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Abstract

Smart load management system with an advanced metering infrastructure operates to monitor the electricity consumption by the load and
transferring data to the utility grid. It has direct benefit to the end-users by managing the load. This system has incorporated with home
appliance for achieving the goal of home energy management system (HEMS) such as efficient energy utilization of house by avoiding
the wastage. Efficient loading system can strengthen the efficient power utilization and thus can save the economy greatly. Air condition-
er (AC), thermostat associated with a room were selected for this purpose as they have the high demand of electricity consumption. This
study mainly focuses on developing the mathematical model and simulate it for the considered home appliances to assess the trend of
electricity consumption. Research proved that, considering the ambient temperature developed model can provide the specific instruc-
tions for automatic controlling of the appliances which will save the electricity consumption and utility bill of end-users compare to the
manual operation of the system. Matlab /Simulink software was used to implement and justify the model.
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1. Introduction

Smart loading system enables us to control the load appliances for
home energy management system (HEMS). It enables the both
way communication between the meter and controlling system of
the loads based on the demand and supply. It has the ability to
gather data for maintaining the demand response (DR). The data
can be transferred through power line communication (PLC), cel-
lular network or ZigBee system. Recently, residential HEM with
DR has attracted the attention of the researchers [1]. Different
developed and developing countries have taken the step of DR
programs to control the electricity consumption for reducing the
electricity cost [2], [3].

Previous researches reveal that DR has strong contribution to im-
prove the HEMS in the domestic sector. DR can be defined as the
changes in total amount of energy consumption depending on the
price of electricity based on the load demand [4]. Peak shaving
and load shifting has strong contribution for prosumers to achieve
the goal [5]. Data received by the metering system from the load
can be used to control the switching of the appliances and thus
save the energy.

Several studies have been investigated to make the best use of
home energy with minimum wastage. Advanced metering system
(AMI), smart home appliances with automatic control of loads,
smart sensor technologies etc. [6]. Traditional metering system
has several disadvantages such as load monitoring, reliability and
also a number of employer needs to be employed to process the
billing. Moreover, there is some energy loss in the conventional
system. Smart meter allows the relationship between the smart
loads and producers with the time of information and customer
identity. The usage of energy depends on the habits and culture of
the users. Nevertheless, this studies has some limitation to make a

thermal comfortable smart home management system for the cus-
tomer. Saving the maintenance and operational cost and online
billing system can attain the customer attention to use the smart
load management system for their home. Therefore the objectives
of this research can be designed to develop a model for the electri-
cal appliances to operate by HEMS. Moreover, a comprehensive
analysis will be proposed for saving the energy and reducing the
cost based on the use of the appliances.

2. Home Energy Management System

Traditional loading system needs manual switching systems that
required human involvement, time consumption and power losses
due to switching and unnecessary turn ON of loads. Therefore, in
modern distribution networks, smart load management system
with the advanced metering infrastructure is assumed to be the key
sources for real-time monitoring of data. Evaluating the collected
data of energy usage, meters can control the power flow of the
customer house appliances depending on the voltage and power
requirement of that particular loads [7], [8], [9]. Fig. 1 shows a
schematic diagram of HEMS with grid system, demand response
system, controller, appliances and renewable sources.

Luis et al proposed a model to control the loads with the smart
metering system that can operate based on the DR characteristics
[10]. This system showed a significant contribution in controlling
the energy usage. Here, peak demand and time shifting method
has been introduced to improve the system reliability and reduce
the costs of the consumers. However, consumer’s comfort was an
unsolved issue in this research. In Table 1 shows a comprehensive
review on previous researches of HEMS.
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Fig. 1: Schematic diagram of HEMS

Table 1: Review on previous researches of HEMS

Authors Contribution of the research

Han etal. [7] Proposed a remote controlled HEMS

using infrared technology

Pipattanasomporn et al. [11] Developed an Intelligent home sys-
tem with demand response analysis to
control the energy usage and reduce

the electricity cost

Di Giorgio and Pimpinella [12] Smart HEM controller depending on
the event-driven binary linear optimi-

zation technique

Dittawit and Aagesen [13] Proposed an adaptable home man-
agement system between the power

capacity and energy usage

Missaoui et al. [14] Developed A model for managing
home energy without affecting the

customer choices

Shahgoshtasbi and Jamshidi [15] Building EMS for determining the
best energy efficiency to control the

energy usage

Zhang et al. [16] Proposed an artificial bee colony
optimization algorithm to improve

the HEMS

3. Modeling for AC and Room

The proposed system of this research consists of an AC, thermo-
stat (controller), and a room as an environment. The difference of
room temperature and ambient temperature is a strong determinant
in controlling the heating and cooling system of the room. Be-
cause, thermostat operates based on this temperature difference.
Fig. 2 shows the block diagram integrating the room, thermostat
and AC.

3.1. Modelling of AC Heat Gain

Air-condition dissipates the thermal energy through the convec-
tion method of the cooled air. This thermal energy is a loss for the
system. Therefore, considering the mass of air, mAC,;, the equa-
tion of heat gain (Qaircon) Can be written as,

Qaircon = mACair (Taircon _Tr) 1)

Where, Tareon @and T, denote the air temperature of AC and room
temperature. The rate of thermal energy loss from the AC can be
expressed as,

d(QAC) _ d(mACair)
dt  dt

(raircon _Tr ) @

Fig. 2: Block diagram of room, thermostat and AC
As the mass of air with respect to per unit value of time is fixed,

simplifying the equation (2) by substituting the dmAC,;/dt with a
constant MAC,;, we can get,

d(Quc)

dt = MACair (Taircon _Tr) 3
3.2. Modelling of Room
For room, thermal energy gain (Q,) takes place by the conduction

mechanism through the walls and windows. Therefore, equation of
thermal energy gain can be expressed as,

_ kA(Toutside _Tr )t

Q D @)
Therefore, rate of thermal gain can be expressed as,
er — kA(Toutside_Tr) ®)

dt D

Simplifying the equation (5) by replacing kA / D with 1 /R we can
get,

er _ (Toutside_Tr)
dt R

(6)

Where R is the thermal resistance of the room.
3.3. Modelling of Temperature

The complete expression of rate of temperature change in a room
can be found by subtracting the rate of heat loss from the rate of
heat gain. Therefore, the equation can be written as:

dTr _ 1 dQAC _ er @)
dt mroomAC,, \ dt dt

4. Simulation Design Analysis

A Matlab/Simulink model that shown in fig. 3 is developed by
integrating all the three components (AC, Thermostat and Room).
Rate of heat gain of the room is considered during the cooling
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system of the room component. For this purpose, room tempera-
ture was fixed at 24°C while the natural temperature has been
presented as a variable parameter. In the diagram, sine wave rep-
resents the natural temperature. After simulation the output is
compared with the theoretical value calculated by the developed
model. Simulation is performed in both individual and integrated
mode.
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Fig. 3: Matlab/ Simulink model of the proposed system
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Fig. 4: Simulation for AC component
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Fig. 8: Wave shapes when all the three components are integrated

The calculated value of AC heat gain is -2.895x10°. Simulation
output from fig. 4 reveals that, AC heat gain is almost equal to
with the value of -2.9x10’. Negative sign denotes the heat loss of
room while AC remains switched ON. Therefore, room starts to
cool and becomes comfortable.

Fig. 5 describes the output of thermostat based on the difference of
room temperature and natural temperature. If room temperature
goes above the environment temperature, relay is turned ON and
send the start signal to AC for operation. AC is turned ON. When
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room temperature goes below the natural temperature, relay gives
the OFF signal to AC, therefore, AC is turned OFF. Therefore, the
simulation validates the expected outcome.

Theoretically, if the AC is turned OFF, room temperature starts to
increase to become equal to the natural temperature. Heat from
environment is diffused into room by conduction method through
wall and windows. If the room temperature is higher than the out-
side temperature, the opposite phenomena occurs. Simulated out-
put in fig. 6 reveals that, if AC is turned OFF, room temperature
starts to rise (from 30°C) to become equal to the outside tempera-
ture and saturated at about 38°C (outside temperature). Again, if
outside temperature (18°C) is lower than the room temperature,
room temperature starts to decrease (from 30°C) to become equal
to the outside temperature (18°C) and becomes constant.

Fig. 7 illustrates the output of integrated AC and Thermostat. First
graph reflects the AC gain and lower graph describes the constant
set temperature and variable temperature of the room. It shows
that, heat gain is constant to a particular value for a certain period
and starts to decrease to reach to -2.9x107J. It occurs as AC be-
comes turned ON when room temperature exceeds the fixed tem-
perature. Next, the gain start to increase again and reach the initial
position.

Fig. 8 describes the behavior when all components have been
incorporated. Initially, it is assumed that set room temperature is
almost equal to the outside temperature and AC remains switched
OFF. However, when AC is turned ON, room temperature gradu-
ally tends to decreases. From fig, the wave shape of outside tem-
perature is different from the room temperature. Therefore, to
control the room temperature at desired level, the air-condition
needs to be switched ON or OFF based on the room temperature
which will increase the customer comfortability.

5. Conclusion

Considering the matlab simulation output and theoretical result of
heat gain, it can be inferred that, smart load management system is
a most suitable technique for home energy management system.
Proposed mathematical model for AC can be utilized to provide
definite information for automatic control of AC. Systems can be
designed in such a way that, AC will operate based on its own
schedule depending on the environmental and room temperature,
which will facilitate to reduce the energy loss and reduce electric-
ity bill of consumers. This is the definite advantage compare to the
traditional manual loading system. Therefore, the objective of
proposing the smart loading system for HEMS has been achieved
by automatic control of loads such AC. In this research, smart load
modelling with a scheduling controller for has been introduced to
switch ON or OFF the appliances. Therefore, customer preference
of comfortable room with reduced energy consumption and energy
loss is a greater advantage of this study.
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