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Abstract

Home energy management (HEM) plans convince residential customers to actively participate
in price-based demand response (DR) programs. In these price-based HEM methods, the
controller scheduling for energy consumption of household devices in response to the electricity
price signal has many priorities among customers. Although various methods have recently
been proposed to use HEM, prioritizing the performance of controllable devices from the
customer's point of view in price-oriented HEM has not been determined. For this purpose, the
load reduction value of each device is defined in such a way that it raises the implementation
priority of that device from the customer's point of view. Taking into consideration the load
reduction value of the devices, electricity tariffs and the implementation limitations of the
devices, the optimization problem is proposed to reduce the energy consumption and reliability

prices.
Keywords: Home Energy Management, Demand Response, Energy systems.

1- Introduction

Load management is the distribution of load throughout the day and the seasons of the year,
and its main goal is to improve the load factor of the distribution network [1-3]. Improving the
load factor first reduces production costs and then reduces the need to invest in new capacities
in the field of electric power generation and transmission. By increasing the load factor of the
system, the amount of energy produced per kilowatt of installed capacity increases, which
results in a reduction in production costs. Demand side management is one of the main success
tools of any industry and is of particular importance. Consumption management is the planning,
execution and monitoring of that part of electricity-related activities that affect electricity
consumption and cause favorable changes in the load pattern, time pattern of consumption and
the amount of energy consumption [4-5]. Energy consumption management includes a series
of interconnected activities between the electricity industry and its subscribers in order to
reduce the peak load of the network and common energy consumption, as well as leveling the
curve of the network consumption load so that it can meet the needs of consumers with more
efficiency and less cost. In the beginning, consumption management was proposed in order to
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reduce the amount of peak consumption and actually under the title of load management, and
gradually reduction of production costs in industries, optimal allocation of resources, reduction
of environmental pollution and other motivations of consumption management were proposed
by adopting Consumption management policies do not reduce the standard of living of the
consumer, but by maintaining their standard of living and welfare level, less energy is
consumed.
In general, the goals of load management on the consumption side for the electricity industry
can be mentioned as follows:

* Reducing the cost of production by increasing the load factor and optimizing electricity
consumption and reduce line loading [6]

* Freeing the funds of the electricity industry in order to increase the efficiency and improve
the quality of the existing facilities [7]

* Reducing environmental pollution by reducing the production of electrical energy [8]
« Reducing investment costs in the development of the power network by reducing the peak
load of the network [9]
Consumption management solutions and some energy saving opportunities in the domestic,
commercial and industrial sector are expressed.
In smart grids, supply- DR programs play an important role in enabling end users to distribute
system performance. In these programs, the plans of the distribution system are operational in
such a way that the electricity tariff or an index of the consumers regarding the voluntary
change in the consumption pattern is created. Since residential demand is a significant portion
of the total system load, residential DR programs are important from a system active
perspective.
One of the obstacles in the use of residential DR programs is the lack of sufficient customer
information to respond to pricing and stimulus signals [10-13]. One of the proposed solutions
is a control system that automatically responds to the received signals by solving the optimal
problem and is generally called Home Energy Management (HEM) systems [14]. The HEM
program reduces the costs of the customers and is a factor to encourage them to participate in
the rejection of DR programs. The output of solving the HEM optimization problem is
scheduling the energy consumption of controllable devices. Several articles cost on HEM
modeling and structure [15-16]. The proposed methods in these articles reduce the energy price
for the customer along with the maximum household load.
Therefore, the priority of controllable devices is aligned with the temperature and operational
ranges in [23, 24] to determine which devices can be turned off if DR is used. Although the
concept of instrumental priority is in line with this research, DR plans include the antecedents
of price-oriented DR plans.
The objectives of the research are as follows:

* Determining the impact of considering customer preferences in home energy management
programs.

* Determining the impact of considering energy tariffs in home energy management
programs.

2- Daily Load Curve

The daily load curve is obtained by drawing the amount of electric load consumption during
24 hours. This curve characterizes the amount of consumption during a day and night and is
widely used in planning and operation for power companies. Figure (1) shows an example of
a daily load curve.
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Figure 1: An example of a daily load curve

Each day of the week has its own load curve. Load consumption curves on holidays and non-
holidays are different from each other. In different seasons of the year, according to the factors
specific to each season, such as the length of the day, the load curve changes. Over time, due
to the population growth and the economic growth of the society, the average amount of load
consumption gradually increases or vice versa due to the optimization of electrical tools or
economical measures of major electricity consumers. Changing consumer habits due to load
management by electric energy producers or changing the economic structure (agricultural,
industrial, residential and commercial) of the power supply and short-term load factors such as
television programs are also effective on the structure of the load curve. By having the load
curve, the amount of values such as maximum load consumption (Pmax), minimum load
consumption (Pmin), average load consumption (Pm) and the amount of energy consumption
can be easily extracted as the level under the load curve. The ratio of the average load
consumption Pm during the year (or day) to the maximum load (peak consumption) of that
year (or day) is called the load coefficient m.

This coefficient is considered one of the important parameters in power systems and is mainly
expressed as a percentage. The closer this coefficient is to one, it indicates the better quality of
energy consumption from an economic point of view for the energy supplier company. If this
coefficient increases, the investments made by the company will be used more optimally. By
taking measures, it is possible to improve the load factor by transferring load consumption from
peak hours to non-peak hours.

3-Consumption management

Since the domestic sector of the country pays only the cost of the active energy consumed in
the case of electricity consumption, that too in the form of a single tariff, so from the point of
view of the time of electricity consumption, the electricity costs of this sector can be saved
[17]. Multi-tariffing of electricity consumption costs in this sector is necessary to create
motivation in rationalizing electricity consumption by these subscribers. Below are solutions
to reduce the consumption of electrical energy in home use.

One of the ways to reduce electricity consumption in the home sector is to replace your old and
high-consumption devices with new and low-consumption devices. In Iran, electricity
consumption per capita in refrigerators and freezers is about 30% higher than international
standards. Most washing machines made in the country use the cold water system. If these
machines are replaced with machines that use heated water outside the system, a lot of energy
is saved. Lighting devices are considered to be one of the major consumers of electrical energy
in residential use, therefore, the use of lighting can be reduced to a large extent by using energy-
saving lamps. The cooling system of buildings in Iran is mostly water coolers, gas coolers or
air conditioners. According to the technology obtained in recent years, by taking measures, it
is possible to increase the efficiency of these coolers and save a considerable amount of
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electrical energy.Considering that public, office, commercial, and domestic buildings are
among the major energy consumers, therefore, the issue of developing scientific principles to
reduce energy consumption through reducing thermal losses and maximum use of natural light
has been considered for a long time. Many countries in the world have made it mandatory to
create energy consumption standards in buildings and to implement them in new buildings, so
that in new buildings, the use of suitable insulation, adaptation to weather conditions, the use
of nature (trees and water features) and equipment Having proper control devices has greatly
reduced the amount of energy consumption in general and the consumption of electrical energy
in particular, and has made it possible to use energy optimally in buildings. In countries such
as Iran, where the peak consumption is strongly affected by the increase in electricity
consumption in lighting purposes, the prevalence of using energy-saving lamps is the best tool
for load management, considering that the electricity consumption of compact fluorescent
lamps is about 20% of incandescent lamps with the same light output. The complete
replacement of such energy-saving lamps is suggested. The main problem of these lamps is
that they cannot be replaced in some of the uses of the current lamps and if they are widely
used, the current high consumption lamps will still maintain a part of their consumption market.
Another form of these lamps is creating harmonics, which Installation of suitable filters can be
fixed. Considering the high initial price of these types of lamps compared to incandescent
lamps, it is very important to create an efficient subsidy system in this field.

Installing suitable meters in sync with efficient tariff system is one of the most important load
management methods in the whole world, which is widely welcomed by customers. With the
installation of multi-tariff meters, the electricity consumer is given the opportunity to apply
appropriate load management policies and coordinate his consumption with the actual cost of
production, which is announced in the form of different tariffs by the electricity companies. In
different tariffs, it depends on the state of production and the balance of production and
consumption of electricity, so that when the amount of production in the peak does not meet
the consumption, the amount of the peak tariff can be declared very high, and on the contrary,
when the production facilities are suitable, it can be The announcement of low tariffs
encouraged consumers to consume. From the point of view of the priority of installation of
multi-tariff meters, industrial, commercial, and high consumption domestic uses are placed
respectively.

4-Systems Used in Home Management

An example of these smart buildings is shown in Figure 2. It also has a grid connection to
obtain electricity during hours of peak power demand or to sell electricity to the grid when
there is excess electricity generation. Every house has a number of household appliances, such
as dishwashers, washing machines, etc. The building is assumed to be an energy management
system, and communication systems are for the distribution of energy consumption plan. Since
the model presented in this work only provides optimal planning for 1 day, the selection of
equipment capacity is not considered here, and all equipment capacity is given. The real-time
electricity price profile is known from the network and changes in one day. The maximum load
demand for excess electricity consumption is given from the network. It is also assumed that
the weather forecast can provide 24 hours of wind speed information. The heat demand is given
from the whole building while the electricity demand depends on the performance of the
household appliances.
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Figure 2- Systems used in household management

Renewable energy sources [18-29] can play a new way to solve this natural problem. Despite
unlimited access to wind and solar energy, a self-sufficient wind or photovoltaic generator
system cannot provide a 24-hour load. In other words, because the production of power in wind
power plants is highly dependent on the presence of wind, they cannot be classified in the group
of conventional generators. This fluctuating nature has caused challenges in the power grid so
that most of the time the changes in wind and solar energy cannot fully provide the distributed
load. In fact, the frequency changes created in power systems due to fluctuations in wind power
production are one of the key factors in limiting the penetration level of wind energy.

With the development of distribution networks and the concept of microgrid, the use of
renewable energy units in distribution networks is increasing. The concern that exists in the use
of these production units is the intermittent nature of primary energy (wind and sun) in these
units. Considering that wind speed changes are uncontrollable, the production power of wind
turbines fluctuates, which can cause power quality phenomena such as frequency changes or
voltage drop or voltage flicker. One of the ways to overcome this problem is to use energy
storage systems or BESS. The use of these systems not only increases the reliability of the
system, but also guarantees the stability of the transient state with their fast response. For
example, if the power consumption of the network consisting of wind turbines is greater than
the production power of the wind farm in a short period of time, in this situation the system
faces a frequency drop and to prevent damage to consumers sensitive to this phenomenon, such
as Inductive loads, the energy storage system comes into action with its high dynamic speed
and compensates for the lack of power for this short period and returns the frequency to the
nominal value to restore the balance between supply and demand. Another advantage of using
the energy storage system next to the wind power plant is from an economic point of view. In
other words, considering that the price of electricity and the production capacity of wind
turbines change during the day, storing energy during periods when the price of electricity is
low and then selling electricity during periods of high price is an economic idea. The purpose
of the proposed idea is to use the changes in the price of electricity during the day and earn an
income in this way, which requires a precise schedule for charging and discharging the energy
storage unit. The profit from the sale of electricity in this strategy is related to the optimal use
of the energy storage system.

A smart grid has the potential to change the operation of the power system, and this change
occurs when renewable energy has the most interference with the traditional system. Managing
renewable resources like traditional resources causes problems in system performance. By
using the smart grid, it is possible to improve the connection of the traditional grid with
renewable energies. During different times, production and load must match. Conventional
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production can be controlled to a large extent, but the load and production of renewable energy
must be predicted. The ability of the smart grid to process such information leads to significant
improvements in the performance of renewable energy sources. In the smart grid, data must be
available, however, these are future hourly forecasts that are useful for estimating the
production and load of the power system and are obtained in most global networks. Usually,
hourly forecasts are based on the use of statistical methods. Recent observations are used.
Although the implementation of the building management system increases the cost of building
construction, the amount of savings in current building costs due to the implementation of this
system can compensate the initial costs in a short period of time and also provide a higher level
of comfort for the residents. To be accompanied intelligent control systems have a high level
of flexibility that can be easily adapted to different needs. Also, during operation, it is possible
to easily change and optimize operations for better management and reducing energy costs and
reducing maintenance costs. Gave Also, building management systems have high
controllability, and with the implementation of a suitable structure, it is possible to control its
various components from all over the world. By defining different access levels, the
controllability of different components can be leveled so that it is possible to make some
changes only for authorized users and if the defined password is entered.

The intelligent building management system tries to manage the resources and resources of a
building depending on its type of use (residential, office, commercial, etc.) by using control
technologies. Smarting reduces the impact of factors such as human error, the rate of out-of-
control events and accidents, and increases the reliability of the correct operation of building
facilities and equipment and improves the general safety of the building. The functionality of
various side systems or modern systems, such as condensing boilers, solar systems,
cogeneration systems of electricity and heat (CHP), etc., which themselves have a separate
control system through communicating the desired system with the management system There
is a center and it can be defined in the system.

As aresult, it can be concluded that with the proper use and careful management of the installed
renewable resources, the cost of fuel and the amount of produced pollutants and the final cost
will be reduced. Of course, this amount of reduction is if the goal is long-term exploitation.
Because in the short term, due to the high cost of installing renewable sources, it will not be
economical.

Considering the instability and lack of resources and the energy consumption situation in Iran
and that a large percentage of this energy is wasted in the building due to incorrect design in
the style of urban development as well as the design of the building. First, there should be a
general revision in the constructions, then by means of the intelligent management system, we
should reduce the energy consumption in the buildings to the minimum possible, and the
buildings, through proper management and the use of smart equipment, will become buildings
with maximum efficiency, comfort and Make it permanent. In this regard, it should be
mentioned that since our country, Iran, is very suitable and prone to the use of renewable energy
sources, especially the sun, therefore, the use of this source in the energy consumption basket
of homes in residential areas due to having a flat roof and the possibility of installing the system
These are very useful. On the other hand, using this source as a solar water heater and injecting
produced hot water in the existing installation system helps a lot to reduce the energy
consumption for heating water in the motor house. Also, the use of intelligent lighting energy
supply systems in residential and office buildings that are intelligently lit when there is no light
is another thing that has an effective role in energy consumption, on the other hand, automatic
temperature regulation in the water supply and heating system of homes with Adjusting the
temperature in different seasons and installing suitable sensors is another effective way to
reduce the waste of energy resources, which is generally introduced as the application of
automatic and intelligent energy supply systems and can be used in urban areas.
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5- Conclusion

Load management that leads to the control of load growth and the proper shape of the load
curve. It pursues various goals, these activities may be in order to reduce investment costs,
eliminate limitations in the capacity of supplying electrical energy, create an optimal and
economical energy supply, reduce service costs, improve the load factor, improve the efficiency
and effectiveness of the system and The improvement of the reliability coefficient of the system
has been established and implemented.
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