energy exported to grid 

                           PV energy generated 

ω is the optimisation variable. 

These assumptions can be considered as constraints for the optimisation 

problem. 

 

3 Constitution of Energy Management Problem 
 

Based on the scheduling rules optimisation problem is being formulated 

for the Energy Management of the system working with ToD (EMTOD). The 

cost advantage in electricity bill for a grid tied RPV is the objective function. 

The tariff of electricity influences the economics of the power system. The 

increasing demand and additions of solar power to the grid has made the 

utility companies in India to go in for ToD tariff-based billing for customers. 

By implementing smart meters for generating energy bills, the stepped tariff 

will be replaced with ToD tariff. Hence energy management is done for the 

system working on ToD tariff. 
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3.1 Optimisation of Energy Management Problem 
 

 
Figure 2: EMTOD Process Flowchart 

Figure 2 depicts proposed EMTOD method. In case, the battery 

supplying critical loads is insufficient, then CLs are powered through UG 

only if the ToD is low and battery sate of charge (SoC) does not meet the 

energy requirement of load. 

 

3.2 Problem Formulation 
 

EMTOD problem is formulated based on the scheduling rules, models of 

the constituent energy generating subsystems and working of them with ToD 

tariff. ToD tariff influences the economics of power system. The energy cost 

is optimized through dispatching ratio ω, (0 ≤ ω ≤ 1), which is the ratio of PV 

energy sold to the grid to generated. When ω = 1, maximum power is sold 

and 0, when no power is exported. The customer is benefitted when the 

selling power to grid is maximized as indicated in equations 4 - 6.  

                                (4) 

.                               (5) 

.                 (6) 
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0 ≤ ω ≤ 1 

Where, 

Cbt is the cost benefit to the customer for a grid connected system in a 

specified period, t1 to t2.  

Cnet = Energy bill under net billing system working under ToD. 

Csold = Cost obtained against exporting power to the grid. 

C1 -Cost per unit of energy imported under ToD  

C2 - The selling cost of energy per unit  

 

3.3 Power Balance Equation   
 

There are three different sources in the residential power system under 

study. At any given time for balanced operation it should satisfy the equation 

given (7). The battery provided acts as load as well as source depending on 

its condition and the availability of PV power. The total power is the 

summation of power consumed by normal load and critical load (8). During 

day time when the solar output is high, the PV power charges the battery and 

supplies the load hence the equation for balancing power becomes (9). When 

the solar insolation is less, the PV power will be less and the battery acts as 

source, thus the power balance equation becomes (10). 

.                          (7) 

                                                        (8) 

                                              (9) 

                           (10) 

Where,  

 -   Power consumed by load at any time t 

 -   Power consumed by normal load at time t 

  -   Power consumed by critical load at time t 

  -   Power drawn from utility grid at time t. 

 -  Power output from PV at time t 

 - Battery output power at time t 

 -     Power sold to utility grid at time t 

 

3.4 Scheduling PV Energy  
 

When the solar insolation is high, PV generation will be high and hence a 

part of the power generated after supplying the loads and charging the battery 

is sold with a dispatch ratio ωt to the grid making the equation as (11) and 

(12). 

                                                                                               (11) 

                                                                          (12) 
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3.5 Battery Charging Conditions 
 

To enhance the life of lead acid battery and reduce its maintenance, 

conditions for charging and discharging has to be set. Thus, battery charging 

and discharging has to be bounded based on its energy stored. If Eb,t 
represents the stored energy in the battery at any time t  and Ebmin,  Ebmax its 

bounds where  Ebmin is 20% and  Ebmax  80% of the stored energy, then the 

bounding  can be set as follows 

 
If Pbat,c  and Pbat,d represents the power of the battery for charging and 

discharging then the charging and discharging conditions can be set by the 

equations 13,14 and 15.  

                                 (13) 

                                       (14) 

∆t is set to one hour 

   

 

  
                                                                                 (15) 

Based on the aforementioned terms, the objective function and 

constraints of the energy management problem working under time of the 

day tariff arrived are as follows 

Objective function is: 

                                               (16) 

Constraints are:    

                                        

                     

               

                

                

       

                          

               

                

                                           
 

4 Antlion Optimization 
 

Antlion optimization (ALO) is a nature heuristic optimization algorithm. 

It resembles the life cycle of an Antlion. Antlion Optimizer (ALO) is 

proposed by Mirjalili [16] has been used for tuning of PID controller [17 - 

18]. Optimal pulse widths required for efficient operation of brushless and 

PMDC motors are obtained through antlion optimization [18 & 19].  
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ALO has been effectively used to optimize the location and size of diesel 

generator sets [20 - 21]. ALO is based on the life cycle of ants and the 

algorithm is explained in the following section.  

 

4.1 Life Cycle of Antlions 
 

Larva and adult are the two life cycle phases of antlions, as portrayed in 

Figure 3 (a) and (b). Their hunting mechanism in larva stage is utilized for 

optimization. They built a small cone-shaped sand pit traps to tap ants as 

show in Figure 4. Antlions wait in the pit for prey to be trapped. When the 

prey is caught, they consume the flesh and throw out the leftovers from the 

pit. For the next hunt, it amends the pit. When the antlion is hungry, it digs a 

bigger pit. The pit amendment and change in the size of the pit inspires ALO 

algorithm.  

            
(a) Larva                      (b) Adult 

Figure 3: Life cycle stages of Antlions 

 

 
Figure 4: Sand Pit Trap 

 

4.2 Antlion Optimization 
 

Interaction of ants and antlions are related mathematically in ALO. Ants 

travel the search space and antlions traps and hunts these ants. Usually ants 

make a nature random walk, in search of food, which is used for modelling 

the ants. The problem associated with optimization includes random walk, 

selection of agents randomly, trap building, ant’s entrapment, preys catching 

and traps re-building. The traps are in the form of roulette wheel. The wheel 

and walk eliminate local optima. This is antlion optimization. ALO algorithm 

is used for optimal scheduling of the sources in the RPV connected to the 

gird and getting the maximum customer benefit random walk of ants are 

given by  

                          (16) 
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Where, cumsum is calculating cumulative sum, n is maximum number of 

iterations; t is step of random walk. 

                                                                     (17) 

Where, rand is generation of random number between 0 & 1. Based on 

equation. 6, the random walk is made inside the search space as given by 

equation. 18.  

=  +                         (18) 

Where, ai & bi are the maximum and minimum values of random walk of 

i
th
 variable. ci & di are the minimum and maximum of i

th
 variable in the t

th
 

iteration. The location of ants and corresponding fitness function matrix are 

as follows: 

                                             (19) 

                                 (20) 

Where, MOA characterizes fitness values of location of ant’s matrix MAnt. 

If ants and antlions are hidden in search area then the corresponding location 

and fitness matrices of antlions are given by 

                                          (21) 

                                           (22) 

Where, MOAL represents fitness values of location of antlions.  

Equation 23 depicts the mathematical model of trapping  

 

= +  

= +          (23) 

Where, c
t
i d

t
i are minimum and maximum of all variables at i

th
 iteration. 

c
t
 and d

t
 are minimum and maximum variables for i

th
 ant. Antlion

t
j is the ant 

position of selected antlion. Antlions shoot sand outwards to slide the ants 

towards them. Adaptively area of random walks is reduced as depicted in 

Figure 5. Slipping of ants into pits is given by equations (24) 
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Figure 5: Sand Pit Traps with remains of ants 

 

                                                                 (24) 

Where, I = [10t/T], t is current iteration and T is maximum number of 

iterations.  

Antlion catches the prey once it becomes fit and after that the position is 

updated as in equation 24.  

                              (25) 

Ant walks randomly around a particular antlion by the roulette wheel and 

the elite which is the optimized antlion elite are given by equation. 25.  

                                           (26) 

Where, R
t
A and R

t
E are random walks near by the antlion by roulette 

wheel, elite at i
th
 iteration, Ant

t
i is the position of i

th
 ant at the end of t

th
 

iteration. 

 

4.3 Implementation of ALO 
 

First the population of ants and antlions are initialized. Then fitness of 

them are calculated. Best antlion is found and is assumed as elite. Check the 

condition and constraints of elite. If they are not satisfied, update the roulette 

wheel and position. The process is repeated until the elite satisfying all 

constraints are obtained. The flow diagram of ALO is painted in figure 6.   
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Figure 6: Antlion algorithm 

 

5 Case Study 
 

A typical residential load in India is taken for the case study. The study is 

based on the present government policies for generating and supplying 

renewable energy to the grid.  

 

5.1 Configuration Selected for the Case Study  
 

A 3kW grid tied system working on a residence is taken for the case 

study. A battery backup of 150Ah takes care of the critical loads. The life of 

the system is estimated for 25 years. The connected load on the residential 

building is 4.2kW out of which 1.2 kW is the critical load which has a 

backup. The backup battery power is supplied to the grid when PV power 

and UG are not available and also during peak load hours. The weekly load 

profile of a typical residence is considered. Profile says that the charging and 

discharging of battery will be different for different days in a week. The 

weekly load cycle is seen to be repeated. Figure 7. shows the weekly load 

forecasted. 
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Figure 7: Weekly Residential load profile 

The output from the solar panels depend on the light intensity and its 

location. The location of this case study is Palakkad in Kerala state of India. 

Solar data is obtained from National Renewable Energy Laboratory (NREL) 

which is compared with the observed data. This database is used for 

forecasting the daily solar output. Figure 8. portrays the plot of the solar data 

for a day. 

 
Figure 8: Daily PV Generation 

 

The increasing contribution of solar power to the grid supports the utility 

companies for the day time energy requirement. However, during night the 

power from PV is unavailable. When the demand increases, the utility 

companies purchase power during the peak hours of the day. This makes 

utility companies to adopt ToD tariff. The tariff selected in this case study is 

the prevailing ToD tariff fixed for domestic consumers whose monthly 

consumption is above 500 kWh by the utility company Kerala State 

Electricity Board (KSEB).  
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The tariff is divided into three different timings of the day based on the 

demand pattern. Different rates fixed for the three timings namely peak, 

normal and off peak and are given in table 2 and figure 9. 

 
Table 2: ToD tariff rates 

Time Tariff 

6am to 6pm Rs.7.90 

6pm to 10pm Rs.9.48 

10pm to 6am Rs.7.11 

 

  
Figure 9: ToD tariff 

 

6 Results and Discussions  
 

In this investigation, ALO algorithm is used to maximise the customer 

benefit. Dispatch ratio is varied by the ALO depending on the availability of 

solar energy generated. This will have a significant contribution in reducing 

the energy cost. The storage device is charged only during the solar hours. 

During peak hours the demand by the critical loads are met by the battery 

storage. This in turn contributes to the reduction in energy bill. ALO updates 

the dispatch ratio based on the availability of solar energy and on the current 

load requirement. The response of the system indicated by the dispatch ratio 

omega with time is as given in figure.10. The load profile indicates that the 

daily energy demand is very high during holidays and peak hours of the 

working day. The solar energy generated is utilised to its maximum in 

charging the battery, powering the loads and balance energy generated is 

fully sold to the grid.The weekly variation of energy price obtained after 

optimisation is given in figure 11. 
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Figure 10: Despatch Ratio 

 
Figure 11: Weekly cost variation 

 
Table 3. Benefits during low consumption  period 

Time 

(Hrs) 

Load 

Power 

(kW) 

Energy cost 

without ALO 

(Rs) 

Energy cost 

with ALO 

(Rs) 

Mode of 

operation 

9 0.1599 0.1753836 1.6324535 

Power Export to 

grid 
11 0.1523 0.3064656 3.4853818 

13 0.2398 0.2863056 4.0494465 

15 0.1624 0.328608 3.8909609 

19 0.3302 -3.130296 -1.6353 

Power Import 

from grid 

20 0.3387 -3.188124 -1.09968 

22 0.3812 -3.613776 -1.166988 

23 0.3953 -2.810583 -1.572021 
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Table 4. Benefits during high consumption  period 

Time 

(Hrs) 

Load 

Power 

(kW) 

Energy cost 

without ALO 

(Rs) 

Energy cost 

with ALO 

(Rs) 

Mode of 

operation 

9 0.28 -0.1187 1.189005 

Power Export 

to grid 

11 0.24 0.257998 3.439937 

13 0.34 0.286138 3.850778 

15 0.26 0.305424 3.772121 

19 0.68 -6.7308 -3.792 

Power Import 

from grid 

20 0.57 -3.18812 -0.67308 

21 0.62 -3.18812 -3.0336 

22 0.59 -3.0816 -2.9816 

 

   
(i) Energy Export 

 

 
(ii) Energy Import 
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(a) Low Consumption Days 

 

 
(i) Energy Export 

 

 
(ii) Energy Import 

(b) High Consumption Days 
Figure 12: Comparative Analysis 

 

6.1 Comparative Analysis 
 

The results of the proposed ALO based scheme has been compared with 

the unoptimized system. The energy cost for export and import during the 

normal working days i.e. low consumption period and holidays i.e high 

consumption period have been tabulated in table 3 & table 4 respectively. A 

comparative analysis has been made between the proposed ALO scheme and 

unoptimized system. The tabulated results and the corresponding analysis 

depicted in figure 12 indicates that during day hours, when the solar 

insolation increases, the cost of energy export increases. On the other hand, 

during evening hours, in absence of solar output, the cost of energy import is 

reduced with the proposed ALO system. The same scenario is exhibited on 

the working and non-working days.  
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For instance, during the low consumption days, i.e. during normal 

working days, from 9 am to 3 pm there is a huge increase in the cost of 

energy export with the ALO method which is 9 to 20 times higher than the 

unoptimized system. Similarly, during the evening hours from 4 pm to 12 

am, in absence of sunlight, the power import cost from the grid with ALO 

system is reduced between 33% to 50% of the power imported with the 

unoptimized system. During the high consumption days, i.e. during 

weekends and holidays, the cost of energy export increased between 13 to 19 

times than that of the conventional system. Cases have been recorded, where 

in the non-working days, when sunlight is available, the load variation is 

huge such that, power has been imported from the grid with uncompensated 

system. For the same condition, with the ALO scheme, there is no need of 

power import and it resulted in power export to the grid. The same trend has 

been observed in the case of energy import from the grid, in the absence of 

sunlight during evening hours on non-working days. The variation observed 

has been found to be 3 to 4 times reduced with ALO system compared to its 

conventional counterpart. Based on these results, total annual savings have 

been computed as Rupees 6000/- on an average, by implementing the 

proposed ALO based optimization system in a residential PV system.  

 

7 Conclusions 
 

Effective management of resources used in a residential PV system has 

been attempted in this paper. The system has been optimized using antlion 

optimization technique with help of dispatching ratio. The system provided 

better benefits for the customer for all the load profiles considered for the 

study. Results illustrated that the quantum of energy exported is higher and 

imported is lower. The comparative analysis made between the scheme of 

interest and its counterpart revealed that the proposed ALO based system 

operates more efficiently and economically compared to its conventional 

counterpart.  Annual savings about Rs. 6000/- is possible with the proposed 

ALO based energy management system for a residential photovoltaic system. 
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