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Preface

During the past decade power generation has undergone several extremely significant
changes. These include deregulation of the electricity industry in many parts of the
world, with a greater focus on economic and financial concerns instead of purely
engineering issues. In conjunction with this, environmental matters are of increas-
ing interest, leading to an assessment of existing greenhouse gas emissions and the
exploitation of renewable energy sources. Additionally, combined cycle gas turbines
(CCGTs) have emerged as an extremely economic and efficient means of electric-
ity generation. Finally, many power plants have been retro-fitted with modern and
sophisticated, plant-wide instrumentation and control equipment. These computer-
based distribution control systems (DCSs) are intended to enhance regulation control
performance and more importantly provide a means for implementing supervisory
control/monitoring schemes.

These various considerations have led to significant changes in the philosophy
of how power stations are operated, while at the same time affording engineers the
opportunity to introduce monitoring and plant-wide control schemes which were pre-
viously infeasible. However, a distinction has largely arisen between those working
in the power and control oriented research communities, with centres of excellence
in scattered locations, and engineers engaged in power plant design, operation, con-
sultancy, etc. The objective of this book is to address this issue, through a number of
case studies, which illustrate how various methodologies can be applied to various
subsystems of power plant operation, or indeed introduced into the overall control
hierarchy. The case studies presented focus on what can feasibly be achieved with an
indication of the subsequent benefits of doing so, using results from live plant where
possible.

The level of the book makes it suitable for engineers working in the power gen-
eration industry who wish to gain an appreciation of the advances which have taken
place in this field within the research community. It should also provide a very use-
ful overview for new and experienced researchers working in this area. A number
of the contributions to this book arise from work carried out at, or in collaboration
with, universities and research institutions, while others benefit from the experience
of practitioners in the industry. A natural consequence of this is that a mixture of
viewpoints is offered, with a contrast between the use of academic and industrial
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terminology. The mathematical content of the book is sufficient to give an indication
of the underlying technologies, and the deficiencies of more traditional techniques,
with the reader directed to related work for further detail.

The text is split into three main parts covering, respectively, power plant simu-
lation, specific control applications and optimisation/monitoring of plant operations.
Chapter 1 provides a brief introduction to power plant fundamentals, outlining differ-
ent plant configurations, the control requirements of various loops, and the hardware
and instrumentation on which these systems are based. An essential aspect of investi-
gating and developing novel control and monitoring schemes is a detailed simulation
of the system in question. Chapter 2 illustrates how a complex power plant model
can be constructed using an object-oriented approach. The reader is introduced to the
Modelica modelling language, and issues such as testing and validation are discussed.

Part 2 (Control) comprises five contributions and forms a major part of the book.
A number of diverse applications are considered, and differing control strategies are
proposed and implemented. Chapter 3 investigates the highly complex problem of
both modelling and controlling pulverised fuel coal mills. Linear quadratic and predic-
tive control techniques are investigated, with a supervisory operator support system
introduced. Chapter 4 tackles the problem of excitation control of a synchronous
machine. Local model network and adaptive control-based approaches are exam-
ined in detail. Chapter 5 then examines steam temperature control of a once-through
boiler for both the evaporator and superheaters. Linear quadratic Gaussian, fuzzy
logic and predictive control schemes are applied, with the benefits of feedforward
action using suitable instrumentation strongly highlighted. Chapter 6 examines the
problem of controlling combined cycle plant. An objective function is defined based
on operational costs, and alternative hierarchical control configurations are exam-
ined. Finally, in this section, Chapter 7 explores the development of a multi-input
multi-output (MIMO) predictive controller sitting on top of the plant’s conventional
control systems to improve the overall plant’s capabilities.

Part 3 (Monitoring, optimisation and supervision) again comprises five contri-
butions, and demonstrates how the ability of distributed control systems to gather
plant-wide, real-time data can be constructively employed in a range of applications.
Chapter 8 introduces a sophisticated plant-wide, neurofuzzy control scheme with
feedback and feedforward actions to provide improved unit manoeuvrability and an
improved distribution of control tasks. Chapter 9 then focuses on the task of modelling
NO, emissions from a coal-fired power station. A grey-box modelling approach is
proposed, taking advantage of a priori knowledge of NO, formation mechanisms.
Chapter 10 introduces model-based approaches for fault detection of a high-pressure
heater line. Again grey-box identification, coupled with non-linear state estimation
techniques are considered, to aid fault diagnostics. Chapter 11 continues with an
examination of how the data stores which distributed control systems now offer can
be exploited for both fault identification and process monitoring activities. The part
concludes in Chapter 12 with an overview of a number of performance support and
monitoring applications that have been successfully applied to real plant, largely
based around a real-time expert system.
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The final part of the book highlights some possibilities and issues for the future.
Chapter 13 demonstrates how a physical model of a power plant can be integrated into
a predictive control strategy to provide enhanced unit control by recognising the true
system characteristics. Finally, Chapter 14 discusses some topics of concern including
the impact of age and maintenance requirements on existing units in an increasingly
competitive environment, and how technology is expanding the capabilities of modern
power plant.

The editor would like to take this opportunity to thank all the authors for their
contributions, and for their assistance in bringing together the final text. The support
and guidance from Roland Harwood and Wendy Hiles of the IEE has also been
most welcome. The editor also wishes to acknowledge the significant role played
in the creation of this work by Brian Hogg and Edwin Swidenbank in establishing
the Control of Power Systems research group at The Queen’s University of Belfast.
Finally, the advice and encouragement offered by Brendan Fox and NataSa Marta¢
from Queen’s has been greatly appreciated.

Damian Flynn
April 2003
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