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Summary

The history of automation and control of thermal processes is briefly described,
including the currently used technology. An overview is given on thermal processes,
involved parameters, and their characteristic structures in the process as well as in
models and control systems and over bus systems used. Finally, future developments are
mentioned.

1. Introduction

Automation has been used since the time of ancient Egypt and Greece (more than 2000
years ago). For instance automation was used to open the doors of temples. In order to
achieve this, a sacrificial fire was lit, increasing the temperature of the air in a vessel
below and displacing water from this storage vessel via a pipe to a container connected
by a chain drive to the doors.

When the fire was extinguished, the water was drawn back into the storage vessel and
the counterweights closed the doors (See Figure 1). The controller was the priest and, if
he wanted the doors to stay closed, he could for example make the fire sufficiently small
or locate it in the wrong place.
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One of the first and most famous controllers in the more recent technical history of
control systems is the centrifugal speed-controller for steam engines, invented and
patented in 1788 by James Watt. In 1868, Maxwell analyzed the stability of this
controller. It consists of two rotating pendulums connected by a link and driven by the
flywheel via a belt and gear. The centrifugal forces let the pendulums swing outside if
the speed is too high and via a lever a valve reduce the steam flow or vice versa in order
to control the speed of the engine.

Figure 1. Pneumatic opening of the doors of a temple by Heron of Alexandria
(Source: Schmidt, 1899)
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Figure 2. Centrifugal-speed controller for steam engines invented and patented in 1788
by James Watt

The actions of Watt’s controller change the steam flow from the boiler, and this in turn
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requires additional measures, such as changing the fuel and feed water flow, for safe
operation. Of course, in the time of James Watt an operator had to perform these
adjustments. In addition, the operator was responsible for maintenance and reports to
management about fuel and water consumption, unusual events, and so on. Even in the
early days of boilers and steam engines, however, safety valves were installed to avoid
boiler explosions caused, for example, by failure to adjust the fuel and feed water flow
to the steam flow consumed. We can already see three main issues of automation and
control of thermal processes:

o safety (especially to avoid explosions);

e the need for operating personnel, the numbers of whom can be reduced by added
controllers, thus reducing costs, resulting in a hierarchical automation and
control system; and

e information and management, including maintenance and nowadays
environmental issues.

Up to about the mid-1980s, the operating personnel mostly took care of the third issue,
but as the number of operational personnel was further reduced during the years
following, and information and management systems were revolutionized by the
widespread use of computers, this third issue and its relevance to automation and
control systems became increasingly important. This was additionally influenced by the
change from analog (mainly PID controllers) to digital and more sophisticated control
and automation systems (for example, multivariable control, system identification,
adaptive control, robust control, expert system based control, artificial neural network
based control, and fuzzy logic based control) including monitoring. This is described in
more detail in Steam Generators and Steam Distribution Networks and Automation and
Control of HVAC Systems.

As the integration of processes increases, both in the number of systems involved (using
also the possibilities provided by the Internet), and in time (that is, manufacturing,
operating, and dismantling), resulting in an increasingly more general exchange of
information (including the information about the system itself) among operators,
manufacturers, and other operators over the whole life-cycle, this last issue will become
more complex than everything before.

2. Thermal Processes
2.1. Plants
Three main types of thermal processes are used:

e Thermal power plants using fossil or nuclear fuels, biomass, solar energy, or the
geothermal heat of the earth, and so on, to produce steam, mechanical power,
and eventually electricity.

e Heating and cooling processes, air conditioning including district heating with
steam—or today, primarily hot water networks—using mainly the same heat
sources as mentioned above.
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e Heating and cooling of material flows with physical and/or chemical processes,
for example, in the chemical, ceramic, or steel industry, using hot water, steam,
hot air, fuel, or electricity for heating, and cold water, air, and so on, for cooling.

The first type is primarily an energy conversion process and the second and third types
are chiefly application and production processes respectively.

Very often at least two of the above-mentioned issues are interconnected, which of
course makes control more complex, but helps to save energy; an example is the co-
generation of electricity and heat for district heating or cooling of materials and heating
of factory buildings.

One of the main issues in the control of thermal processes is the control of storage
values. This usually concerns the system temperature or pressure, for example, in the
case of saturated steam, or concentrations, (humidity and so on), that should be kept
constant or changed in a specific way by appropriate changes of system inputs (mainly
fuel-, heat- and/or mass-flows) according to the changing outputs (mainly heat- and
mass-flows) or to the desired change of the storage value. Fuel and air flows may be
changed by valves and dampers; other possibilities include changing the speed of pumps
and fans.

The above variables have to be controlled during start up, continuous operation at
different loads, shut down, and in emergencies. The main concern during start up and
shut down is usually the time necessary for these operations. This time should be
minimized to save costs but without causing, for instance, thermal stresses, which
would shorten the lifetime of sensitive components to an unacceptable degree.

During continuous operation, efficiency is the main issue; for example, in a steam
generator temperatures and pressures should be operated close to their limits but at the
same time not exceed these limits, to avoid overstress of material. In addition, however,
environmental protection (that is, emission limits) must be taken into account, and of
course safe operation must always be guaranteed.

All plants can usually be operated by hand, both during commissioning and afterward.
However, plants are increasingly becoming totally automated and are sometimes
monitored via the Internet, so that for hours or days there is no need for a human
presence.

2.2. Main Plant Components
The main components of thermal plants like steam power plants, combined steam and
gas turbine cycles, nuclear power plants, district heating networks, air conditioning or
chemical, ceramic, glass, cement, and steel processes are:

e All types of recuperative and regenerative heat exchangers (with parallel-,

counter- or cross-flow and conductive, convective, and/or radiating heat transfer;
preheaters, evaporators, superheaters, reheaters, air heaters, and so on).
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e Analogous mass transfer devices of different design, for example, filters,
separators, DeNOy-, DeSOy-, water treatment-plants.

e Devices to ensure and control mass flow like pumps, fans, compressors,
conveyors driven mainly by electric motors or in some cases by steam turbines
(for example, feed water pumps in steam generators), or only for mass flow
control like valves, dampers with electric or hydraulic actuators.

e Different types of heat sources: furnaces for gas, oil, coal, biomass, waste with
burners, grates, fluidized beds, and so on; nuclear reactors, electric resistance
heating, and so on.

e Storage (pressure) vessels, pipes, ducts, silos, hoppers, chutes, and so on for
storage and transport of mass (including of course energy and concentrations of
special substances).

e Insulation to reduce thermal losses.

e Steam and gas turbines, motors, steam engines, and so on, for energy conversion
(power production)

e Electric generators, fuel cells, transformers, switches, and other electric
equipment, for example, for power production, automation and control.

2.3. Measuring Instruments

In thermal processes almost all types of instruments are used for measuring temperature,
pressure, mass flow, concentrations (especially for instance, for firing systems’ O,, CO,
CO,, SO,, NOy, and fly ash concentrations), levels, voltage, amperage, frequency, stress,
strain, and so on. Such measurements are used for monitoring load, temperature and
pressure limits, emissions of pollutants, calculation of energy- and mass-balances,
efficiency calculations, calculations of items such as fuel consumption, power
production, costs, and lifetime consumption, and last but not least, for programmable
logic and control.
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