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Abstract: In general, reduction of energy usage and its cost is very important to have more 
reliable efficient system and is one of prime factor in demand side management. Different 
methods are available to reduce peak demand and in turn to improve the maximum utilization 
of generated energy and reduction in its cost. This work presents a method of peak clipping 
used in demand-side management to reduce peak demand and its energy cost. In this method, 
firstly the values of the maximum and minimum energy demands are determined from daily 
load duration curve by taking the difference between hourly energy demands on a daily load 
schedule. Secondly peak clipping is done by the load shifting from period of maximum load to 
the period of minimum load at various time intervals with approval of customers. 
Key Words: Demand side management, Reduction of energy cost, Reduced Peak demand. 
 
INTRODUCTION 
Demand-Side Management (DSM) is a strategy used by electric utilities to control demand by 
encouraging consumers to change the level and pattern of electricity consumption [1] and is 
nothing but active control of energy consumption. On the other side, load management, also 
known as Demand Side Management (DSM), is the process of balancing supply of electricity 
from the grid with the electrical load by regulating or controlling the load rather than the output 
of the power station. This often involves controlling electricity consumption based on financial 
requirements from the electricity market. Demand side management (DSM) has many benefits 
for customers and utilities [2- 4] It is successful at reducing large bills and power cuts during 
the peak hours of the day may cause. Technologies and initiatives that are available to help 
customers to reduce their energy consumption. Demand side management (DSM) may have 
two advantages. Firstly, by controlling when and how much electricity is consumed, consumers 
can lower their monthly electric bills. Second, shifting energy consumption from peak load to 
off-peak load hours might be profitable for the energy system. [5]. In [6-9] discuss about how 
to shift non-critical loads from high peak hours to low peak hours and especially during 
weekends and off-peak hours. DSM objective is typically to encourage consumers to spend 
less energy during peak load times in favour of off-peak load times [10]. By changing the 
system load curve, the power system can operate the lowest possible cost by controlling the 
amount and timing of customer energy use with the help of DSM [11]. 
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Demand side management techniques 
Various Demand Side Management (DSM) techniques are available such as Load shifting, 
Peak clipping, valley filling, load building and energy conservation, flexible load are 
respectively, which are used to modify the utility load curve [12]. The graphical representation 
of DSM techniques is given in Fig. 1. 

 
Fig. 1. Demand Side Management Technique Curves 

 
Load shifting techniques [13] are employed and shows that cost of energy is reduced by shifting 
the loads from peak hours to off peak hours. Every method of DSM has its own advantages 
and dis-advantages. In this work peak clipping method is employed and the obtained results 
are compared with the load shifting method [1] results for two practical system. 
 
Peak clipping method 
Demand-Side Management (DSM) Peak clipping means reducing the peak demand of 
electricity either by the utility direct control or by the tariff adjustments. Differential tariffs 
motivate the consumers to cut short the demand during the peak hours. Utilizing customer 
demand, the differential tariff balances power output and consumption [8]. For example, the 
peak demand for electricity can be reduced by scheduling all of the electric baseboard space 
heaters in public areas to turn off loads during anticipated peak hours. Peak demand costs can 
be reduced by making sure that high demand equipment is not operating simultaneously [14]. 
DSM techniques such as peak clipping are used to reduce peak demand, thereby reducing 
energy costs. Peak clipping is a utility-initiated load management technique by directly 
controlling consumer power consumption (load demand) by rescheduling the load from peak 
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to off-peak as shown in below Fig.2. This can be done by directly controlling all consumer 
equipment at the time of peak demand with prior information to the consumers. Thus, peak 
demand is reduced during peak hours and improves the load factor of the system, which in turn 
reduces the peak demand cost and energy cost. 

 
                                             Fig 2. Peak clipping technique 
 
To analyse the peak clipping method, initially load factor, average demand can be calculated 

using equations (1) - (2) from load duration curve.  

Load factor is calculations using the equation (1) 

L.F = Pavg / Pmax                                                                                                                                               

(1) 

Pavg = Total no. of loads / Total time 

Pavg =∑ Pi௡
௜ୀଵ  / ∑ Tiଶସ

௧ୀଵ  

Where,  

n = no. of loads 

t = time 

P = magnitude of load 

L.F = load factor 

Pavg = Average value of load 

Pmax = maximum value of load in daily load duration curve 

Pavg = Sum of loads / Total time (24 hrs)                                                                                     

(2) 

From equations (1) & (2), load demand cost for 24 hrs with Rs 5.88 / unit is calculated using 

equation (3) 
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Demand cost for 24 hours = L.F*Cost of energy*Total time                                                       

(3) 

Cost for 33KV consumers per unit cost = 5.88Rs in the year 2021-22 

 

The proposed peak clipping method is tested for two practical distribution systems of 33KV 

feeder. One feeder is connected between Narpala village to Bukkarayasamudram sub-station 

of 20km away each other. Second feeder is connected to Bukkarayasamudram village to 

Bukkarayasamudram sub-station of 1 km apart. 

 
Illustrative examples 
Example 1 
Consider a practical system of 33KV feeder connected from A.P. Transco 220KV substation, 
bukkarayasamudram to Narpala village anantapuramu district, which is 20km away from sub-
station. 

 
Fig 3. Narpala village map 

Narpala is a large village located in Narpala Mandal of Anantapur district, Andhra Pradesh 
with total 4876 families residing as shown in Fig 3. The Narpala village has population of 
18982 of which 9466 are males while 9516 are females as per Population Census 2011. The 
daily total load of this Narpala village is 158.2MW and their daily load duration curve is shown 
in Fig. 4. The hourly load data is given in Table 1. For example, consider a washing machine 
of rating 2500watts is turned off during 1 to 24 hours by 880 people the total load consumed 
by these people is 2500w*880 = 2.2MW 
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Fig 4. Daily load duration curve for Narpala 33KV feeder before peak clipping 

 
 
Table 1. Load data 

Hours 1 2 3 4 5 6 7 8 9 10 11 12 

Load 

[MW] 

7.1 7.0 3.4 1.9 5.5 7.3 7.2 10.0 9.2 8.7 9.1 9.4 

 
Hours 13 14 15 16 17 18 19 20 21 22 23 24 

Load 

[MW] 

9.5 9.9 8.6 7.6 8.1 8.0 8.0 2.6 2.7 2.4 2.4 2.6 

 
From the Fig.4, the average demand (Pavg), load factor (LF) and dialy demand cost in rupees 
is calculated by using equations (1) – (3). The obtained values before peak clipping are 
tabulated in table 2. 
 

Table 2. Parameters Before Peak Clipping 

Power system parameters values 

Pmax (MW) 10 

Pmin (MW) 1.9 

Pavg (MW) 6.591 

LF = Pavg / Pmax 0.6591 



Journal of Northeastern University 
Volume 25 Issue 04, 2022 

Copyright © 2022. Journal of Northeastern University. Licensed under the Creative Commons Attribution Non-
commercial No Derivatives (by-nc-nd). Available at https://dbdxxb.cn/ 

4164

                                                                                 

                                                                 
 

Daily demand cost (Rs) 930216 

After application of proposed method, from Fig.4. the peak loads from 8th interval to 15th 
interval of time is clipped to off peak load and shifted to two intervals of 0th to 7th interval and 
16th to 24th interval of time. The modified daily load duration curve with improvement of load 
factor to 1.0 for example the peak load of 10MW at 8th interval is reduced to 6.5MW and 
causes energy reduction of 3.5MW.  The daily demand cost and its load factor are calculated. 
For modified load duration curve of Fig. 5. Using equations (1) – (3) and tabulated in Table 3. 
 
From Table.3. It is observed that the load factor is improved from 0.6591 to 1.0 and average 
demand is decreased from 6.591 to 6.5, In turn the daily demand cost is reduced from Rs 
930216 to 917280. The comparison of results before and after peak clipping is shown in table.3. 
Hence performance of the system is improved with net saving of Rs. 12936/- per day, and total 
load of 74.4MW clipping to off peak hours, if it is calculated per year is Rs 12936*365days = 
Rs 4721640. 
 

Daily load duration curve for Narpala 33KV feeder after peak clipping 

 
 Fig 5. Daily load duration curve for Narpala 33KV feeder after peak clipping 
 
Table 3. Parameters after peak clipping 
Power system 

parameters 

Before clipping values After clipping values 

Pmax (MW) 10 6.5 

Pmin (MW) 1.9 6.5 

Pavg (MW) 6.591 6.5 
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LF = Pavg / Pmax 0.6591 1.0 

Daily demand cost (Rs) 930216 917280 

Savings in Rs  12,936 

 
4.2 Example 2 
Consider a practical system of 33KV feeder connected from A.P. Transco 220KV sub-station 
located at Bukkarayasamudram village, anantapuramu district to Bukkarayasamudram sub-
station of 1 km apart. 

 
Fig 6. Bukkarayasamudram village map 

Bukkarayasamudram has a total population of 22,000 peoples, out of which male population is 
11,034 while female population is 10,966 is shown in Fig 6. There are about 5,220 houses in 
Bukkarayasamudram village. Anantapur is nearest town to Bukkarayasamudram for all major 
economic activities, which is approximately 4km away. The daily total load of this 
Bukkarayasamudram village is 166MW and their daily load duration curve is shown in Fig. 7. 
The hourly load data is given in Table 4.  For example, consider a rice cooker of rating 
2500watts is turned off during 1 to 24 hours by 1000 peoples it results in 2500w*1000 = 
2.5MW. 
 

 
Fig 7. Daily load duration curve for bukkarayasamudram 33KV feeder before peak clipping 
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Table 4. Load data 
Hours 1 2 3 4 5 6 7 8 9 10 11 12 

Load 

[MW] 

4.2 4.0 4.0 4.0 4.0 6.0 10.0 11.5 11.4 11.5 11.6 12.7 

 
Hours 13 14 15 16 17 18 19 20 21 22 23 24 

Load 

[MW] 

11.0 11.5 10.7 4.7 2.5 4.9 4.9 4.9 4.8 4.8 4.8 4.1 

 
From the Fig.7, the average demand (Pavg), load factor (LF) and dialy demand cost in rupees 
is calculated by using equations (1) – (3). The obtained values before peak clipping are 
tabulated in table 5. 
 

Table 5. Parameters Before Peak Clipping 
Power system parameters values 

Pmax (MW) 12.7 

Pmin (MW) 2.5 

Pavg (MW) 7.020 

LF = Pavg / Pmax 0.552 

Daily demand cost (Rs) 990780 

 
After application of proposed method, from Fig.7. the peak loads from 7th interval to 15th 
interval of time is clipped to off peak load and shifted to two intervals of 0th to 6th interval and 
16th to 24th interval of time. The modified daily load duration curve with improvement of load 
factor to 0.9 for example the peak load of 12.7MW at 7th interval is reduced to 7.03MW and 
causes energy reduction of 5.67MW.  The daily demand cost and its load factor are calculated, 
for modified load duration curve of Fig. 8. using equations (1) – (3) and tabulated in Table. 6. 
From Table.5. it is observed that the load factor is improved from 0.6591 to 1.0 and average 
demand is decreased from 7.020MW to 6.916MW, in turn the daily demand cost is reduced 
from Rs 990780 to 976080. The comparison of results before and after peak clipping is shown 
in table.6. Hence performance of the system is improved with net saving of Rs. 14700/- per 
day, and total load of 101.9 MW clipping to off peak hours, if it is calculated per year is Rs 
14700*365days = Rs 5365500. 
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     Fig 8. Daily load duration curve for bukkarayasamudram 33KV feeder after peak clipping 
 

Table 6. Parameters after peak clipping 
Power system  

parameters 

Before clipping values After clipping values 

Pmax (MW) 12.7 7.03 

Pmin (MW) 2.5 6.9 

Pavg (MW) 7.020 6.916 

LF = Pavg / Pmax 0.552 0.9 

Daily demand cost (Rs) 990780 976080 

Savings in Rs  14700 

 
Load shifting method (Existing method): 
By using this existing method [1], the load is shifted from peak hours to off-peak hours as 
shown in Fig 9. without consultation of consumers, which in turn reduces daily demand cost 
and improves load factor. The effect of this method is tested with same 33KV feeder connected 
between Narpala village to bukkarayasamudram sub-station. The load duration curve of Fig 4. 
is used to find the effectiveness of the existing method. From Fig 4, Some of deferrable loads 
from 8th interval to 15th intervals are shifted [1]. 
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Fig 9. Load demand before (Pold) and after (Pnew) the applied load shifting technique. 
 
For comparing the result obtained from proposed method and result obtained from existing 
method, the same 33KV feeder connected between Narpala village to Bukkarayasamudram 
sub-station is considered. The results of existing method [1] for the same system is given in 
Table 7. and the resultant daily load duration curve is shown in Fig 10. The comparison of 
results of both methods are shown in Table 8. From the Table 8. it is observed that maximum, 
demands has been reduced from 7.5 to 6.5 and minimum, demand is maintained constant. Also 
load factor is improved from 0.8788 to 1.0, daily demand cost is reduced from Rs 930216 to 
917280. Hence performance of the system is improved with Table 8. observed net saving of 
Rs. 12936/- per day, and total load of 74.4MW clipping to off peak hours, if it is calculated per 
year is Rs 12936*365days = Rs 4721640. 
 
Hence, the proposed method is better than existing method in terms of cost of energy load 
factor and maximum demand, Fig. 10 using equations (1) – (3) and tabulated in Table. 7. 
 

Daily load duration curve for Narpala 33KV feeder after peak clipping 
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Fig 10. Daily load duration curve for Narpala 33KV feeder after peak clipping 

  
Table 7. Parameters after load shifting 

Power system parameters Before load shifting values After load shifting values 

Pmax (MW) 10 7.5 

Pmin (MW) 1.9 6.5 

Pavg (MW) 6.591 6.591 

LF = Pavg / Pmax 0.6591 0.8788 

Daily demand cost (Rs) 930216 930216 

 
Table 8. Parameters after load shifting method and after peak clipping method values 
Power system parameters After load shifting 

method values 

After peak clipping method 

values 

Pmax (MW) 7.5 6.5 

Pmin (MW) 6.5 6.5 

Pavg (MW) 6.591 6.5 

LF = Pavg / Pmax 0.8788 1.0 

Daily demand cost (Rs) 930216 917280 
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Savings in Rs  12936 

 
CONCLUSION: 
Peak clipping method is a control technique for demand side management. To minimize the 
maximum demand at times of high load, it is a direct controlling method on all consumer 
appliances. By shifting peak loads to off-peak loads at suitable periods of time. The proposed 
peak clipping method is one of direct control technique for managing peak demand in the area 
of demand side management and in turn reduce the cost of energy. It shows that obtained results 
for two practical systems after peak clipping is better than before peak clipping and load 
shifting method (existing method). The savings in cost of energy per year is Rs 4721640 for 
Narpala load & Rs 5365500 for Bukkarayasamudram load per yearly and is better than saving 
in cost of energy per year with the existing method. 
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