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Using the capabilities of smart meters and smart grid
technologies, a new demand response (DR) participant with
considerable load flexibility was created from the residential side
called the intelligent residential community. In this paper, smart
residential loads were divided into three categories of shiftable,
interruptible, and controllable loads and a new method based on
binary particle swarm algorithm (BPSO) to solve the DR problem
is presented. The type of load shedding was determined for
different loads. Then, by solving the continuous variables of the
problem, the amount of load shedding at different loads was
determined. The proposed system uses distributed generation
sources, battery storage, and electric vehicles. Furthermore, in the
proposed model, a robust optimization method for dealing with
uncertainties is presented using a variety of real-time pricing
(RTP), time-of-use (TOU), and critical peak pricing (CPP) schemes
in a robust design. A comparison of the different types of demand
response schemes was made and the best design for optimal
demand response was selected. To validate the proposed method,
a simulation was performed on a test system and the results
indicated the efficiency of the proposed method in planning and
reducing users' consumption costs.
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EXTENDED ABSTRACT

Introduction

In the demand response literature, there is no complete plan that provides demand
response plans with electric cars, battery storage, distributed production sources and all
kinds of smart home devices (cookers, lighting, and washing machines). There is no choice
among the response plans. In this article, a new method for adjusting the hourly load level
of the devices used in the smart home in response to the hourly electricity prices is
presented. The purpose of this model was to minimize the electricity payment costs of
consumers, reduce the peak load and reduce the peak to average. This model was realized
in a simple linear programming algorithm that can be easily integrated into a home or small
business energy management system. The main new contributions of this paper are as
follows:

—  Providing a new solution method for the demand response problem,

—  Providing a solid plan to optimize demand response, and

—  Providinga complete model by considering all types ofloads and demand response

models.

Methodology

In the proposed method, the energy management system solves modeling by receiving
information from production sources and smart homes. The information on smart homes is
transferred to the collector by smart meters and the Internet of Things. This information is
divided into several different categories. For example, all the interruptible loads of the
distribution system are grouped together. After categorizing and summing the total power
by the collector, this information on the prioritized devices is transferred to the energy
management system. By receiving this information as well as information related to
distributed generation sources, batteries and electric vehicles in real time, the energy
management system performs demand response management as shown in Figure 1. A two-
step algorithm is used to solve the problem. After receiving the information, the energy
management system checks whether there is a need to use the demand response plan as it
may not be necessary to use the demand response plan in some hours. After the energy
management system decides to participate in demand response, in the first step, the binary
variables of the problem including determining the loads participating in demand response
for each hour are obtained. Then, in the second step, by using the results obtained in the first
step, the continuous variables of the problem including the burden of each prioritization are
obtained. The binary particle swarm algorithm was used to solve the first step and the
particle swarm algorithm was used to solve the second step.
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Figure 1. The structure of a smart residential community.
The objective function of the problem is also formulated as Equation (1).
Pg,min < Ptg < pgmax (1)

Results and discussion

Figures 2-A, 2-B and 2-C show the total residential load with the IL program and for the
TOU, CPP and RTP plans, respectively. In terms of consumption reduction, peak load
reduction, and peak-to-average reduction, the RTP plan performs better. However, attention
must be paid to the fact that with the reduction in the amount of consumption, the income
of the electricity department decreases relatively. In Iran, where the price of electricity for
consumers is very low, the RTP plan is very suitable, but in countries where electricity
consumption is not subsidized, the RTP plan should be checked in terms of the amount of
consumption reduction and whether it is suitable for the profit of the electricity department
or not. The new peak load occurs in the TOU plan at 1:00 p.m. with 1,900 kilowatts, in the
CPP plan at 1,700 kilowatts at 10 p.m., and in the RTP plan at 1,700 kilowatts at 3:00 p.m.
Considering the new peakload, the TOU plan does not seem suitable. Although the new peak
load created in the TOU scheme is lower than the previous peak load, the new peak load is
higher than the RTP and CPP schemes.
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Figure 2. Residential load with A-TOU, B-CPP and C-RTP design.
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Conclusion

Planning for the optimal management of interruptible, removable and adjustable
loads was carried out using various price-based demand response plans to reduce the
electricity costs of the residents. According to the results, the TOU plan has the lowest
payment cost for customers. However, the RTP plan is superior to other plans in terms of
reducing the peak load, reducing the peak to average and the low new peak. The chosen
program in the proposed model to reduce the electricity costs of the residents is the TOU
plan (due to the reduction of the costs paid by the consumers). But in Iran, due to reasons
such as reducing peak load and peak to average, outages, the need for network
development and investment, outages in summer and electricity production costs, the
RTP plan is more suitable. The RTP plan also requires an initial investment because the
communication and hardware infrastructures must be established for the communication
between the electricity company and the subscribers to announce the real-time costs. To
develop the work, optimization methods such as probabilistic optimization method and
distributed robust optimization method can be used and the optimal plan can be
presented to solve the problem of demand response. Furthermore, another suggestion
of the authors to develop the present work is to add load distribution equations and line
modeling to the proposed model to obtain more accurate results for solving the demand
response problem.
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