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Research Title: Intelligent energy management for residential buildings

Researcher: Worawat Nakawiro

Faculty: Engineering Departm.ent: Electrical Engineering

ABSTRACT

This research project studies and develops an intelligent energy management for residential
buildings. The project is divided into two parts. The first deals with determination of optimal
operation of smart air conditioners to achieve cooling requirements and saving energy. Moreover a
demonstration micro-controller set was developed for sending the optimal command to electrical
appliances in the house. The second part investigates an idea of controlling inverter-based air
conditioners to supply reactive power to the power system. However this duty must not affect
cooling performance of the airconditioner. The proposed control strategy is the first step of smart

grid technologies in which electrical appliances can help improve security of the power system.

Keywords: Energy management, Power distribution, Voltage and reactive power control
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i,=I, cos(w,t-0) =T, cos(wst)-jTS; sin (o 1) (2.10)
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Abstract. Recently, mverter has been applied m air conditioning technologies. Besides energy
saving capability. inverter can also control reactive power by using the dq-axis theory. It separates
currentinto two parts that enable decoupled control of active power aud reactive power

This presents a smmulation study of an mverter air condiuoner controlled to supply reacuve
power for the installation area withoui sacrifiemg theimal comfort. Power factor improveument can
reduce loss m transformet and line so power that be saved can be used for others lead. Sunulation
results carried out by MATLAB/SIMULINK showed that reactive power controllability depends on
variation of the indoor and outdoor temperature and rated current of equipment

Introduction

In recently vears. distribution systeny operators have encountered new challenges to maintain
secure and reliable operation with the higher integration of renewable energy sources and iucreasing
electricity demand. Air conditioner is a very essental electric appliances in all sectors (residential.
commercial aud industrial) in Thailand. Air conditioning technologies can be broadly categorised in
two groups. The first 1s based on the hysteresis temperature control and the motor 1s turned on 'off.
The latter uses mverter to adjust infeed power to the motor driving the compressor by adjusting the
frequency in order 1o meet the requirement of the themnodvnamic process [1]. The installation of
mverter-based air ‘conditioner (IBAC) has been increased quite significantly due to its cost
reduction. The use of IBAC not only save energy consumption but also gives possibilities to smart
erid functionalities. A sinart controller can be developed to adjust active power to maintain thermal
comfort in the space as the first priodty and to supply reactive power 1f required. Given this
capability. IBAC can perform like Stauc Var Compensator (STATCOM). Reacuve power can be
locally compensated and could potentially improve voltage stability of the distribution system.

Tlus paper presents a miathematical model of IBAC and associated Pl controllers in NMATLAB
SIMULINK. Moreover, a contral algorithm was developed to reactive power output at its maximum
capability without losiag its cooling efficiency. The rest of this paper is organised as follows.
Section 2 summarises the theonies relevant to this work and shows the developed SIMULINK
model. Section 3 gives simulation setting and demonstrate the results. Finally the paper is
concluded and the future research direction is outlined in section 4.

Relevant theories and Developed model

A three-phase induction machine (IM) is generally used as the compressor motor. In an IBAC.
nverter is used to control speed of the IM to drive variable refrigerant flow and thereby regulating
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the conditioned-space temperature. The vanable frequency drive 1s used to achieve the desied
frequency and the rotational speed will be proportional to the AC iput. To regulate the frequency
of AC mput to the IM. AC power from the utility is converted to DC by the rectifter circuit. The
vector control [3] based on Park’s transformation {4] decompose the current 1 the d-q axes. The
DC hnk voltage Fpc , the reactive power O are measured and used as puts of the control box.
Then the pulse width modulation (PWM) signal is sent to the converter {2]. This allows the separate
control of active and reactive power. The diagram of converter and its controllers 1s shown m Fig 1.
Fig 2 depicts the control blocks of mverter and induction motor. The conunand temperature Temp
command and the active power P required by the air conditioner are used to calculate the scalar control
input used to generate PWM signal for the inverter. The model of an IBAC with reactive power
conirol capability developed in SIMULINK is shown in Fig 3.

Toaverter Lize Inguseance DC Laak
* V- +
== - s
v, e S ¥,
- 3 IM
V. Scsglephase
é voltage PLL
I Cagle phase
comeat FLL

v rid Qb
Fig.1 Converter and controllers

Fig. 3 The model developed m SIMULINK

Simulation settings and results

[n this work. an IBAC is used to control temperature of a room with the dimension of 10m x 10m x
3m. The only environment factor considered in the sunulation 15 the outside temperature. Realistic
measurement data (3] as shown in Fig 4 is used. From the study in [6], thernal comfort of a person
can be expressed as a function of temperature and relative humidity inside the control space as

shown in Fig 5. In tlus simulation. humidity is not a considering factor and thereby the comfort

tewuperature is assumed to be within 24 10 27 C.
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Fig 6 Simulation results of the three working modes

The simulation is carried out in three working inodes namely temperature (T) control. reactive
power (Q) control and the proposed temperature and reactive power (T/Q) control. In the first
mode. the IBAC is intended to maintain the temperature of the room whereby Q becomes the
dependent variable. For the second mode. the reactive power supply is the priority whereby the
temperature control becomes dependent. The last mode is the compromise between the first two
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working modes where both temperature and reactive power are important. The room temperature
may be allowed to nise shghtly m order to supply more reactive power. However the room
temperature 1s still mside the thermal comfort zone. Fig 6 show the reactive power supplied by
[BAC and the temperature wside the room of the three modes. It 1s noticed that reactive power
output reduces while the temperature set point is decreased. This 1s obvious that active power must
be increased to cool down the room. In the Q-control miode, the IBAC supplies reactive power at
the specitied level. If the Q set point is increased. the IBAC loses its cooling function resulung in
the temperature rise beyoud the comfort zone. The proposed T/Q control ensures the comfort room
temperature as specified by the user and at the same time supplies the reactive power at its
maxunum capacity.
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Fig 7 Current drawa frony the source at
ditferent reactive power set points

Summary

This paper presents a model and sunulation study of an inverter-base air conditioning unit designed
to be able to supply reactive power to the system Simulation results reveal that this functionahty
would aftect the ability to mainrain the temperature of the control space to be withm the thermal
comfort zonie. A control strategy is designed to allow the reduced cooling capacity of the air
conditioner and thereby allow increase reactive power controllability. Future research will improve
the mathemaucal model and simulate the impact of reactive power compensation 1o a test low-
voliage distribution network.
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