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Introducation

The power sector is considered very critical for the
economic development of the country. Because of
this criticality, it is essential that the sector need to
continuously achieve high degree of productivity and
efficiency in its operations. Adoption of Information
Technology is one of the key drivers to achieve
productivity and efficiency improvements.

India is a rare example of a large country where the
electricity supply industry continues to function
essentially like a group of government departments.
The most problematic area in the electricity sector has
been the operational and financial performance of the
State Electricity Boards (SEB). Since the State has been
directly regulating most SEB activities, they are prone
to political interference of varying degrees as suited
to populist objectives. From day-to-day operational
matters to tariff setting, all are susceptible to such
interventions.

Despite the economic reforms introduced in 1991,
India’s power industry has not been able to reach an
adequate level of electricity supply. In 2003-2004, India
had an energy shortage of 7.1% and a peaking shortage
of about 11.2% and in 2010-2011, peak electricity

supply fell short by 9.8% and there was an overall
shortage of 8.5% in supply.

There are multiple reasons for this level of performance
of this sector. These can be classified as internal and
external factors. Typically, the internal factor relates to
operational characteristics of the power sector and the
external factors bring out the influence of government
policy on this sector.

Internal Factors

¢ Excess manpower: Excess manpower is attributed
to influence the productivity of performance. Typically
in India it is highlighted that overstaffing occurs in all
areas and most prevalent in support functions.

¢ Poor organization of functions and tasks: This
is a reflection of how the internal functions are
managed in the Indian power sector. This is reflected
in capacity utilization, deployment of manpower and
cost to construct a plant.

* Lower capacity utilization: Plant Load Factor for
SEB is 60 percent compared to 71 percent for private
and central government — owned plants. Three major
reasons to explain the low PLF are poor maintenance,
time taken for maintenance and unable to get coal.

*This is synopsis of Ph.D. thesis of the author. The Symbiosis International University, Pune awarded Ph.D. degree in 2014. The thesis was prepared under

the guidance of Dr. N.S. Viswanath.
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e Inefficient deployment of manpower: Poor
internal organization also leads to lower productivity
through overstaffing in operations and maintenance.
This is prevalent in SEBs and to a lesser extent in
central government plants. This leads to lack of
viable investments and viable scale.

e Construction overruns: SEBs take an average of
over b years to construct a large coal plants, versus
3-4 years of best practice Indian plants. Lack of funds,
delays in tendering and antiquated engineering,
procurement and construction practices are main
reasons for construction overruns.

e Over-engineering: Redundancies and an absence
of standardized plant designs are the two main
examples of over-engineering. Many of the plants in
India have redundancies such as boiler feed pumps
(2 X 100 per cent rating or 3 X 50 per cent rating,
versus 2 X 60 per cent used internationally).

External Factors

Poor corporate governance in the form of government
ownership, primarily at SEBs, is the main external
factor leading to low TFP in both generation and T&D.
In generation, SEBs have the longest construction
overruns and the lowest capacity utilization, leading to a
capital productivity in generation of 57 per cent against
best practice of 85 per cent of US levels. Similarly, they
employ an average of four persons per MW, compared
to 1 person per MW at even the old private sector plants.
In T&D, as mentioned earlier, thefts from SEBs are
about 20-25 per cent compared to 2-3 per cent in best
practice private sector companies. A poor regulatory
framewaork, coupled with poor implementation, is the
second factor responsible for low productivity. Some
secondary factors, such as government monopoly in
the coal sector, excessive bureaucracy, and a non-level
playing field for private sector capital goods producers,
also contribute to low TFP.

Factors limiting output growth

All productivity barriers impact output indirectly, as
raising productivity leads to a specific good becoming
less expensive in real terms. In addition, some of
the barriers mentioned above impact output directly.
Government monopoly on distribution, for example,
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limits new generation capacity, as private players
are unwilling to sell to bankrupt electricity boards.
Thus, financial closure is extremely difficult to obtain.
Similarly, poor governance of the government-owned
SEBs causes large financial losses; the net impact
is that the SEBs have no money to build new plants.
Finally, the lack of a regulator leads to uneconomical
tariffs. This last factor has also partly contributed to the
poor financial health of some of the SEBs.

It has been widely researched and published by leading
management thinkers like Michael Porter and Michael
Hammer that investments in Information Technology
are critical to enhance the productivity of companies
and this productivity improvement can be realized by
careful investments only.

Like in all other businesses, the Information Technology
investments in power sector vary from company
to company. However, these investments can be
categorized into three general areas.

e Performance Improvement :Performance
Improvement  areas includes reducing  cost
inefficiency across all the areas of operations and for
enhancing customer satisfaction

¢ Meeting management and regulatory requirement: IT
can fulfill management and regulatory requirement
areas in terms of effective MIS for decision making,
accountability and service and building a strategic
approach to regulatory management along with the
collection and management of data.

e Servicing the changing industry structure: The
changing industry structure in terms of unbundling
and network management emphasis also requires
the intensive use of IT.

In  Power Generation companies, operations
management, management reporting and asset
management have seen considerable IT intervention.
The areas that need to be covered are fuel and
environmental management.  The key issues in
the use of IT in power generation relate to focus
on plant control systems, non-existent operational
performance systems, poorly used control system data
for performance analysis, low commercial orientation
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despite high data availability, and strategic focus to
use IT for managing complex demand or managing
the capital cost through effective project management
etc.. There is a need for a comprehensive IT strategy
to address requirements of performance improvement,
cost management and project management in power
generation companies. Inadequate research on usage
of IT systems for productivity enhancement in power
generation companies is another area requiring
attention.

As the Indian economy gets liberalized, it is likely that
the power sector too would undergo transformation.
This transformation would be primarily at the policy
level, at the operational level in terms of adoption of
operational improvement techniques and also likely
to be in the application of Information Technology to
address operational and strategic requirements. It is
expected that the above transformational initiatives
will lead to improvement in the performance of this
sector.

The Problem Statement

India is a rare example of a large country where the
electricity supply industry continues to function
essentially like a group of government departments.
And the most problematic area in the electricity sector
has been the operational and financial performance
of the State Electricity Boards (SEBs). Since the State
has been directly regulating most SEB activities, they
are prone to political interference of varying degrees
as suited to populist objectives. From day-to-day
operational matters to tariff setting, all are susceptible
to such interventions.

Despite the economic reforms introduced in 1991,
India’s power industry has not been able to attract
enough private investment from domestic and foreign
companies to reach an adequate level of electricity
supply. In 2003-2004, India had an energy shortage of
7.1% and a peaking shortage of about 11.2%.

While India’s installed power generation capacity was
112,058 MW as of March 31, 2004, the country still
needs an additional 100,000 MW to meet the growing
demand for electricity over the next 8-10 years.

According to industry estimates, domestic and foreign
private companies will need to invest a total of about
$100 billion in power projects to bridge this deficit.

As mentioned earlier, the power sector has to address
both the internal factors and the external factors to
enhance its performance. The internal factors would
lead to operational excellence as mentioned earlier.
It is quite evident that the external factors would
generally lead to more competition, regulation and
investment. However as Michael Porter highlights,
competition alone would not enhance the productivity
and competitiveness of an industry in a country. So it
would be very critical to look at the mechanisms to
enhance the productivity of the power sector in India
through operational excellence as well.

The literature survey and the analysis of the status of
Information Technology in the Indian Power are not
wide spread. Although there have been substantial
investments, these are not accompanied by a clear
strategy for enhancing operational efficiencies or
enhancing customer satisfaction.

What type of Information Technology investments can
lead to performance improvements and how to measure
the effective usage of Information Technology remains
one of the key research topics. This understanding is
critical in the formulation of strategy for Information
Technology investments. The essential thing would be to
relate the usage of Information Technology to increase
productivity performance. This has been addressed
differently for different sectors. This understanding is
essential for any exercise of formulating an Information
Technology Strategy.

Literature Review

Six types of literature have been reviewed as a precursor
to the research and the findings of this assessment is
used to build the framewaork for the research.

e |nfrastructure components — the Information
Technology components in which investments are
typically made to get business benefits

e Benefit framework — the services realized through
Information Technology and delivered to customers,
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suppliers and employees through which the business
benefits are realized

e Management framework — the mechanisms for
integrating the business strategy, IT strategy and
IT trends & possibilities, for decision making on
investments in Information Technology.

e |ntegrated frameworks —the mechanisms to combine
all the three aspects of the IT investments — benefits,
investment in infrastructure and the management
drivers, into comprehensive decision making tools

e Quality management and project management
framework- The mechanisms to assess the influence
of ITon quality of operations and project management
effectiveness.

e |nformation technology usage- nature of usage of
IT by business organizations in general and power
industry in particular in terms of processes covered,
nature of solutions deployed etc.

Infrastructure components

The literature in this category indicated the IT
infrastructure can be categorized into seven major
components based on nature and purpose. The
different research articles reviewed bring out nature of
the different components and their typical trends. The
components included hardware platforms, operating
system platforms, software applications, data
management, networking and telecommunications,
internet platforms and service providers. The articles
provided an excellent guidance to analyze how the
different IT components are inter related and how
typically investments are made in these. These
articles provided insights into how to look at or plan
IT investments, without looking into how these will
impact the business operations. The ideas in this set of
publications/articles are used to assess the investments
made by KPCL in Information Technology systems.

Benefit Framework

Productivity with its multiple dimensions is the
fundamental measure of technology’s contribution to
business performance. The wide range of research
publications reviewed as a part of the research work
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highlight how to measure the impact of information
technology investments on organizational performance
using the different dimensions of productivity.
These articles explore the use of tools like efficiency
measurement, unconventional productivity measures,
objectives driven measurement, portfolio approach,
value chain analysis, measurement of quality,
balanced scorecard etc to assess the productivity
of IT investments. A careful assessment of these
research findings revealed that many of the productivity
measures can be used for measuring the performance
of the power generations sector as well.

Management framework

One of the key challenges of management of business
organizations is to ensure consistency across different
types of decisions and aligning them with the business
strategy of an organization. While investments in
Information Technology are increasingly considered as
a strategic investment, how to integrate this investment
decision with other elements of a business strategy
and capital investment process has been the focus of
many research studies. This research studies focus
on different elements like measuring performance
improvements, improvements in the cost of products
& services, capturing the actual costs of investments
and the resulting value, mechanisms to assess
investment  effectiveness, incorporating strategic
possibilities in decision, holistic planning to include
Information Technology as a part of the business plan,
etc. The findings from these research reports are used
to understand how to incorporate the results of the
assessment to make key recommendations.

Integrated Framework

The ultimate challenge for investments in information
technology is to create the right mix of investments and
use the limited source while providing the maximum
benefits. Prior to funding, the organization must be
able to answer the question “What will we get for
our money?” Proper analysis will include not just the
estimated spending over the system/ initiative, but it
will also include the evaluation of potential business
benefits, future options and relative risks. Many times
investment decisions need to be made rationally and
analytically, even when it cannot be made on the
strengths of numbers alone. Decision analysis models,
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Return on Management (ROM), boundary values or
spending ratios, Parker's Model, Portfolio approach,
Balanced scorecard approach are some of the models
researched and documented to provide insights on how
to link Information Technology Investment decisions
with business benefits. Most of the research study has
been in sectors like banking, finance and manufacturing
and from different circumstances. It is evident that
many findings from these reports have the potential to
be applied to make investment decisions in the power
generation sector as well.

Specific Measures of Business Performance

The usage of Information Technology is expected to
influence different areas of a business especially on the
operations and customer management. The two areas
of interest specifically from the view point of power
generation companies are the quality of operations and
the project management effectiveness. Some of the
research literature reviewed as a part of the current
work, looks into how to measure quality of operations,
how these things are related to business performance
and what are the factors influencing quality of
operations. Similarly, the tools and techniques used in
project management, the measures of effective project
management and how project management influences
overall business performance are researched and
documented. The findings of these research studies are
highly relevant in the context of the current research
since the performance of the power generation
companies is expected to be heavily influenced by
quality of its operations and how effectively it manages
its projects for new capacity addition.

Information Technology Usage in Value Chain

The earliest work which brings out the role of
Information Technology on the competitiveness of
business organizations and how different elements
of a value chain can be organized differently by using
Information Technology is by Michael Porter (Porter
1985). The article brings out how “Dramatic reductions
in the cost of obtaining, processing, and transmitting
information are changing the way we do business”.
The article highlights that the Information Technology
changes industry structure and, in so doing, alters the

rules of competition, creates competitive advantage
by giving companies new ways to outperform their
rivals and it spawns whole new businesses, often from
within a company’s existing operations. Ever since that,
there has been numerous research works on how to
use Information Technology to alter the competitive
advantage of the companies. The literatures reviewed
include the usage of IT in banking, manufacturing and
many service industries. The ideas from these set of
research work are relevant to understand how to link
the competitive positioning of companies with the
deployment of Information Technology in reconfiguring
the value chain of the companies. Although may not
be highly applicable to highly regulated government
controlled power generation companies, the ideas
are relevant to understand the creative possibilities of
Information Technology in power generation companies.

IT Solutions used in Power Generation

An assessment of the IT solutions used by different
power generation companies indicated that specialized
software or packaged solutions with a library of best
practices and processes, have been developed by
the leading suppliers of IT solutions/software and
deployed in many power generation companies. One
class of solutions are Enterprise Resource Planning
(ERP) solutions covering key processes like Financial
management, Materials Management,  Project
management, Maintenance & operations management,
Asset management, analysis of operational data etc.

The highlights of the review of the literature are

e There are different approaches for identifying IT
investments, for assessing business performance and
for linking business performance to IT investments.

e There is a broad acceptance that Information
Technology investment needs to be treated as a
strategic investment and needs to be closely tied to
business strategy

e Since information technology impacts a business in
multiple direct and indirect ways and there are a wide
variety of ways in which investments in IT systems can
be carried out, it is a complex exercise to isolate these
benefits and link them to specific IT investments.
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e The variety of methodology developed by different
researchers is generally context driven each one
with its strengths and limitations.

e |t is not prudent to pick one methodology and apply
it to another situation and it is evident that it is
impossible to choose one method which can be
directly used in the context of this research.

e |t is critical to use the lessons from the different
research work / models/methodology and adopt
them to this research work with context driven
modifications, instead of using any of them directly.

e There are a variety of information technology
measures available, each addressing different
measures of IT business value and many of them
generic in nature and can be adopted easily for this
research work.

e There is no comprehensive research or methodology
or careful investigation of how IT investments need
to be carried out and how to assess their impact
on the business performance of power generation
companies.

e There are multiple ways in which a power generation
company can make IT investments and the broad
trend is to use enterprise resource planning (ERP)
solutions which offer centralization and integration
of business processes at its core value proposition.

Research Objectives

Based on this assessment of the status of IT in the Indian
power sector and the critical operational requirements
of the power generation companies in India, the
research is aimed to analyze the different elements that
will lead to the improvements in the performance of the
power generation sector. The following objectives were
set for the research study

e To identify the different types of investments
in information technology by power generation
companies

e To analyze the trends in information technology

e To examine the specific areas of performance
which are influenced by the adoption of information
technology
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Some of key activities envisaged in the beginning and
executed as part of the research were

e Reviewing the literature on this topic in a systematic
fashion and developing framework/models for the
research study

e Formulation of hypothesis for the research study

e Application of the frameworks and models to
analyze the above mentioned objectives and test the
hypothesis

e (Gathering data through questionnaire and field
study against different parameters envisaged in the
framewaork/model and testing the hypothesis

e Analyzing the data and the findings and formulating
the conclusions and recommendations

The research was envisaged to be a case study based
exercise. The focus of the research has been detailed
assessment of the impact of IT investments on the
operations of Karnataka Power Corporation Limited
(KPCL)—the state owned power generation organization
in the state of Karnataka. KPCL was selected as the unit
of study based on the following considerations

e Diversity of operations in terms of nature of power
generations — it operates hydro electric, coal and
diesel based thermal and wind energy stations

e |arge scale operations in terms of installed capacity

e Distributed organization with operations at multiple
locations

e Maturity in adoption of Information Technology —
has been computerizing its operations since last two
decades and has automated many of its operations

While investigating the operations of KPCL against the
above mentioned objectives, the critical step has been
assessing through careful review of published literature
on what has been done by different researchers. The
focus of the literature review has been to understand

e \What constitutes
Technology?

investment in  Information

e How are benefits of Information Technology

measured by different industries?
e How do companies link the benefits to investments?
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e \What are the specific operational parameters against
which businesses measure benefits of information
technology?

¢ \What are the operational parameters against which
power generation companies measure their business
performance?

e \What are the frameworks used by management
for decision making while investing in Information
Technology?

Methodology

The methodology developed for the research study
based on the survey of literature consisted of two hasic
streams of assessment. It consisted of development of
questionnaire and data collection formats and analyzing
them to assess the relationship between Information
Technology investments and business performance.

e User Perspective: The structured survey of users of
the Information Technology systems users to find out
the impact on performance as perceived by them.
This is the qualitative aspect of the research study.

e Business Results: Collection and analysis of the data
on performance of the organization over the years on
different parameters and assessing their relationship
to Information Technology investments. This is the
data driven assessment of the performance. The data
on business performance is used for this purpose.

The reason for this two pronged approach to assess
the impact of Information Technology on the business
performance of KPCL are

1. Since the IT investments are gradual, it is likely that
the T investments would not have given any dramatic
or clearly visible change in business performance
over a very short period of time.

2.Since a large of employees have been in the
organization for a long period and have firsthand
experience of seeing the changes in business
performance over a period of time and are in a
position to decipher the specific changes due to IT
investments, the user survey also has been used to
assess the impact of IT on business performance

The key activities carried out to address the research
objectives were

e [dentification and assessment of the IT investments
made by KPCL in different operational areas and the
nature of these IT systems

e Formulation of hypothesis based on the literature
survey on the impact of IT systems on the performance
of KPCL

e Assessment of the performance of KPCL using the
user perspective framework

e Assessment of the performance of KPCL using the
business results framewaork

e Analysis of the results and Correlation of the results
of the two approaches

e Formulation of key research findings and

recommendations for further actions.

Productivity

IT Investment

Performance

Information
Technology
Usage

IT Usefulness

Quality
Management

Individual
Characteristics

Project
Management

Fig 1: Framework of the research
Source: author

This research study intends to find answers to these
questions in a systematic fashion by developing
frameworks as indicated in the figure 1, gathering data,
analyzing them and formulating the conclusions based
on data and research findings.

Adoption of multiple sources of data validated research
conclusions and confirmed the subjective perceptions.
Multiple measures to understand the impact of
information technology are: Analysis of actual data,
Analysis of the perceived data and Observation and
Interview of the respondents.

The methodology to assess business performance
based on the user perspective consisted of

e |dentification of the functional areas of KPCL using IT
systems
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e Formulation questionnaire based on the research
hypothesis — both open ended and closed ended
questionnaire

e Pilot test of the questionnaire in select location and
with select respondents to assess the relevance and
practicability of the questionnaire and refinement of
the questionnaire based on the feedback.

e |dentification of key executives of KPCL who are
the users or key beneficiaries or key persons within
the business processes automated by IT systems.
Identification of the respondents in terms of rank,
functional area and location.

e Development and administration of questionnaire to
get their feedback /perception on the impact of IT on
business performance

e Analysis of the results of questionnaire and the
results of the feedback to build correlation on the
impact of IT on business performance of KPCL.

The approach to assess business performance based
on the analysis of the business results consisted of

e |dentification of the functional areas of KPCL using IT
systems

e |dentification of business parameters of a power
generation company which are likely to be influenced
by these business processes.

e (ollection of data on the actual business performance
of KPCL against these values. This study included
study of secondary data for selected years (1990-
2010).

e Analysis of the data on business performance and
establishing the correlation between the results and
IT investments.

KPCL with its inception in 1970 set its sight on “growth
from within” for meeting growing industry needs and
reaching out to touch the lives of a common man.
The organization is a technical IT savvy power sector
company among the public sector.

e KPCL has been making IT investments over a period
of time. The investments have been gradual since
the inception of KPCL in terms of the technology
platform, coverage of business processes, degree of
automation and adoption by users. The investment
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pattern indicated the implementation of technology
was gradual. For example some of the time lines for
different IT systems are

¢ 1993- Renewal of Fuel management Systems
® 1996- Operation of VSAT Connectivity.

e 2005- On-line Processing of Applications.

e 2010- Using CAD 2010 Version

e A large number of key executives who are either
beneficiaries or the direct users of the IT systems
have been long term employees of the organization
and have seen the growth and spread of IT systems
over this period. More than 70% of the key users
have spent more than thirty years in the organization.

KPCL has made investments in developing and
deploying different Information Technology solutions.
The key investments in IT systems are in the following
areas

Systems for operations: Fuel Management System,
Integrated Stores and Inventory Management System,
Unit Generation Monitoring System, Project Generation
Monitoring System, Plant Monitoring System

Systems for managing the finance: Cash &
Compilation Management System, Fixed Asset
Management System, Stores Accounting System, Bank
Guarantee System, Provident Fund System

Systems for support activities/functions: Human
Resource Management System, Hospital Management
System, In-house Training system, Disciplinary
Proceedings system.

Some of the key characteristics of the Information
technology systems at KPCL are

e The systems cover both core operations and support
functions

e Most of the activities at the corporate office are
automated

¢ Most of the senior executives are active users of IT
systems

¢ Most of the software solutions or modules are stand
alone solutions addressing the requirements of
specific business process
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e Most of the solutions are run centrally and accessed
by users in different locations through the network

e There a few software applications which are
designed to integrate the business processes like
the inventory management

e The usage of IT systems is not uniform across all the
different locations of KPCL

Based on the understanding of the operations of KPCL
and the assessment of the research literature in this
field, a set of hypothesis hypotheses were formulated
iteratively on the impact of IT on the performance
of KPCL. A set of variables based on literature were
identified to assess the performance of KPCL, these
were tested for applicability at KPCL and modified
based on the experience of using them at KPCL and the
final set of hypothesis was formulated.

Hypotheses

The hypotheses of this research study are on the
relationship between the investment / adoption of
Information Technology in managing the companies
in the power sector and the performance of these
companies. These hypotheses are applicable for both
the streams of research work — user perspective and
business results, and reconciled against each other for
final validation. Each of the final six hypotheses used
for the research work are investigated in detail using
a series of sub-hypotheses to explore the relationships
between IT investments and business performance.
The details of the sub hypothesis are the essence of
the framework used for this research work.

Using these hypotheses and the research framework,
this study identified the different types of investment in
Information Technology in KPCL, analyzed the trends in
the usage of Information Technology and examined the
specific areas of performance which has been impacted
by Information Technology and the areas that can be
improved by the better, more or increased adoption of
Information Technology.

The hypotheses used for the research work are:

H1: IT usage/investment has enabled the
productivity of the organization.

H2: IT usage/investment has enhanced

performance of the organization.

H3: Usage/Investment of IT has resulted in quality
management.

H4: IT usage/investment has resulted in project
management of the organization.

H5.: The benefits of IT varies by project location.

H6: Impact of information technology is moderate.
Research Framework

Some of key highlights of the research framework
developed and used for the research work are:

Dimensions and Variables

e The parameters are identified from the review of
literature, and refined iteratively by testing them in
the field at KPCL

e The spread or investments in Information Technology
(IT) are measured by dimensions like IT investment,
IT usefulness, Individual Characteristic and
Organizational Characteristics.

e The impact of Information Technology on business
performance of KPCL are measured using multiple
dimensions like Productivity, Performance, Quality
of operations and Project Management performance

e The Productivity Dimension has been elaborated
by using multiple parameters like Operational
Productivity, Operational  Quality ~ Productivity,
Strategic Productivity, Financial Productivity and
Maintenance Productivity.

e Variables included for measuring the Performance
Dimensions are Strategic measure, Organizational
Support, Communication, Management Benefit and
Performance Benefits Measures.

e Parameters considered for measuring the Project
Management are Integration  Management,
Scope Management, Time Management, Cost
Management, Quality Management, Human Resource
Management, Communications Management, Risk
Management and Procurement Management.

e The information and data of KPCL on many
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measurable and recorded parameters are used to
assess the business performance and validate them
against the user perspectives.

Key Activities using the user perspective model

The key activities carried out as a part of the research
work to assess the impact of Information Technology
on the performance of KPCL using the user perspective
model.

e Development and administration of questionnaires
consisting of 153 open ended and closed ended
questions. These questionnaire reflect the hypothesis
and research framework developed based on the
literature review

e The framework of the questionnaire included the
dimensions and measures of the dimensions for
information technology usage.

e Based on the understanding of the IT systems
of KPCL the sample of persons to administer the
questionnaire is taken from corporate, middle level
and operational level. Stratified random sampling is
used

® In an attempt to understand the impact over the
years, the study included years of experience in the
organization as one measure. 73% of respondents
have 30 years of experience in the organization (20-
29 years- 39% and 30-40- 34%).

e The sample indicated respondents who have
understood the issues and problems of information
technology, individuals who have experienced the
real-life event in the organization

e As many as 137 Sample were taken which included
70 from Bangalore, 20 from Sharavathi generating
Station, 19 from Raichur Thermal Power Station ,
7 from the Yelahanka diesel generating unit and 21
from Varahi Underground Generating Station.

e All the functional departments were part of the
research investigation. Among the respondents, 49%
are engineers, 12% are assistant engineers,10%
are systems analysts, 15% are human resource
personnel, 7% are Operation & maintenance
personnel and 7% are accounts personnel.

e Four semi-structured interviews and discussions with
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Functional heads of F&A (Finance and Accounts), HR
(Human Resource), System Analysts and Company
Secretary were carried out.

e The response to the questionnaire were compiled
and analyzed using statistical analysis tool like SPSS

e All of the multi-scale constructs have coefficients of
0.7 and higher, indicating all the constructs has good
reliability.

e (Other than administering the questionnaire among
the key stake holders, the research activity also
included visit to the different operational units to
meet and interview the users of IT systems.

e |t also included study of the operations of the
organization at Sharavathi Generating Station,
Raichur Thermal Power Station, Varahi Underground
Generating Station and Diesel generating Station
during the year 2010.

e As a part of the assessment of the operations, the
stake holders among Operations and Maintenance
Engineers, Stores and Purchase Personnel, Executive
Engineers, Functional Heads (Finance and HR),
Assistant Engineer and Junior Engineers were
interviewed.

e The site visit also focused on seeing the actual usage
of the IT systems in the different operations of the
organization.

Validity of the Research

Reliability and validity of the survey instrument is
tested in terms of face validity (if the questions seem
to measure what they purport to), content validity and
reliability. On recommended by several researchers,
multi-item scale were used. Multi-item scale can better
specify the construct domain, average uniqueness of
individual items, make fine distinctions between people
and have high reliability. The five dimensions and the
variables used multi-item scale.

Face Validity: Face validity provides a basic support
for the appearance of measurement and variables. The
survey research achieves face validity because its use
of factors for the measurement in Power Sector are
verified by pilot study by KPCL Experts.
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Content Validity: Content Validity which measures
the appropriateness of items in the construct domain.
This is achieved in this research from referent literature
or via “a panel of experts who are well versed with the
domain”.

Reliability: The reliahility relates to the consistency
and stability of a test. Reliabilities (Cronbach’s a Ipha
coefficients) were calculated and shown in table 1). All
of the 16 multi—scale constructs used have coefficients
of 0.7 and higher- indicating all the constructs have
good reliability. (Nunnaly, 1994).

Std | Cronbach's

Group Name Mean | Variance deviation | Alpha
Operational 20006 | 1686 | 411 | 0773
Productivity

g"a'”tef.‘a.”ce 33462 | 4599 | 678 | 0863
roductivity

Financial

Productiy 4799 | 4696 | 685 0.874
Operational quality

Productiviy 28710 | 2082 | 456 0.790
Strategic 25050 | 1652 | 406 0.846
Productivity

E?”O’"‘?”CE 27 | 1773 | 421 | 0816
Imension

Total Quality

Venagenen 88.731 | 16411 | 1281 | 0805
:\j'tegrat'on 12688 | 502 | 224 | 0831
anagement

Scope Management | 1659 | 9.42 3.07 0916

Time Management | 8.1042 | 2.30 1.52 0.845
Cost Management | 29.136 | 28.88 537 0.924
Quality 825 | 288 | 170 | 0913
Management

THR Management | 12.240 | 6.77 260 0.806
Project

Communication 20457 | 1771 Al 0.888
Management

Froject ik 15188 | 1426 | 400 | 0801
Management

Project

Procurement 514111 7270 8.53 0.945
Management

Table 1.0: Reliahility Statistics

Key Activities using the Business Results model:
These activities carried out as a part of the research
work to assess the impact of Information Technology
on the performance of KPCL using the business results
model.

e Based on the hypothesis and the research framework
a list of parameters to assess business performance
are identified

e The list is of parameters is modified using the
filters like availability of information, mechanisms to
measure them and the usage of IT systems by the
underlying processes of KPCL.

e The timelines and period to collect the data is
formulated based on the years of introduction of IT
systems in the underlying business process.

e Formats are prepared and refined based on field
experience to collect the data and information.

e The information and data collected are analyzed
using statistical tools like SPSS.

e Some of the key parameters used for assessing the
performance of the business were - [T Expenditure,
Cost of Power generation, Inventory carrying costs,
Sales Income, Profit after tax, 0 & M Expenses,
Generation data, Plant Maintenance Information,
Peak electric load, Capacity Addition, Plant Load
factor over the years.

Research Tools Used

The study used arithmetic mean to represent the
population. The variations are measured by standard
deviation, skewness and kurtosis. The study involves
establishing the relation between business benefits
and IT usage and investment. Pearson coefficient is
used to measure the magnitude of relationship.

Pearson Correlation- Is used for evaluating the
relationship between

e Connect time and frequency of usage as the
independent parameter and business-benefits as
dependent parameter.

® |nvestment in expenditure in computers, peripheral
equipments and  financial  performance  as
independent parameter and business results as
dependent parameter.
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ANOVA- Having understood the
relationship, ANQOVA is used to
understand the variations in usage of IT
usage in project locations of KPCL.

Mean-Mean is the most popular and
widely used measure for representing
the central tendency of the data.

Standard Deviation- Standard
deviation is used for measuring the
variation.

Skewness-Dispersion measures the
lack of symmetry. It is measured by Karl
Pearson’s coefficient of skewness. In
practice, the value of this coefficient lies
between -1 to +1.

Kurtosis: Dispersion is measured by
kurtosis.

Multiple Regression Analysis- The
aggregate impact of IT investments on
predicted variables such as sales, Profit
After tax, Earnings Per Share, Value of
failures and Plant Load Factor is done
using multiple regression analysis.
The impact of IT usage on business
benefits are also conducted to establish
the relation between IT usage and
performance.

Execution of the Research

The research design adopted for this
study provides the development of an
inductive and deductive understanding of
impact of information technology in KPCL.
The data collection for this research
commenced in December, 2009 and was
completed at the end of December 2010.
The research design as indicated in figure
2. SPSS base 16 is used to analyse issues
such as cross-tabulation, descriptive,
reliability and analysis of the hypotheses.
Microsoft Excel is used for cause and
Effect analysis.
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Fig 2: Systematic Description of Research Design and Methodology
Source: Author

Major Findings of the Research

The results of statistical analysis of the performance of KPCL impacted
by Information Technology are

e Financial Productivity - Financial system packages in KPCL have
helped the organization in reconciliation of accounting transaction,
faster preparation of half yearly and yearly financial statements,
Understanding of operational costs, understanding of waorking
account payable and better management of account receivable.

e Strategic Productivity - [T applications have increased the value
addition for the organization, organizational capability for process
innovation and increased the organizational flexibility.

e Operational Productivity - IT Systems have enabled better
visibility of inventory, Better management of material procurement,
better vendor management and vendor performance rating and
reduced marginal cost of production.
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Operational Quality Productivity - IT applications
in KPCL have resulted in efficient human deployment,
greater communicative capability and better training
using presentation packages.

Maintenance Productivity - The use of IT has
resulted in preventive maintenance of plants/
machinery, improved management of breakdown
of plants, improved management of maintenance
of inventory and improved the uptime of plants/
machinery.

Performance - IT usage has resulted in better
performance of the organization. It has contributed
to the better achievement of strategic goal and
better employee satisfaction.

Total Quality Management - IT systems in KPCL
has resulted in clarity of work and better instruction
of work, which enhanced the quality of the process.

Project Management - Use of IT has resulted in
integrating the project plan for a coherent document,
better identification of tasks and better management
of contracts.

e The usage of IT varies in different project locations.
IT usage across the dimensions like maintenance
productivity, performance, quality, project scope
management, time management, cost management,
project quality and project risk varies.

Business Results based on secondary data —
Statistical analysis confirmed that lower inventory
carrying costs, increased sales income, higher plant
load factor, higher generation performance have
resulted by the investment in IT.

Correlation with the business benefits -
Regression analysis conducted before and after
2000 (1991-2000 and 2000-2008) confirmed that
investment in IT has made an impact on sales, PAT,
EPS and PLF. However, evidence available shows that
there is no significance in terms of capacity addition.
Hence, the critical parameters connected with KPCL
are statistically positive and having a significant
relationship.

in KPCL has resulted in enhancing the productivity.
Performance, total quality management and Project
management

e The results of the study indicated that the perception
of the benefits of usage of IT in KPCL is more in terms
of value-addition and validation.

e Most of the IT systems in KPCL are stand alone
systems, covering the specific activities related to
one or two functional areas.

e KPCL has invested in building an organization
wide network to connect the computers across the
organization and connect the different users located
in different places to use the same IT systems. KPCL
has adopted an approach of building or developing
the IT systems as demanded by the business
requirements.

e The interview with the respondents showed that the
KPCL invested in information technology based on
the need.

e The public sector organization like KPCL has its own
limitation / obligations which any kind of technology
requires time to resolve.

e A combination of custom in-house applications,
packaged software and stand alone applications
built by the user has resulted in poor integration and
visibility of the information.

e Service Provider's presence in not well in more
remote locations which has resulted in lesser usage
of IT in real time.

e KPCL diversified investments in IT based on the needs
of the business over the years, hence, the impact of IT
over the years were studied instead of any cutoff years.

e Because of certain constraints of the sector, the
solutions deployed and the internal systems, the
complete potentials or possibilities of IT are not
completely harnessed by the power generation
company.

Interpretation of the results of analysis and
observations

® Results show that financial system packages in KPCL

Research findings based on observations have helped the organization by providing support for

e The general conclusion has been that usage of IT the financial planning, budgeting and monitoring.

40 DHARANA - International Journal from MPBIM - Associate : BHARATIYA VIDYA BHAVAN



e At the project level, information systems have
helped in managing the uniformity across the units.
It has helped in better visibility, faster operation and
reduced the cost of procurement of material.

e The information technology has helped in secured
and reliable transfer of information across business
units to the head quarters. In a couple of places the
deployment of real time systems like SCADA are
found to be effective in decision making on power
generation related activities.

IT applications in KPCL have resulted in efficient
human resource deployment. In addition, greater
communicative ability allowed businesses to
interact with others via simple tools such as email or
advanced tools such as video conferencing.

Storing maintenance information is vital for power
generation utility. For example, power utility run by
diesel fuel needs maintenance every 8 months. KPCL
does not use any specialized packages for processing
operation and maintenance information. Also at the
plant level all the tripping outage and generation
information is stored in Excel or log book.

e Themaintenance of spare parts ensures uninterrupted
production. Replenishing the inventory can be done
through different ways of computer supported
approaches such as decision support system, off the
shelf packages etc.

IT usage has resulted in effective inventory
management by providing the visibility of inventory
information to the other stake holders who need
to use the inventory. Inventory visibility allows
companies to be informed about their inventory
in order to make the effective supply chain. By
capturing, aggregating and providing visibility to
inventory quantities throughout the stores, optimum
inventory level is maintained across the units.

InKPCL, packageslikelIMShasresultedinreducingthe
material procurement cost. According to Operations
and Maintenance staff “Systematic procurement
of the materials has resulted in analyzing and co-
ordinating of materials among all the departments.”.
As per the orders of the Government of Karnataka,
E-procurement is mandatory for buying goods or
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services of an amount larger than rupees ten lakhs.
This service is being used in different locations in
KPCL very effectively.

FMS, IIMS and Stores Accounting systems are widely
used both in Bangalore office and project locations
for storing vendor details. While FMS, keeps account
of coal suppliers. Stores Accounting System keeps
accounts of other suppliers, calculates the payment
details etc.

It is found that usage of application systems such
as integrated inventory management system in
stores have made the analysis of need based
material better. This in turn resulted in systematic
procurement, which in turn resulted in reduced total
costs.

Further, payment details are maintained in better
manner, which has helped the organization to meet
the objectives.

Better Process Design, Better employee satisfaction,
Increased level of decision making capability, better
user satisfaction and reduction in the shortage of
coal, better process design etc. are evident in certain
pockets of the organizations.

In order to understand the variation in the usage
of information technology, ANOVA was conducted.
The results showed that impact of information
technology, which is measured by frequency of
information technology usage and connect time
is not uniform across the organization. In KPCL,
applications such as CAD, STADD, FMS are widely
used tools in certain locations. And also, usage of
routine IT tools such as Internet access, e-mail and
collaboration tool such as video conferencing is not
uniform because of certain technical reasons.

Power generation is done in KPCL using hydel,
Thermal, wind and solar PV projects. For Power
generation using thermal the usage of IT is
comparatively more than hydro projects.

It is also evident there has been a steady increase in
the investment in IT systems, indicating the reliance
of the utility on IT to improve the efficiency and
effectiveness in the operations of KPCL.
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e The impact of the IT systems on the performance of
KPCL are due to following key characteristics of the
[T systems.

e Automation of activities/data storage as seen in
fuel management system, integrated inventory
management system and cash and compilation
management system.

e (entralization of information within a functional
area as seen in human resource management
system, bank guarantee system or the provident
fund system.

e While the research results highlight moderate impact
of IT on business performance across many functional
areas, the variation in impact across different functional
areasisvisible when the IT systems are used to integrate
the business processes. The impact is average when
the IT systems are stand alone and vary when they are
not. A case in point is the process integration through
IT systems as seen in the fuel management system and
inventory management system.

e \While the coverage of IT usage is not uniform both in
terms of access and solution deployment, the impact
of the IT systems as per user perspective as well
as business results has been higher when there is
access and solution deployment.

e The critical impact of Information Technology other
than automation of processes is in facilitating
decision making. In the KPCL too the impact is seen
to be higher when the IT systems facilitate decision
making through provisioning of timely and accurate
analytical reports.

e The impact of [T systems is seen to be higher when the
adoption of IT is system is accompanies by redesign of
the underlying process or when the processes have
adopted best practices potential of IT systems.

e There are too many IT solutions and applications
deployed at KPCL, developed and deployed as per
the needs of respective business users. Whenever
the users have to use multiple sources of information
as dictated by the solutions, for decision making,
as against the integrated solutions, the impact of
[T systems on business performance seems to be
affected negatively.

Recommendations of the Study

Based on the analysis of results, understanding the
capability of the IT systems, need of the Power Sector
and global best practices the recommendations
are drawn by the researcher. To enable KPCL to
harness IT systems capability more effectively and to
generate greater value to its business the following
recommendations are formulated.

e Integration of business processes - The results
from various literatures indicates that integration of
processes gives greater benefits. There are instances
in KPCL itself where a combination of custom in-
house applications, packaged software and stand-
alone applications built by the user have resulted in
poor integration of the business processes and poor
visibility of the information. While automation is
perceived to be the key objective of deploying any
IT system, the integration of business processes
through IT is considered to be the next cycle of
investment. There are many areas where KPCL can
derive value by integrating the business processes.
Some of possible areas of integration of the business
processes through IT at KPCL are

e Integration of maintenance operations and asset
management.

e |ntegration of procurement with inventory and
vendor management.

e |ntegration of provident fund system with HR and
payroll processes.

e Integration of project management with asset
management and with finance systems.

e |ntegration of payroll, inventory, accounts payable
and asset management with finance.

e Expansion of coverage: While integration of
business processes and the IT systems facilitate
centralization of data and information, expansion of
coverage intends to bring more users and geographical
locations of the organization into the IT fold. When
the IT systems are expanded to cover more users
and geographical locations, business value is derived
through — user control of data, Elimination of multiple
sources of data entry, increase in the accuracy and
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reliability of the data. The underlying theme for
expansion should be to provide access to users who
generate and use the data. Some of possible areas
where expansion of the IT systems makes significant
sense in the case of KPCL are

e Expansion of Human resource Information system
to all the employees such that some of the key
information about the employees is entered and
owned by the respective employees.

e Expanding the vendor management system to the
vendors such that some of the information about
the vendors is entered and maintained by the
respective vendors themselves.

e Another dimension of expansion is to bring in the
locations of the actual business activities into the
system like for example expanding the project
management system to all the project locations
and thereby all the people involved in project
management.

Analytical Enhancement - Other than process
automation and business process integration, the
key objective of building any information technology
system within a commercial organization is to
facilitate informed decision making. While expansion
and integration increase the possibilities of data
analysis, building analytical capabilities itself should
be one of the key drivers of IT investments. KPCL has
built some basic analytical capabilities into most of
the systems deployed in the organization. The typical
outputs of these analyses will be used mainly by
the respective functional users for decision making
within their own functional areas. It is recommended
that analytical capabilities are expanded to multiple
functional areas.

Application Rationalization - Application
rationalization or the rationalization of IT applications,
is one of the approaches to address this set of
issues. Although it is not the intended objective of
the research, it is recommended that KPCL should
seriously explore the possibilities of using this
technique for the following reasons

e There are multiple applications in the organization

e These applications are built over a period of time
with all the likelihood of some of them being
already on outdated platforms or technology.

e \With most of the applications being developed
in-house and undergoing incremental changes as
demanded by the business users, it is very likely
that these applications would have been heavily
depended on a few developers or IT executives.

Policy for standardization - as the footprint
of the Information Technology systems increases
within an organization and the number of users of
the IT systems increases, it is critical to formulate
standards policies for IT systems — development,
deployment and usage. A close look at the role of
Information Technology in KPCL, prompts to make
some suggestions to this effect. Some of the possible
areas are

e Data security, information security and accessibility
to organizational data.

e Standardization  for  technology  platforms,
interfaces between different applications for
data/information exchange to reduce multiplicity
of platforms and non standard interfaces.

¢ Development of organizational wide mechanisms
to measure business benefits and standardize the
policies for information technology investments.

ERP Adoption: \Wherever the current architecture of
IT systems enable integration, that can be attempted,
but the better way for KPCL will be to evaluate the
possibilities of deploying integrated systems like
ERPs. The key reasons for this are

¢ ERPswould offer builtin capabilities for integrating
business processes.

e The centralization of data can be easily achieved.

e The ERP platform would offer the technology
standardization possibilities.

e Some of the globally popular ERP solutions bring in
the advantages of best practices in many different
process like costing, inventory management, HR,
plant maintenance, etc.

The final outcome of the research is development of

built on different platform and catering to different
P J the conceptual model for the deployment of information

user requirements.
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technology solutions in Power generation Companies. The
IT deployment madel is formulated by using

e The strategic requirements of power generation
companies.

e The operational requirements of power generation
companies.

e The strategic and operational challenges facing the
poOwer generation companies.

e The possible process and functional areas of power
generation companies which can be redesigned or
automated using IT systems.

e Key characteristics of IT systems which has the
potential to enhance the impact on the performance of
POWer generation companies.

e The knowledge of the functional processes of power
generation companies and their influence on the overall
performance of the enterprise.

e The understanding of the possibilities of deployment of
IT systems in power generation companies.

The constraints of implementing enterprise wide IT systems
in power generation companies. The [T deployment
model, is developed by understanding the typical business
requirements of the IT systems to positively influence
strategic and operational requirements of business
organizations. These are mapped into the four quadrants
as shown in the figure 3. The four grid model indicates the
relationship between operational excellence and strategic
excellence are developed.

e Strategic Alignment - Achieving strategic excellence
by crafting innovative strategies and backing them with
excellence in operations as well.

¢ Planning, Measurement and Analysis - Developing
creative and rigorous business plans based on the
measurement and external business performance,
market positions etc.

e Operations and IT Systems - Focusing on improving
the operational performance of the enterprise by
excellent management techniques or deployment
of IT systems for facilitating effective operations
management.

¢ Performance  Improvement in  business

Effectiveness - Deployment of continuous
improvement in operational activities.
IT systems

o B < |IT systems for o
L 2'l  Planning :
% T Strategic
= Measurement Alignment
5 Ak
s}
on
a - IT systems for
| § Operational | be formance
n IT systems improvement

Low High

Operational Excellence

Figure 3: IT Deployment Model
Source: author

The next step involved understanding the business
requirement of the Indian Power generation companies,
which is a combination of strategic requirement and
operational requirement.

Strategic requirements are derived by having an
understanding of the industry drivers, industry structure
and the strategic focus of the power generation
systems. Some of the factors driving the Indian
Generation sector are rapid growth and expansion,
growth rate, complex projects with multiple partners,
major gap between demand and supply etc. Industry
structure is analyzed by Porter’s five forces model and
Strategic focus involves focus on business process
design, organizational structure and processes,
sustainability through environmental management
practices etc. Operational IT requirement of Indian
Power Generation are asset management, capacity
management, manpower deployment and management
of quality of operations.

Using this understanding, finally the IT deployment
model is formulated. This model intended to address
the following questions

e Deployment Strategy — What [T systems should be
deployed for achieving different business objectives
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e Deployment Approach — How the IT systems should be
deployed in terms of coverage, processes and approach.

e Deployment Phasing — When the different IT systems
should be deployed in terms of what should come
first and what next.

The following are the IT systems which will impact the
strategy of the organization:

e Power Corporations focusing on  Strategic
Alignment need to focus on activities such as
Redesigning the organizational functions and tasks,
Managing effective capacity Utilization, Ensuring
right engineering, Business focus, Productivity
Improvement.

e (perations focusing utilities must focus on activities
such as effective deployment of man power,
Knowledge Management, Operations Practices
Enhancement, Capital Budgeting, management
Information Systems, Plant Operations etc.

e The focus of Performance Improvement Systems
are looked from the Key Process Indicator s (KPI) of
financial, operational, Customer and employment
concern and employee and Training Perspective
(Kaplan & Norton). Accordingly, the corporations
can have measures such as operational expenses,
maintenance cost, fuel cost, Percentage increase in
production capacity, Percentage increase in capacity
utilization, number of regular penalties, number
of injury accidents, number of employee benefits
available.

e Planning, Measurement and Analysis systems
include having MIS system in place, integrated MIS
Policy, MIS interface with digital control system,
management of regulatory requirements etc.

The following are the limitations of the Research:

e \When developing the framework, several important
external factors influencing the IT investments such
as policy changes in the government, initiatives by
external stakeholders were identified.. These factors
were not considered.

e The weights agreed on for measures of IT business-
value may change when the IT adoption changes
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¢ As indicated by Clemons,1991, user adoption, future
benefits and competitive impact are difficult to
forecast based on the information technology usage.

e Even though IT investments are happening from the
inception of KPCL, the data on business performance
over select period has been taken for analysis to find
out the trends over a period of time. However, similar
approach have been used by researchers of the IT
impact study.

Scope for further research

The power sector unlike many other sectors has very
strong operational linkages between the upstream and
downstream players in terms of potential to influence
the performance of other entities in the value chain.
The transmission company operations have strong
operational linkages to influence the operational
performance of the generation company as well as
the distribution company. Similarly the performance of
the generation company and the distribution company
has strong potential to impact the other two entities.
This linkage is reflected in the IT investments as well.
For example the IT systems for managing the load and
maintenance schedules of a power generation company
will be more effective if it has linkages with the IT
systems of transmission and generation companies to
understand the demand and load patterns. Hence, the
research highlights how each of the research outputs
can be used in these companies and makes the IT
investment impact the business operations of power
transmission and distribution companies.

Conclusion

The major contribution of the research is the formulation
of a methodology that would facilitate to measure the
impact of IT on business performance. It also provides
a practical management tool to address the question of
assessing the business performance in a power sector
using IT. The research highlights certain key issues
that require managerial attention for subsequent
action. Finally, it provides an IT deployment model for
future investments in power generation.

To conclude, this study has endeavored to contribute
to the growth of knowledge by understanding the
IT systems in Power generation organizations and
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developed an IT deployment model for further research.
The main objective of the research was to understand
the IT systems in KPCL, which involved developing a
framework for measuring the IT systems and propose
areas for improvement. The impact model developed for
Power Generation sector is comprehensive, accurate
and holistic, which will address the IT usage and IT
investment questions and gives value-proposition to
Power generation systems.
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