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ABSTRACT

Electric power is energy generated through the conversiathar forms of energy, it is easier to convey, distatand
represents the most efficient way of consuming energy. Hawleeehigh demand of electrical power in African countries
have put the continent into electrical global crisis in whigden data website internet availability is limited in mosthef
African countries. Most of the African country reliesload shedding where electricity is supplied to certain aaea
particular time interval to reduce the power demand inales. Therefore, there is the need to implement a Poimer L
Communication (PLC) that can transfer data and voice signal® fooe communication system to another via electric
power network and Global System for Mobile (GSM) thatimifirove electric power sector reform in the contindiis
work describes a demand management system based onndLGSM technologies which can be used by the electricity
utilities to improve electric power supply in Africaountries. In this research, automated metering systenuses which
measures the electricity consumption by consumer at différea interval. The meter imposes power load allocation by
the electricity supply authority on domestic, commercial addstrial consumers and regulates power-over consumption.
The result shows that the method is efficient in monitoringnagiag and controlling of electrical demand management

system.

KEYWORDS: Electric Power, Power Line Communication, Global SystemCQommunication, Electrical Demand

Management, Automated Metering System, Internet

INTRODUCTION

Electrical power is a rate per unit time at which eleatrenergy is transferred by electric circuit and adivelihood of
global economic development. However, most of the peoplegliin rural areas in African countries lack access to
electricity due to the countries power shortages and ingirff electricity generation capacity, and thereforeehizeavily
impact on the continent economy [1], [9]. Alex (2009) explaitied the annual energy demand in Nigeria is increasing b
6 % and the current supply is 10% behind the demand in peak Wbile in Ethiopia it is 6-12 % and is forecasted that
electricity generating capacity should be doubled inniwt decade to meet the growing demand. Bakkali (2015) showed
that most of the Africa countries face the longestayerduration of power outage hours such as Uganda, in phigér
outage is about 25 hours during dry seasons. These make mastnAéountries to depend on load shedding where

electricity is not supplied to certain regions at paittir time intervals so as to reduce the energy demamdeveér, this
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approach has a highly negative impact on the daily lives gblpen the region. Limited numbers of studies have been
done to provide a solution to this problem; however, most ohppeoaches are open data website internet in which its

availability is limited in most African countries [8].

Quant, (2009) presented a GSM and ZigBee based Automatic meatiing system to improve electricity supply
of a community. The system proved to take electricg@nezading of large power consumers. The strength of thik wo
reduced the cost of ZigBee network by using GSM techyoldth the ZigBee modules. This therefore reduced cost in
meter reading and provided efficient services to their consunttowever, the limitations of the method included:
communication process for many users since ZigBee fenanénformation at low data rate as compared to GSM

technology which can make the communication process slomday users.

Ahmedet al. (2012) developed a Worldwide Interoperability for Microwadaxess (WIMAX) technology based
AMR system for monitoring the usage of electricity immonunities. The system was divided into four units and the
strength includes: high performance, high data rate and doghrage area. The WIMAX technology provides AMR

system with good efficiency and reliability; howevelisitomplex to implement and capital intensive.

Kumal and Ballala, (2012) developed a GPRS based AMR sys®ny the advancement in the mobile
communication technology to reform electricity markehisTtechnology measured the energy reading from a meter
regularly. The data obtained were sent to the utility eetitrough SMS. However, GPRS based AMR system used in the
work was mainly for monitoring purposes and generatiothefappropriate billing information at the required period. It

has no system set to detect energy theft and no rensotendiection capacity.

Kuruppu, Gunathilake and Subramaniam, (2017) analyzed a demaragdjenaent system based on narrow band
PLC and GSM technologies for Asian countries using Blusid®asser cryptosystem for secure PLC which can be used
by electricity provider to reduce electrical load by tognoff non-essential equipment in establishments duhigh
demand periods where enough electricity cannot be suppliedsdlhison is thought to have less impact on the lives of

the public.

In addition, Gunasekarast al (2017) explained that electricity be analyzed and medghreugh the energy
meter, but this required huge number of labor and took nioeetb complete the process. To avoid time consumption,
Automatic Meter Reading (AMR) becomes an executable optienmeasured values are in kWh. The main advantage of
this system is a low cost system that produces vergueaging results and it can be implemented upon existimfyele

mechanical meters.

According to Fakharuddet al. (2012) radio frequency automatic metering system tasrtost type of metering
systems. The inherent limitation of the meter inclugetuced range of radio signal, susceptibility to interfezsrfoom
weather condition, difficulty in receiving from some sifie area shielded by structures. In addition, Knaeithl. (2008)
presented an AMR that utilized ZigBee technology to buidhome area networks of connected metering devices.
Although, the method reduced manpower requirement butlitexjuired the consumers to deliberately take pictufes o

energy meter in their premises.

Therefore, in order to cope with the increase demand forrielgzdwer in Africa countries, as most of the
countries are unable to meet their peak demands, Pomeiddmmunication (PLC) and Global System for Mobile (GSM)
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based electrical demand management system that can retiacederall energy demand is required. In this system, the
consumer can manually reduce the electrical load of thdihgiby switching off appliances in order to keep the elesit
supply. If the total electrical load of the building passes the allowed amount of 2000 units per day, the whole lpuildin

will automatically lose electric power supply [3]-[7].
Power Line Communication

Power Line Communication (PLC) is home network technology flatsi.consumers to use the existing wiring system to
connect home appliances to the internet. PLC technologies proved useful for control applications and in a system
where communication signals can be sent and received onhietdise industrial current carrying power lines [2], ]20
PLC transmitting a high frequency signal at low enegygls over electrical signal by superimposing a modulaetkec
signal on line voltage. This data signal is transmitted tiie power line and can be received and decoded at another
location in the same electrical network. PLC modemsuaesl to make communication in power supply networks [5], [6],
[21]. Data signal from conventional communication devicesoisverted by PLC modem in a form that is suitable for
transmission over power lines. Reduction in operational costexehditures for communication is the main feature of
power line communication. For internal communication ofteled utilities, PLC is used in electrical instaitat within
buildings and homes for various communication applicatiorg18].

For successful communication, the communication channel mdssbeodeled and analyzed accordingly. The
channel between any two outlets in a home has the erafisfction of an extremely complicated line network. Pla@s
usually made of a variety of conductor types, joined alrabsandom, and terminating into loads of varying impeda
[4], [14], [19]. Over such a transmission medium, the atugdi and phase response vary widely with frequency whele t
signal arrived at the receiver with very little loss oseme frequencies. However, the channel transfer functieffi iss
time varying since plugging in or switching off of devicemected to the network would change the network topology.
Hence, the channel is described as random and time variting frequency dependent Signal to Noise Ratio (SNR) over
the transmission bandwidth [1], [7], [12], [18].

The major component of a PLC include: transmitters, recgiVi@e tuners, filter, line traps, couplers, injectors
and extractor. The problem associated with the PLC chasrbke requirement to put the carrier signal onto the high
voltage line without damaging the carrier equipment. Qheesignal is on the power line it must be directed in proper

direction in order for it to be received at the remate terminal [11], [17], [9].
Transmitters and Receivers

A transmitter and receiver are radio carrier signal tuatsists of a power supply and an oscillator which arelly
mounted in a rack in the control house, and the line tuner is thet switchyard. This then means there is a largartis
between the equipment and tuner, and the connection betweerotieerh@de using a coaxial cable. The coaxial cable is
connected to the line tuner which is mounted at the badeeafdupling capacitor. If there is more than one transmitt
involved per terminal, the signal must go through isolation circtyipscally hybrids, before connection to the line tuner
[13], [19].

Hybrids and Filters

The hybrid circuits help in the connection of two or mdransmitters on one coaxial cable without causing-inter
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modulation distortion due to the signal from one transmitfeciig the output stages of the other transmitter.hijoeids
are also required between transmitters and receivergiepeinding on the application. The hybrid circuits must be used
appropriately so as to reduce the losses in the carribr Hagh/low-pass and band-pass network may also be used, i

some applications, to isolate carrier equipment from eadr {i6], [20]

Line Tuners

The line tuner in conjunction with the coupling capacitmvjles a low impedance path for the carrier energyh¢o t
transmission line and a high impedance path to the poweueney energy. The line tuner or coupling capacitor
combination provides a low impedance path to the powerbijnorming a series resonant circuit tuned to the carrier
frequency. On the other hand, the capacitance of the cgumipacitor is high impedance to the power frequency energy.
This function is provided by the drain coil, which is i thase of the coupling capacitor. The drain coil is dedigmde

low impedance at the power frequency and because ofditstance; it will have high impedance to the carrier frequenc
[16], [17], [21].

Coupling Capacitors

The coupling capacitor is the device that provides a lopetance path for the carrier energy to the high voltage dind
also blocks the power frequency current with a high thapee path at those frequencies. It can only perform itsiémnc

of dropping line voltage across its capacitance if thevoltage end is at ground potential [14], [19].

Global System for Mobile (GSM)

Global System for Mobile (GSM) is a digital mobile netiwdhat uses a variation of Time Division Multiple Acses
(TDMA) and is the most widely used of the three digitateless telephony technologies; TDMA, GSM and Code-
Division Multiple Access (CDMA). GSM digitizes and compses data, then sends it down to a channel with two other
streams of user data, each in its own time slot. Itaipse at either the 900 MHz or 1800 MH frequency band [1]. In
addition, mobile networks have become the predominant inirdaste in emerging markets and more people are now
covered by mobile networks than have access to energgcémt year, more than one in three Africans had at le&st o
mobile subscription and GSM coverage was estimatedatthr80% of the African population. This has shown thatem
than 358 million people in rural area of Africa are covergdniobile networks but do not have access to electriity [
[15], [18].

According to Héleneet al (2014), more than 60% of the population does not have accessctacity in sub-
Saharan Africa which amounting to over approximately 600ionilpeople without access as shows in Figure 1. The

majority of this population lives in rural areas, where 8#%he population is not electrified.

Increased mobile connectivity has led to the devekpmof a range of mobile enabling services, with
mobile financial services being one of the most Itigea Another key service enabled by mobile networks is
machine-to-machine technology (M2M). This technolegjution enables mobile data transmission betweendr
more machines such as electric meters. The conveitienergy metering system employed by energy service
providers is based on analog meters placed at cagrsand. This involves a lot of time and effort, atitl does not

produce accurate results [9].
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Figure 1: Africa’s Energy Access Market.

However, in GSM technology, after a predefined tinme, number of units consumed by the consumer will be
transmitted to the main super computer, with consuim@e aumber. This is achieved by sending the Short MeSayice
(SMS) to main service provider. One dedicated makilebe interfaced to the Personal Computer (PC)eofise provider,
which will go on receiving SMS from different us¢83, [8]. This operation of smart solutions providesegy providers with
improved management of connections, remote monitairdy more efficient billing processes, thereby redudosses so
they can recover the costs they need to ensureleeBabvices and connect more customers. Therefore Jartebhnology
can provide a range of smart solutions for energyices, from basic connectivity, and machine to maekiommunication,
to platforms for mobile payments and data managen@mices. In addition, bringing together the ubiquity mobile
networks, the growth of mobile money services, anctadability of M2M has created new opportunitiesaeerage mobile

services and technology in smart solutions to impemergy access in Africa [4], [7], [11].

The GSM network has four separate parts that vagéther to function as a whole; the mobile devigelfitthe Base
Station Subsystem (BSS), the Network Switching $stben (NSS) and the Operation and Support SubsyS&8) [10], [18].

Mobile Device

The mobile device is connected to the network via the hardWaeesubscriber identity module (SIM) card provides the
network with identifying information about the mobile useF][1

Base Station Subsystem

The Base Station Subsystem (BSS) handles traffic leetivee cell phone and the Network Switching Subsysi®8]. It
consists of two main components: the Base Transceitzios (BTS) and Base Station Controller (BSC). The BTS
contains the equipment that communicates with the mobile phlangsly the radio transmitter receiver and antennads an
equipment for encrypting and decrypting communicationh tié Base Station Controller (BSC). The BSC provides and
classifies the intelligence behind the BTS. The BSC handiesatibn of radio channels, receives measurements from the

mobile phones, and controls handover from BTS to BTS [15], [21]
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Network Switching Subsystem

The Network Switching Subsystem (NSS) called the core nefwrargks the location of callers to enable the delivery of
cellular services. Mobile carriers own the NSS. Th&&M@&s a variety of parts, including Mobile Switching Ce(%#8C)
and Home Location Register (HLR). These components mperflifferent functions, such as routing calls and Short
Message Service (SMS) and authenticating and storitey daflormation via SIM cards. The MSC server is a-safitch
variant of the mobile switching center, which provides dgirswitched calling mobility management, and GSM sewie
the mobile phones roaming within the area that it servies. HLR is a central database that comprises detailscbf ea

mobile phone subscriber that is authorized to use the G&network [13]-[16].
Operation and Support Subsystem

Operation and Support Subsystem (OSS) are computer syssechdy telecommunications service provider to manage
their networks. They support management functions such asonketinventory, service provisioning, network
configuration and fault management. Together with Business Supgstem (BSS), they are used to support various end-

to-end telecommunication services [10], [20].
Automatic Meter Reading System Communications Requiremeds

Automatic Meter Reading System (AMR) is the remoteemibn of consumption data from customers' utility usirdjara
frequency, telephony, power-line and processing tha tagenerate the bill. AMR is used for collecting regdamd
billing purposes [3]. In Africa, especially Nigeria, takectricity billing system is completely manual. An R\&ystem can
use more than a single communication technology. Hybrids of eadl telephone, or telephone and power line cawier
radio and power line carrier have advantages in somecapplis. Hybrid systems use an intermediate communication
node between the gateway and the utility to combine astdhiite information to a limited number of devices withi
particular area. These concentrating units allow dakeetprocessed locally and the results to be forwalgtetend users
(8], [14].

Security

Secure information storage and transportation are extyewital for power utilities, especially for billing puoges and
grid control. To avoid cyber-attacks, efficient segunihechanisms should be developed and standardization efforts

regarding the security of the power grid should be made [3]
System Reliability, Robustness and Availability

System reliability has become one of the most prioritizegiirements for power utilities. Some of the reasonsctieate
unreliability issues for the power grid include; aging powrastructure and increasing energy consumption and peak
demand. Harnessing the modern and secure communication protbeotgmmunication and information technologies,
faster and more robust control devices, Intelligent Efdbd Devices (IEDs) for the entire grid from substatiod feeder

to customer resources, will significantly strengthen th&esyseliability and robustness [1], [3].
Quality of Service

The communication between the power supplier and power custisnargey issue of the AMR meter. Performance

degradation like delay or outage may compromise stahiligrefore, a Quality of Service (QoS) mechanism must be
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provided to satisfy the communications requirements and% rQuting protocol must be applied in the communications
network. Figure 2 shows some of the AMR functions [2], [18]

METERING FUNCTIONS

Data Mozﬁnng Customer
Recording Control Interface
T —1 I — I
Real-time
Total Time-of-Use Pawer Leak :gn;‘lz ir:ggn‘{ Billing
Coneumption Matering Qutage Detection 5 9 Functions
f yslam
Reporting
1 1 —1
Power Disconnect/
Load Tamper .
Outage N Reconnect Security
Survey Racording Detaclon Servie
Load
Control

Figure 2: Automatic Metering Reading Functions [8].

MATERIALS AND METHODS

In this research, for the development of a Power Line Camation (PLC) and Global System for Mobile (GSM) based
electrical demand management system for African countaiesautomated metering system was used to measure the
electricity consumption by consumer at different timerivats. The meter imposes power load allocation byeteetricity
supply authority on domestic, commercial and industrial corssi@nd regulates the power consumption. The metering
system will monitor the load demand for different housesammunicate to a pre-created database via PLC and GSM
base. Furthermore, automated metering system has abil®FF and ON demand power load from the power supply

sending request SMS to supply authority. The specific poaesumption should be in the limit of 2000 units per day.

The material needed includes for this study are; GSM mod8l&48001), Current Transformer, Liquid Crystal
Display (LCD), Real Time Clock (RTC), Atmega328p, ACXG converter and Relay.

The Atmega328p was used to handle all of the controls in thgndefsthe management system; a firm-ware code
was written and uploaded into the atmega328p chip via an Arduindoaa. The firmware code was written in C-
programming language using the Arduino-IDE. The current transfowas used in the design to sense the current flowing

through the circuit per time and multiplied with voltage digabin order to get the power consumed by users.
P=1V @)
Where;P is the power consumed by usdliss the current flow per time ailis the supplied voltage.

After the power consumed has been sensed, the value i®d460btin order to display the power and also the

voltage at which the power is being supplied will be displbtp the user. This same system is connected to ther gwist
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management database (Central Control System (CCS)) intordeeck the power allocation per device. CCS is the power
line transmitter of the system. It maintains informatabout the receiver nodes and acts as the gateway be®@Mn
communication and PLC. It processes the commands seBM#&a create appropriate command packets and transmit them

via the power line.

In case the power consumed is greater than power étinoaft the device on the database, the system will be
alerted by sending an SMS to the user and also to terppanagement system. After this, the power connettioine
load is tripped off. The module is responsible for conngctine database and message in the GSM module. Theselay
responsible for switching on and off the load while the Rii&lule tells the real time all of the operations occurdoord

keeping purpose.

The simulation was done using protoues 8.0 software forittwitc The specific power consumption, power over
consumption, reduces power consumption and power break clawsumption are calculated and recorded. The developed
AMR meter was tested on domestic, commercial and indliswhsumers in Nigeria. The main concept of designéal is
provide maximum benefits to the users. The facilities aionthe current consumption detail and price, history of
consumption, current package running and information about pegdak time. The consumers which are domestic,
commercial and industrial electricity consumers weatkowed to consume up to 5000, 25000 and 50000 Watts

respectively. The algorithm flowchart for developed AMR ipided in Figure 3.

D

Initial Serial Ports and Data

1

‘ Enable Communication with PLC ‘

!

—»‘ Receive Data ‘

1

‘ Store Data in Memory ‘

— e x\;

_— T~
_— Is all Data T~

Received?

No

Yes

T~

No _— —
1s Power Consume =
Read and Record the Data
Power Allocation?
Yes

‘ Disable the Power Communication and Send SMS ‘

¥

Return to Main Loop

=
End >

Figure 3: The Sequence of Instruction Flowchart of CentraNode.

RESULTS AND DISCUSSIONS

The simulation and testing results of developed AutonMditer Reading (AMR) system for electric demand managéme
system based on Power Line Communication (PLC) and Glols&i®yfor Mobile (GSM) technologies which can be used
to reduce electrical load during high demand periods is pezsém Figure 4 to Figure 7 based on the specific power

consumption, power over consumption, reduced power consungpttbpower break down consumption.
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Figure 4 indicates the relationship between specific powemagptson level and the time interval for domestic
consumers. The result shows that the level of elegtitnsumption by the consumers is from 8:00 Am to 800 The
consumer has 2000 units allocated electricity by supptiicsity and is allowed to consume up to 2000 unitsdast.

When the electric power usage is within 2000 units, thiRAsystem registers the power supply to the consumer.

Figure 5 shows the relationship between power over-consumptiohaedetime interval when the consumers
exceeded initial allocation unit of 2000 units given by symplthority. Then the AMR system sends a warning Bnerg
Limit Exceeded (ELE) message to domestic consumevgelisas supply authority and waits for short to timeerval.
When the consumers reduce power consumption level, the ABtBns continues supply electric power to consumer.

Figure 6 illustrates the correlation between reduced poweruogion level and time interval after the
consumers receiving a warning message from the AMR sy3teenconsumers reduce is power to consumption level from

2035 units up to 1615 power units and then AMR systemrageggito supply power to the consumers.

Figure 7 shows the power breakdown when consumer received dingitggxceeded the message sent by AMR
system. If the consumer does not reduce his power consumigtiel, then the AMR system disconnects the power supply
to the consumer and also notifies the consumer and sapitigrity by power breakdown message.The results showed that
the developed AMR system for electric demand managerysiens based on PLC and GSM technologies can be used by
the electricity provider to reduce electrical load byning off nonessential equipment in establishments durigh hi
demand periods. As the goal of demand-side management isaorage the consumer to use less energy during peak
hours, or to move the time of energy use to off-peak tisnek as nighttime and weekends. This solution has lesstimpac
on the lives of the public because it requires no internet conitgcliherefore, the method is ideal for Africa countries

with less internet coverage.
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Figure 4: Specifi Power Consumption of Consumers.
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Figure 7: Power Breakdown of Consumers.

CONCLUSIONS

This research paper has analyzed and verified an electriandemanagement system based on PLC and GSM
technologies by designing an Automatic Meter Reading (ABMR}em that enables electricity providers to control none
essential equipment by sending SMS to houses and establishiD#fgsent electric power loads were allocated to
domestic, commercial and industrial consumers respéctiverder to establish accurate energy usage by imposingrpow
limit and monitor electricity consumption patterns of vasi@ansumers. When consumers utilize electric powerrdiogp

to their allocation, the system performs the elegawer consumption measurement and sends power consumpadio da
electric power authority. In addition, the system gate a message to electric power authority as well msuower in
case of power over consumption. Moreover, the AMR systeirbrgbkdown the electricity of home after a specificetim

interval when consumers do not respond to power coBsumption message sent by AME system.

Furthermore, the developed electric demand management dag$&idC and GSM technologies system provides
more rapid access to detailed information about energy flawds consumption. Improved access to data via remote
monitoring and reduce technical and non-technical lossedetecting theft, losses, or a service problem to a péatic
area. It eliminates the need for costly and time-consumiagual meter reading which is also prone to error and
corruption, therefore making billing and cost recovery nedfieient. It makes available, reliable and regulanstonption
information for consumers to help them manage the usage aedwzwfor pre-paid services which can reduce non-
payment. It increases data on energy flows and serweidsléo provide transparency and accountability for improved

governance and demonstrate the need for greater investment.
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