Apena and Adebanjo, J Electr Eng Electron Technol 2016, 5:3
DOI: 10.4172/2325-9833.1000130

Research Article

Journal of Electrical
Engineering & Electronic
Technology

A SCITECHNOL JOURNAL

Fusing Power Line
Communication (PLC)
Technologies and Nigerian
National Grid Network:
Making Sense from Knowledge
Management (KM)

Apena WO* and Adebanjo IA

Abstract

This paper presents Power Line Communication (PLC) technology
as an efficient means of knowledge sharing among corporate
organizations in the power industry. The study considered power
system organisational relationship in the conceptual view of
knowledge management (KM). National grid system is underutilised
in the view of organisational applications in communication
system. A designed process could be initiated to address the
gap of underutilisation of PLC technology. The integration of
PLC technology in Nigeria could unified disjointed knowledge
and promote professional efficacies in power system. The study
heighted possible challenges and strength of incorporating Power
Line Communication (PLC) into the existing power grid in Nigeria.
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Introduction

Knowledge Management (KM) refers to the process of gathering,
managing and sharing knowledge capital that will lead to a corporate
analysis and creation of knowledge for reuse, modelling, and
innovation [1]. Application of Knowledge Management is essential
for the implementation of Power Line Communication (PLC) in
the power industry in Nigeria. Power Line Communication is a
technology that relies on existing power lines for data communication
and knowledge sharing. This requires no additional wiring for remote
data acquisition, Internet Protocol (IP) telephony and control signal
transporting [2]. Knowledge sharing throughout the power industry
will enhance efficient, effective business and distribution processes by
removing redundancy in the power sector.

The term knowledge management (KM) is widely adopted
as knowledge evolution which describes technological process
of translating and managing information to obtain the desired
output [3].
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Power industries stands as a beneficiary of dividend of
knowledge management (KM) when corporate organizations and
stake holders aim to unify both tacit and explicit knowledge in the
sector. Introduction of technological process as a KM component
could promote efficient organisational structure and address
underutilisation of Nigerian power grid. Power Line Communication
technologies could be incorporated into the existing Nigerian power
grid to provide services such as; home automation, smart metering,
remote data delivery, energy management, generation control
and smart grid system. This could leads to the integration of PLC
technology for efficient customer service delivery.

Power Line Communication (PLC) Integration in
Nigeria

Power Line Communication (PLC) technologies maximise the use
of existing power grid as a communication point-point network line for
the efficient transmission of data and control signal [4]. This enhances
smartness across power grid and home automation for the system
efficacy. Figure 1, present PLC technologies in the conceptual view of
Knowledge Management System (KMS) Bridges Technology Gap.

According to Apena et al. [5] stated that, application of
knowledge management (KM) could reveal meaningful interaction of
people, designed process to support applied technology and promote
knowledge communication. The study categorised KM components
in the conceptual view of knowledge management for the successful
integration of Power Line Communication (PLC) to the Nigerian
existing power grid are People, Processes and Technology as revealed
in Figure 2.

The three elements predicts essentialities of smart PLC
organisational structure for the existing network. Although, system
availabilities are required for smart operation could be militated by
designed process for communication channel capacity and energy
management initiatives.

Edwards described Leavitt “diamond model” of organisation as
the task-structural driving effect on technology rather process [6,7].
The process in Figure 2 refers to the designed technological approach
to integrate power line communication technologies into is system
for knowledge implementation and technological diversity in Nigeria
power system. The process for the integration of PLC technologies
begins with knowledge gap to creation. Technological process is
design to proffer an empirical solution as an organisational knowledge
benefit. The adoption of artificial intelligence (AI) as smart tools
for grid system revealed technological process for decision support
system. The study mimic [8] model to designed KM process to address
underutilisation of Nigerian power grid and monitor knowledge
creation through decision support tool as revealed Figure 3. This
could promote integration of PLC technologies such as smart system
for energy management and organisational knowledge sharing.

Electricity theft is a prominent behavioural act in Nigerian power
system network; this occurs in many homes and organisation [9].
The model could address existing behavioural issues on Nigerian
power grid such as energy theft and networks vandals. The model
could support revenue generation through proposed system and
unaccountability billing irregularities elimination.
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Figure 1: Knowledge Management System (KMS) Bridges Technology Gap.
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Figure 2: People, Process and Technology.

Processes identification and PLC implementation

The study designed organisational process for the implementation
of PLC technologies into Nigerian grid system as revealed in Figure 4.
This will promote technological integration and evolutional process
to converge knowledge diversity towards common goal.

Identify: Power system industries needs to identify customers’
requirement to support implementation of smart intelligence system
such as internet and decision support unit. The usage digital data
communication has increase in recent times to power and control
smart system [2]. Other applications of PLC include smart grid, smart
meters, home automation and energy management.

Analyse: Corporate Organization’s in power sector need to share
information on this tacit knowledge in order to effectively analyse the
significance of integration of Power Line Communication (PLC) into
the Nigerian existing grid system. Established knowledge acquired

through identified system gap and proffer organisational change for
the effectiveness of PLC integration.

Design: Required system design for the implementation of PLC
is determine by existing organisational disjointed knowledge and
predicts the robustness of PLC implementation in Nigeria. Software
designs can be made leading to building prototypes to address
electricity theft and support smart grid monitoring system. .

Facilitate: The needs to facilitate implementation of PLC
technologies into the existing Nigerian grid system is militated by
funding, maintenance culture and government policy. Although, the
prospect could address current challenges such as fault detection,
fault location, fault analysis and national energy management
system. It could also support organisational challenges to aid efficient
communication process in the management structure and long term
economic effect.
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Figure 3: Improved Organization Performance through Integration of PLC.

Power line communication (PLC) application and Nigerian
power grid

Power Line Communication is an emerging technology
envisaged as a new solution that could provide lower cost of energy
management to power grid system [10]. Nigerian power grid
system is underutilized; introduction of PLC could maximize the
grid towards implementation of potential communication loop
(telecommunication) infrastructure. Power line communication
(PLC) can provide elegant solution to close gaps between service users
(customers) and power system providers through in-home access and
network support [11]. These could support current organizational
gap in Nigeria power industries to address possible economies as
stated below:

Economies of scale - when an organization can reduce the unit
cost by high production volumes.

Economies of scope - where the same equipment can produce
multiple products more cheaply in combination than separately [12].

Economies of substitution - when the cost of designing a new
system through the partial retention of existing components is lower
than the cost of designing the system afresh [13].

Although, the required principle of economies depends on energy
demands with respect to geographical location to enhance efficient
industrial revolution. The economies of scope and substitution are
relevant to current organizational challenges in Nigerian power

industries; integration of PLC could support the efficacy to greater
height. Power Line Communications offers a ubiquitous way of
delivering data to remote locations; this will support knowledge
creation and diversity. The following PLC applications could be
integrated into Nigerian power grid system:

Smart Meter System: This technology provides efficient
automated meter reading system to reduces human intervention
and eradicate estimate charging system. This initiative could be
available for fault detection and location on national grid. End users’
consumption could be monitored to provide a reliable, transparent
and efficient network billing system.

High Speed Internet Access: Broadband communication over
power line could be initiated to provide point-to-point connections.
This allows dual data transmission over existing medium voltage
(MV) and low voltage (LV) wiring between transformer and customer
outlets typically 180V-240V. The ability to integrate “intelligent”
power line networks will support use of real-time supervisory control
and data acquisition (SCADA) devices and knowledge acquisition.
This will provide market perspectives and promising applications to
assess the viability of communications environment.

Home Networking: PLC can be integrated to Nigerian grid
system to provide interconnection between home computer and
peripherals through Ethernet port. This could allow efficient devices’
data communication and enhance knowledge sharing to support
secure environment.
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Figure 4: Action-Oriented Power Line Communication (PLC) Process.

Home Automation: Implementing PLC for home automation is
a right choice for energy management and monitoring system. Home
utility appliances be automated through efficient smart system and
proffer a reliable consumption system.

Automotive Use: Power line communication technologies can be
adopted towards in-vehicle network data communication system to
informatics application.

Power Line Communication (PLC) Smart Operations

Stakeholders and power companies in the developed world
have recognized the possibility of introduction of power line
communication technologies into the existing traditional grid
to buffer solution for organization challenges. This supports
maximization of workforce, equipment to promote efficient and
intelligent energy distribution networks called smart grid [14]. It
comprises of artificial decision support system to enhance network
robustness, efficiency and reliability. Smart grid has digital affinity
for self-healing energy systems that deliver electricity or gas from
generation sources, including distributed renewable sources to the
end users’. It optimizes electrical energy delivery and facilitate two-
way communication system across the grid, enabling end users’
energy management, minimizing power disruptions and losses. The
dividend of PLC will bridge gaps of knowledge diversity such as cost
efficiency, reliability, system availability and information system.

Nigerian power companies communication structure:
Making sense from KM

The Power Holding Company of Nigeria has 6 generation
companies (GenCos), 1 transmission company (TransysCo) and
11 distribution companies (DisCo). The study observed lack of
knowledge sharing and inadequate information system in the
respective arms of power holding companies. Introduction of
Power Line Communication could address these gaps through
reversible and feedback auto-information system. To achieve this,
GenCos, TransysCo and DisCos needs engineering organisational
restructure towards process to positively accommodate current
business challenges for the effectiveness of PLC technologies
initiatives [15-17]. Furthermore, diffused knowledge will be

unified towards a common goal and information sharing on PLC
technologies efficacy will be enhanced. Knowledge Management
(KM) tools such as home automation system, smart meters and
intelligent grids system supported by email, internet, intranet,
e-research journals will be established. This will buffer knowledge
creation and information sharing in Nigerian power companies as
revealed in Figure 5.

Power Line Communication (PLC) Technology
Solution and Business Process

Integration of Power line communication (PLC) into the
Nigerian national grid will offers several advantages with respect
to current organisational gaps such as fault detection, electricity
theft, information sharing and rural area limitations. Nigerian grid
enhancement by the introduction of PLC could support high speed
internet access to rural areas and promote reversible information
sharing system. PLC will support system availability during load
shedding and could address frequency variation during the peak
period to address unplanned outage(s). Although, some factors may
militate against efficacy of PLC technologies in the conceptual view of
management towards organisational challenges.

Challenges of power line communication (PLC) and
knowledge management (KM)

The challenge of knowledge management (KM) towards efficacy
of power line communication PLC centred on human behavioural
issue towards knowledge transformation.

a) Knowledge acquisition: This entails identification of
knowledge gap through technical occurrence. This could arise
during PLC security smart monitoring system for fault detection and
electricity theft. However, the organisational response to address the
gap posed challenge on designed process.

b) Knowledge Modelling: Modelling bridges the gap between
the acquisition of knowledge and implementation through system
simulation and evaluation. Knowledge model structures gives room
for system replication without the consideration physical factors such
as vandals and natural disasters (thunder storm).
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Figure 5: Communication Structure: Knowledge Management Concept.

c) Knowledge retrieval: Knowledge diversity is inevitable in a
complex network but priority needs to place order of importance.
Fault needs to be prioritized and needs to be address accordingly, this
is to support PLC system availability. Complex transmission network
could experience frequencies variation which a given less attention
than problem on distribution. End users (distribution) should be
given more attention to retrieve created knowledge towards sharing
and proved efficiency.

d) Knowledge reuse: Knowledge reuse has always been
organisational challenge in developing nations where skilled labour
are insufficient. Maintenance culture tends to zero as the management
have strong believe in replacement culture. However, this hinder
research, knowledge sharing and cost effectiveness.

e) Knowledge publishing: Challenge of knowledge sharing such
as communication art, publishing, seminar and conference could
affect efficacy of PLC in Nigerian grid system. Sharing knowledge
creation and evolution among the stakeholders could support
common goals towards integration of PLC.

f) Maintenance: Organisational culture towards technical
maintenance could hinder knowledge sharing and system availability.
Furthermore, the Nigerian existing grid needs general overhauling to
synchronise with PLC technologies. Adequate maintenance system
will promote cost effectiveness towards failure and improve reliability.
Also, this involves regular network updates of content and changes in
the technical structure.

Conclusion

Knowledge Management (KM) is an organizational approach

that can be implemented to promote system efficacy and availability.
The study review knowledge sharing in the introduction of power
line communication (PLC) into the Nigerian existing national grid in
the conceptual view of KM. An organisational structure is proposed
to support effective PLC initiative to the existing national grid (Figure
5). Therefore, corporate organizations in the power sector should be
sensitive to knowledge evolution for robust and intelligent network.
Furthermore, management of Power Holding Company of Nigeria
(PHCN) needs to implement knowledge management (KM) concept
to unify organisational disjointed knowledge and promote engineering
efficacy towards common goals of PLC technology initiative. Future
study aim to investigate channel capacity and energy management for
the integration of PLC to the Nigerian existing grid through modelling.
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