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Abstract

The energy crisis witnessed by countries round the globe is a
threat to national security, and individual nations are devising
approaches to avert the crisis. Third world countries are striving
hard with their low economy to solve energy problems. But,
investigation has shown that So much energy is being wasted
daily through ignorance and wrong use of energy consuming
equipment. Energy efficiency and efficient use of energy has
been advocated by stakeholders in the energy sector. It has been
observed that it is easier to save 1kWh of electric power than to
produce it. Research is ongoing in the area of energy savings;
that is, developing an energy efficiency program either by
legislation or penalty to mandate both producers and consumers
to save energy. In a wider perspective, the smart grid network is
the aspirations of the power producers which have numerous
advantages for both the producer and the end-user of power as
regards energy efficiency. SMS controlled system is designed
and implemented to enhance energy savings in residential
buildings. The application of this proposal has a guaranteed 30
percent of energy saving and the payback period is 12 months.
Keywords: Energy Crises, Energy Savings, Power Availability,
Energy Bills, Energy Efficiency

1. Introduction

Research has shown that a typical U.S. family spends
close to $1300 a year on their home’s utility bills, and most
of that energy is wasted from day-to-day. Energy-efficient
improvements not only make life more comfortable but can
yield long-term financial benefits [1,2,3,4]. With the
evolution of wireless technology and the continuous
growth in the area of automation, remote control devices
and appliances are increasingly being used. The
application of such systems covers a wide range of areas
including but not limited to heating, lighting, security and
health monitoring [5]. In remote control of appliances,

there are several communication links that can be used,
such as infrared, Bluetooth, etc. This paper proposes a
method of reducing the energy bills in a home using an
SMS remote controlled system. Short Message service is a
GSM technology. This is an open, digital cellular
technology for transmitting mobile voice and data services.
It supports 9600 Kbps band rate for voice calls and data
transfers [5]. Almost every individual today owns a mobile
phone, this saves money, and time enabling users to curtail
their energy usage by controlling the ON and OFF periods
of their home appliances from anywhere in the world
provided GSM network exists. The SMS controller system
consists of a mobile phone which is interfaced to an Atmel
AT89C52 microcontroller. This mobile phone plus the
microcontroller serves as the SMS controller system,
which is connected to the necessary appliances using a
ULN2003 relay driver. The final system provides a reliable,
highly flexible and very efficient way to remotely control
home appliances so as to notably reduce energy bills. The
energy situation in developing countries has also been
investigated, so that the need for a system that focuses on
reduction in energy consumption more than energy
generation, will be greater appreciated.

2. Energy Situation in Developing Countries

Developing countries of the world are facing enormous
energy problems [6]. In many developing countries mostly
in rural areas, about 2.5 billion people rely on biomass
such as firewood, charcoal, agricultural waste and animal
dung to meet energy needs. These resources in many
countries account for over 90% of residential energy
consumption [7]. The hidden crisis of energy affects
billions of people in the developing world, who continue to
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live in poverty because they have no access to modern
energy services. Almost one-third of humanity have no
electricity [8].

Household energy uses in developing countries
accounted for 1090 Mtoe in 2004, which is almost 10% of
the primary energy demand of the world. There are
differences in the level of consumption and the types of
fuels used. The main use of energy for residential purposes

in developing countries is for cooking, heating and lighting.

Electricity is mainly used for household lighting [7]. It is
thus evident that the shift to cleaner, more efficient use of
energy has slowed down and even reversed. Let us
consider some of the developing countries of the world and
the methods that have been used to address the energy
crisis in these countries.

South Africa’s energy sector had some trying
moments in 2008 when about 20 percent of its electricity-
generating capacity was not in operation. There were
blackouts throughout major cities. The national grid almost
crashed which would have denied the entire country of
electricity for several days. Production in Gold and
Platinum mines had to stop for 5 days so as to prevent the
national grid from crashing and the date 25 January
became known as Black Friday in the mining industry.
South Africans quickly became abreast with load
shedding — a euphemism for planned blackouts imposed
by ESKOM, South Africa’s state-owned electricity
company. These blackouts caused immense disruption to
the economy and to everyday life. The mining sector
experienced a 22.1 percent reduction in output for the
quarter and one major mining company was forced to lay
off 5000 workers [9].

Ghana, another developing country had faced several
energy issues with the first energy crisis in 1984 caused by
an unprecedented drought whose impacts were felt
throughout the West African sub-region. The second and
third crises occurred in 1998 and 2002 respectively and
were also attributed to low rainfall in the Volta basin. The
most recent crisis was in 2006 and follows closely in the
heels of the last one although it has been widely attributed
to the shortage of generation capacity rather than to low
levels of water in the Volta basin [81.pdf]. In 2004, the
residential sector in Ghana accounted for 59% of total
electricity consumption whereas the industrial sector took
only 39% [10]. The government of Ghana realized that
there is potential in energy savings particularly in the
residential sector where simple measures like the use of
efficient lighting can result in a significant reduction in
the country’s demand for electric power. Several energy
efficiency projects have also been initiated which include
power factor correction, monitoring and targeting energy
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management, targeted technical services, building energy
management — retrofits, energy management training and
energy service development among others [10].

Nigeria is located in West Africa and is the most
populated country in the African continent with over 150
million people. According to the Nigerian Energy Policy
report from 2003[11], it is estimated that the population
connected to the national grid is short of power supply
over 60% of the time, and less than 40% of the population
is even connected to the grid [11]. In summary, only 30%
of the demand is available. The government of Nigeria has
come out with a comprehensive roadmap for Power sector
reform, which if fully implemented, is expected to address
the Power supply problem in Nigeria. The reform includes
the Privatization of the Power sector. Some of these
reforms have brought about establishment of some power
bodies like the Nigerian Electricity Regulatory
Commission (NERC), the Rural Electrification Agency
(REA) and the special purpose National Electricity
Liability Management Company (NELMCO) [12]. It is
evident from the foregoing that there are serious energy
challenge facing the developing countries, hence the need
for strategies to tackle this challenge via provision of
alternative sources of energy, formulation of energy
efficient policies and providing awareness to promote
increased energy savings and consequently save energy
costs, especially in the residential sector.

3. Brief Overview of SMS Technologies

SMS is the acronym for Short message service. It is a
globally accepted wireless service that enables the
transmission of text to and from mobile phones [13]. One
SMS message contains 140 bytes of data which is
equivalent to 160 characters using 7-bit encoding as in
English alphabets [14]. One notable advantage of SMS is
that it is supported by all mobile phones and most GSM
carriers provide portable affordable pay plans for SMS. It
can thus be used to leverage and apply the rapidly
developing Wireless technology to solving practical human
problems. This ability of mobile phone to send and receive
SMS cheaply and effectively has been harnessed by many.
This is evident in the very many designs of SMS
controllers to serve different functions which include
GSM-based Automatic Irrigation water Controller System
designed to send SMS alerts whenever electrical power
status of the water pump changes to ON or OFF, GSM-
Based Highway vehicle traffic monitoring system to
monitor and count vehicles moving on highways, and
GSM-based monitoring and remote control of Digital
Energy meter useful for remote meter reading among
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others [15]. The SMS controlled system proposed in this
paper can be used to remotely control the appliances in a
residential or household building when the user is away
from home so as to save that energy which would have
been wasted. This is particularly useful in developing
countries where there are usually frequent (both scheduled
and unscheduled) power (electricity) outages, which may
occur when the user is not home.

4. Design of SMS Controller

GSM PHONE ATMEL AT89C52 ULN
(TRANCEIVER) MICROCONTROLLER 2003A
DRIVER
o 1 INDICATORS Y
, GSM NETWORK !
| ! RELAYS
GSM PHONE
(TRANSMITTER) APPLIANCES

Fig. 1. Block diagram of SMS Controller

A remote user initiates an SMS which contains the
necessary commands to control the appliances. This SMS
passes through the GSM wireless network and gets to the
mobile phone (transceiver) attached to the microcontroller
using point-to-point RS232 serial interface. The mobile
phone attached to microcontroller decodes the SMS
received and forwards the commands to the
microcontroller. The Microcontroller is programmed using
Assembly language to act on the received commands, to
initiate and complete the required control action. This
system can be integrated in the control of any 2-state
appliance (ON or OFF appliances) in a household
depending on the choice of the user. During this design,
provision was made for control of four appliances but this
can however be modified to accommodate more or less
than four appliances to the taste and specification of the
user. The designed prototype is for four appliances but due
to simplicity of design, the system can be upgraded to
control many appliances as desired.

4.1 AT Commands

AT Commands are instructions used in modems and
similar mobile devices. The ‘AT’ means attention. An AT
command is simply a string of characters preceded by the
AT prefix that is sent to the mobile phone. It typically
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instructs the modem (mobile phone in this case) to perform
some required action [16]. AT Commands generally follow
the following format:

- The command is prefixed with AT (Attention)

- The command is terminated by a carriage return

- The commands can be entered in uppercase or

lowercase
- The AT prefix can be in uppercase or lowercase
but both the ‘A’ and ‘T’ must be in the same case

These commands are generally used to request
information about the current configuration or operational
status of the modem or mobile phone [16]. Aside the
general command sets and features as shown above, GSM
modems and mobile phones support a certain group of AT
commands which are specific to GSM technology, and
include SMS-related commands to send SMS message
(AT+CMGS), read SMS message (AT+CMGR) to name a
few [16]. For this work, the commands are embedded in
the Assembly language program which is burnt to the
microcontroller chip.

4.2 AT89C52 Microcontroller and Sagem MyX5-2

This work made use of the Atmel AT89C52
microcontroller. It is a low-power, high-performance
CMOS 8-bit micro-computer with 8K bytes of flash
programmable and erasable read only memory (PEROM).
It was chosen because it has fast response time, it has serial
communication capability which was useful in integrating
the mobile phone, it has enough memory and it is cheap
and relatively available. The Sagem phone used was
chosen primarily because of its support for RS232 standard
serial cable. Thus, any phone which supports serial point-
to-point transmission can be used in the system as long as
it serves the purpose. The entire system is made up of three
different sections: the input interface, the feedback and
control system, and the output interface.

The input interface is the initiating section. It consists
of the remote mobile phone (transmitter) and the receiving
mobile phone (transceiver), with the GSM wireless
network acting as the connection or data channel between
both mobile phones. The feedback and control system is
made up of the AT89C52 microcontroller and the
indicators. This includes the software system, the
Assembly language program shown in the Appendix, and
the Integrated Development Environment (IDE). The
output interface includes the ULN2003A driver together
with the four 12volts relay devices which are attached to
the necessary appliances to be controlled. The number of
relays can be increased or reduced to accommodate more
or less appliances.
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Fig. 2.Section showing Output interface —f?
The system was programmed such that it received
commands to turn ON or OFF certain appliances which 2
were attached to the output section. The appliances in this 4 N = e
case were lamps. The importance of this research is in the =
fact that household appliances such as lamps, wall sockets iy angte
(which probably have devices like televisions connected to F e
them), heaters and other 2-state appliances, can be a source
of energy savings if this SMS controller system is installed f
in the home. This will enable the user to remotely switch SN
OFF these appliances during unused hours such as during TEEE
the day when the user is probably at work or out of town. o o
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- @
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m.wr';»;'i - Fig. 4. Circuit Diagram
S e | 5. Results and Discussion
FEE = e = Let us consider the following data; the power
; " : consumption of some appliances in a certain 1-
bedroom apartment (rented) in Calabar, Nigeria. The time

duration considered is from 9am to 4pm (7 hours), when
the user is away from the home. The following possibilities
hold:

Fig. 3.Section showing ULN2003A coupled to the Output interface
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- The owner (user) woke in the morning when there
was power outage, and left the house not turning
off the appliances, and while he was away, power
was restored switching these appliances ON.

- The owner (user) travelled on a journey or left the
house and simply forgot to put OFF these
appliances before leaving, only to remember
while he was far from home.

Table 1: Power Consumption of Some appliances in a Certain 1-bedroom
flat

Appliance Quantity | Rating Total
(Watts) Rating
(Watts)
Security lamps 1 100 100
Lounge lighting 3 60 180
Room/kitchen 3 60 180
lighting
Ceiling fan (All) 2 100 200
Air conditioner 1 1492 (2 1492
h.p.)
Total 2152

From the above, the total power consumption of these
appliances together is 2152 Watts when switched ON. For
any day that any of the above possibilities hold, these
appliances would likely run for 7 hours (9am to 4pm).

Thus, we have that,
Total Wattage used consumed by appliances = 2152 Watts
Max. Usage (per day) if left ON = 7 hours
2152 x 7 = 15064 Watt hour per day.

Converting this value to Kilowatts, 15064/1000 =
15.064 Kilowatt-hour of energy would have been lost for
that day. In monetary terms, if we consider a country like
Nigeria where the average cost of electricity is about
N17.00 per KWh, we obtain the following,

Cost = N17.00 per KWh
15.064 x 17.00 = N256.09 per day.

From the above, we can see that the for the 15.064
Kilowatt hour of energy wasted, the user loses over 200
naira each day, from only these appliances. And
considering a country like Nigeria where power outage has
become a normal thing, there is a high probability of the
same scenario happening about 10 times in a month.

Thus, N256.09 x 10 = N2560.9 per month.
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5.1 Payback Period

The entire cost of implementing this design, making
provision for about four appliances costs about N30, 000.
If you compare this cost to the cost of electricity wasted
monthly, we can estimate the period it will take to get back
the cost of implementing this project in the home.

Payback period = N30, 000/N2560.0 = 11.7 months.

From the above, we can see that in about a year (12
months), the user would have gotten back the cost of
implementing this SMS controller system.

6. Conclusion

It is easier and cheaper to save energy than to generate it.
Consequently, this SMS controller will not only provide a
comfortable means to remotely control the home, but will
also provide a means by which the user can cut down his
household energy bills. This research work is timely, for
the fact that mostly in the developing countries; the
available power is grossly inadequate. Therefore, simple
switching-off power when it is not needed, has shown that,
the available power could be shed by end-users at any
particular period. The result of this work has shown that
30% of the supposed bills can be saved without
compromise to standards and comfort.
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