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Abstract. In this study we show how the technology of Business Intelligence has
been implemented at the area of Control Norte in order to support the multiple ne-
cessities of analysis which demand a diverse sort of users. In this specific case, we
have designed and developed a Data Warehouse for the optimum analysis of the
massive information which is produced every day. Once the repository was cre-
ated, we applied Data Mining techniques to support the making decision proc-
esses; in particular, the forecast of the electric power consumption.

1 Introduction

From year 2001, the Comision Federal de Electricidad (CFE) was committed
with the federal government to implement high quality standards in the institution
and consequently initiated the definition and development of the Programa Insti-
tucional de la Calidad Total (PICT). On the basis of it, the Centro Nacional de Con-
trol de Energia (CENACE) participates in the implementation of this program since
2002 and continues with the contribution of advances. The different computer-based
information systems which operate in the area of Control Norte from years 80s and
90s and that support the key functions for the decision making process on the man-
agement, supervision and control of the Sistema Electrico Nacional (SEN), have an
important accumulation of valuable data on the history of operation of the national
mains. These data that doubtlessly represent one of the strengths of the company, re-
side either in different online data bases available for their processing or in storage
media with a wide diversity of facilities to recover them for their optimum analysis
for the institution. Until now, however, the potential of accumulated data has not
been exploited in order to obtain new knowledge applicable to the administration of
the SEN. The aim of this article is to describe the design of an effective strategy of
administration of the Information Technologies (1T) in the area of Control Norte of
the CFE with the purpose of optimizing the decision making process. Said in a dif-
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ferent way. we intend to make a more refined use of the available information with
the intention of discovering the hiding knowledge of the organization in order to be-
come a highly competitive industry [1]. It is indeed here where the technology of
Business Intelligence is of our interest. In fact, since the appropriate integration of
this technology allows us to transform the operative data of the organization into re-
sources of knowledge indispensable for the decision making process [2], the incor-
poration of this technology in the area of Control Norte has been an urgent meas-

urement. ) ) )
In this case study, the particular problematic to be solved is the inappropriate

management of the huge amount of information provided by the multiple and di-
verse power plants of the company. For such effect, the present system named Hoja
de March (HM), a typical OLTP system, is described as well as the systems which
supply of information to HM commonly called in this context measurement systems.
We describe in the section 3 the architecture in which the design and development
of the data store (Data Warehouse) of this project is based on. More specifically, in
this section we first describe the metadata and the various measurement systems
(OLTP systems). We then describe in section 4 the processes of extraction, trans-
formation and loading (ETL) developed to integrate the information to the data re-
pository. Finally, in section 5 we show the evaluation results which exhibit the qual-
- ity and the opportunity of the data that a measurement system contributes.

2 Present situation

The area of Control Norte supervises the states of Chihuahua, Durango and the
Region Lagunera of Coahuila. Also, it coordinates five subareas of Control: Laguna,
Durango, Camargo, Chihuahua and Cd. Juarez. Each one of these subareas controls
different electrical substations and generating units, concentrating all the informa-
tion related to energy in the HM system. To be more precise, the CENACE at this
moment compiles hourly energy information from the generators and mains in order
to determine the hourly demand by subareas and areas of control.

2.1 Operation processes

The processes of generation, transmission and distribution of energy are made in
real time. For this reason it is necessary to know the behaviour of the different com-
ponents which integrate the electrical power system. The HM system contains all the
information produced by the three key processes of the company: generation, trans-
mission and distribution of energy. There is a process named balance of energy
whose purpose is to provide information about the origin of the generation of energy
in our own plants (and the generated in external plants) as well as the consumption
by area and subareas. All this information is hourly described so the data provided
by this report is expressed in kWatt/hour terms. In this way, this process is relevant
for the analysis of trends in the demand, consumption and generation of energy. Said
in another way. in order 1o check the total consumption of energy corresponding to
the area and subareas, the HM system reports the gross generation of the power sta-
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tions and the foreign plants, the interchanges of energy between the area of Control
Norte and the areas of Control Noreste and Noroeste, and the energy which is im-
ported in hourly terms. The HM system is then crucial for the monitoring task of the
administration: through it we are able to monitor the energy which is obtained,
transmitted and finally sent to the client in hourly terms, that is, each hour.

2.2 The HM system

The HM system is the information system used to integrate, throughout the dif-
ferent geographic zones, the information supplied by the multiple sources of energy
and the transmission mains. From the compiled information the system reports the
crucial points for the company: the production and consumption of energy. The hi-
erarchy of concepts which is operated by the HM system is illustrated in Figure 1.
Figure 1 represents the relation between the different concepts derived from basic
data such as the production of the power stations and the mains. The demand is the
top level concept in the HM hierarchy and represents the relation between genera-
tion and the flow of energy between the mains. In the case of the area of Control
Norte, the demand is determined at subarea level so that the sum of the different su-
bareas (Laguna, Camargo, Chihuahua, Durango and JuAjrez) establishes the total
demand of the area. Also, the Figure 1 shows the different types of energy technolo-
gies in which the electric power production of the multiple plants is based on. On
the other hand, the connections or mains represent the transmission lines that join
two subareas or areas of control. In order to identify the flow of energy between two
areas or subareas of control, a connection is made up of a line of input and another
one of output. When in a particular point the production (generation) exceeds the
consumption, there is a flow of energy towards the output line of that particular
point and vice versa: there is a flow of energy in the input line when the consump-
tion exceeds the production (increase of the demand). All this under the basic prin-
ciple of conservation of energy: the energy can only be changed from one form 1o
another. As we previously said, multiple data sources provide relevant information
about the energy generation and the interchange of energy between the different su-
bareas (connection lines). In this project, the multiple data sources are named meas-
urement systems and all the relevant information supplied to the HM system is ex-
pressed in hourly terms. In this way, a measurement system contributes with either
generation or connection data to the HM system. We describe in the next section
each of these data sources.

2.3 Data sources for HM

The data sources which provide the information to the HM svstem are measure-
ment systems supported by a particular database management system under the
OLTP concept. These measurement systems represent the primary source of data for
the HM system. It is important to point out that the data are validated by the control
operator who is responsible to supervise the information during the day. The meas-
urement systems that supply data to the HM system are shown in the Table 1.
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Fig. 1. Concepts hierarchy in HM.

Table 1. Multiple data sources: measurement systems.
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| Unix |
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2.4 Feeding the HM system

There are two processes to integrate data in the HM system: automatic integra-
tion and manual integration. The automatic integration is a program that obtains
magnitudes from the different measurement systems necessary to elaborate the re-
port of the demand in hourly terms. This program is like a cron process which has
been configured 1o automatically run for every 25 minutes. When by some external
reason it is not possible 10 make use of automatic measurements, these must be es-
timated by the control operator or to look for an alternating source of data. The man-
ual integration is carried out by the control operator who not only is responsible to
estimate valid data but also to correct deviations observed in the incoming data. This
process is executed by making use of an interface on the CFE intranet. The informa-
tion of the HM system has been stored by Jong time in plain text files (code ASCII)
which have been processed by making use of Perl programs. Figure 2 shows the
components, and their relationships, which integrate the HM system. All these ele-
ments have had 10 be analyzed to design the data repository, that is, our Data Ware-
house. As we said, the measurement systems provide the generation and transmis-
sion data which are to be gathered into a data warehouse in order to assist in the

extraction. analyvsis, and reporting of information.
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Fig. 2. The HM system.
3 Data Warehouse architecture

The description in the previous section of the present scheme of the HM system
makes obvious the necessity 1o think about a technology that integrates different
platforms and different data structures with the purpose of facilitating the data man-
agement. It is in this point where it becomes essential, and therefore strategic, the
study of the proper architecture for the implementation of a data warehouse. For ex-
ample, not only must we consider the dimension and fact tables which allow the
analysis of the information as a cube of data, but we also look for more specific
benefits as the hiding of details involved in the measurement systems in such a way
that the user can focus his attention on his analysis task rather than on data sources
issues. On the basis of the present scheme of the HM system, from the three more
common architectures [3] we selected the architecture with an area of processing
known as siaging area (area in which the processes of extraction, transformation
and loading taking placel), being the heterogeneity of the data sources the key factor
for its selection. Said in another way, given that in our case of study the measure-
ment systems exhibit a great heterogeneity, the architecture with staging area is the
groundwork for the design of our data repository. Figure 3 displays this architecture.

3.1 Dimensional modeling

Due 1o its analytical orientation, the data warehouse technology entails a differ-
ent thinking which relies on an intrinsic modeling of data bases known as multidi-
mensional modelling. This perspective based on multiple dimensions intends to offer
a high level perspective to the user about the company business [4]. The basic struc-
ture of a data warehouse which relies on multidimensional modeling is defined by
two basic elements: fact and dimension tables [5].

The fact table is the central table in a dimensional design since it is in this table
where the numerical measurements of the business. that in our particular case are the
hourly measurements, are stored. On the other hand, the dimensions tables contain
the detail of the values that are associated to the fact table so that the granularity of
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the information of these tables plays a crucial role in the quality of the data reposi-
tory. Figure 4 shows the fact and dimensions tables defined in our particular study
that as can be seen represents the characteristic srarlike structure. In fact, the Figure
4 shows the N_HECHO_HM table as the center of the data repository. It is the cru-
cial table since it contains the attributes which describe the collected data for the
comprehensible analysis and reporting of information provided by the HM system.
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Fig. 3. Data repository and ETL processing used in the experiments.

4 Extraction-Transformation-Loading process

The use of tools for the extraction, transformation and loading of data are the
starting point of any strategy launched by a company which intends to discover the
hidden value of its information [6]. The access 1o a huge volume of information that
it is produced in the area of Control Norte is not an easy task. As the organization
grows, the company acquires different applications, operating systems, hardware
platforms and data bases. All these resources are distributed through different de-
partments, offices or processes. In this way, these areas of information are eventu-
ally more isolated and becoming more unusable by the rest of the company. The ac-
cessibility to the multiple and heterogeneous measurement services involved in this
project has been carried out by making use of the Oracle facilities as we can gain ac-
cess to different repositories from a unique platform, which also represents a valu-
able advantage since in this way we use a unique language to extract the data. SQL
and PL-SQL of Oracle represent the base for the development and implementation
of this stage of the project.
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Fig. 4. Fact and dimensions tables in our dimensional modeling.
4.1 Extraction of data

Taking into account the diversity and complexity of the structures which consti-
tute our measurement systems (our data sources), the implementation of the ETL

process in this project considers two methods for the data extraction task that are de-
scribed next:

1. Full extraction: the extraction of the whole information stored in the data
source is carried out. That is, all the data set available in the data source is
ransferred thus it is not necessary to maintain a register of changes in the
data source (later modifications do not exist).

5

Incremental extraction: only new or edited data are transferred. That is,
data which has been modified or new records at the source will be extracted
and transferred to the target repository.

We also reviewed other alternatives which Oracle offers for the extraction of
data. For example, it is interesting the extraction based on the monitoring of changes
known as Change Data Captures [7], which consists of an architecture which take
care of the alteration of the data. Nevertheless, this type of extraction, which is ideal
when the data sources are uniform, was discarded because of the diversity previ-
ously mentioned of our data sources. In short, and taking into account the diversity

and complexity of our data sources. the following schemes of extraction were im-
plemented:

Initial: in which it is considered 10 extract historical information. This proc-
ess will be unique for some measurement systems.
Hourly: since the required information is hourly information, this scheme

of extraction will be the most used in the implementation of the ETL proc-
ess.
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e Daily: some of the data sources add new data or edit existing data at the

end of a day or the following day.

e  Weekly: another scheme of extraction which requires weekly updating of
data because some systems atiend integration tasks during different days of

the week.

e Monthly: it is not a frequent process. Nevertheless it is necessary to con-
sider a process for monthly loading because some data sources undergo
every day/every hour. This process is common in those data sources which

are not administered by the company.

oy out at the different data sources, that is, the different measurement systems.

Table 2. Schemes for the extraction task.

In this way, Table 2 illustrates the frequency in which the extraction task is carried

SIMER X X

SIMO X X X X
ESA X X

1ONPEE X X X

PI OsiSoft X

4.2 Transformation of data

One of the challenges of any implementation of a data warehouse is the problem
of transformation of the data. The transformation takes basically care of the activi-
ties of cleaning, combination and standardization of the data so that the inconsisten-
cies which characterize to heterogeneous data sources may be integrated efficiently
in a common repository. In our particular case, it was necessary 10 implement ag-
gregate operations in some systems for which it was required to estimate hourly av-
erages or conversions between different measurement units. Another important
transformation is carried out when the records of a particular data table must be
transposed to turn them to hourly information i.e. to produce 24 records from a re-
cord of 24 hours. Figure 5 illustrates the use of one of the transformation techniques
that Oracle makes available: the rable functions, which allow implementing aggre-

gate operations on a set of records.

TAG TNE VALLE
5 LDUNAL MWAY  JBM200I21122]  1SUT8
% _LIDUNSL MWA/  1EMNTI21A | 1%
_u_tg\mn MNWAY 1M 2007121150 13340
UNS1 MW, 16042007 15693
05 LIDUNGL MWAY  16M2007121222] 15845

TAG

TIME

AVG(VALUE)

LEC.UN-01

154.79

18-04-2007 12:00:00

Funcion Tabla =~}

Fig. 5. Oracle’s table functions.




Business Intelligence in the Electric Industry 221

43 Loading of data

The loading phase is the step in which the resulting data of the transformation
phase are deposited on the target repository. Depending on the requirements of ex-
traction and transformation, this process may include different tasks. In our particu-
lar case, one of the requirements of the project is to maintain historical records in
such a way that the user can also obtain historical information. In this project, the
use of an Oracle technique [3] for handling errors during the loading phase was cru-
cial. Such technique allows the definition of the loading tasks by making use of
powerful SQL instructions and procedures. When inadequate data for their integra-
tion to the target repository occur (it happens when the data come from different
data sources and these inconsistencies are not detected by the processes of extraction
and transformation), the demanding data loading operations are interrupted. In order
1o avoid these interruptions and to guarantee the load of trustworthy data onto the
repository, we make use of the extended OracleA’s data manipulation language

(DML) which allows defining a table for the management of detected errors for its
later processing.

5 Experimental Evaluation

Afier some vears of experience working with traditional systems in the com-
pany, it is possible to mention that the implementation of this project has made a
major contribution to the handling of information. To be more precise, the foremost
achievement of the project is the implementation of the ETL process which is the
foundation for the creation of a data repository with reliable and opportune informa-
tion, aspects that can be evaluated in different integrated OLAP systems.

For evaluation purpose, we focus our attention on the availability of the informa-
tion. In other words, we want to determine whether the data which come from the
measurement systems are available when they should be. Figure 6 shows whether
the data are available 1o be deposited on the target repository. In this particular ex-
ample, by making use of a period of 20 minutes as parameter, the information is
considered opportune as long as the data are on time. With almost 86% of a\'ailab.il-
ity of the data in a margin of 20 minutes, and taking into account the heterogeneity

of the data sources, we can argue the performance of the data repository is rather
than acceptable.

6 Conclusion and directions for further research

The incorporation of Business Intelligence in the electrical industry has been a
rewarding experience. The enormous volumes of information represent a great chal-
lenge due to the heterogeneity of our data sources: the electric power measuremf:nl
syvstems. Working on compilation and cleaning tasks. as well as the transformation
of the data, which come from the operational systems (no-structured infon'nauon?,
into structured information, was fundamental for the development of the data reposi-
tory for the analysis and support of the decision making process at the CENACE.
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In fact. once the data warehouse was created, we proceeded with the integration
of data mining techniques to identify useful patterns for the organization, or for the
optimization of the processes related to prediction.

In our particular case, we have worked in the energy demand forecast with satis-
factory results by making use of the Oracle Miner Data tool [8]. In short, an effort
has been made to transcend the simple and traditional handling of data. According to
the relations between the components of the informational chain [9], the data ware-
house created has made possible the top-level analysis of the information as well as

the elicitation of knowledge.

d83 010 00 804-200

[Total de Horas en el periodo : 192
Total de puntos monitoreados por el Area de Control Norte: 134
,i otal de mediciones esperadas: 35728
Total de Mediciones capturadas: 22045

3683

fTotal de Mediciones faltantes:
% de Oportunidad 20 min.

Fig. 6. Evaluation report.
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