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Abstract:
The next evolution of the smart grid technology will allow customers to make more informed decisions about their energy consumption, adjusting both the timing and quality of their electricity use; this ability to control usage is called demand side management (DSM). DSM is the process by which electric utilities, in collaboration with consumers, achieve predictable and sustainable changes in electricity demand .in order to ensure stability on the electricity grid, electricity supply and demand must remain in balance in real time, traditionally utilities have called upon peaking power plants to increase power generation in order to meet the rising demand. DSM which includes energy efficiency and demand response (DR) works from the other side of the equation instead of adding more generation to the system; it pays energy users to reduce consumption. Utilities pay for DSM capacity because it's typically cheaper and easier to procure than traditional generation.
The main objective of this paper is to apply two techniques of DSM namely, Load shifting and peak clipping on residential loads. The simulation results obtained from the Load shifting technique are compared with those obtained from Peak Clipping technique to verify the feasibility of the proposed methods. The results show that the load shifting performs better than peak clipping in terms of Load Factor and electricity bill.
Keywords – Demand Side Management (DSM), Load Factor (LF), Load shifting, peak clipping, Genetic Algorithm (GA), optimal formulation, Constraints
1.   Introduction 
Demand Side Management (DSM) is the planning and implementation of those utility activities designed to influence customer use of electricity in ways that will produce desired changes in utility's load shape, i.e., in the time pattern and magnitude of the utility's load [1].DSM is a set of interconnected and flexible programs which allow customers a greater role in shifting their own demand for electricity during peak periods, and reducing their overall energy consumption. DSM programs comprise two principle activities, demand response programs or load shifting on the one hand and energy efficiency and conservation programs on the other.
Utilities around the world are now considering DSM in their strategic planning, the construction costs and operating a new capacity generation unit are increasing every day, which force the utilities to search for another alternative without any additional constraints to customers comfort level or quality of delivered products [2].in order to make the best use of available generating capacities without the need to construct new power generation plants to cover load demands, optimal allocation of power generated and more consumption pattern are required. There are different programs can be applied on customers. These programs are different from one utility to other and are dependent on the nature of the load type (industrial, residential and commercial).
DSM program is used to control the load profile indirectly to achieve the objectives of utility such as peak load within the proper margin and the load factor as close as possible to one. The benefits from applying are mutual for both the customers and utility. For customers, the monthly electric bill will be reduced by conserving the energy and converge of demand needs by utility. For the utility, reduce the capital investment, improve the electrical quality to customer and ensure efficient operation in generation, transmission and distribution.
2.   Demand Side Management Programs
There are different programs of demand side management are listed as follows [3]:
2.1. Load Building
In this program, it's required to increase the energy consumption and hence the average cost per KWh will be decreased as shown in Fig .1. This can be achieved by building new production and adding loads for new participators. This program is also known as load growth.

2.2. Energy conservation 
This program is used to reduce the energy consumption over the load period. This can be achieved by using high efficiency component such as high quality lighting, residential devices with high efficiency and high quality insulation for windows, as shown in fig.2.
2.3. Valley filling 

The main objective of this program is to increase the load demand during off peak periods by encouraging the end users to increase their loads via decreasing the tariff per KWh during off peak period. One of the most popular of which is by adding new thermal energy storage (water heating and space heating) in place of loads served by fossil fuels(gas or oil fired). The effect of valley filling program is shown in fig.3.
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Fig.1. load building program effect 
	[image: image2.emf]
Fig.2. Energy conservation program effect 
	[image: image3.emf]
Fig.3. Valley filling program effect


2.4. Load shifting 

This program is used to shift part of the load demand at the peak period to the off peak periods and partially peak periods as shown in fig.4. In load shifting, no loads are being switched off; unlike load shedding, where loads are wholly or partially shutdown. Popular applications include use of storage water heating, storage space heating, coolness storage, and customer load shifts. In this method loads are only rescheduled and hence the total consumption is not affected.
2.5. Peak clipping

This program is used to reduce the peak load demand during specific time slots as given in fig.5.there is no loads are shifted to the off peak period in this technique. This method is used by utilities which don’t have enough generation to meet the peak load. The main objective of peak clipping method is to reduce the operating costs by avoiding the use of expensive peak power plants. Another application of peak clipping is the use of interruptible or curtail able rates for industrial and commercial customers.

	                [image: image4.emf]
Fig.4. Load shifting program effect
	[image: image5.emf]
Fig.5. Peak Clipping program effect


The last two techniques of DSM are proposed to be applied on the residential loads since they are considered as new resources that can help the utility to meet the increasing demand of its customers.
3.   Implementation of DSM Techniques

The scope of implementing DSM techniques are classified into two categories [4-6]
3.1. Direct load control: it is an obligation way by which the utility can modify customers load pattern. It can be applied by switching off the power supply on specific category of customers at specific time interval, or force the customers not to use a specific type of electrical load at specific time interval.

3.2. Indirect load control: it is the optimal way by which the utility can change the customers load pattern by using special methods such as:

-  Time of use rates.                                     - Thermal energy storage
-  Efficient tariff system                                - Electrification technologies
-  Efficient end use technologies.
The most commonly used methods are the electric tariff system and time of use rates.

[image: image1.emf]
Fig.6. classic taxonomy of load shape objectives
4.   Demand Side Management (DSM) Applications

The main target for the end user is to reduce the amount of the electricity bill without any contraction with the production policy or quality of the product [7].while the target for the utility is to improve the load factor and increase the spinning reserve of the system. The two proposed programs must achieve the target of the utility and end user taking into consideration the constraints imposed on both utility and end users [8].therefore the objective function is formulated either to improve system performance by increasing load factor and enhance customer service quality or to control the use of the supply side resources subject to end user demand.

The mathematical formulation of DSM techniques as optimization problem where the optimization problem is generally determined by clarifying the following questions [9 10]:

1. What does the model seek to determine?

2. What are the objectives (goals) needed to be achieved to determine the best solution?

3. What are the variables of the problem?

4. What constraints must be imposed on variables to simulate properly actual variables?

4.1. Load shifting DSM technique

This program involves shifting loads from on peak to off peak period. The net effect is a decrease in peak demand but the total energy consumption is not changed. This improves the system load factor and decreases the cost of the electricity bill.
The objective function used to maximize the overall system load factor or to minimize the end user electricity bill as shown:
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Where,
L.F.      :  Load factor of the system.

P(i,j)      :  demand of load type i at time interval number j.

M         :  total number of load demand types.

J            :  total number of time intervals.

PTO(j)    :  total demand for all the loads types from j=1 to j=J over the time interval j.

K           :  number of time interval at which the maximum demand for all load types numbers 

               From i=1: M over all the time duration from j=1,J occurs.

Cost      : total cost of the electrical demand and energy consumption.

Ce(i,j)     : cost of energy for load type I at time interval number j.

Cd(i,j)     : cost of demand for load type I at time interval number j .
Subject to:

Equality constraint:
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Energy before applying Load shifting technique equals to the energy after applying load shifting technique.
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Inequality constraints:
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4.2. Peak clipping technique
Peak clipping refers to the reduction of the utility loads during peak demand periods. The Net effect reduction in both demand and total energy consumption. Therefore, the system load factor improved and also the customer's electricity bill is minimized.

Direct utility control on the end users equipment can be carried in order to reduce peak demand period.

The objective function is described either to maximize system load factor or minimize electricity bill.
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Inequality constraints:
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Fig.7.load demand control to reach load shifting DSM program

	
Fig.8. load demand control to reach peak clipping DSM program


5. Simulation tools 
There are different DSM programs have been formulated in the optimization problems, such as solver which is a MS excel based tool used to solve optimization problems, the second tool is LINGO optimization program, but the proposed technique is the genetic optimization algorithm.
A genetic algorithm is an iterative procedure maintaining a population of structures that are candidate solutions to specific domain challenges. During each temporal increment (called a generation),the structure in the current population are rated for their effectiveness as domain solutions, and on the basis of these evaluations, anew population of candidate solutions is formed using specific genetic operators such as reproduction, crossover, and mutation [David Goldberg, Addison Wesley,1989].
6. Numerical Simulation and Results

Residential loads daily load curve is utilized to clarify the benefits of DSM programs. The original daily load curve before applying DSM techniques is shown in fig.10.
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Fig.9. genetic algorithm optimization tool main screen
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Fig.10.load curve before applying DSM techniques


	For applying load shifting DSM technique
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Fig.11. load curve after applying load shifting DSM techniques
	For applying peak clipping technique
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Fig.12.load curve after applying peak clipping DSM technique


7. The results obtained from the application of load shifting and peak clipping DSM programs techniques show that:
7.1. for load shifting DSM program
7.1.1. Load factor has improved from 85.32 % to 92.44%

7.1.2. Max demand has decreased from 22.75Kw to 21KW

7.1.3. The amount of energy transferred from peak period (3rd period) to another two
Period is about 6 KWh but the total energy consumption is the same equals to 465.91KWh
7.2. for peak clipping DSM program
       7.2.1. Load factor has improved from 85.32% to 91.3%
       7.2.2. Max demand has decreased from 22.75Kw to 21Kw

       7.2.2. The amount of electricity bill is reduced 
8. Conclusions.
The optimal formulations of DSM programs were applied to residential loads and three cases are proposed in analysis in which each case satisfies the constraints of objective function. where   when max demand is reduced to 21.5Kw the load factor is improved to 0.9029 in case of load shifting program and 0.8973 in case of peak clipping, when its reduced to 21Kw load factor is improved to 0.9244 in case of load shifting and 0.9127 in case of peak clipping and when its reduced to 20.5Kw the load factor is maximized to 0.9469 in case of load shifting and 0.9288 in case of peak clipping, so from  each case taken proves that  load shifting results is better than peak clipping results.

Both load shifting and peak clipping DSM programs anticipate maximization for the utility system overall load factor and also minimizing electricity bill.
Its clear that DSM programs provides a great benefits on both utilities and end users such that after applying DSM programs, utilities didn’t require to build new power plants in order to meet the load and also for customers, their electricity bill is minimized.
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