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a b s t r a c t

This paper proposes a new methodology for building multi-dimensional data-warehousing and business
intelligence systems for utility companies. The proposed approach can be used by any utility company
that wishes to take advantage of the principles and recommendations gained through a critical analysis
of the Kimball and ASAP methodologies. The results show that this new approach can be incorporated as
a cornerstone for business intelligence systems operating in a data-rich environment. It can be suc-
cessfully designed and used for various reporting purposes of various business segments of an organi-
zation. The approach was tested by applying it to electricity market analysis of the Serbian energy
transmission system and market operator “Elektromre�za Srbije” in the context of smart-grid
technologies.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The electricity industry is beginning to use business intelligence
(BI) technology to facilitate management analysis and decision-
making. Success in the modern-day dynamic electric power busi-
ness requires electricity market operators to have increased access
to operational data and the ability to transform that data into
actionable intelligence (Pfenninger et al., 2014). Further, the intro-
duction of smart-grid technologies (Gungor et al., 2011), such as
advanced metering and sensor infrastructures (Marta�c et al., 2016),
has led to subsequent changes in companies’ information systems
and increased the need for real-time analytics. Business intelli-
gence and knowledge management infrastructure are already
recognized as a necessity for large energy systems that are adopting
smart-grid technologies (Arends and Hendriks, 2014).

Electricity transmission companies normally measure their
performance by using various types of qualitative and quantitative
assessments (Abdalla et al., 2009; and Liu et al., 2006). Therefore,
smart-grid technologies have resulted in an increasingly chal-
lenging process of getting relevant information by constantly
measuring processes through key performance indicators (KPIs)

and scorecards. KPIs represent an integral part of a BI solution and
are a key contributor to the successful execution of a BI system and
the overall enterprise strategy. BI allows companies to use the in-
formation at their disposal for supporting their processes and de-
cisions by combining the organizational and technical aspects of
information (Farrokhi and Pokor�adi, 2012). Modern utility organi-
zations have much to gain from the implementation of a BI system.
Their highly complex organizational hierarchies coupled with
inherent process complexity provide an ideal BI environment that
could offer the utility operational flexibility as well as facilitate
various reporting and analytical requirements. In order to effi-
ciently manage the implementation of a BI solution in this highly
complex environment, a methodology should be carefully chosen.

By examining and comparing frequently usedmethodologies for
designing business intelligence systems, this research aims to
identify and evaluate the phases of each methodology in order to
provide guidelines and recommendations for a mixed approach.
The proposed methodology is well suited for the development of a
robust business intelligence system that can successfully tackle the
process complexities of utility companies. A large part of the article
is devoted to objectives and tasks that are realized while building
and implementing business intelligence systems. In the proposed
methodology, the extended star schema is used to achieve clear
abstract modeling, while allowing greater flexibility when it comes
to master data.
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One of the basic goals of this research is to integrate and extend
the findings of previous research by developing, testing and
refining the traditional approach to BI for specific purposes, ap-
plications, and technologies. In order to achieve the goal of building
a comprehensive data-warehouse solution, a well-defined “bot-
tom-up” implementation methodology, similar to that advocated
by Ralph Kimball et al. (2008) was adapted and combined with
ASAP’s high-quality control standards, requirements, and analysis.
This allows for the best of both worlds: the complexity and detail of
the Kimball Lifecycle and its focus on development of new objects,
and the advantages of ASAP’s close ties to existing ERP systems. For
the purposes of evaluating the proposed hybrid methodology, this
paper provides a brief overview of current issues related to the
data-warehouse and business intelligence solutions for electricity
markets (EM). The proposed methodology is evaluated for Public
Enterprise “Elektromre�za Srbije” (PE EMS), the Serbian trans-
mission system and market operator. The practical evaluation
shows how the methodology can help those who are familiar with
the Kimball methodology, and work within the constraints of the
ASAP methodology, to modify their existing BI approach in order to
deal with customer requirements not met by standard business
content.

2. Related work

A contemporary need exists for establishing a strong relation-
ship between BI and utility companies. Understanding business
conditions at a more granular level ensures utilities increase their
efficiency by turning the data at their disposal into actionable
intelligence.

Business intelligence, as an important cornerstone for the pro-
cess of decision-making, is necessary for successful operations and
management of any organization, and its main capabilities include:
information extraction, warehousing, and analysis of data. Recent
research in the field of business intelligence indicates that valuable
information can be extracted from non-structured data, allowing
more accurate decision-making on all management levels. The
ability of an organization to create a ubiquitous environment for all
its data extractors and decision points is critical for success. By
analyzing historical trends and emerging patterns across the or-
ganization, management has a greater chance of making more ac-
curate predictions about possible decision outcomes.

A data-warehouse is considered among the most powerful de-
cision support and business intelligence technologies that have
emerged in the last decade (Alhyasat and Al-Dalahmeh, 2013). It is
common knowledge that information is the chief asset used to
assure competitiveness of the organization in the business world.
The primary problem encountered by many organizations that
heavily rely on information is the amount of the gathered data and
the difficulty of accessing it. Themain cause is the fact that there are
many data formats, source systems, and data structures that are
significantly different from one another. The problem is often
manifested in the need to write and maintain hundreds of pro-
grams for extracting, transforming, and loading of the data in order
to consolidate many different applications into a single database
suitable for reporting and analysis. It is often the case that decision-
makers cannot act solely on the information provided and must
further mine and analyze the data in order to get required infor-
mation. This whole process can be costly, inefficient, and very time
consuming, and the logical choice is to adopt data-warehousing
technologies. The volume of data in data-warehousing can be
very high, particularly when considering the requirements for
historical data analysis (Ballard et al., 1998).

A common belief among most project managers is that data-
warehouse projects are difficult to manage. Data-warehousing

project management differs significantly from other software pro-
jects in the sense that the data-warehousing projects can never
really be completed. Every phase of the data-warehousing project
has a start date and an end date, but the data-warehouse will never
be considered to be in an end state, since the warehouse must
constantly evolve with the enterprise in order to be useful. Roles
and responsibilities conducted in traditional ways might not be
suitable for such projects and waterfall methodologies have proven
to be inadequate in running such projects. Testimony to this fact are
the numerous failed data-warehousing projects, due to their dy-
namic nature; this is what makes such projects unique and suitable
for agile methods (Kannan, 2011).

Sen and Sinha (2005) analyzed 15 different data-warehousing
methodologies, which are fairly representative of the range of
available approaches. Many commercial solutions for software
components of data-warehouse environments address the defini-
tion and specification of dimensions, fact variables, and hierarchies.
The study points to the fact that the ASAP methodology uses the
extended star schema in contrast to most other DWmethodologies,
which offers far more in the form of master data management.

Analyzing the literature, we highlight the following:

� Business intelligence (BI) systems have been deemed as the high
priority systems by various business leaders in the industry
(Farrokhi and Pokor�adi, 2012). According to Ranjan, BI is a
methodological transformation of data from any source system
into information suited for result-oriented decision-making
(Ranjan, 2009). Ranjan also researches the concepts and com-
ponents of a BI system, implementation benefits, factors influ-
encing the choice of the system, technological requirements,
design and implementation, and various BI techniques. BI’s
primary goal is to offer support that, through a closed loop, links
strategies, design, and execution with business intelligence
(Seufert and Schiefer, 2005).

� Performance management is advanced when business goals are
translated into KPIs, and used to measure business processes in
relation to the defined goal values. Current BI approaches are
subordinated to business management systems. Most BI sys-
tems are developed as systems for measuring success and are
not used for decision-making purposes. KPIs are widely used in
many companies (Masayna et al., 2007). Improvements to the
quality and clarity of these indicators have widespread industry
and societal benefit, including in the electricity sector (EPRI,
2003). Existing reporting systems based on performance in-
dicators, which emphasize electricity data monitoring, lack the
ability to create data aggregation or support data analysis for
delivering reports and identifying actionable information (Li
et al., 2013).

� Data-warehousing (DW) is considered to be one of the most
powerful technologies for decision support and business intel-
ligence (Alhyasat and Al-Dalahmeh, 2013). DW technologies
were developed in order to integrate heterogeneous data sour-
ces for analytical purposes (Oueslati and Akaichi, 2010). Data-
warehousing methodologies share a common set of tasks that
include: business process analysis, data model design, archi-
tecture design, solution development and implementation
(Inmon, 2002; Sen and Sinha, 2005; and Kimball et al., 1998).

� Multidimensional modeling (MM) requires specialized tech-
niques for data design that loosely relates to the traditional ways
of data modeling (Jindal and Taneja, 2012). The most common
representations of dimensional model are the star schema and
the extended star schema (Phipps and Davis, 2002).
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