
Approximately 40% of the world’s electricity is
generated with coal. Coal remains the most abundant fossil
fuel and can therefore provide a reliable energy source for
much of the next century. Coal quality, that is the
properties of coal, impact many parts of a power plant.
Coals have very different characteristics, and can have a
heat content ranging widely, from 5 to 30 MJ/kg.
Internationally traded coals generally have heating values
in the 22-30 MJ/kg range, and most have >26 MJ/kg. They
also generally have lower ash contents than coals used
inside the country of origin. The current major producers
of hard coal are China, USA, India, Australia, Indonesia,
South Africa, Russia, Kazakhstan, Poland and Colombia.
The top coal exporters are Australia, Indonesia, Russia,
Colombia, South Africa, USA and Canada while the top
coal importers are Japan, China, South Korea, India,
Chinese Taipei, Germany and the UK. The traded coals
with the lowest gross calorific value (GCV) come from
Indonesia and are mainly ranked as subbituminous, but
with low ash and sulphur contents, which is advantageous
to some buyers/consumers. The behaviour of a coal in a
boiler is strongly influenced by the mineral matter and
other impurities associated with it, both in terms of how
much ash-forming material is there, and its composition.

An ‘expert system’ is a computer programme, or more
commonly, a suite of programmes, that simulates the
judgement and behaviour of a human (or an organisation)
which has technical knowledge and a great deal of
accumulated experience. The human manager typically
looks at the information and evidence available, and uses
both technical knowledge and past experience to judge the
optimum operating conditions for a plant at a particular
time. An expert system seeks to codify, prioritise and apply
such knowledge automatically, using a computer
programme. It generally contains a knowledge base which
formalises the accumulated experience, together with a set
of rules for applying these as new conditions arise. It deals
with the complex algorithms which are required to set the
necessary conditions for safe and economic operation.
Such systems can be applied to specific parts of an
operating plant, and may also be used to determine overall
operating characteristics in such a way as to optimise long-
term plant performance. The operation of coal-fired power

plants involves multiple variables which have different
levels of importance. Thus different expert systems need
development and validation in different locations, also
taking into account the many possible variations in plant
design. A critical input variable for coal-fired plant will
always be the quantity and quality of the coal being fed to
the boiler.

Coal properties that most affect boiler operation are ash
content, ash composition, sulphur content and moisture
content. High ash content results in increased system
throughput, increased erosion and shortened life of the
coal, boiler and ash handling systems. Ash composition
affects the slagging of furnace walls and fouling of
convection passes. Fouling decreases heat transfer and
promotes wastage by external corrosion/erosion in the
convection passes, air preheaters and the induced-draft
fans. Excessive slagging blocks off the convection passes
and plugs air preheaters. Sulphur content influences the
operation and maintenance of feeders, pulverisers, furnace
walls, platens, pendants, economisers, soot blowers, air
preheaters, dust collectors and induced-draft fans. Pyrite
causes excessive wear of the pulveriser internals. Ash,
sulphur and moisture directly affect the heating value of
the coal and limit the capacity of the combustion system.
All these properties that are out of specification can cause
pre-mature failure, forced outages and derating. These are
usually well documented within the facility. The data can
be used to determine the economic impacts of firing out of
specification coal on plants operation and to incorporate
these impacts into the fuel procurement processes.

All aspects of a coal need to be understood including:
handling and storage characteristics, pulverising behaviour,
combustion behaviour, mineral matter and ash chemistry
interactions in addition to the characteristics of the coal and
its ash in terms of environmental factors such as dust, self
heating and emissions components. In order to ensure that
quality is controlled, the coal chain must be regularly
sampled and adjusted in accordance with the analytical
results. Key control parameters, which when monitored, can
provide a reliable indication of quality ‘flow’ in terms of both
specification and consistency requirements. Examples of
commonly adopted approaches to controlling key specified
parameters in the coal chain are shown in the figure.
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The Vista™ coal quality impact model/analysis expert
system provides an examination of the effects of the coal
on unit performance, availability, fuel costs, operation and
maintenance costs and other parameters. This, combined
with other information from the unit can be used to
develop a comprehensive economic model of a power
plant.

The evaluation of fuel quality impacts on power plant
performance is important to ensure that the best value
coals are purchased, rather than simply the cheapest. This
is because the adverse impacts on ash saleability,
emissions performance or unit efficiency can quickly
negate the benefits of a slightly cheaper coal price. As
many different factors must be considered, computer
models are ideal for assessing the true value of coals.
While Vista™ is considered the most comprehensive
model available for fuel quality assessment, it takes
appreciable time and effort to build and calibrate new
Vista™ models. In order to obtain accurate results, a
detailed power plant model developed by an experienced
Vista™ user is required, otherwise results can be
misleading. While this can be a viewed as a negative, the
advantage is that detailed calibration ensures that the
predictions by Vista™ are fine-tuned to ones own specific
power plant.

An advantage of Vista™ over simpler models is that it
assesses impacts of fuel quality on power plant
maintenance and availability (M&A). While it is not
always easy to validate these predictions against observed

performance, the very high level of
detail Vista™ employs and the historic
M&A database referenced by Vista™
gives confidence in the results.
Conversely, the evaluation of several
other fuel quality impacts can be
equally performed by much simpler
tools. For example, calculations of fuel
transportation costs, emissions
(especially CO2 and SO2), reagent
demand and by-product (ash and
gypsum) sales are relatively easy. Even
more advanced calculations, such as
impacts on boiler efficiency or auxiliary
power demand can be performed by a
competent engineer. Overall, relatively
simple, fast spreadsheet tools which can
give 90% of the complete cost-in-use
assessment are generally sufficient for

making correct fuel purchasing decisions, while Vista™
modelling can be valuable for detailed engineering studies
or major fuel related projects.

In general, an overall expert system for controlling plant
operations has to incorporate a number of individual
contributions effectively involving control circuits covering
parts of the plant. These comprise principally:
�     the quantity and quality of the coal being fed to the

pulverisers and hence to the burners;
�     the quantity and distribution of the air supplied to the

burners and elsewhere;
�     the temperature and quantity of water supplied to the

boiler walls;
�     the procedures for boiler and heat exchanger cleaning

using soot blowers;
�     flue gas cleaning stages, including:
       – SCR for NOx reduction and removal;
       – an ESP or baghouse filter for particulate removal;
       – FGD for SO2 removal; and, in the future, 
       –� carbon capture units to absorb most of the CO2

present.
Expert systems are a recently developed class of

computer programmes that have been in commercial use
only since the beginning of 1980s. With the introduction of
increasingly more powerful and complex hardware and
software these systems will continue to develop and impact
not only coal-fired power generation but all aspects of
energy production.
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