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ABSTRACT

Infrastructure development is a dynamic process; it is multidisciplinary in nature and
involves various resources. With the continuous increase in the power demand, there is an
inevitable requirement of increasing the supply of power to reduce this demand supply
gap.

Almost 70 percent of thermal power plants in India were set up during the late nineties
and have been facing the problems of declining efficiency and as recommended by the
Central Electricity Authority of India (CEA, 2016) are due for renovation and
modernization (R&M). Based on the R&M programme of the Government of India (Gol),
CEA in 2013 found units with 36,000 MW of capacity to be over 25 years old, which
should either be renovated or retired. In the National Perspective Plan of the CEA under
the 12" five-year plan, R&M works for 65 units were identified amounting to
approximately 17000 MW. However, the investors and utilities faced many challenges
during the planning and implementation of these projects that derailed the objectives of
the project and as a result, only 37% of the projects were actually completed on time
(CEA 2013). Even though R&M projects were initiated in the mid-nineties and were
successful in improving plant efficiency, the actual implementation has not been
satisfactory and the reasons for such unsatisfactory performance have not been reported
anywhere nor seem to have been documented. Various studies carried out in the past have
highlighted one common concern of the poor and deteriorating efficiencies of the thermal
power plants in India. However, none of these studies could provide solutions to improve
efficiencies of the plants or even check reasons for such deterioration thereof. This
motivated the researcher to take up the study in the area of R&M of existing thermal

power plants in India.



The aim of the research was to develop a risk management framework to ensure effective
implementation of R&M projects, which would act as a tool for utilities, to plan such
projects in an efficient manner and ultimately lead to an increase in efficiency of thermal
power plants. The research also aimed at generating some standard guidelines for
managing the risks identified for ensuring better implementation of the R&M projects in

India.

The research included the study of 35 operational thermal power plants, which have
undergone R&M at different stages of their life. The study period considered was of ten
years between 2006-2016. The Malmquist Productivity Index (MPI) technique of Data
Envelopment Analysis (DEA) was used to carry out an efficiency study. The study
revealed that even though the overall plant productivity was declining over the ten year
time period (2006-2016), the change in the technology/R&M in these plants over the
years has contributed positively in enhancement of the plant efficiency. A questionnaire
survey and factor analysis approach was therefore undertaken to identify the key risks
associated with the implementation of R&M projects in India. Six key risks significantly
affecting the rate of implementation of R&M projects in India were identified which
included contractual risks; funding risks; planning risks; regulatory risks; market related
risks and manpower related risks. In the study 3 out of 6 risks were found to be the most
significant, these are namely, the contractual risks, planning risks, and manpower related
risks.

These risk factors were then taken up for further analysis and preparation of the risk
model using structural equation modelling (SEM) to help the utilities and other
stakeholders to understand the interdependencies of risks and their cumulative impact on
the rate of implementation of R&M projects. The study also develops strategies for

dealing with the key risks associated with implementation of R&M projects in India.



A case study approach was adopted to capture the experiences of various stakeholders
and to understand their concerns, challenges and success strategies while planning,
managing & implementing R&M projects at national & international level through which
the industry best practices were identified. Meetings and consultations with stakeholders
were also conducted for formulation of strategies. These industry best practices were
taken forward to develop a strategic framework for better implementation of R&M
projects, which was subsequently validated by the industry experts before it could be
recommended for use. As a result, the study establishes the significance of R&M in the
life span of a thermal power plant and its impact on plant efficiency and identifies the
major risks faced by various stakeholders during planning and implementation of R&M
projects in India. The proposed interdependency risk management model is a significant
outcome of the study, which can act as a guideline for various stakeholders for proactive
planning for project risks associated with R&M projects in India. Furthermore, the
strategic framework for timely mitigation of risks associated with effective planning,
management and implementation of R&M projects is a unique contribution made by this

study to help utilities effortlessly manage such projects.

Key Words: Thermal power plants, Renovation & Modernization, technological

efficiency, Total productivity factor, risk management, strategic framework
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GLOSSARY

AUXILIARY POWER CONSUMPTION: The amount of energy, which is consumed

by auxiliary equipment of the generating units.

COAL BASED THERMAL POWER PLANT: Plants, which produce electricity by
burning coal in a boiler to produce steam. The steam produced, flows into a turbine,

which spins a generator to create electricity.

COMPETITIVE BIDDING:A transparent process adopted by different authorities for
engineering, procurement and services by inviting bids for the project by open
advertisements covering the entire scope and specifications required for the project, and

the terms and conditions based on which the bids shall be evaluated.

CONSTANT RETURNS TO SCALE (CRS): A scale used in data envelopment
analysis (DEA) which indicates if an increase in inputs results in a proportionate increase

in the output levels or not.

EFFICIENCY: The ratio between the maximum amounts of output that can be produced

by a minimum amount of inputs.

GENERATING STATION means any station for generating electricity, including any
building and plant with step-up transformer, or a site intended to be used for a generating
station, and any building used for housing the operating staff of a generating station, and

where electricity is generated.

INFRASTRUCTURE PROJECT: The basic physical and organizational structures and

facilities needed for the operation of a society

XV



LIFE EXTENTION PROGRAM (LE): It is a major event in the life of a thermal power
station, as it envisages extension of life over a considerable period of time beyond its

designed life.

OPERATION & MAINTAINANCE (O&M): Planning of operation, performing daily
operations, plant maintenance, material and resource management and continual

improvement.

PLANT LOAD FACTORY (PLF): The ratio between the actual amount of energy
generated by a plant to the maximum possible energy that can be generated by the plant

working at its rated capacity and for duration of one complete year.

PANEL DATA: The multi-dimensional data frequently involving measurements over
time. Panel data contain observations of multiple phenomena obtained over multiple time

periods for the same firms or individuals.

PRODUCTIVITY The actual output per unit of input at a particular time.

PURE TECHNICAL EFFIEICENCY (pech): A measure of how the inputs and outputs

are being managed by the DMU/utility/owner.

RESIDUAL LIFE ASSESSMENT (RLA) A systematic study involving destructive and
non-destructive tests that help in revealing the remaining life of various critical

components of plants and equipment.

RENOVATIONS & MODERNIZATION (R&M): An activity of carrying out repairs,
refurbishments and replacement of defective equipment & components to extend the life
of the power plant by at least 20 years and to restore the performance parameters to equal

or better than the original design parameters.

XVi



TOTAL FACTOR PRODUCTIVITY CHANGE (tfpch): Measure of how much

productivity has grown or declined over a period of time.

VARIABLE RETURNS TO SCALE (VRS): A scale used in data envelopment analysis
(DEA) which estimates whether an increase or decrease in plant input or outputs results in

a proportional change in the outputs or inputs respectively.

SCALE EFFICIENCY (sech): A measure of the capacity of the DMU to optimize the
size of resources and the scale of production that will help in attaining the anticipated

design production level.
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