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ABSTRACT

Air-conditioning (AC) systems have the highest power consumption among the appliances and consumer devices used
at residential homes and buildings. Reducing their energy use will lower peak time usage and lower CO, emissions.
Recently, employment of the Information and Communications Technologies (ICT) to the power grid has smartened the
grid. In the smart grid new opportunities emerge for AC energy consumption control. The aim of this paper is to reduce
the air conditioning energy consumption of residential customers. It proposes an architecture that provides easy man-
agement and control using sensor network web services. A simulated thermal model of a house considering house data
and outside temperature is presented. Simulation results showed a proposed temperature control method can have sig-
nificant energy saving while maintaining customer comfort.
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1. Introduction

Heating and cooling systems can account for up to 50%
of the total energy consumed in buildings. Since the ACs
consume significant amount of energy, it is reasonable to
study the control of an AC with a focus on reducing its
energy consumption. Reduced energy consumption has
several immediate benefits. From consumers’ point of
view, their energy expenses and carbon footprints will be
lower. From utilities’ point of view, load will be reduced.
Reducing the load is significant especially during peak
hours since, as the load increases, the loss on the trans-
mission lines increase. Furthermore, for extremely high
loads, transformer overloading may occur and this may
result in partial or full grid failures.

Due to the mentioned challenges, controlling the en-
ergy consumption of power equipments such as AC is
significant. The energy consumption of an AC varies
depending on the outside temperature. For cooling on a
hot day (AC) or heating in a cold day (heater), the energy
consumption can be very high. Those heating and cool-
ing demands during extreme weather conditions may
cause critical peaks and negatively impact the electrical
network. To address this situation home energy man-
agement and web services techniques can be combined to
control the consumption of the ACs.

In the smart grid, the capabilities of the demand re-
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sponse applications extend towards residential users
where fine resolution demand control becomes possible.
Energy management systems in the customer sector aims
to reduce the electrical load of appliances, as well [1].
For instance, energy star appliances and energy-efficient
light bulbs provide savings for energy consumption.
However, by employing communications and control
techniques further savings become possible. In [2], the
authors presented an energy management and control
system architecture for heating system in a house to re-
duce peak consumption while maintaining thermal com-
fort. A control algorithm based on measured power and
inside temperature is proposed and implemented. In [3-4],
an adaptive controller is implemented to control the AC
consumption. Controllers can use energy estimation models
that capture thermodynamics, power usage and thermo-
stat control instead of direct measurements as proposed
in this paper.

In fact, modeling the heating and cooling demand is a
complex task where parameters such as outdoor tempe-
rature, house geometry, level and type of insulation, and
type of equipment impact the model. There are various
examples of modeling and simulating the energy con-
sumption related with heating and cooling of a house
[5-7].

Controlling the energy consumption of the ACs using
Zigbee has been proposed in [2]. We use web services
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for their flexibility and suitability for machine to ma-
chine communications. There are two protocols that can
be used in the web services, namely, SOAP and REST-
full. In [8], the authors have compared the performance
of these protocols. The efficiency and the power con-
sumption of RESTfull have been shown to be more effi-
cient than SOAP. However SOAP is still widely used in
web services as it is compatible with other applications.
For this reason, in this paper we also use SOAP.

Web services are useful tools for machine to machine
communications since they are platform independent.
Recently, sensor web services have been gaining increasing
interest from the research community. Using web ser-
vices on the sensor nodes have several challenges related
with memory and battery power limitations of the sensor
nodes. In [9], the authors address these challenges by
decreasing the TCP/IP overhead and customizing the
XML messages on the node side via compression. In our
implementation, we use a similar technique to decrease
the XML and code sizes in the sensor nodes.

Sensor web services have been employed in IrisNet
[10] which is a software platform allowing the users ac-
cess the globally distributed sensors. Furthermore, using
sensor web services in the smart grid applications have
been initially proposed in [11]. The authors use sensor
web service applications to enable energy savings and to
improve the utilization of the renewable energy resources
in the smart grid.

In this paper, an AC energy management and control
architecture using web services is proposed. A thermal
model of a house considering the outside temperature
and house data is presented. Inside temperature control to
reduce the energy consumption while maintaining the
thermal comfort is proposed. Simulation results show
that controlling the temperature can reduce the energy
consumption significantly.

The rest of the paper is organized as follows. Section 2
describes the web services for AC energy management
and control system and discusses the scalability of the
application. In Section 3 the thermal model of a house is
described. The energy consumption control is discussed
in Section 4 and conclusion is provided in Section 5.

2. AC Energy Management and Control
using Web Services

Generally energy management systems consist of several
components which are sensors to measure and control
variables; a controller able to carry out logical control
operations or to provide control signals; actuator devices
which receive the control signals and perform the re-
quired actions. Controllers are typically computing ele-
ments which implement load management via control
programs. Controllers can use energy estimation models
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instead of direct measurements [3].

Figure 1 gives the web services implementation for
the AC control in the smart grid.

In our implementation, the smart home containing the
AC houses a sensor network and a sensor gateway node.
The gateway node is between the sensor nodes on the AC
and the internet. Web server makes remote function calls
that invoke methods on the web service components in
the smart home. The reply is sent in a compressed XML
format to the server. The web service protocols run over
the internet protocols. The gateway node can retrieve the
information requested by the web server from the AC
sensor by accessing its web service. Moreover, the utility
and the inhabitants of the house can access the web serv-
er.

We implement the web services in Java NetBeans 6.8
IDE using the SOAP protocol and we use MySql server
5.1 to store the obtained data. We first analyze the scal-
ability of the proposed AC control mechanism based on
the completion time metric. The completion time of the
application is the time needed for a single process to be
completed. Once the web server generates a request (Ge-
tACReq), the timer registers the current timestamp as T =
to, then, the sensor receives the request packet and per-
form the required processing through the web service
located on self. When the response packet (GetACReq) is
ready on the sensor side, it is sent back to the web server
through the internet. The time stamp T = t; is taken when
the response reaches the server. The completion time is
the difference between ty and t;.

In Figure 2, we present the performance of the sensor
web services in terms of completion time. We have in-
creased the number of houses from three to 300. For a
typical distribution system, the completion time linearly
increases with the number of controlled houses. For 300
houses the completion time reaches almost 3.7 seconds
which is acceptable.

3. Thermal Model of a House

In this paper, our focus is on the cooling which can be
easily extended to heating. We first describe the thermal
model of the house. The cooling system is basically a
heat energy removed from interior of a building in order
to maintain desired comfort conditions. The thermal
model equation is built based on the heat exchanged be-
tween the building and the environment is given by [7]:

T=t,
AC GetACReﬂ.
I ’l T=t, —
g GetACRes. | | “ |
ensor Node

Figure 1. AC load control by web services.

SGRE



Energy Consumption Control of an Air Conditioner Using Web Services 257

5 T T T
I #Web Service Completion time (second) I
45 T 1
4 N
=
g8 3571 1
L 3¢t o .
g /
= 25+ 1
f =
Z M
k54 r # 1
= ~
a,
g 1.5 «#f .
O o
1 M 4
0.5 o ]
0 i L Il i i
0 50 100 150 200 250 300
Number of ACs
Figure 2. Performance of sensor web services.
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P(t) is the cooling power W

0;, is the indoor temperature “C

C is the heat capacity of indoor air J/°C

O, 1s the outdoor temperature °C

R is the equivalent thermal resistance of the building *C/W

The lumped thermal resistance of the house is calcu-
lated using the house dimension, number and size of
windows and type of insulation used. Generally modern
air conditioner is equipped with a thermostat. This ther-
mostat is used to maintain the temperature at a desired
temperature @g. It trips the AC when the inside tem-
perature goes below a minimal temperature and switches
on the AC when inside temperature exceeds a maximal
temperature. Figure 3 shows the simplified diagram of
the thermal model. The model equation is implemented
in MATLAB/Simulink and solved using Rung Kutta nu-
merical method.

In the following set of results, the simulation model is
applied to a house with central Air conditioning. Figure
4 shows the outside temperature of a hot summer day.
Figures 5 and 6 show the simulated indoor temperature,
the desired temperature g i.€. the reference tempera-
ture and the AC operation for 24 hours for different tem-
perature settings 20 + 1°Cand 23 + 1°C.

It can be seen that at high outside temperature and
lower desired temperature the AC consumption increase
as the AC takes longer on time to cool the house to the
desired temperature. The calculated energy consumption
for the 20 + 1°C setting is calculated as shown in Figure
7. The energy consumed by the AC over 24 hours repre-
sents large consumption of any residential building;

Copyright © 2011 SciRes.

therefore controlling their consumption can bring bene-
fits to customers and utilities.

0
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Figure 3. Simplified diagram of the thermal model.
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Figure 5. AC operation for 20°C desired temperature.
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Figure 6. AC operation for 23°C desired temp.
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Figure 7. Energy consumption for 20°C desired temp.

4. AC Energy Consumption Control

The consumption can be controlled by changing the tem-
perature inside the house within the thermal comfort.
AC’s are fitted with a simple hysteresis control i.e. ther-
mostat to stay within a normal performance range. It is
possible to modify load cycles without significantly im-
pacting user comfort or convenience (e.g., inside tem-
perature), thereby remaining undetectable to customers.

The thermal comfort depends on many factors such as
temperature, humidity etc. However in this paper the
convenience is based on the general recommendation by
the Canadian center for occupational health and safety
that the temperature to be held in the range of 21°C -
23°C (69°F - 73°F) [12]. It is also advisable to keep the
place slightly warmer to minimize the temperature dis-
crepancy between indoor and outdoor [12].
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We propose to set the minimum temperature and by
varying the maximum temperature within the thermal
comfort to achieve the required energy consumption re-
duction. The concept is clearly illustrated in Figures 8
and 9.

If the temperature ®,,;, is set to 20°C varying the tem-
perature O, to a higher temperature, results significant
energy consumption while the thermal comfort is main-
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Figure 8. AC energy consumption with ®min 20°C and va-
riable ®max.
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Figure 9. AC energy consumption with temperature control.
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tained. If the temperature is regulated to ®,,, 23°C for 24
hours, 14 kWh energy saving is achieved.

If excess energy consumption is detected the controller
converts it to a temperature instruction to reduce the en-
ergy consumption. It acts to maintain a minimum tem-
perature O, and to modify the maximum temperature
®nax Within the customer thermal comfort.

During peak hours by controlling the temperature the
customer consumption can be reduced.

As shown in Figure 10 the temperature control can be
activated. Figure 11 shows the reduced energy consump-
tion during the peak time.
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Figure 10. Temperature inside with temperature control.
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Figure 11. Reduced AC consumption during peak time.
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The thermal model of a specific house data with the
outside temperature captures the inside temperature, the
energy usage, duty cycles and thermostat control. It can
be implemented and used to find the temperature instruc-
tion to control the energy consumption.

5. Conclusions

This paper presents an AC energy management and con-
trol system by utilizing the web services technology. A
thermal model of a house considers the house data and
the outside temperature is proposed. A temperature con-
trol is presented to reduce the AC energy consumption
while maintaining the customer thermal comfort. Simu-
lation results showed significant reduction in the AC
energy consumption while maintaining the customer
thermal comfort using the proposed control method.
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