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Abstract--- The need for a constant balance between power 

demand and supply, together with the lack of cost effective 

solution for storing electric energy, affects the efficiency of 

power grids and limits the integration of renewable sources. 

Dynamic pricing and demand response programs provide 

mechanisms to regulate the power demand according to 

supply conditions.  Dynamic pricing and demand response 

programs provide mechanisms to regulate the power 

demand according to supply conditions. Here we are 

designing an autonomous scheduler for the demand supply. 

This system enables the integration of automatic demand 

side management functionalities. 

Here we present an autonomous and distributed 

demand side energy management system among the utility 

company and its users and among users that takes advantage 

of a two-way digital communication system which is the 

useful in future smart grid implementation. 

Our goal is through the implementing scheduling 

algorithms for the supply and users reduce the peak to 

average ratio of the total energy demand, the total energy 

cost as well as individual daily electricity charges. 

Keywords: - Demand side management, Smart grid 

concept,  

NOTATIONS 
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t  Hour SLt

otal 
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I. INTRODUCTION 

Demand response programme, aims to manage the power on 

the demand side by using various economic and technical 

measures to reshape the load curve into the target curve. It 

basically optimizes the process/loads to improve the system 

load factor. The load factor is the ratio of the average load to 

the maximum load within a certain period. The ideal value 

for the load factor is 1, which indicates that the average load 

is equal to the maximum load. However, in practice this is 

impossible to achieve and is always less than one (< 1.0). 

The lower this load factor, the greater the fluctuations within 

the demand profile. These results in increased capacity and 

cost for the operation of the supply side. Therefore measures 

are required to be implemented which improve the load 

factor. Load management is a suitable way of increasing the 

load factor, which is the process of scheduling the loads to 

reduce the electrical energy consumption and/or the peak 

demand at a given time. The traditional DSM activities 

taken by the utility company to alter the load shape can be 

characterized into six categories based on the state of the 

existing utility system [1] 

The PBDR programs are based on dynamic pricing 

rates in which the electricity tariffs are not flat. To bring 

down the customer bills design lower system cost in which 

they offering high price during expensive hours and lower 

prices during inexpensive hours. They are designed to lower 

system costs for utilities and bring down customer bills by 

offering high price during expensive hours and lower prices 

during inexpensive hours. The main objective to price based 

demand response is to flat demand curve by reducing the 

peak loads or shifting load from peak to off peak periods. 

The different Prices rates include Time of Use (TOU), 

Critical Peak Pricing (CPP), Extreme Day Pricing (EDP), 

Extreme Day CPP (ED-CPP), and Real Time 

Pricing (RTP) [2]. 
The electricity demand is rapidly increases for the 

last decades. This caused to increase now no. of end users 

and also increased in electricity demand per end-user. Due 

to the increase of electricity demand is also affects the load 

curve, due to increasing demand will also increase the peak 

load on the network. During peak periods, the electricity 

demand is significantly higher than the average electricity 

demand during off-peak periods. The increase of electricity 

demand by the end-users therefore seriously reduces the 

reliability and safety of the electricity distribution. 

Electricity Demand Side Management (DSM) is 

considered to be one of the fundamental solutions to manage 

peak load growth and reduce electricity consumption in the 

time of insufficient electricity capacity or high fuel costs. 

DSM covers a whole range of technology and policy 

measures designed to reduce electricity consumption from 

economic activities. Presently, the Indian GDP is growing at 

a rapid speed and, consequently, the electricity demand is 

sharply elevating at similar pace. The fast demand growth 

rate is expected to continue if no effective measures are 

taken to manage the demand.  We are facing two main 

serious challenges which are insufficient generation capacity 

due to high demand growth, and high fuel costs from 

insufficient fuel production and policy changes. To solve the 

current electricity shortage problems and to seek for 

sustainable resolutions in meeting future electricity demand, 

implementing DSM strategies seems to be a best option. 
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In order to understand the demand patterns and the 

effects of various DSM technology and policy strategies on 

the demand, and, further, properly manage the demand, an 

analytical tool must be developed to utilize the limited 

consumption information available to identify robust DSM 

options. To perform a quality DSM research, as well as 

other related electricity sector research on both supply and 

demand-sides planning, the researchers also require detailed 

information on the composition and dynamics of electricity 

demand. Particularly, basic understanding on peak loads, as 

to when and how they have occurred, their variations by 

environmental factors, such as temperature, and how they 

may change in the future, are among the most important 

requirements. 

Already, a number of demand side participation 

programs have been implemented, all of which aim to 

provide economic incentives to end-users in order to help 

balance supply and demand, but they have had varying 

degrees of success. 

This paper introduced dynamic pricing and demand 

response program to regulate power demand according to 

supply condition. Here we are introduced Autonomous Load 

shifting scheduling Algorithm in which customer are 

involved to participate which helpful to reduce the peak on 

Load curve. This algorithm is useful in smart grid 

environment. 

II. BLOCK DIAGRAM OF AUTOMATIC DEMAND RESPONSE 

PROGRAME AND CUSTOMER INVOLMENT MODEL 

One approach in residential load management is direct load 

control (DLC). In DLC programs, based on an agreement 

between the utility company and the customers, the utility or 

an aggregator, which is managed by the utility, can remotely 

control the operations and energy consumption of certain 

appliances in a household. For example, it may control 

lighting, thermal comfort equipment (i.e., heating, 

ventilating, and air conditioning), refrigerators, and pumps. 

However, when it comes to residential load control and 

home automation, user’s privacy can be a major concern and 

even a barrier in implementing DLC programs. 

Now there is an Alternative for DLC is smart 

pricing, where users are encouraged to individually and 

voluntarily manage their loads, e.g., by reducing their 

consumption at peak hours. In this regard, critical-peak 

pricing (CPP), time-of-use pricing (ToUP), and real-time 

pricing (RTP) are among the popular options. For example, 

in RTP tariffs, the price of electricity varies at different 

hours of the day. The prices are usually higher during the 

afternoon, on hot days in the summer, and lower in the cold 

days in the winter [8]. RTP programs have been adopted in 

some places in North America, e.g., by the Illinois Power 

Company in Chicago [4].  

This is also the Part of Direct Load Control. In the 

Direct Load Control there are some limitation and draw 

backs so here we are using indirect or automatic demand 

response model with customer involvement. 

Using the automatic demand response model we 

can reduced the peak demand on the electricity grid without 

human intervention. 

Fig. shows the proposed Automatic demand 

response model with customer involvement. 

 

Fig. 1: Block Diagram of Automatic Demand Response 

Program 

The model proposed here allows the customer to 

participate in electricity market if he/she is a part of the 

Smart Grid Smart Metering Infrastructure.  

    As of now,  if we allow smart meters to act 

according to the signals coming from the Demand Response 

Control (DRC) Center so as to allow/block the power flow 

in different load areas according to the instructions present 

in the signal, than we can have our shiftable loads operate 

according to customer preferences. 

As an input to the model, customer provides his 

time ahead preferences for different loads, connected to 

programmable nodes, giving information about the run time 

limits, the actual run time, and the size of the load connected 

to each of the node. This can be done through a normal web 

portal based communication channel. 

This data is then sent as an input (Fig 4.1) to DR 

control center with/without  communication channel, and 

then processed with all the data collected from all the 

customers, along with the day ahead load forecasted curve, 

so as to have a new load curve which is much flatter and 

better than the previous one. 

DR control center will than generate the 

consumption pattern signal for the AMI, and also the 

Generation schedule for the generating units as outputs (Fig 

4.1). 

As of now, this has been tested and implemented 

only for 24 hour day ahead scenario taking 1 hour as the 

least quantization of time, but it can be implemented for 

lesser quanta of time as well with appropriate modifications. 

The processing at DR control center involves, allocating the 

loads one by one to different hours according to total 

marginal cost of production at each hour and the hours 

within the run time limits so as to have the minimum total 

cost of production required for allocating that particular 

load. The inclusion of consumer participation is proposed in 

the working model, where customers segregate their loads 

into Shiftable and Non-Shiftable. Fig 3 shows the Shiftable 

and non-shiftable loads and their data requirement to be 

used in the simulating ADR 
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Fig. 2: Load Classification 

 

Fig. 3: Data needed for Shiftable Load 

Shiftable Load are the ones which can be programmed or 

controlled by the utility in customer preference limits, while 

the non-Shiftable are the ones where customers are the only 

controllers and hence there is no interference from the utility 

side. The customers can now effectively participate by 

giving their preference for the Shiftable load operation. This 

data is taken to demand response control center through 

Smart metering Infrastructure ,where this data, along with 

other data of system constraints is operated so as to have an 

optimum load schedule instructions to be sent back to Smart 

meter. 

III. CONCEPTUAL MODEL 

For the modeling of the automatic demand response 

following model are given. 

 Day ahead load forecasted curve. A.

Ideally as of now we just have total load forecasted curve. 

This model takes the concept of segregating each load into 

one of the two categories, the shiftable loads 

(Programmable/Ones with flexible time of usage) and the 

non shiftable loads (non-programmable/Ones which are 

rigid in their time of usage). 

From the given total load forecasted curve, 

calculation of forecasted curve for non-shiftale loads has 

been done assuming the ratio of total shiftale load to total 

load, at each hour, constant i.e.  

Total Load(TL)  =  Shiftable Load(SL)  +  Non Shiftale 

Load(NSL)          
   
   

  
       
       

 

SLt = Shiftable Load at hour t 

TLt = Total Load at hour t 

NSLt = Non Shiftable Load at hour t 

SLtotal = Total Shiftable Load for the day 

 Generator fuel cost function data and Generation limits. B.

Generator fuel cost function is taken to be quadratic, which 

will have three terms degree 2, degree 1, degree 0 (with 

coefficients , ,i i i    respectively). Generation limits are 

specified in terms of maximum and minimum power (

,max ,min,gi giP P ) they can deliver once they are chosen and 

switched ON after the unit commitment.  These two data are 

then used to perform the economic dispatch for the given 

load level giP  at each hour. 

Cost function of a generator is given by :    
2( ) ( )gi c i gi i gi iF P f P P     , 

such that 

 ,min ,maxgi gi giP P P            (4.3) 

Where, 
cf represents the fuel cost. 

 Consumer Preference data for the shiftabale loads. C.

Each consumer enters the following details about each of the 

shiftable load they want to use in day ahead time line - Load 

Value 
il , Up time 

iu , Down time 
if  and Run time 

ir  

 

 
Fig. 4: Consumer preference data paten 

Table represents the way customer will be expected 

to enter the data for each shiftable load they have, where 

task represents the load value, cost represents the run time of 

the load, and the rest is up-time and down-time (runtime 

limits). 

 

Fig. 5 Flow chart for Load Shifting Algorithm 
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 Algorithm steps : D.

1. Read in all the given data (as in 4.1) viz. 

, , , , , , ,i i i i t i i ilufrL. 

Where, 
tL  is Non-Shiftable Load at each hour t   

2. Perform Economic Dispatch on tL .  

3. Calculate Marginal Cost Price (MCP) t  at each 

hour corresponding to load at each t. 

4.   Find hour t, corresponding to minimum value of 

corresponding MCP value t .
  

For all t where the hour flag = 0, which implies, all the 

hours which still have  some shiftable loads 

associated with them. 

5. Find maximum shiftable load il  with load flag 0 

corresponding to the hour t.  Load flag =0 

indicates that the load has not been allocated before. 

6. Check if il  Exists ?  if Yes, go on to next step, if No, 

change the hour flag of hour t to 1 and go to step 3. 

7. Calculate k for min 

1i i

i

u k r

t

t u k


  

 

 , [0,( 1) 1]i i ik f u r  

This finds out the optimum window, within the run time 

limits, for allocating the given load il . The no of such 

available windows for each load will be 1i i if u r   . 

 8.   For above corresponding k, update the total Load within 

the window hours tL = tL + il  
[ , 1]i i it ukukr  

 9.   Update Load flag to 1, store t value for above 

mentioned load. 

10.   Check if all the shiftables loads has been allocated. 

If Yes, then stop, if No, go to step 2 

  Given day ahead hourly load forecast, generator 

pricing data and other system constraints, scheduling of the 

dispatch able loads has been performed such that our overall 

system cost is minimum, keeping the other constraints of 

system security within limits.. The code was written in 

MATLAB R2007a, and windows Xp platform was used for 

doing the same. 

IV. SIMULATION AND RESULTS 

The Algorithm is successfully implemented on 6 bus 3 

generator systems.  

 

Fig. 6: simulation result using load shifting algorithm 

 

Hour 

No 

Initial 

Load(MW) 

Final 

Load(MW) 

Gen 1 

(MW) 

Gen 2 

(MW) 

1 98.4871 101.8456 50 35.8169 

2 100.7564 104.0771 50 37.5603 

3 98.941 102.292 50 36.1656 

4 98.4871 109.8456 50 42.0669 

5 100.3026 106.6309 50 39.5554 

6 110.2874 108.4493 50 40.976 

7 130.711 128.5325 50 56.666 

8 142.0575 139.6899 50 60 

9 141.6036 139.2435 50 60 

10 137.0651 134.7807 50 60 

11 132.9803 130.764 50 58.4093 

12 129.8033 127.6399 50 55.9687 

13 125.7186 124.6233 50 53.6119 

14 123.4493 124.3918 50 53.4311 

15 123.9032 123.8381 50 52.9986 

16 125.2648 125.1771 50 54.0446 

17 126.6263 124.5159 50 53.528 

18 131.1649 128.9788 50 57.0147 

19 137.5189 135.2269 50 60 

20 142.5113 140.1361 50 60 

21 152.4962 149.9546 50 60 

22 146.5961 144.1528 50 60 

23 131.1649 131.9788 50 59.3585 

24 112.1029 113.2345 50 44.7145 

Table 1: Final Load and Generator Schedule 

Here standard 6 bus system was taken to have data for 

generator fuel coefficients. This system had 125 MW 

load/hour, which was then taken as our average load. For the 

load forecasted data, practical day ahead data of 

MILLWOOD SOUTH, USA (New York ISO) was taken 

[25], whose average per hour load is 275.416 MW. This 

forecasted data was then used to calculate the scaling factor 

with base average as 275.416 MW, and then this scaling 

factor was used for calculating forecasted data for our test 

systems on a base average of 125MW. Now, from this 

obtained load curve, non-shiftable load curve was 

calculated, assuming a distribution described in section 4.1. 

The total amount of energy left as the shiftable one, is same 

as the total amount of energy our shiftable loads will 

consume, as given by the consumers in their preference. 

Total no. of shiftable loads taken in this case was 5.  
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Observation: The shiftable loads have filled up the valleys 

and newload curve (green) seems to be having less gap 

between maxima and minima. 

Load 

No. 

Load 

Value 

il (MW) 

Up 

Time, 

iu  

Down 

Time, 

if  

Duration
ir  

(Hours) 

Allotted 

start 

Hour 

1 5 1 10 4 1 

2 8 2 12 2 4 

3 3 12 24 2 23 

4 2 10 20 3 14 

5 1 8 16 2 13 

Table 2: The allotted start hour for various loads 

Table 2 was Represents the data for each shiftable load and 

also finally provides the allotted start hour no. for each load, 

this can be sent to Customer side AMI for appropriate 

further action 

 

Max 

Load 

(MW) Hr 

Min  

Load 

(MW) Hr 

Avg 

Load 

(MW) 

Std  

Devn. 

Load 

factor 

6 

Bus 

Old 152.49 21 98.48 4 125 16.5 0.819 

6 

Bus 

New 149.95 21 101.86 1 125 13.87 0.833 

TABLE 3: Comparison of old and new load curve for 6 bus 

system 

 Observation: Max Load has decreased, Min load has A.

increased, Average load still the same, Standard deviation 

has gone down by significant amount, and load factor has 

increased by almost 1.7 %  

 Inference:  Shifting of loads has occurred and there are B.

less fluctuations in the system 

Gen 

no i  i  i  
Fuel 

cost 

power 

Max 

(MW) 

Power  

Min 

(MW) 

1 0 2 0.00375 1 50 0 

2 0 1.75 0.0175 1 60 0 

3 0 1 0.0625 1 100 0 

 Conclusion: Increase in load factor is a good sign for C.

efficiency of power system and narrowing of gap between 

maximum and minimum levels of load indicates the 

flattening of the curve. 

V. CONCLUSION 

Load shifting Algorithm with customer involvement can be 

used for various Load shaping objectives like peak clipping, 

valley filling, Load shifting. Using the Load shifting 

algorithm valley filing were obtained to shift maximum load 

at minimum valley is more efficient than other method.  

Moreover, the proposed system could be further improved 

simply by using more efficient code and subroutines and 

also can be tested for more no of loads. This work allows a 

step forward to a Smarter Grid, where electricity can be 

treated as a commodity and can be used/sold/generated like 

any other commodities. 

VI. APPENDIX 

Table 4 Generator Fuel Cost Function Data For 6 Bus, 3 

Generator System 

 

Fig. 7:  Network model for 6 buses, 3 generator system 
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