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ABSTRACT
The recent handling over of the assets of Power Holding Com-
pany of Nigeria (PHCN) successor companies to the core investors
was a major landmark in the reform of the electric power sector in
Nigeria. However, the emergence of the different autonomous util-
ities for running the deregulated electricity market has great con-
sequent for the day-to-day planning and operation of the power
grid. There is need to exchange information and data between ap-
plications of the entities not only to guarantee the security and
efficient operation of the power grid, but also for settlement pur-
poses. This paper proposes a Web-services-based architecture for
information integration between applications of the autonomous
entities in deregulated electricity market. Loosely coupled fea-
ture of Web services provides more flexible and reliable way
to integrate information in heterogeneous environments resulting
from the unbundled vertically integrated national grid in Nigeria.
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1. INTRODUCTION
The Nigeria Electric Power Sector Reform Act (EPSRA) of 2005
[1] has finally transformed the vertically integrated utility – PHCN
into different entities in readiness for private participation in the op-
eration of competitive electricity market in Nigeria [2]. The recent
handling over of assets of the PHCN successor companies to the
private core investors mark the beginning of competition in elec-
tricity in the country. This will lead to major changes in the organi-
zational structures of the electricity supply industry as well as the
operation of power systems [3] in the country.

The separation of natural monopoly power network grid from the
competitive elements has a great effect not only on the market op-

erations, but also on many areas such as planning, operation and
maintenance of the power systems that were traditionally carried
out by vertically integrated utility. Furthermore, electric energy is
not a simple commodity. Unlike other forms of energy, it cannot
easily be stored in large quantities. The handling of the new busi-
ness processes and the data interchange between the complex as-
sembly of electricity players therefore require a good information
integration mechanism. The integration mechanism must not only
consider the geographically distributed organizations (hereafter re-
ferred to as actors) concerned with the electricity network and mar-
ket operation, but also the heterogeneous nature of the IT’s environ-
ments and applications, including legacy application systems for
the autonomous entities [4, 5, 6].

The need for automation of data exchange and information in-
frastructures for the new deregulated electricity market in Nige-
ria has been emphasized in [6] where XML-based information ex-
change framework was presented, and [2] that proposed a concep-
tual model of information exchange network using object-oriented
approach. However, technique and communication protocol for au-
tomation of data exchange and information integration between ap-
plications within and outside organization boundaries are not yet
addressed. There are a numbers of potential candidates that can be
used. For example, one could use Common Object Request Broker
Architecture (CORBA), Java Remote Method Invocation (RMI) or
Distributed Component Object Model (DCOM) for the integration
and data exchange, but these technologies require a common secu-
rity domain context, function calling convention, binary data types,
and way of locating and activating remote applications. They are
better suited to assembly of tightly coupled components, and less
suitable to loosely coupled systems, which only need to exchange
information and data [5].

A better approach for integration of loosely coupled systems is
the Web Services implementation of Service-Oriented Architec-
ture (SOA). Web services allow seamless applications integration
by making it easier to tie applications running on heterogeneous
platforms together helping them communicate correctly, effectively
and at reduced cost [7].

Significant research efforts have been carried out on the applica-
tion of SOA and Web services for information and data integra-
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tion in the electric power system industry, among which are Web-
services infrastructure for information integration in power systems
[3], Web-services-based framework for integration of power system
applications [8], a distributed service-oriented control infrastruc-
ture for smart grid [9] and Web service workflow for power system
security assessment [10]. However, there is presently no application
of these to the information integration for the newly created orga-
nizations that will be responsible for the operation of deregulated
electricity market in Nigeria. This work proposes Web Services ar-
chitecture for an open, flexible, and scalable information integra-
tion infrastructure with higher cooperation and integration capabil-
ity for different applications and actors in the competitive electric-
ity market environment in Nigeria. The proposed Web Services ar-
chitecture is platform, language, and vendor independent, and thus
it is an ideal candidate for an effective integration of new and legacy
applications. This will provide a low-cost and high-performance
information integration allowing easy cooperation between big as
well as small companies in Nigeria deregulated electricity market
leading to an effective management of the security and reliability of
the grid network. Service-oriented infrastructure fulfills the short-
and long-term information integration needs and will facilitate fre-
quent changes of actors’ applications and business partners in the
evolving electricity market in Nigeria.

The rest of the article is organized as follows. Section 2 briefly de-
scribes the deregulated electricity market in Nigeria together with
emphasis on the market structure and applications for enabling net-
work and market operations. In section 3, Service-Oriented Archi-
tecture (SOA) and Web services technology are discussed. Section
4 presents the architecture of the Web services information inte-
gration for the Nigeria electricity market and the article ends with
conclusions in section 5.

2. NIGERIA DEREGULATED ELECTRICITY
MARKET

The Nigeria Electric Power Sector Reform Act (EPSRA) of 2005
provides the legal framework for the separation of vertically inte-
grated Nigeria power utility – PHCN – into generation, transmis-
sion and distribution companies. The Act stipulates the functional
unbundling of the generation, transmission and distribution sectors.
The unbundling of PHCN has resulted into creation of 18 succes-
sor companies, including 6 generation companies, a transmission
company and 11 distribution companies (Discos). EPSRA provides
an enabling regulatory framework for private sector participation
in the electricity industry in Nigeria. The Act also provides the
establishment of a regulatory body – National Electric Reforms
Commission (NERC) to facilitate the privatization of the successor
companies as well as the gradual development of a competitive and
privately managed electricity sector [6]. In addition to the genera-
tion companies, a number of privately financed Independent Power
Projects (IPPs) are emerging and many others have been licensed
by the NERC [11] (hereafter the new created 6 generation compa-
nies and IPPs are referred to as Gencos). The rest of this section
briefly describes the electricity market structure and the functions
of the actors including applications for performing their functions
in the deregulated electricity market.

2.1 Electricity Market Structure
A good market structure is very crucial to a successful take of a
newly deregulated electricity market. Nigeria electricity market is
structured to follow a single buyer model initially during the tran-
sitional period. In this model, the Bulk Trader (Single Buyer) is

responsible for buying electricity generation from the Gencos and
resell same to the Discos that are responsible for supplying the con-
sumers in their respective geographical zone. Single buyer model
is a transitional arrangement to assure the Gencos that they will be
paid for power produced and supplied to the Discos. This arrange-
ment effectively shift the risks involved in electricity trading to the
single buyer to allow the market to mature until Discos are capable
of standing alone. Wholesale competition model that allows direct
electricity trading between the Gencos and Discos is expected to
take over from the single buyer model after transitional electricity
market arrangement.

The adopted market structure requires various actors including
Market Operator (MO), Gencos, Transmission Company of Nige-
ria (TCN) or System Operator (SO), Discos and the Nigeria Bulk
Electricity Trader (NBET). The actors require diverse set of appli-
cations for the daily execution of the electricity business processes
in the new electricity market. Some of the applications needed by
each actor for fulfilling their functions and business processes as
required by the Grid Code [12], Distribution Code [13] and Market
Rules [14] are identified below:

MO:
—Market Settlement System (MSS)
—Contract Registration System (CRS)
—Imbalance Quantity Calculation (IQC)
—Meter Data Management (MDM)
—Dispatch Management (DM)
—Ancillary Service Management (ASM)
—Data Storage System (DSS)

Genco:
—Power Purchase Management (PPMS)
—Nomination Management System (NMS)
—Contract Management System (CMS)
—Automatic Generation Control (AGC)
—Ancillary Services Contract (ASC)
—Distribution Management System (DMS)
—Data Storage System (DSS)

Disco:
—Automated Meter Reading (AMR)
—Meter Data Management (MDM)
—Outage Management System (OMS)
—Load Forecasting (LF)
—Power Purchase Management (PPM)
—Customer Information Systems (CIS)
—Data Storage System (DSS)

TCN/SO:
—Energy Management System (EMS)
—Transmission Usage Management (TUM)
—Load Data Management (LDM)
—Load Flow Analysis (LFA
—Congestion Management System (CMS)
—Data Storage System (DSS)

NBET:
—Power Purchase Management System (PPMS)
—Contract Management System (CMS)
—Bilateral Transaction (BT)
—Data Storage System (DSS)
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3. SERVICE-ORIENTED ARCHITECTURE AND
WEB SERVICES

Here we introduce the concepts of SOA and Web services used for
the development of information integration for the applications in
the electricity market.

3.1 Service-Orientation
Service-orientation introduces new concepts that augment the man-
ner in which enterprise logic (e.g. enterprise logic for individual
actor described in section 2 above) is represented, viewed, mod-
eled, and shared. The software engineering theory of separation
of concerns that promote the breakdown of a large problem into
a series of individual concerns is believed to have inspired service-
orientation. The theory allows the logic required to solve a problem
to be decomposed into a collection of smaller, related pieces. Each
piece of logic addresses a specific concern [15]. Messages, oper-
ations, services and processes are the main concepts in Service-
Oriented Architecture (SOA). A service consists of a set of opera-
tions and communicates with other services or applications through
exchange of messages. A service encapsulates specific applica-
tion logic by exposing its functionality through a well-defined and
language-independent interface.

Services can be loosely coupled to create flexible dynamic business
processes and agile applications that may span several organiza-
tions and computing platforms [16]. The service provider encapsu-
lates its service implementations and describes service capabilities,
interfaces as well as qualities. The descriptions are published to the
outside world where these services can be discovered, selected, and
bound by service consumers [17]. SOA provides a distributed com-
puting infrastructure for both intra- and cross-enterprise application
integration and collaboration [16].

Web Services technology is one of the many ways to implement
SOA. Other ways are common object request broker architecture
(CORBA) and message-oriented middleware systems. However,
these are tightly coupled protocols and very limited in terms of
flexibility and re-usability compared to Web services. Web ser-
vice technologies are particularly suitable for information integra-
tion due to their ease of application programming, loose coupling,
portability, maintenance, and integration with legacy services [18].

3.2 Web Services
Web service is a widely used standard for interoperable machine-
to-machine interaction over a network. Web services follow stan-
dard protocols approved by the W3C organization. A Web ser-
vice is a system implemented by a software agent capable of send-
ing and receiving messages defined through the Web services de-
scription language (WSDL, an XML-based language), and passed
through the HTTP protocol. WSDL makes possible the discovery
of Web services through service brokers [19]. The basic architec-
ture of a Web service (Fig. 1) consists of a service provider, a ser-
vice consumer and a service registry. A Web service provider pub-
lishes its service interface (WSDL) in the registry through which
a Web service consumer discovers it using Universal Discovery,
Directory and Integration (UDDI) protocol. A discovered service
is then bind to consumer’s application or another Web service us-
ing Simple Object Access Protocol (SOAP), a standard XML-based
communication protocol for messaging over the Internet.

A new or existing application can be exposed through a SOAP in-
terface to allow it to be accessed by other applications or Web ser-

Fig. 1. Web-Services Basic Architecture.

Fig. 2. Structure of SOAP message and SOAP message. example.

vices over the Internet. The structure of a SOAP message from a
Web service consists of XML envelope element used to wrap the
user-defined messages. The SOAP structure and an example SOAP
message are illustrated in Fig. 2.

The use of standard XML protocols makes Web service technolo-
gies platform, language, and vendor independent; thus they are an
ideal candidate for use in the integration of legacy power system
and new emerging applications for the electricity utilities [18].

4. SERVICE-ORIENTED INFORMATION
INTEGRATION

The performance of various business processes in Nigeria dereg-
ulated electricity market requires the applications for actors de-
scribed above to be integrated together. The integration can be
achieved through function integration and data exchange. Function
integration involves one application programmatically invoking the
code that lies in another application, while the data exchange mech-
anism uses tools to move data from one application to the others
[8]. Applications integration without a proper integration frame-
work in place will lead to complex point-to-point linking of intra-
and inter-organization applications requiring tying of an applica-
tion to multiple interfaces. This situation can lead to large multi-
tude of dependencies as the number of the electricity market actors
with diverse applications increases. A better way to achieve inte-
gration is by exposing the application’s data and functionality in
a language-independent manner using Web services. This section
presents the Web-services-based information integration architec-
ture for the deregulated electricity market to help overcome these
integration issues.

3



International Journal of Computer Applications (0975 8887)
Volume 87 - No. 13, February 2014

Fig. 3. Services integration using service orchestration approach.

4.1 Integration of Services using Orchestration
Approach

Applying the concept of service-orientation to the electricity mar-
ket requires the applications identified in section 2 to be exposed
as service interfaces (service interfaces are hereafter referred to as
services). These services can be implemented using Web services
framework. Mapping each application directly to a Web service or
multiple Web services will however result in many Web services
that need to interact with one another for execution of business
processes. Web-services-based function integration involves call-
ing the functions in other applications through SOAP messaging
[8]. This integration approach although better than application-to-
application integration will still lead to many point-to-point links
between the participating intra- and inter-organization Web ser-
vices because each Web service has to know the interfaces of the
Web services that it calls. Composing and aggregating the atomic
business services into composite services in a well-organized man-
ner using service orchestration approach can help overcome this
problem. Using this approach the integration procedures can be
separated into a decoupled layer that implements electricity busi-
ness logic [15].

An orchestration service controls the step-by-step actions of inte-
gration, moving the integration process from one state to another.
At each step, it calls a participating service and then moves on to
the next step, which may require the use of a different service. The
orchestration service unifies its participating business functions and
exposes them through a single entry point, therefore simplifying ex-
ternal communication. The composition or aggregation of higher-
level orchestration service can also involve other orchestration ser-
vices as illustrated in Fig. 3. Using orchestration service to control
the interaction of business functions and to provide one central ser-
vice significantly enhances the manageability and maintainability
within an integrated system [8].

Fig. 4. Structure of WS-BPEL process definition.

4.2 Business Process Execution Language
The Web services solve the interoperability problems of heteroge-
neous applications, but they are still not sufficient for large-scale
industrial applications because of the lack of abilities to construct
intra- and inter-organization orchestration systems. To address this,
several languages, such as ebXML, and WS-BPEL [20], OWL and
OWL-S to describe orchestration of business processes have been
proposed on top of those basic business services for automating
business process management. Among these languages, WS-BPEL
is particularly notable for providing a formal specification of busi-
ness processes and business interaction protocols.

WS-BPEL uses executable business process and abstract process to
ensure that different business processes can understand one another
in a Web services environment [21]. It is gradually becoming a de-
facto standard for Web services orchestration. WS-BPEL process
definition involves the description of interaction between partners.
A process can interact synchronously or asynchronously with its
partners, i.e. its clients and with the services the process orches-
trates. WS-BPEL supports both sequential and concurrent execu-
tion process activities. The building blocks for a BPEL process are
the descriptions of the parties participating in the process, the data
that flows through the process and the activities performed during
the execution of the process. WS-BPEL processes can be executed
via their own Web service interface, or through internal triggers
defined inside the process [22]. The basic structure of process defi-
nition in WS-BPEL is shown in Fig. 4.

Many orchestration engines for executing the business processes
encoded in WS-BPEL standard are available. Here we propose
the use of popular Apache Orchestration Director Engine (ODE)
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for Nigeria electricity market. It is open source software and well
documented. ODE software executes business processes written in
WS-BPEL standard. It talks to Web services, sending and receiv-
ing messages, handling data manipulation and error recovery as de-
scribed by the process definition [23].

4.3 Data Exchange Format for Deregulated Electricity
Market

Service orchestration approach as described above provides ef-
fective way to composed atomic services into high-level services
for information integration. This alone is not enough to meet the
requirement of data exchange between electricity actors in the
deregulated market. Inter-enterprise data exchange requires com-
mon data model and agreed standardized exchanging format to pre-
vent the development of multiple message models for several ser-
vices. Seamless integration of market actors’ proprietary informa-
tion requires a standard way for describing the electricity market
resources, their attributes, and relationships.

The important role of information exchange in electric power net-
work operations led to the adoption of Common Information Model
(CIM) as standard to exchange and manage network models by
many electricity utilities all over the world [24, 25, 26, 27, 28].
There are also efforts to extend CIM to support electricity market
communications [29, 30]. While the CIM standard can be adapted
to cater for the exchange of network models in Nigeria electricity
market environment, the information model for the market oper-
ations needs to be tailored towards the adopted market model in
Nigeria as defined in Market Rules and Grid Code [2].

A first attempt to developed common data model for information
exchange in Nigeria electricity market has been made in [6] where
the development of data model based on common business pro-
cess interaction patterns was proposed. This idea was further de-
veloped in [2] by creating a first data exchange formal in XML-
based standard called Electricity DAta eXchange Markup Lan-
guage (EDAXML) for electricity market in Nigeria.

The EDAXML model was based on object-oriented model of the
business process interaction patterns. Since the Web services ex-
change information in XML, a universal format for structured doc-
uments, EDAXML is a good candidate for defining messages for
the higher-level services responsible for inter-enterprise informa-
tion integration in Nigeria electricity market. A WSDL document
that is generated from the EDAXML model basically defines Web
service requests and responses in terms of the messages that are
defined in EDAXML model. A variety of specification and stan-
dards, such as eXtensible Stylesheet Language (XSL), Document
Object Model (DOM) and Simple API for XML (SAX) for XML
document processing making it easy for the sending and receiving
applications to process it. Documents based on this agreed XML-
based format can be readily parsed and consumed by heterogeneous
applications belonging to two actors as illustrated in Fig. 5.

4.4 Design of Web Services Architecture
Designing the Web services information integration architecture in-
volves the designing of the basic atomic Web services and the busi-
ness processes using the concepts described above. This section
describes how the applications of the actors are exposed as Web
services as well as their integration into architecture for intra- and
inter- organization applications integration.

Fig. 5. Data exchange using EDAXML.

4.4.1 Design of Web Services. Identification of the right granu-
larity for the services is an important issue to be resolved while
building Web services. For this type of evolving electricity market,
it is natural to choose the granularity that follows the individual ap-
plication for performing specific function by the organizations. As
discussed in section 2, five main classes of actors will be actively
involved in the electricity market transactions in Nigeria. Each ac-
tor in each of the classes will be an autonomous entity operating
their own applications and tools for the fulfillment of its roles and
functions in the electricity market. We therefore aligned the granu-
larity for the services to the application for performing the specific
function. The development of the Web service can be message-
oriented or RPC based Web services. Message-oriented approach
is proposed because of its suitability for integrating loosely cou-
pled systems.

The next issue is the choice of Web service interface development
approach. Most of the efforts on this are spent on the service opera-
tions. Two main approaches can be adopted: a top-down or bottom-
up approach. To avoid interoperability problems and to conform to
Web Services Interoperability (WS-I) basic profile [31], top-down
approach is usually preferred. Basically this starts with the defini-
tion of the WSDL. A stub code for the service is generated automat-
ically and the developer then completes the implementation of the
Web service. De-coupling service implementation logic from the
service interface definition permits the individual actor to develop
its services separately and independent of other services’ internal
implementation.

4.4.2 Design of Business Processes. Several intra- and inter-
organization business processes are required for the electricity mar-
ket operations. Designing these processes involves the composition
or aggregation of the atomic business services for the applications
into composite services. An example of such business processes is
the submission of meter data by a Discos to the MO. The submis-
sion of meter data business process will normally involve the read-
ing of meters, normalization of the meter data, storing the meter
data in database, creation of the meter data message, and eventual
sending of the meter data message to the MO, who in turn process
the message and send an acknowledgment back to the Disco. This
clearly shows that many basic business services and orchestration
services both at the MO and Disco domains are required for the
completion of meter data submission process.

The interactions of the services are based on the exchange of mes-
sages. The sender of a message opens a connection to a receiving
port, posts the request message, and receives an acknowledgment
possibly combined with a response body resulting from the pro-
cessing of the request message. Messages must be self-sufficient,
containing or referencing all of the information necessary to un-
derstand the contents of the message [8]. Fig. 6 and Fig. 7 show
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Fig. 6. Submission of meter data process at the Disco side.
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storeMeterData8: 

meterDataProcessed10: 

sendMessage1: 
evaluateMessage2: 

processMeterData3: 

creaateAcknowledgementMessage11: 

acknowledgement13: 

Fig. 7. Meter data submission process at the MO side.

the sequence diagrams illustrating how the atomic business and or-
chestration services interact by sending and receiving messages to
fulfill the meter data submission process. A very important orches-
tration service involved in the meter data submission process is the
Messaging Service (MS). MS resides in each actor’s domain and
is responsible not only for coordinating the meter data message
submission process between the MO and Disco, but also for all
inter-actors exchange of messages. MS in each actor’s domain is
expected to understand all the messages it is required to send and
receive in accordance with the roles and functions of its actor in
electricity market as defined earlier.

4.5 Web-Services-based Architecture
We developed a Web-services-based architecture for Nigeria dereg-
ulated electricity market environment using the generic framework
developed above. Fig. 8 shows an example Web-services-based ar-
chitecture for MO representing only its internal structure with MS
serving as gateway for the exchange of information with other ac-
tors. The architectures of the other actors are similarly structured
based on the applications for fulfilling their roles and functions
in the electricity market. However, only MO architecture has the
EDAXML repository and a single service registry residing at the

MO is also encouraged for all the actors. The overall Web-services-
based architecture for the market is illustrated in Fig. 9 with em-
phasis on only information interchange between the actors using
the MSs that communicate through the Internet.

A unique feature of this architecture is the easy with which services
can be added or composed as the need arises. This is made possible
by the orchestration service approach. Orchestration service pro-
vides the capability to add new services as they evolve. New actors
can join the information integration system through the deployment
of gateway orchestration service (the MS service) that described its
relationships with other actors. SOA based system provides many
benefits including improvement of interoperability and the integra-
tion of new and legacy applications, the ability to survive evolution-
ary changes in the structure, and implementation of the internals of
each service [18]. This is especially important for Nigeria electric-
ity market that is still evolving.

4.6 Implementation Methodology
The deregulated electricity market in Nigeria is recent and the op-
eration of the market is due to commence soon. Some of the ap-
plications identified in section 2 will have to be newly developed,
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Fig. 8. Architecture of Web-services-based integration for MO applica-
tions.

Fig. 9. Web-services-based architecture for inter-actors applications inte-
gration. There is one messaging (orchestration) service for each of the ac-
tors.

while others may be inherited from the assets of PHCN. A tempo-
rary method for data exchange is likely to be put place during the
initial phase of the electricity market operations. During this phase,
the process of gradual implementation and testing of the presented
Web-services architecture can be started. Several software tools are
available for constructing the WS-BPEL processes and for the de-
velopment of WSDL for the Web services. Actual coding of the
WSDL service interfaces can be carried out by the individual actors
based on their preferred programming language, while processes
defined in WS-BPEL using WSDL can directly be deployed into in
a suitable orchestration engine. A typical implementation steps for
MO architecture using the proposed Apache ODE for execution of
WS-BPEL processes is depicted in Fig. 10. Here Java is the imple-
mentation language for WSDL services and Apache Tomcat serves
as executing server for the Web services and ODE engine.

5. CONCLUSIONS
The privatization of the electric power sector in Nigeria has moved
the country into an uncharted territory that requires a lot of respon-
sibilities from all the actors in the electricity network and market
operation in order to fulfill the objective of the liberalization of the

Fig. 10. Implementation steps for MO architecture.

electric power sector. Central to this is the information integration
between the intra- and inter- organization applications. In this work,
an architecture for Web services, which permits data and informa-
tion integration has been developed and discussed. The architecture
is aligned to the electricity market model and actors involved in the
market and network operations.

A service orchestration approach for reducing the complexity in
the applications integration is adopted to structure the intra- and
inter- actor Web services. We adopted WS-BPEL for constructing
the business processes for the orchestration services and Apache
ODE for compilation and execution of the WS-BPEL orchestra-
tion processes. The architecture will enable automation of infor-
mation and data exchange between the complex assembly of ser-
vices and organizations involved in Nigeria liberalized electricity
market with minimum human interactions. Using a loosely cou-
pled set of services with a decoupled orchestration layer enables
easy modification of the architecture to address the changing busi-
ness needs of the evolving electricity market in Nigeria. The devel-
oped architecture shows and demonstrates the usefulness and suit-
ability of Web Services and standard Internet based technologies
for loosely coupled systems. Using Web Services paradigm over-
comes the risk associated with tightly coupled middleware-based
systems. SOA provides an easy way for interfacing and integrat-
ing the loosely geographically distributed applications of the actors
together. This is especially important for the evolving electricity
market that needs continuous incorporation of new actors into the
information exchange infrastructures.

Future work will consist of using an agent-based approach to auto-
matically construct and compile the WS-BPEL business processes.
This will speed up the process of adding new services and actors
into the system. Additionally, we would like to demonstrate the
power of combining Web services by creating distributed work-
flows involving services for computational intensive applications.
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