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Abstract 
 

The rural villages of India are rapidly becoming urban and the energy demand and the 

peak demand of these villages are hitting all time high with commercial consumers as 

the important members. Here we discussed a set up at the Commercial premises which 

is built with solar PV, Battery storage and Fuzzy Energy Management Controller 

(FEMC) which make the Commercial consumer as a Prosumer and will be a solution 

for peak shaving and the energy bill minimization. Peak Pricing Demand Response 

scheme(PPDR) is considered for this Micro grid. In this work, a methodology is defined 

to size the Battery storage in the commercial premises to meet the objectives. The fuzzy 

rules are framed for combination of PV power and stored energy to support the grid in 

the day peak by exporting power and reduce the consumption by half in the night peak. 

The stored energy is allowed to discharge during the immediate hours after the night 

peak also. The outcome of the work is justified with the help of Life Cycle Cost, Net 

Profit and the Simple Payback period analysis. 

 

Keywords: FEMC, Micro grid, Solar PV, Peak Pricing Demand Response Scheme 

 

 

1 Introduction 
 In face the growing demand of energy, many number of fossil fuel power station 

were installed and being installed by the government. For India nearly ¾ th of energy 

comes from fossil fuel-based generation, which affects the environment to large extent 

[1]. The Renewable Energy Sources (RESs)-based smart micro grids are getting big 

attention in avoiding the negative effects of rise in the energy demand [2]. Renewable  
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energy from the sources like Solar and wind are the best solutions to improve the 

nation’s energy independence and security [3]. Tropical country like India is having 

potential in Solar energy. The formation of Micro grid by combining the distributed 

power sources and the energy storage systems is the order of the day [4], [5] so that the 

loss of energy is reduced in the case of transmission lines. The use of energy storage 

Increasing the operating reserve and curtail the loss of load and taking care of the system 

reliability [6]. Energy Storage can make micro grids more cost-effective and can also 

be operated as an additional generator to shave the peak [7].  

Nowadays the Commercial Complexes are coming up in huge numbers in the 

rural parts of India. The commercial complexes are installed in reasonable sizes of real 

estate and very high amount is being paid as the energy bill for every 2 months. On the 

average all over the globe nearly more than 50% of the total energy is consumed by the 

commercial and residential consumers alone and hence the reason for the responsible of 

CO2 emissions up to 40% [8-11]. Many techniques are available in the literature for 

managing the energy [12], [13]. Fuzzy based Energy management controller is one of 

them and it is developing as a sharp technique [14] [15]and giving more advantages 

This can be built without an exact Mathematical model, it poses low power dissipation 

an optimized cost, reliable and stable [16]. 

A technology which gains the momentum in the recent past and a promising 

one for both the utility and the prosumer is Demand Response Schemes. Price-based 

and incentive-based DR programs [17] are the two broad categories. Real-time pricing 

(RTP), time of-use (TOU), and critical peak pricing (CPP) [18] are the familiar types of 

Price based DR scheme. Whereas the incentive-based DR programs important types are 

direct load control (DLC), interruptible/curtailable service (I/C), the emergency 

demand-response program (EDRP) etc. [19]. Incentive-based DR programs have been 

the reason for 93% of the peak load reduction [20].  

In order to minimize the energy bill of the commercial prosumer and to clip the 

peak demand of the utility, a new set up is proposed in the prosumer premises which 

consist of a renewable plant (Solar PV which is more suitable for the locality 

considered) and the battery energy Storage of size described in the problem formulation 

section. FEMC membership functions and the rules are framed to minimize the energy 

consumption in the day peak and to reduce the energy demand in the night peak by half. 

The remaining part of this paper is managed as follows. 2. System Description 2. A. 

Power rating of PV, Battery and Converter 2. B. Regular and PPDRe Scheme Tariff. 3. 

Operation of the FEMC System. 4. Qualitative and Quantitative Discussion of 

Simulation 5. Conclusion and Future work. 

 
 

2 System Description 
The proposed set up in the commercial complex considered is as shown in the 

figure1. After net metering it consists of Energy storage, FEMC, PV plant and the 

commercial complex loads. Based on the priority and profit the energy from the PV is 

either or stored in the battery or exported into the grid. A Commercial Complex in the 

locality around latitude 80 and longitude 12 is considered and the load details were 

noted for a week time in the month of April. Following table1 gives the details of the 

load connected in the Commercial Complex. 
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Figure 1. Schematic diagram 

                            

 
Table 1. Connected Load Details 

 

 

 

2.1 Sizing of PV, Battery and Converter 
 The  Solar  panel  plant  is  planned  for  the  given  full  area  or  to  match the 

maximum demand of the Complex in the case of regular tariff. The full roof top area or 

Estate Area(EA) in which the solar plant is planned, always 30 % of the Estate will go 

as the area for the movement. It is the area which can be used for the movement inside 

the plant to do the preventive maintenance and the repair works. The actual area of PV 

installation is called as the Intrinsic Area(IA). 

 

    𝐼𝐴 =
𝐸𝐴

1.3
      



𝑁𝑂𝑃 =
𝐼𝐴

𝐴𝑂𝑃
            (2) 

 

S 

No 

Item 

Description 
Nos 

Load in 

kW 
Hrs. 

S 

No 

Item 

Description 
Nos 

Load 

in 

kW 

Hrs. 

1 
Billing 

Units 
4 0.5 

12-2 

Nos  4-

2 Nos 

6 Pump 1 0.75 
1Hr(2-  

0.5 Hrs) 

2 Light 100 
4 

KW(Total) 

1KW-

12Hrs  

3KW-
5Hrs 

7 
AC  Cassette 

4 Ton 
4 6 8-12 

3 Fans 20 0.06 4 Hrs 8 
AC Unit  Split 

1.5 Ton 
6 2 8-12 

4 
Sound 
System 

1 0.06 4-8 Hrs 9 
Storage Unit   
250 Litres 

8 1 24 

5 Surveillance 1 0.25 24 Hrs 10 
Refrigerator  

200 Liters 
5 750 24 
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Where AOP - Area of the Single Panel and NOP -No of Panels and The building 

considered here is having the rooftop area around 2800 square feet (260 square meter). 

Real estate in m2=1.3 X Area intrinsic in m2.260 m2= 1.3X Area intrinsic in m2.  Area 

intrinsic is 200 m2. 

Intrinsic Area is the original area having Solar Panels. Based on the actual number of 

panels(cells) installed in the area mentioned, the power generated from PV plant [16] 

can be calculated using the relation  

 

PPV =[ PPV,STC  X 
GT

1000
 X [1-γ X  (Tj-25)] X NPVs X NPVp                                                (3) 

 

Where PPV, STC - PV power at MPP and STC, GT Irradiance level at STC, γ-

Power temperature coefficient, Tj -Cell Temperature, NPVs- The number of series cells 

and NPVp-Number of parallel connected cells. As per the details laid down, the size of 

the plant which can be installed is 30KW and it is capable of producing power equal to 

that of maximum demand in the summer. In the month of April, the energy produced 

hovers around 160 to 180 kilowatt hour per day. 

 

 
2a. Load and PV production for a Week in April 

 

 
 

2b. Zoom in values for two days 

 

Figure 2. Load and PV profile in the Month of April 

 Figure 2 shows the load and PV profile for a week and Zoom in view of profile for 

continuous 2 days. The maximum demand of a day is at 24 kilowatt and Solar PV 

maximum power almost matching the same but in different point of time. This feature 

can be used to clip the load in the grid at the peak time. In this particular case, the level 

of load stress reduced to the grid is nearly 15kW in the day and 12 KW in the Night.  
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Apart from the benefit to the utility it also helps the prosumer to sell the energy at the 

day peak with the help of solar PV, grid interactive inverter and adequate size of battery.  

Normally the battery size will be chosen based on the extra energy produced from 

Renewable Sources. But considering PPDRe, the size of BESS is decided based on the 

opportunity available to store the energy from the grid in the off-peak hours. The 

maximum demand fixed in the off peak period which should be less than the actual peak 

demand (24KW) and the demand fixed in the power consuming hours like Peak and 

intermediate hours will be less than the demand fixed at he off peak hours. It is decided 

to fix the demand in the off peak hour as the average demand of the commercial entity 

in the working Hours (7am To 9Pm). Based on the calculations shown below, the size of 

the battery is fixed as 50 kW . 

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦𝑆𝑖𝑧𝑒 = η X HOP X (POP-PAOP)                                                                        (4)

  

η -The round trip efficiency of the inverter (0.81) with the efficiency of 0.9(for 

both charging and Discharging), HOP- The number of off peak hours, POP -The Power 

subscribed in off peak period and PAOP-The average power required in the off peak hours. 

The maximum and minimum energy capacity of the battery should be [15]. 

 

𝐸𝑏𝑎𝑡, min ≤ 𝐸𝑏𝑎𝑡 ≤ 𝐸𝑏𝑎𝑡, 𝑚𝑎𝑥                                                         (5) 

 

    The limits of maximum charging level and the minimum discharging level of the 

storage are roughly maintained at 95% and 17% respectively. The Energy of the battery 

at any time is given by [15] 

 

𝐸𝑏𝑎𝑡(𝑡 + 1) = 𝐸𝑏𝑎𝑡(𝑡) +  𝜂 𝑃𝑐ℎ(𝑡)𝛥𝑡 + 𝑃𝑑𝑐ℎ(𝑡) ∆𝑡
𝜂⁄                                (6) 

                                            

The charging and discharging efficiency is assumed as same and it is η. Pch is the power 

charging rate at time t and Pdch is the power discharging rate. The internal float drop in 

the capacity is considered as negligible. 

 

The power balance of the system is given by  

 

𝑃𝑝𝑣 ± 𝑃𝑔𝑟𝑖𝑑 ± 𝑃𝑏𝑎𝑡 − 𝑃𝑙𝑜𝑎𝑑 − 𝑃𝑙𝑜𝑠𝑠 = 0                                (7)

  

 The storage discharging and the grid exports are positive and storage charging 

and power imported from grid are negative in the above equation. 

 

2.2 Energy Tariff of Regular and PPR Scheme 
The different types of components available in the utility bill for regular tariff 

are consumption cost, Max demand Cost and Penalty charges if any. The penalty will be 

imposed in the case of violation in the fixed Power factor level and the consumption 

crossing Maximum demand limits. In the case of commercial type of consumer, each 

unit is billed at $0.115/unit and the amount for 1KW demand is $0.47/KW. 

In the case of PPDRe Scheme, the units are charged in the Peak Period at $ 

0.143/Unit (1.25 of Regular fare), in off peak period, the units are charged at $0.086/Unit 

(0.75 times of regular fare) and the intermediate period is charged at $0.114/Unit 

(Regular fare). Other charges are applicable as in the case of regular tariff. 
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3 Operation of FEMC 
 Based on the time, the FEMC will operate in six different modes of operation 

in the presence of grid power as presented below and it will only feed the essential 

loads/base loads in the case of power failure. 

 

3.1 Day Peak Time Inference 
As per the PPDRe Scheme, Morning 8am to 10am is Day Peak hours. 

TheFigure3a. and 3b. Describes the FIS (Fuzzy Inference System) rules framed and the 

surface view of the output membership function, SOC and power difference are the 

inputs. Energy stored and energy from the PV are effectively managed to feed the loads 

of premises and based on the bus capacity, a constant level of power also exported to 

the grid. The trapezoidal and the triangular membership functions were chosen for the 

inputs and outputs. However, the discharge from the battery is not in the level of deep 

cycle.45 rules are framed to manage the system. 

 

3.2  Day- Intermediate Inference 
The FEMC operate in intermediated mode from Moring 10 am to 6 pm. The 

Figure3c. and 3d. Describes the FIS (Fuzzy Inference System) rules framed and the 

surface view for Day intermediate. The combination of power available from the PV 

panels and the power from grid is used. In early hours the main objective is to charge 

the battery to its maximum limit with the help of PV power and grid power. Thereafter 

the surplus energy from the PV if any will be exported to the grid and if there is any 

deficit in the power requirement to the load, the energy will be fed from grid. 

 

 
3a.Day Peak Rules 

 
3c.Day Intermediate Rules 

 

 

 
 

3b.Day Peak Surface view 

 
 

3d. Day Intermediate Surface view 

 

Figure 3. Rules and Surface view of Day peak and Day intermediate 

 

 
3.3 Night Peak Inference System 

FEMC considers Evening 6 pm to Night 8 pm as Night Peak. In the absence of 

PV Power, the power from the battery is used to feed the half of the actual peal of the 

premises and the rest will be taken care by the grid. The rules are framed in such a way 

that the stress in the grid due to the premises is reduced to half. Figure 4 a and b shows 

the rules and the surface view of battery power details. 
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3.4 Night Intermediate Inference System  

FEMC considers night 8 pm to midnight 12 am as Night Intermediate time. In 

the case of Night Intermediate early hours, the power requirement is continued to be 

high as in the case of night peak, the sharing of the power requirement is taken care by 

both the grid and the battery as done in the case of Night Peak. Once the requirement of 

the Power comes down or Battery hits lower limit, the power requirement will be taken 

care by the grid. Figure 4c and d shows the described details in the pictorial 

representation.  

 

 
             4a. Night Peak Battery Rules 

 
 4c. Night Intermediate  BatteryRules 

 
              4a. Night Peak Battery  Surface view 

 
   4d. Night Intermediate Battery Surface View 

Figure 4. Rules and Surface view of Night peak and Night intermediate 

 

 

 

Figure 5. Rules and Surface view of Off peak and Morning Intermediate 

 

 
 

 
5a. Off Peak Battery Rules 

 

b. Battery Current 

 

 
5c. Morning Intermediate Battery Rules 

 

 
5b. Surface View of Battery in off peak 

 
5d.Surface view of Battery in  Morning 
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3.5 Off Peak Inference System 
FEMC considers Midnight 12 am to Morning 5pm as Off peak period. The 

average load is very less and the cost of the unit also very less. Maximum power is 

subscribed in this and the excess power is used to store the battery to its full capacity. 

Hence the capacity of Power battery storage is fixed by the excess power available at 

the off peak period rather than the excess power from renewable sources. Figure 5a and 

b shows the rules involved and the surface view of the same. 

 

3.6 Morning Intermediate Inference System  
In the case of Morning Intermediate, the load is taken care by the grid and the 

battery is in floating for most of the time and it is charged to a minimum level if there 

is a necessity. Figure 5c and d shows the rules involved and the surface view of the 

same. 
 

4 Qualitative and Quantitative Discussion of Simulation 
Following are the results of the simulation and the discussion is carried out 

under the topics of Qualitative Analysis and Quantitative Analysis. 

 

4.1 Qualitative Analysis 
Figure 6a shows the details of power subscribed and absorbed for various 

periods under PPDRe scheme. Figure 6b shows the zoom in values of the same. It is 

understood from the details that the power absorption is within the limits of the power 

subscribed in the particular period. In the off peak period the power subscribed is more 

but still less compared to that of regular scheme and in the peak periods power 

subscription is even less. Power absorbed by the grid in the day peak and in some portion 

of the day intermediate period. The power produced from the Solar PV is so high in the 

day intermediate period and the same is used to charge the battery and the surplus power 

is exported to the grid. The primary interest in the day intermediate is to charge the 

battery to its full capacity to meet the demand of the commercial premises in the Night 

peak. Later the surplus power is sent to the grid. 
 

4.1.1 State of Charge (Capacity of the battery) 
The figure7 shows the SOC of the 15kW,50 kWh battery for the Week period 

and Zoom in Values for the 2 days. From the figure, The SOC of the battery is not 

breaching the limits set in the problem formation. The SOC of the battery is Charging 

from less than 20% level to the higher limit just over the 90% in the off peak period and 

from around 40% to the higher limit of 90% in the day intermediate level period. During 

the off peak hours, the energy requirement is fully taken care by the grid which feeds 

both load and battery. In the case of Day peak, the energy is exported to the grid from 

the PV production and the energy storage to clip the peak and to give the maximum 

benefit to the Commercial prosumer. In the case of day intermediate period, the primary 

objective in the initial hour is to charge the battery to its full level to meet the 

requirement in the night peak. Once the battery is charged, the surplus power of PV is 

either exported to the grid or else it will support the grid in supplying the loads. The 

Battery is allowed to discharge with full deep cycle in the night peak and the hours 

followed by the night peak in the night intermediate hours. 
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Figure 6a. Power Subscribed and Power Absorbed for a Week Period 

 
                                       Figure 6b. Zoom in View of 2 days values for PS and PA 

Figure 6. Power Subscribed and Absorbed under PPDRe Scheme 

 

 

 

 
Figure 7. SOC of the Battery 

 

 
Figure 7a. SOC of the Battery for a Week Period 

 
Figure 7b. Zoom in values for 2 Days 
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Figure 8a. Energy Profile of the Battery for 2 Days 

  

 
Figure 8b. Energy Profile of Grid for 2 Days 

 
Figure 8. Energy profile of Battery and Grid 

 

4.1.2. Energy Charged /Discharged from Battery and Energy from the 
Grid 

From the figure8a, The Battery is charged (shown positive) in off peak and in 

the day intermediate hours and the energy is discharged (shown negative) in the day 

peak, night peak and night intermediate hours and it is in floating in the morning 

intermediate periods. The battery is discharged to its deep cycle only in the Night peak 

and the hours that following it. From the figure 8b, the grid is supplying the energy in 

all the periods except the day peak. The energy is exported to the grid in the day peak 

and in the day intermediate periods. 

 

4.2 Quantitative Analysis 
The following table2 shows the detailed energy consumption and Cost analysis 

(Bill Amount) in PPDRe scheme and Regular Scheme. The subscribed limit for the off 

peak, peak and intermediate periods are 15KW, 11KW and 13KW respectively. The 

unit charge in the regular scheme is $0.115 and in the case of PPR scheme, $0.086 for 

off peak period, $0.114 for Intermediate period and $0.143 for peak period. The charge 

per KW is $2/month for both the scheme. The following table indicates that the cost of 

the Energy has been reduced to half in the case of PPR scheme with the support of the 

algorithm developed in the fuzzy with the two strategies adopted in the off peak, day 

peak, Night peak and Day and Night intermediate hours 
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Table 2. Quantitative Analysis  

 

 

4.2.1 LCC of PV, Converter and Battery 
 A well-known algorithm [21] that estimates the lifetime of the batteries suggest 

that the extended life period is ensured in the absence of deep cycle discharge. Another 

renowned work [22] for battery aging model suggests that the capacity loss of lead acid 

battery will be around 2 Wh. The following table3 lists the different heads of 

expenditure expected to be incurred in implementing the work discussed. This work 

requires the battery storage to be replaced for every 3.5 years with charging starts from 

17% of its full capacity and stops at 95% and discharge stops at 17.5% (Considering the 

average life time 4 -5 years of 12 V,2000 AH Lead Acid Battery with one 3/4 cycle of 

discharge and one half cycle discharge). Hence the inflation rate at 2% is considered to 

the projections of Battery storage for every 3.5 years and the battery scrap value. The 

inflation is also considered for the tariff price @ 2%, but the revision is carried out for 

once in a three years. The detailed expenditure and revenue over the lifespan of PV is 

shown in the Life Cycle Cost chart in Figure12.The Cost are given in $ and the same 

can be converted to Rupees [28]. 
 

 

 

 

 

PPDRe Scheme 

Period Time 
Cost 

in $ 
Consumption KWh Bill 

      Day1 Day2 Day3 Day4 Day5 Day6 Day7 
Unit/ 

Week 

Amount  

in $ 

Off Peak 

0.25 

am-5 

am 

0.086 52.34 53 51.93 52.34 52.79 52.34 53.34 368.166 31.66 

Int Mor 
5.25 

am-8am 
0.114 10.6 9 7.33 7.76 9.12 9.34 6.24 59.504 6.78 

Day Peak 
8am-

10.00am 
0.143 -22.5 -19 -23.5 -18.4 

-

21.08 
-22.68 -26.32 

-

153.337 
-21.93 

IntDayN1 
10am-

6pm 
0.114 15.8 15.5 12.6 17.94 15.34 16.87 15.42 109.584 12.49 

Int Day P   0.114 -14.9 -20.17 -22.28 -22.3 
-

18.58 
-15.05 -15.92 

-

129.086 
-14.71 

IntDN2   0.114 11 9.13 8.93 6.71 8.5 6.12 9.03 59.534 6.78 

N peak 
6pm-

8am 
0.143 22.45 22 18.68 21.66 22.28 21.72 21.52 150.453 21.51 

Int Night 
8pm-

12.25am 
0.114 49.8 51.1 49.64 49.95 49.98 49.97 52.04 352.594 40.19 

Net Units 

Consumed  
  0.067 124.6 120.6 103.3 115.6 118.4 118.63 115.35 816.537 - 

MD 15KW 0.47 Charges for the Maximum Demand 7.05 

Bill For The Week  in$ 89.84 

Regular Scheme 

     Consumption KWh Bill 

Existing 

Scheme 
24 Hrs 0.115 227.44 233.37 229.54 231.46 227.5 228.12 234.25 1611.68 185.34 

MD 24KW 0.47 Charges for Maximum Demand 11.28 

Unit Consumed  and Bill Amount For The Week in $ 1611.68 196.62 

Saving in the Bill Cost in % 100 54.30 



 

 

 

343  E.Terence et. al. 

 

 

 

Table 3. Cost incurred in Implementation 

 

 

 

 

 
 

Figure 12.LCC chart of work 

 

4.2.2 Simple Payback Period and Net Profit Cost Analysis 
Based on the above description and the costs available in the net [23] [24] [25], 

the net profit and simple pay pack period calculations are made as shown below with 

the tabulations.The expected expenditure in the life time of solar PV is given in table 4 

and the revenue is given in the table 5. The net profit in the 24 Years is comes to $92762 

and simple payback period comes to 4.5 Years.  

 

Net profit = Savings in 24 years -  expenditure due to additional investment in 24 years 

                  =139912-47150=$ 92762. 

SPP= initial Cost / Annual Savings =24700/5530= 4.47years 

 

 
 

 

SL.NO 
Head 

Description 

Cost/1 

No  In $ 

Capital 

Amount 

in $ 

Other Cost in $ 

1 
PV Panel 30 

KW 
0.4/W 12000 

NA 

100/Year(Energy Cost) 

2 

Battery 12 V , 

200Ah  24 

Nos 

150/piece 3600 

3600+inflation 

@2%/Year.(Replacement) 

1200+2% inflation(Scrap) 

100/Year(Maintenance) 

3 

PV Panel 

Stand 

120 

15 1800 NA 

4 
Converter and 

other control 
3500 3500 

50/Year(Maintenance) 

 

5 

Converter 

Parts 

Replacement 

1000 1000  

Amount in $  21900  
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Table 4. Expenditure Details in 24 Years 

 

 

 
Table 5.  Revenue Details in Years 

 

 

 

5 Conclusion 
From the results discussed above, it is clear that the system implemented is 

reducing the consumption from the grid and also both prosumer and the utility are 

benefitting from this work. It is found that the simple payback period is calculated to be 

around 4.5 years and the net profit will be twice of the initial installation cost. Apart 

from the above discussed effects, the emission level also will come down in proportion 

with the peak shaving and extra energy imported from the prosumer. The work can be 

extended to include the effects of comfort management and Demand side management 

for the benefit of Prosumer and the utility. Also the work can include the data for a year 

and the compatibility of the fuzzy algorithm can be checked and improved. Further the 

reduction in heat load due to solar panel absorbing heat from sunlight will also reduce 

air conditioning load of the complex which will result in further increase in savings. 

 

 

 

 

 

S.No Head Description 
Cost/1 

No  In $ 

Total Cost 

Expenditure 

in $ 

Initial Cost 

in $ 

1 PV Panel 30 KW 0.4/W 12000 12000 

2 Battery 12 V, 200Ah 24 

Nos 

3.5years of Life- 7 Times 

150/piece 25200 7200 

(7 years) 

3 PV Panel Stand 

120 

15 1800 1800 

4 Converter and other 

control 

3500 3500 3500 

5 Converter Parts 

Replacement 

 1000 200 

6 Maintenance Cost  3150 - 

Total Amount in $ 47150 24700 

S 

No 
Head Description Cost in $ 

Annual 

Savings in 

$ 

1 Total Amount in $ for Scrap of Battery 

$1200/3.5 Years 

7200 - 

2 Savings in Bill for 24 years        $106/Week 132712 5530 

Total Savings in 24 Years 139912 - 
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