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ABSTRACT
The separation of vertically integrated electric power utility in
Nigeria into independent entities has opened up the requirement for
information and data exchange among the new entities not only to
guarantee the security and reliability of the power network, but also
for accounting purposes. However, information exchange in highly
heterogeneous computing environment poses a major difficulty due
to different applications, databases and data models of these enti-
ties. This work presents a Unified Nigerian Electricity Market In-
formation Model called UNEMIM to overcome this difficulty. UN-
EMIM specifies a uniform way for describing and communicat-
ing electricity market data. The UNEMIM object model and XML
Schema generated from the model are presented along with ap-
plication examples. A unified information model will provide a
common language for describing information and data in Nige-
ria deregulated electricity market. This will eliminate the require-
ment for data mapping from multiple sources thereby overcoming
the challenge of an in depth understanding of several data sources
from the different stakeholders in the electricity market in Nigeria.
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1. INTRODUCTION
Nigeria in her quest to solve her electricity challenge has taken
a giant leap into unknown territory by opening up her electricity
power sector into competition through the Electricity Power Sector
Reform Act (EPSA) of 2005 [1]. The vertically integrated utility
Power Holding Company of Nigeria (PHCN) has been unbundled
into 18 successor companies, including 11 Distribution Companies
(Discos), 6 Generation Companies and a Transmission Company
of Nigeria (TCN) [2]. Many Independent Power Producers (IPPs)
have also been licensed (hereafter the 6 Generation companies and
IPPs are jointly referred to as Gencos). The selling and handling
over of the assets of the PHCN to the successor companies mark
the beginning of competition in Nigeria electricity market. Nige-
rian Electricity Bulk Trader (NBET) was also created to support

the initial take off of the competitive electricity market during the
transitional period.

The introduction of competition into Nigeria electricity market
however brings with it enormous responsibilities from all the stake-
holders. One of these responsibilities is the requirement for infor-
mation and data interchange. The separation of the vertically in-
tegrated PHCN into independent entities makes it mandatory for
the different entities to interact and exchange information and data
not only for the management and monitoring of system security
and reliability, but also for the accounting and settlement purposes
[3]. The newly created actors in the Nigeria electricity market will
therefore need to automate communication with one another. The
information and data exchange requirements are well documented
in the Grid Code [4], Distribution Code [5], Metering Code [6] and
Market Rules [7]. The exchange of meter data between the Market
Operator (MO) and the other actors such as the Gencos and Dis-
cos is an excellent example of these requirements. Information ex-
change will be enabled by several applications needed for fulfilling
the functions and roles of the actors in the deregulated electricity
market environment. These applications are either inherited from
the assets of the PHCN or will be newly acquired or developed.

Unified data model and standardized data exchange format will
therefore play very significant role in the automation of informa-
tion exchange for both inter-applications and inter-corporations. It
is very inappropriate to align data model to the individual applica-
tion or enterprise data model. Such approach will lack uniformity
and will only consider functional requirement of the respective ap-
plications or corporations. It is only through the concepts of domain
objects that a unified, application independent, and consistent data
models can be created and maintained [8]. Inter-enterprise data ex-
change requires common data model and agreed standardized ex-
changing format to prevent the development of multiple message
models. A seamless integration of market actors’ proprietary infor-
mation requires a standard way for describing the electricity market
entities, 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 [9], [10], [11], [12], [13]
and [14]. There are also efforts to extend CIM to support electricity
market communications [15] and [16]. While the CIM standard can
be adapted to cater for the exchange of network models in Nige-
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rian electricity market environment, the information model for the
market operations needs to be tailored towards the adopted market
models in Nigeria as defined in Market Rules and Grid Code [17].

The need for a common information model to support information
exchange network infrastructure in Nigerian electricity market en-
vironment has been emphasized in [18] and [19]. Here, a new Uni-
fied Nigerian Electricity Market Information Model (UNEMIM)
intended to specify a uniform way for describing and communicat-
ing electricity market data in Nigerian electricity market environ-
ment is proposed. The main goal is to provide a unified language
that describes the data and entity types, the semantics, and the enti-
ties involved in market operations [15]. UNEMIM is envisioned to
be a means of specifying any kind of quantitative data in the con-
text of deregulated electricity market in Nigeria. It is hoped that
this will provide a good starting point for the standardization of the
electricity market communications in Nigeria. The rest of this pa-
per is organized as follows: Section 2 presents the electricity mar-
ket models, requirements for data communication and the unified
information models for electricity market communications using
object-oriented methods and eXtensible Markup Language (XML).
In section 3, some examples describing how to encode electricity
market data in XML document are presented and discussed. The
paper ends with conclusion in section 4.

2. METHODS
The task of developing UNEMIM model is solely rest on answering
the following three questions:

(1) What to model?
(2) What modeling method to use?
(3) What message syntax to use for describing the instance data to

be exchanged by the actors?

The answer to the first question lies in the adopted electricity
market model and its associated data as documented in the Grid
Code, Distribution code, Metering code and Market Rules. Object-
Oriented Method (OOM) [20] is adopted to tackle the second ques-
tion, while XML language [21] is chosen to address the third ques-
tion. A basic understanding of OOM and XML is assumed but read-
ers are advised to consult [20], [21], [22] and [23] for detailed de-
scription of these technologies. This section described in details
how these questions are addressed.

2.1 Market Models and Data Communication
Requirements

The operation of the electricity market in Nigeria after the hand-
ing over of the assets of the PHCN to the successor companies is
now in the hand of several actors. The actors are the main users
of the UNEMIM language. Understanding the market models and
the data communication requirements is the key to the modeling
and specification of UNEMIM language. Here the Nigeria electric-
ity market models and the data communication requirements in the
deregulated electricity market are briefly described.

2.1.1 Nigeria Electricity Market Models. Nigeria electricity mar-
ket is structured to follow a Single Buyer Model initially during the
transitional period. In this model, the Bulk Trader - Nigerian Bulk
Electricity Trading Company (NBTCO) is responsible for buying
electricity generation from the Gencos and resells this to the Discos
that are responsible for supplying the consumers in their respective
geographical zone. Single buyer model is a transitional arrange-
ment to assure the Gencos that they will be paid for power pro-

Fig. 1. Schematic representation of the single buyer model.

Fig. 2. Schematic representation of wholesale model.

duced and supplied to the Discos. Wholesale competition model
that allows direct electricity trading between the Gencos and Dis-
cos is expected to take over from the single buyer model after tran-
sitional electricity market arrangement [19]. Fig. 1 and 2 show the
schematic representations of the single buyer and wholesale market
model respectively.

2.1.2 Data Communication Requirements. The basic steps for
operating the electricity market models include buying and selling,
signing of contracts of agreement, execution of the contracts, i.e.
actual physical delivery of electricity energy, metering and account-
ing. All the necessary data needed to be exchanged in order to fulfill
all these steps are specified in the Market Rules and Grid, Distri-
bution and Metering Codes. These include metering data, contract
nominations, load profile, imbalance quantity profile, etc. The in-
formation provided in these Codes and Rules combined with the
market models described above provide the various data and entity
types, the semantics, and the entities to be captured in UNEMIM.

2.2 Object–Oriented Model of UNEMIM
Here the UNEMIM model is described using the adopted OOM
with Universal Modeling Language (UML) [24]. The UNEMIM
object model (UNEMIM-OM) is subdivided into three compo-
nents: energy data, organization and contract. The top level classes
consist of the three main components of UNEMIM-OM as shown
in Fig. 3. The abstract class DataObject provides a means of spec-
ifying a common attributes on all the elements of UNEMIM. The
models of the three components are described in more detail below.

2.2.1 Organization. The organizations are the stakeholders in-
volved in exchanging information and data in the electricity mar-
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Fig. 4. Organization object model.
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Fig. 3. Top-level classes of UNEMIM-OM.

ket. They include the MO, System Operator (SO), the regulator,
the Market Participants (MPs). MPs consist of the suppliers (Gen-
cos and IPPs), NBTCO (Bulk Trader), Discos and customers. The
suppliers own the generation stations that supply power to the trans-
mission network, the SO operates the transmission system and Dis-
cos own the distribution networks that service the load consumed
by the consumers. The overall responsibility of SO and MO is to
provide non-discriminatory and efficient system operation and mar-
ket administration services to all MPs, while the MPs are involved
with electricity market operations. Fig. 4 shows the object model
representing the organizations.

2.2.2 Contract. According to the Market Rules, the MO is ex-
pected to establish and maintain a Contract Register in which it
will keep contract information disclosed to it by MPs. Any regional
trading contract entered into by the MPs is required to be notified
to the MO. This component is concerned with contracts for the pur-
chase and sale of energy. It models all the data related to different

types of contract such as bilateral, day ahead and Ancillary ser-
vices. The market models adopted for the electricity market trading
are also included in the contract object model as depicted in Fig. 5.

2.2.3 Energy Data. The energy data component defines the en-
ergy data generated or consumed as a result of execution of contrac-
tual agreement between the MPs. Energy data such as meter data,
load profile, nominations, imbalance quantities, connection points,
etc. are included in this model. This component plays an important
role in accounting and settlement. The object model of the energy
data is depicted in Fig. 6.

2.3 The Message Syntax
The application independent information and semantic models cap-
tured in UNEMIM-OM need to be assembled into message syntax
for describing the instance data. XML Schema [25] is used as the
message syntax. Fig. 7 shows a fragment of the UML diagram for
the message assembly using classes from UNEMIM-OM. A new
UNEMIM class is introduced to serve as a container class for all
the elements of UNEMIM. The new class has three required at-
tributes: the xmlns, level and version. The attribute xmlns declares
the default XML namespace used within UNEMIM element, while
the level and version attributes are used to specify the current level
and version of the UNEMIM-XML Schema respectively.

The UNEMIM-XML Schema is derived from UNEMIM-OM
semi-automatically with the help of mapping rules for classes and
associations. For example, classes and attributes from UNEMIM-
OM are converted into elements and attributes in XML Schema
respectively.
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Fig. 5. Contract object model.
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Fig. 6. Energy data object model.

3. RESULTS AND DISCUSSIONS
The UNEMIM-XML Schema derived from UNEMIM-OM pro-
vides a language for describing and exchanging data in Nigeria
electricity market. Fig. 8 shows the fragment of the UNEMIM-
XML Schema. An instance of the Schema is an instance data in
form of UNEMIM-XML document, which is actually exchanged
between the actors. UNENIM-XML Schema will normally be kept
in a repository. The Schema will serve as a basis for data communi-
cation between the actors. All UNEMIM-XML documents received
by an actor will be validated against the Schema to check for the
conformity of the document with the agreed information format.
This section presents and discusses examples of UNEMIM lan-
guage usage based on the Schema. The examples depend on the
type of data that need to be communicated between the stakehold-
ers. They illustrate the breadth of data that can be encoded in UN-
EMIM language.

3.1 Example 1 – Organization Data
The example (Fig. 9) shows data relating to organization involved
in electricity market that can be encoded in UNEMIM-XML docu-
ment. Two Gencos and one Disco are described. The first Genco
has three generators with combined total generation capacity of

400MW, while the second Genco has two generators with total gen-
eration capacity of 320MW. The third organization encoded in UN-
EMIM document is a Disco, which is usually a power purchaser, re-
sponsible for distributing power to the consumers in the electricity
market.

3.2 Example 2 – Contract Data
The data encoded in example 1 above describes the MPs that are
usually involved in the electricity market operation. Electricity con-
tract including the nominations is required to be registered with the
MO by the MPs before the actual execution of the contract as spec-
ified in the Market rules. A contract between a Disco identified as
DISCO0001 and Genco identified as GENCO0001 is encoded in
UNEMIM-XML document in Fig. 10. The example includes the
energy nomination that is due to be executed between 00:00 and
24:00 hour on 25-10-2014.

3.3 Example 3 – Meter Data
The metering data is the key to the electricity market transactions.
The accurate execution of electricity contractual agreement be-
tween MPs can only be measured through proper metering infras-
tructures at the connection points. The measured meter data pro-
file needs to be exchanged with the MO for calculation of imbal-
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Fig. 7. Fragment of object model for message assembly using UNEMIM-OM classes.

Fig. 8. Fragment of UNEMIM-XML Schema.

ance quantities used for accounting and settlement. The UNEMIM-
XML document example in Fig. 11 shows an example of the meter
data measured after the physical delivery of the contractual power
agreement between Disco identified as DISCO0001 and a Genco
identified as GENCO0002. Remember the contract data registered
with the MO prior to execution of power transmission and the sub-
mitted meter data form the basis of the imbalance quantities calcu-
lation.

Fig. 9. Example of how to encode organization data in UNEMIM lan-
guage.

4. CONCLUSIONS
The deregulated electricity market in Nigeria has open up new chal-
lenges including the need for data and information exchange. The
heterogeneous IT environments of the stakeholders in the electric-
ity market will make the data exchange very difficult without a
unified data model. This paper presented a unified Nigerian elec-
tricity market information model called UNEMIM for addressing
this problem. UNEMIM model makes use of OOM with UML
to develop a model of the electricity market domain objects and
XML for describing the message syntax of the instance data. The
UNEMIM-XML Schema generated from the domain object models
forms the basis for communicating the deregulated electricity mar-
ket data in Nigeria. The paper describes the UNEMIM model and
the XML Schema. It also presents and discusses the examples of
how to encode different electricity market data for communication
between the stakeholders.
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Fig. 10. Example of how to encode electricity contract data in UNEMIM
language.

Fig. 11. Example of how to encode meter data in UNEMIM language.

OOM makes it easy to expand and adapt the developed model to
new or changed requirements. This is especially important because
deregulated electricity market in Nigeria is still evolving and sub-
ject to changes during the initial period. Such changes should be
possible without changing the existing data models and the appli-
cations that use them. These characteristics will also enable UNE-
MIM to support data communications in distributed electricity gen-
eration environment using renewable energy sources as proposed
in [2] and [26]. It is hoped that the presented UNEMIM model will
generate interests from the research communities and stakehold-
ers in the deregulated electricity market in Nigeria. Such interests
will be helpful in the development of a complete and consistent
unified information model for the deregulated electricity market in
Nigeria. Future work will include the use of the UNEMIM model
together with the work presented in [19] to develop a multiagent
system infrastructure for data communications in Nigerian deregu-
lated electricity market in Nigeria.
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