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An automatic station for monitoring air pollutants in Kaunas, Lithuania. The system records both weather, i.e.
wind, temperature, etc., and samples the air for further analysis of for instance SOx, NOx, and CO. The system
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is used in many cities throughout
Europe. (Photo:
LarsTHE
Rydén.)

"Today engineers have to take into account not only the traditional criteria
for good engineering – good function, good reproducibility and reasonable
costs. The technology also have to be environmentally sound and socially
acceptable."

A representative of the European Union Standardizing Committee in a
speach at Berlin Technical University in 1991.

Many of the environmental challenges that society is
confronted with have been addressed by devising
technical solutions. Providing society with water, air, and
soil, combating pollution and taking care of waste are
such challenges. Environmental engineering is the field
where the knowledge, theory and skills in these matters
are developed and practised. As the requirements on
industry and many other activities regarding good
environmental performance is sharpened the role of
environmental engineers is increasing.
Technical systems monitor and track pollutants. In
the case of monitoring air pollution this has today reached
a high degree of sophistication. Automated systems are
used for constant monitoring of air in cities especially along
heavily trafficked roads. The systems may advise people
to choose the best routes to travel, and when people with
asthma should avoid being outdoors. Air quality and
weather data are used together in computer systems to
calculate the dispersion of pollutants. They are also used
to track sources of pollution, such as factories, that today
all are operating under specified permits for what may be
emitted. The systems are also used to simulate how air
quality would be influenced by proposed roads or industries
and thus serve as a background for urban planning and
investments. Also pollution of water is surveyed
automatically by technical systems to track quality
changes and dispersion of pollutants, e.g. in the case of
polluted ground water.
Technology also has a major role in removal of
pollutants from emissions and other exhausts. Both
gaseous emissions and waste water is treated by socalled end-of-pipe techniques. In some cases an efficient
treatment of exhausts is possible. For example, acidifying
sulphur oxides can be removed efficiently from flue

gases, and car exhausts can be cleaned to 90% in posttreatment in so-called catalytic converters placed after
the motor. But some other pollutants are difficult to
remove, such as many chlorinated hydrocarbons, or
even impossible. Thus carbon dioxide from combustion
is normally not removed at all although it is considered
harmful due to its influences on climate.
The provision of air, water, and soil as resources is
also a technical task. Water is sometimes treated
extensively to be suitable for drinking. Also, air for
ventilation is normally treated, e.g. filtered to remove
particles.
It is clear that technical solutions as those mentioned
have their limitations, and new approaches are today
making environmental engineering a much broader
discipline than it was previously. It is better, and often
even necessary, to avoid pollutants rather than removing
them. This “source reduction” or “waste minimisation”
approach requires that the engineer examines the
process itself and redesigns it. This may be more difficult
than the traditional end-of-pipe approach but better.
Economically it is obviously better to produce products
rather than waste or pollution. The new role of the
environmental engineer asks for good use of resources,
no pollution in the processes and that waste or byproducts are used in new production. This is the “cleaner
production” approach. As this way of working is
spreading in industry, its better technology, economy,
and environmental results are recognised.
In this chapter the basic tasks of the environmental
engineer will be discussed, and management of air
described in more detail. In the following chapters water
issues and management of solid waste and
contaminated soil are discussed.
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ENVIRONMENTAL ENGINEERING
A new role for the environmental engineer
The engineering sciences and professions are today of key importance in the
way societies deal with the environment. Engineers monitor the environment.
Engineers develop the technical means by which we can use the natural resources
around us, especially water, air and soil. Engineers manage wastes and design
systems to clean exhausts from pollutants. Technical developments are needed
to achieve an industrial production that is acceptable for the environment, as
well as for all aspects of societal infrastructure: habitation and transport, houses
and vehicles.
Engineers are primarily well acquainted with mathematics and natural
sciences – these are their languages – and thus primarily with how to do things,
rather than why. Still, today’s engineers are increasingly also educated in law,
economics, and ethics, and expected to use their best judgement when working
with technical projects. This also encompasses environmental consequences of
a technical development.
There are four “basic” engineering sciences: civil engineering, mechanical
engineering, electrical engineering, and chemical engineering. However, there
are many engineering branches covering more than one of the basic engineering
fields such as power engineering, aerospace engineering, nuclear engineering,
etc. These branches not only employ knowledge from the basic engineering
fields but also have their own specific approaches for problem solving and
specific objects of interest.
Sometimes environmental engineering is considered part of civil engineering.
The classic task for environmental engineering was water protection and
management, which later was enlarged to include air, soil, and waste management.
This can e.g. be seen from the definition given by the Environmental Engineering
Division of the American Society of Civil Engineering (ASCE):
“Environmental engineering is manifested by sound engineering thought
and practice in the solution of problems of environmental sanitation,
notably in the provision of safe, palatable, and ample public water supplies;
the proper disposal of or recycle of waste water and solid wastes; the
adequate drainage of urban and rural areas for proper sanitation; and the
control of water, soil, and atmospheric pollution, and the social and
environmental impact of these solutions …”
Indeed, environmental engineers are dealing with all these problems, but
today this definition has become too narrow. Environmental engineering should
also be concerned with the technical processes themselves to assure that these
allow minimisation of waste discharge and pollution, make effective use of raw
materials, economic use of energy, etc.
This puts the engineer in a new situation. It is very difficult for engineers
working in other fields to take into account all the impacts on, and interactions
with, the environment that their new products or processes have during their
lifetimes. This is really an interdisciplinary problem where knowledge of
chemistry, biology, sociology, economics, etc., must be brought together. Of
course, environmental engineers can not be specialists in all these different
fields of knowledge. One of the most important tasks of the environmental
engineer is to be a mediator in the interaction between all needed specialists,
and other relevant actors in society, in the process of developing new products
and processes and assessment of existing processes.

Figure 16.1. All technical processes have environmental effects. The environmental engineer has a role
in all stages of a technical process, from design and
production to monitoring and prevention. (Photo: IngaMay Lehman Nådin.)

Environmental
engineering
The classic field of environmental
engineering was water protection and
management, and was latter enlarged to
include air, soil, and waste management.
Today environmental engineering should
also be concerned with the technical
processes themselves to assure that
these allow minimisation of waste
discharge and pollution, make effective
use of raw materials, and economic use
of energy.
This puts the engineer in a new
situation. When engineers develops new
products or processes or assess existing
ones they should take into account all the
impacts on and interactions with the
environment that these products or
processes have during their lifetimes. To
achieve this the environmental engineer
needs to co-operate with many different
specialists and actors in society.
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Environmental engineering has
the following tasks:
•
•
•
•

Choice of technology
Resource management
Exhaust and emissions
management
Waste management

If one wants to find one single concept that should guide environmental
engineers it is sustainability. From this point of view the environmental engineer
is concerned with best practices of development of new products and processes
to assure that these are friendly to the environment, or the improvement of
existing products and processes to contribute to a sustainable development for
mankind.
The core fields of environmental engineering are introduced in Chapters
16-18, in which the technologies of air, water, soil, and waste management are
treated. First some basic concern for environmental engineering is summarised.

Choice of technology – the IPPC and BAT directives

Choice of technology
Methods in engineering that deal with
technologies that do not give rise to pollution are known as pollution prevention,
source reduction, and pollution control.
They may also be seen as part of a larger
notion called cleaner production (also
clean production) and waste minimisation.

Integrated Pollution Prevention
and Control, IPPC
The goal of the EU directive called IPPC
is to achieve integrated prevention and
control of pollution arising from a wide
range of activities by means of measures
to prevent or, where that is not practicable, to reduce emissions from industrial
facilities to air, water, and land, including
measures concerning waste, in order to
achieve a high level of protection of the
environment as a whole.

Best Available Technologies, BAT
BAT involves a whole range of procedures, techniques, technologies and
other areas like maintenance, operating
standards, decommissioning of plants,
and energy and efficiency audits, for
example. BAT covers a bundle of activities affecting all environmental aspects of
a plant’s or industry’s operations. Pollution in this respect includes everything
from traditional substances to heat, noise,
and vibrations, as well as more difficultto-define areas.

Engineers develop and choose technology for all kind of processes. For
environmental protection it is of key importance that good engineering is done
at this point. Non-polluting technologies are obviously better than good treatment
of effluents and exhausts. It is also clear that technologies that achieve the same
result with less resources – water, energy and source material – cause less
environmental impact than those that waste resources. In addition it is of course
economically better to save input energy and other resources and reduce the
need for removing pollutants from the effluents.
Methods in engineering for these purposes have developed in several
countries and during separate periods and therefore have several names. Common
names are pollution prevention, source reduction, and pollution control. They
may also be seen as part of a larger notion called cleaner production (also clean
production) and waste minimisation (see also Chapters 24 and 25).
The European Commission has a set of common rules regarding permits for
industrial installations collected in the so-called IPPC Directive of 1996 (IPPC
Directive 96/61/EC). IPPC stands for Integrated Pollution Prevention and
Control. The goal of the directive is to achieve integrated prevention and control
of pollution arising from a wide range of activities by means of measures to
prevent or, where that is not practicable, to reduce emissions from industrial
facilities to air, water, and land, including measures concerning waste, in order
to achieve a high level of protection of the environment as a whole.
Traditionally, environmental regulations look at concerns like air, water, or
soil pollution, and other aspects, such as waste management, separately
emphasising different points of view. The IPPC directive brings all these elements
together in one directive and attempts for the first time to bring co-operation
and coherence to regulation and monitoring by authorities in each member state.
In many member states different authorities are responsible for various areas of
environmental protection, resulting in a lack of co-ordination. IPPC puts forward
an integrated approach, which means that even if different authorities are
involved, they must co-ordinate their activities. This is beneficial for industry
in particular as such an approach should mean less bureaucracy. Industrial
activities that require a permit from the authorities in the EU countries are
described in Annex I of the Directive.
But IPPC is about more than just issuing permits. The other innovation is
the introduction of the concept of Best Available Technology, BAT, which is
defined in Article 2 of the Directive. BAT involves a whole range of
procedures, techniques, technologies and other areas like maintenance,
operating standards, de-commissioning of plants and energy and efficiency
audits, for example. BAT covers a bundle of activities affecting all
environmental aspects of a plant’s or industry’s operations. Pollution in
this respect includes everything from traditional substances to heat, noise
and vibrations as well as more difficult-to-define areas. Companies will be
obliged to use BAT, but to do that, a free flow of information on new technologies
and techniques needs to be established.
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The Directive applies to new installations from October 1999 and to existing
installations from October 2007 in all member states. In view of the next
enlargement of the EU, the candidate countries have started their preparations
to adapt their permit systems to the Directive. Some of them are rather far
advanced, some much less.

Resource management
The use of natural resources is a main concern for engineers. Everyone needs
the basic resources of water, air, soil, and energy. Added to these are other
natural resources such as the forest and minerals.
Improved water provision has proven to be a first priority in societies that
are able to invest in the environment. This was very clear after the systems shift
in the Baltic Sea region in 1989-91, when the post-communist countries
developed their own national environmental programs. Wastewater treatment
and provision of potable water was of immediate concern. In the work, improved
economics and policy went hand in hand with improved technology. It is
interesting to see that the slowly introduced pricing of water has led to a dramatic
decline of water consumption to a half or even a third of the previous levels.
This of course makes the engineering tasks more manageable regarding volume
of water.
To make water available in all households, industries, etc., is a complicated
engineering task. It requires a suitable source of water, an elaborate infrastructure
and finally treatment of incoming water to make it safe to drink. All these
components are constantly under improvement. In the Baltic Sea region access to
water is fairly good, but quality is more often not acceptable, especially for surface
water. It is important that water resources are not destroyed by pollution. Treatment
of water is in the best case not even needed, while most often some treatment is
required. The technology of water provision is described in Chapter 17.
Provision of air for households and industries is also a question for the
engineers. Ventilation and aeration of buildings is a major aspect of the operation
of industrial and residential buildings. In an average house the volume of air is
exchanged every hour, that is a factor of one in volume per volume and hour
(not meaning that all air is exchanged), with the consequential requirements on
adjusting air quality, humidity, and temperature. Ventilation thus requires
enormous volumes of air to be blown or sucked through a technical system.
This system consists normally of filters that remove particles larger than a certain
size, e.g. one-thousandth of a millimetre. In exceptional cases it also contains
filters, with e.g. activated carbon that adsorb air pollutants, although such systems
are expensive to operate. A sizeable fraction of electric energy use in industry is
consumed in fans, and proper regulation of the fans not to blow more air than
needed is a major way to save energy.
Air is also – as water – a carrier of heat or cold. Air conditioning is a main
user of energy, in many countries much larger than heating. Pumping of air (or
water) through deeper parts of the ground may be used to provide cold (a few
meters in depth) or heat (larger depths).
It is obvious that the quantity of air is not a limitation but that air quality
very often is a problem. To aerate buildings using polluted air, e.g. by car
exhausts, requires treatment. A special case is air in buildings built on ground
that gives rise to higher concentrations of radon and so-called radon daughters
and thereby increased levels of radioactivity. In these cases air quality is often
monitored continuously. The technology of air as a resource is described below.
Soil is in the first place a resource for agriculture, horticulture, and forestry,
and as such not in the first place a concern for engineers. However, soil and land is
also used for the built environment. For the construction of houses and building of
roads, railroads and other infrastructure such as bridges, the properties of land and

Figure 16.2 Clean air. A major task of the engineer is
to provide clean air to all kinds of installations in society.
Ventilation is a major undertaking in many factories and
other buildings. This is the roof of a mill with ventilation
shaft. The conditioning of this air, that is adjusting the
temperature by cooling or heating, makes ventilation a
major energy cost. (Photo: Lars Rydén.)

Resource management
air, water, and soil
Environmental engineers have the task
of providing our societies with:
•

•

•

Clean water, amounting to about 250
liters per day and person to
households and industries
Fresh air in many buildings
corresponding to the volume of the
building each hour.
Soil, stone, and gravel, fossile fuels,
and metals up to 50-60 kg per day
and person for all kinds of purposes.
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Exhaust and emission
management
Environmental engineers have the task
of treating:
•

•

emissions from all kinds of industries,
and other sources using so-called
end-of-pipe techniques, and
exhausts of all kinds of waste water,
from all kinds of industries and homes
using wastewater treatment
technologies.

The development of
exhaust and emission
management
1. No treatment. Originally the exhausts
to water and emissions to air were just
let out from the factory without any
treatment. The factories often had a terrible smell and made water unusable
downstream of the outlet.
2. Dilution. Requirements to improve
resulted in factories building higher
chimneys and longer outlets to take the
pollutants far away from the factory. The
pollutants were diluted in the environment
and the general understanding was that
nature would be able to absorb the
exhausts.
3. End-of-pipe. But the amount of
pollutants became far lager than the
absorptive capacity of the environment.
Reduction of pollution by using filters and
general treatment of exhausts and
emissions at the “end-of-pipe” became
the accepted method.
4. Source reduction. Today it is
understood that it is best both
economically and for the environment that
pollutants are not produced in the first
place. Pollution prevention, source
reduction, waste minimisation, and
cleaner production are approaches that
have the goal of achieving this.
Today all approaches are used. Source
reduction is the goal, but pollution that is
not possible to avoid is treated at the endof-pipe, by technologies described in this
and following chapters. Thus emissions
and exhausts are reduced to a level that
the environment is able to absorb.

soil are crucial. It is also crucial to protect the soil and land when conducting
industrial activities. Again, quantity may not be limited but quality may be.
Finally, soil, stone, and gravel are materials for building and in fact the
largest single material flow in our societies. The technology of soil as a resource
is described in Chapter 18.

Exhaust and emission management
Environmental engineering originated with efforts to control pollution from
exhausts and emissions by technical means. The first approach was simply to
lead them far away to avoid humans and human conglomerations. Thus waste
water was led in pipes to receiving waters far away and air emission was let out
through high chimneys to finally be diluted in the air and deposited far away.
“The solution to pollution is dilution”, as the slogan went. To an extent this was
enough since the environment has a certain capacity to handle pollution.
But this capacity was overestimated. The rivers, lakes and finally also coasts
that were receiving the waste water became increasingly harmed and in the end
this damaged also man. It became mandatory to reduce pollutants in the exhausts.
This led to the end-of-pipe approach. Exhausts and emissions were treated at
the end of the pipe. Waste water was cleaned from nutrients, especially organic
compounds, in treatment plants. Later on the treatment procedures also included
methods to remove phosphorous and nitrogen in the water. The treatment of
waste water is described further in Chapter 17.
Air emissions also had to be treated as emissions from many industries were
shown to be harmful. Flue gases from burning fossil fuels was identified as the
source of acid rain and much eutrophication. Technologies for treating the gases
developed and became standard equipment in power plants. From many
industries flue gases contained a complex mixture of organic pollutants, heavy
metals and acidifying and eutrophying substances. Treatment of flue gases
gradually addressed also these components.
The introduction of treatment technologies have been pushed by requests
from authorities and others to diminish pollution. Air pollution is the number one
threat towards human health in the outer environment. Permits to conduct industrial
activities are granted on the condition that emissions of a maximum amount of
polluting substances are not exceeded. Similarly, fines for pollution are levied and
this increases the costs of production. All these conditions have pushed development
of control technologies and today many such technologies are extremely refined.
However there are limitations. Even the best possible end-of-pipe technology
may not be foolproof and some emissions may occur. At the same time the
costs for reduction of emission normally increases as the requirement on the
process becomes more extreme. Together this has led to a completely new
approach that says that the process itself should be such that no or only very
limited amounts of pollutants will be present in the first place. This is the source
control, source reduction or waste minimisation approach (see above). The tasks
for environmental engineers thereby are no longer marginal, and they become
concerned with the industrial process as such. The tasks become more complex
and at the same time are at the heart of the engineering of a process as such.
Pollutants emitted in the way described are also monitored in the environment
by engineers. Monitoring of water and air is becoming more refined especially
in areas of population concentration. Many technical systems that automatically
report on-line values to a computer system are in place today. Software has
been designed to make GIS maps on distribution of pollutants and sources are
identified. The computer programs today also predict changes in levels of
pollutants taking into account meteorological conditions, water flows, etc. These
may be important as human health is influenced by air pollution. This technology
is described below.
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Waste management
All technical processes produce not only a product but also waste. Waste
management was ignored for a long period and waste was mostly just pushed
aside, and often ended up on waste damps, landfills. In some industrial activities
these damps became enormous and some of the mountains in the region in fact
consist of waste, e.g. at the oil shale power plants in north-eastern Estonia,
where mountains of slag material dominate the landscape. Equally household
waste were ignored and landfills in any back yard or at ignored places in the
countryside, not least marshes, were used to get rid of waste. In the Baltic Sea,
the deepest spot, close to the Swedish coast outside Stockholm, more than
400 meters in depth, was used to get rid of old cars.
Today these landfills and dumps are leaking pollutants to the surrounding
environment. In wetlands it is especially serious because also the groundwater
might be directly polluted by the dumps. Cars that are sunk in water leak heavy
metal to the water, especially if the batteries are still in the cars. It is clear that
bad waste management is a threat to the environment. This is especially serious
for soil, which often was the place to store hazardous waste. Land areas where
industries were built is too often polluted, and if the area should be used for
other activities, e.g. residential areas, often very large sums have to be invested
for remediation of the soil and surrounding area.
Emissions to air and water can also be seen as waste, sometimes called
molecular waste, to indicate that they are dispersed as their component molecules.
Solid waste is easier to see and perhaps remove, but in principle it is the same –
waste. Similar approaches can be used to address questions of solid waste even
if not always the same technologies.
Waste management has developed through several stages. The first was to
handle landfills correctly, so they do not leak to the environment. Secondly
large improvements have been made in dealing with hazardous waste. In the
1980s the growing waste mountains made recycling of waste an increasingly
important part of waste management philosophy. Waste regulations became
more severe and recycling improved substantially. Paper, glass, scrap iron, etc.,
became resource material and in the end got a substantial value in the process.
The organisation for sorting, returning, and recycling waste improved. The
adaptation of the production processes to more easily allow the use and reuse of
waste became an important engineering task.
Today much waste is of considerable value and a waste market has developed.
If it is not reused it is incinerated, burned, to become energy. But still there are
fundamental difficulties with use of some categories of waste. This includes the
waste from wastewater treatment, the sludge. This nutrient rich residue should
logically go back to the fields of the farmers, but impurities in the sludge makes
this sometimes difficult. This demonstrates that the material flows in society as
such needs to be addressed in order to develop functioning flows of waste in
society.
In the end, these approaches are limited in scope. Just as with waste from
treating effluent water or air, solid waste is best minimised. The approaches of
waste minimisation are equally relevant for solid waste. What is not used in the
production process should not end up as waste but as another resource. The
management of waste is today more than ever a concern for environmental
engineering, as discussed in Chapter 18.

Figure 16.3. Waste dumps. Solid waste has too often
just been dumped on the closest landfill, as here
in St. Petersburg. Today waste has to be recycled,
incinerated or if this is not possible, stored in a landfill
that is managed properly to avoid emissions and
leakage to the environment. (Photo: Pawel Migula.)

Waste management
Environmental engineers have the task
of taking care of about 300 kg of solid
waste from households per person and
year as well as about twice as much from
industries by:
•
•
•
•

reducing waste
recycling waste to be reused in new
processes
managing hazardous waste to avoid
risk to people and the environment
deposit on landfills that need to be
taken care of correctly so as not to
pollute the environment.
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MONITORING POLLUTION – AIR
Monitoring air pollution

Figure 16.4. The Stockholm-Uppsala air quality
management system.

A network of monitoring stations

report on-line to

The computer network

which store data as

Measurement databases

It is equipped with

Airviro software system
Emission databases
Dispersion models

These are are used to operate

Quality control procedures

In many places air quality and air pollution are carefully monitored on a
regular basis. The data collected are used in a number of contexts. The
general goal is to protect human health and the environment. When developing,
e.g. new roads, housing and industries, good data and predictions based on
those data will provide important background for the right political decisions.
Among the users of such data are municipalities, counties, companies and
authorities for projects such as location of new power plants, public transport
expansion, ventilation air studies and planning of new residential areas. The
decisions based on the data thus concern large investments. Faulty decisions
will affect human health and may even have to be cancelled if e.g. legal
limits to air pollution are passed. In addition the total costs for air pollution
effects are considerable (Chapter 11). In the Stockholm area (described
below) the yearly costs for air pollution is estimated to be SEK 3 billion
(1999). The air pollution monitoring system is thus a well motivated
investment.
As an example, one such monitoring system, operated in the StockholmUppsala region in Sweden, will be described. The system is used within the
“Stockholm – Uppsala Air Quality Management Association” which was
formed by the two county boards and 33 municipalities in the area. A central
computer equipped with the Airviro software and some 50 online PCs constitute
the heart of the system, which has the task of collecting , treating, and analysing
data, and carrying out modelling and predictions. Similar systems are operating
in several large cities in the world. It is also installed in cities in the eastern
side of the Baltic Sea region, e.g. in Vilnius, Kaunas and St Petersburg.
Air quality and meteorological data are collected automatically every
hour from a network of stationary monitoring stations and reported to the
system via the telephone net. In addition there are mobile stations which
communicate using the GSM mobile telephone system. The instruments
sample the air at street and roof level in the larger Stockholm area and
Uppsala city centre, together with urban and rural background
concentrations. The street air quality is in particular monitored at several
main street crossings in the Stockholm city centre with traffic flows between
30,000 and 40,000 vehicles per day.
Automatic analysers and instruments are used for measuring
concentrations of various pollutants. Remote sensing techniques are used
for certain pollutants. In addition to automatic analysers and remote sensors,
complementary techniques such as passive samplers and wet deposition
collectors and other active samplers like annular denuders are used.
The substances measured include nitrogen oxides, NOx, sulphur oxides,
SOx, carbon monoxide, CO, volatile organic compounds, VOC (benzene,
toluene, octane, butylacetat, ethylbenzene, xylene, nonane), ozone, carbon
dioxide, CO2, and particles. The methods used are gas liquid chromatography
(GLC), and direct spectroscopy. All instruments are able to provide data
automatically online. In addition the equipment is checked and calibrated
regularly. DOAS remote sensors provide simultaneous monitoring of several
polluting substances. Air quality data are normally averaged for a resolution
of one hour. In special studies, for example in road tunnel experiments,
monitored air quality and traffic data are averaged for a 15 minute resolution
or less.
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The air quality management data system
The Stockholm-Uppsala data system is a multi-user and a multi-task system.
The data are fed into a specialised GIS (Geographical Information System)
application for air quality management. This part of the system has the possibility
to digitise all air pollution sources, register information about the sources, analyse
the data in several powerful ways, make a great variety of presentations, and
interface to other GIS systems, etc. The system is fully Internet-based (html).
The systems contain a large data base on all emissions sources, such as
roads and industries. Local emission databases are established and updated by the
31 municipalities taking part in the project using local knowledge about the road
traffic. Area sources are used to describe diffuse emissions from petrol stations,
industrial areas with many small companies, etc. Line sources describe emissions
from road traffic. Emissions from households are grid source descriptions.
The system receives, in addition to air quality monitoring, data from
meteorological and traffic monitoring. The system is thus supported by hourly
data from a regional meteorological network, as well as meteorological data on
the national and regional levels. The meteorological data are normally processed

Methods

Methods for monitoring air pollution

Box 16.1

Among the several methods used to measure air pollution the
following four are most often used for outdoor air quality.
1. Chemiluminescence for NO
The air is mixed with ozone in a reaction vessel. Nitrogen monoxide in the sample is converted to nitrogen dioxide in an activated
state, which will emit light as it returns to its original state. A
photomultiplier tube measures the emitted light, which is proportional to the amount of nitrogen monoxide in the sample.
Measurements may be done each five minutes, but normally data
are collected each hour.
2. DOAS, Differential Optical Absorption Spectroscopy
Monochromatic light sweeping over a wide wavelength region is
passed through a sample of air, and the absorption spectrum is
registered, as the difference to a reference beam. Position and
height of absorption peaks allows quantification of NO, NO2, ozone
and some hydrocarbons. Measurements may be done each five
minutes, but normally data are collected each hour.

Figure 16.5. DOAS line-monitoring equipment mounted on a roof some
20 m above Rosenlundsgatan in central Stockholm. (Source: SLB•analys,
Environment and health administration, city of Stockholm, 2000.)

3. Active filter methods
The air is passed (pumped) through a filter or a cell with an absorption material which specifically adsorbs a defined component,
such as NO2 or SO2. Also particles of sizes above 10 µmeters
(PM10) or 2.5 µmeters (PM 2.5) as well as black smoke (soot) is
measured with this method. Measurements are made over a
period of 24 hours or longer. The filters are collected and the
adsorbed substance eluted and measured in the laboratory.
4. Passive diffusion filter methods
A measuring cell contains specific adsorbents for the substance
to be analysed. Air passively diffuses into the cell. The method is
mainly used for NO, NO2, SO2, CO , O3, and VOC. Measurements
are made over a longer period, often many days or weeks. The
filters are collected and the adsorbed substance eluted and
measured in the laboratory.

Figure 16.6. DOAS, Differential Optical Absorption Spectroscopy.
The light source, a xenon filled tube, emits UV light which is sent
through the air to be analysed. The light that arrives is spectrallly
resolved by a grid and measured for each wavelength. The signal is
compared to a reference spectrum for the substances, e.g. NO2 by a
computer, and the concentrations calculated. The result is reported to
the central compter over a phone connection.
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The major sources of air pollution

Box 16.2

Air contains and transports pollutants and is therefore critical in
the environment. Polluted air in some areas is a threat to human
and ecological health (Chapter 11). Concentrations of pollutants
high enough to be of immediate concern to humans are found
mostly in cities or close to factories with insufficient air cleaning.
Cars are today a main cause of air pollution, both for pedestrians
and passengers.
Pollution can be carried far distances with the air and
precipitate with rain or snow. In the Baltic Sea region pollutants in
the air come from both near and far. Long distance transport of
pollutants is dominated by sources to the west, i.e. continental
Europe and the British Isles, where there is a considerable amount
of industrial activity.
Air pollutants are mostly emitted as part of the flue gases
from combustion processes. Such combustion takes place in
power stations using all kinds of fuels – coal, oil, gas, biomass or
waste. Many industries in addition have their own combustion
processes. District heating stations burn various kinds of fuel, as
do individual homes. Added to these stationary sources are cars
which today make up a major part of the fossil fuel users. As a
rule the smaller the units the less control of the process and the
more pollution per energy extracted.
All combustion of organic matter, such as fossil fuel and
biomass, give rise to carbon dioxide. This is in itself a “pollutant”
today since it is formed in larger amounts than is reabsorbed to
the ecosphere. However removal of carbon dioxide from gases
from combustion is not normally considered to be an option even
if it is theoretically possible to achieve, for example through
reaction with calcium. This has to be dealt with though decreased
use of fossil fuels.
No fuel consists of completely clean carbon or hydrocarbon
but contain smaller amounts of e.g. sulphur, nitrogen,
phosphorus, and several metals. Of these sulphur is most
relevant since it is present in larger amounts. In the combustion

Figure 16.7. Mobile air monitoring equipment in
central Stockholm. (Photo: Environment and Health
Administration, City of Stockholm, 2000.)

sulphur forms sulphur oxides, SOx, which causes acid rain if
emitted with the flue gases. Removal of SOx from flue gases is
one major engineering task in order to control pollution in
combustion processes. More complex fuels such as household
waste also contains chlorine which, in the process of oxidation,
forms highly toxic chlorinated hydrocarbons, such as dioxines.
These pollutants are not possible to adsorb from the gases but
rather have to be avoided though proper control of the combustion
conditions.
The air used in combustion contains 80% nitrogen which also
to an extent reacts in the combustion to form nitrogen oxides,
NOx. These can either be removed from the flue gases or, again,
its formation be controlled in the combustion, such as through
catalytic converters used in cars. NOx, when emitted in the flue
gases, contributes to both acidification and eutrophication.
Almost all combustion processes release some of the
resulting ash, the fly ash, and non-oxidized fuel as microscopic
particles in the flue gas, especially important when burning
biomass such as wood, but also e.g. diesel in cars. Submicroscopic sized particles are especially unhealthy to breath
as they enter the finer capillary systems of the lungs.
Finally there is always a part of the fuel that is not burned or
undergoes incomplete oxidation, which pollutes the flue gases.
This part contains e.g. carbon monoxide, hydrocarbons, not least
aromatic hydrocarbons, and various other volatile organic
compounds, VOCs. Many of the pollutants are toxic and a concern
for environmental health.
Even if a natural ecosystem has the capacity to absorb and
metabolise pollutants from combustion – produced e.g. in forest
fires – the large concentrations of pollutants in cities, in industrial
areas and along traffic routes are too high and therefore a threat
to the environment. They have to be controlled at the site of the
combustion itself and not emitted to the environment, a task for
environmental engineers.

with a resolution of 15 minutes, and the last 15 minute sample each hour is
stored in the system database. Accumulated quantities, such as precipitation,
are stored with a one hour resolution. Hourly values from three meteorological
masts generate stability data used for air pollution dispersion calculations. These
data are crucial for analysis of dispersion of pollutants.
Emissions for different roads, vehicles and substances are analysed in detail.
Traffic volumes, speed, type of vehicles, etc., are monitored continuously at
several of the air quality monitoring stations. Vehicles are divided into
passenger cars, trucks and buses, trucks with trailers and semi-trailers. Each
of the three vehicle types are divided into three emission classes, depending
on exhaust cleaning equipment on the vehicle. Emission factors for the
nine vehicle classes are included in the database. Different emission values
are def ined for NO x , CO, VOC, CO 2 , and particles representing link
emissions, start and stop emissions, cold start emissions and evaporation
emissions. The emission values are also differentiated in road types (highways,
main roads, residential streets, city centre streets, etc.). Emission factors for air
and sea traffic are also included.
The road network in the emission database for Stockholm County was, in
2002, described as 22,000 individual links. Information assigned to each link,
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Figure 16.8. Air quality monitoring stations in the
Stockholm-Uppsala area. A total of 10 stationary
Methods for monitoring air pollutants
automatic stations are continually monitoring air
quality as well as meteorological data in the two
counties (left). Of these five are in central Stockholm
(right). (Source: SLB • analys, Environment and
Health Administration, City of Stockholm 2000, and
Stockholm Uppsala Air Quality Management
Association.)

include traffic flow data, speed, heavy traffic share, road type, and number of
stops per km. When one or several of the emission parameters change a new
link is defined.
An industrial emission database is constructed from the annual environmental
reports collected by the Environment and Health Protection authorities. This
database consists of all emission sources, each of them linked with data on its
location, on static information, for example chimney height, and exhaust gas
velocity, on dynamic information, that is variation in emissions over the day
and month, and kind of exhaust. This information is used e.g. for the dispersion
calculations.
The air quality management system is operated using a graphic interface on
PCs on a local area network, an external wide area network, as well as via the
Internet. Being an open multi-user system the security aspects require different
levels of access, different user privileges, fire-walls towards Internet, etc. The
network together with the monitoring systems, the databases and the dispersion
models is the core in the air quality management teamwork.

The use of air quality information – modelling
Some users ask for online immediate information about air quality. These include
research institutes which need effective methods and tools both for monitoring
exposures of pollutants to individual persons and simulation of exposures
backwards. For the simulations historical databases are used. For the exposure
assessment in environmental epidemiological studies, connection to different
powerful GIS-systems is also needed.
There is also a demand from the general public for real time air quality
information. It is especially important for people with asthma that daily air
quality information and forecasts be provided. Such information is supplied in
terms of a local nitrogen dioxide index for the city centre in Stockholm. This
information is also distributed every weekday by local radio stations and
newspapers. Air quality information is also updated on the Internet every hour.
Another important use of the system is the comparison of real time air quality
information with other urban areas in Europe. Through Internet, easy access to
global air quality networks is possible. Common air quality indicators are important
tools for any air quality network taking part in international co-operation.
One important task for the emission databases is to generate data for
dispersion calculations. The description of the emissions and their variation in
time and space has to be detailed to get good dispersion calculations. Some
emissions sources are not included but rather described as background

Dispersion models
Emission databases contain descriptions of
all emission sources, emissions as well as
their variation in time and space. Together
with meteorological data this is used in
dispersion modelling, that is calculatation of
concentration of pollutants in the entire area
studied, also where it is not monitored, both
vertical and horizontal distribution. Some,
mostly far away, emission sources are not
included but rather described as background
concentrations in large-scale modelling.
Dispersion models allow the study of
various future scenarios and hypothetical
situations, such as increased traffic flows,
changed climatic conditions and additional
emissions sources. Calculations for road
traffic can for example be combined with
different road types, vehicle types, speeds,
etc. Dispersions models are also used when
deciding on emission permits for industries.
The Stockholm-Uppsala air quality
management system is thus designed for the
objective of simulating air quality in future
plans and retrospective studies. The three
areas of air quality: measurements,
emissions, and modelling are fully integrated
in the system.
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Case
Box 16.3

Municipal ambient air quality monitoring –
experiences from Kaunas
and high traffic intensity (Figure 16.10). The measured pollutants
are CO, SO2, NO, NO2, NOx, VOCs, O3, and particulate matter. In
addition meteorological parameters are measured. Real time data
are transferred to a main computer and analysed with the AIRVIRO
software.
The automated air quality monitoring system allows creation
of a time series database and a flexible information system. The
NO2 concentration analysis over 24-hour period enables qualitative
evaluation of morning and evening pollution peaks (Figure 16.9
left). The database receives measurements every half hour, which
are used to define concentrations, and variations in time. The results
are used for urban planning and management
Analysis of NO2 concentration over the week detect maximum
values of air pollution on Fridays and a substantial decreases during
weekends (Figure 16.9). Average ranges of concentrations were
estimated for the period October 1-December 31, 2000.
The AIRVIRO Air Quality Management system is used to
analyse how air quality will be effected by changes in traffic or
industrial activity and to make decisions about strategies for
improving air quality. The system enables dispersion modelling
and makes possibility development of air pollution maps.

Air quality monitoring in Kaunas started in the early 1970s. It was
then based on manual sampling and subsequent laboratory analysis
using wet chemistry methods. Usually data were available in
quarterly reports, often late and not regular. This database,
supervised by the Ministry of Environment, did not reflected current
air pollution trends and did not meet the needs of city planners and
managers. To improve the situation Kaunas Municipality in the early
1990s started a parallel air quality monitoring system, which was
approved by the Ministry of Environment in 1993. In 1998 the
Department of Environment Protection at Kaunas Municipality was
finally granted financial support for establishing the Automated Air
Quality Monitoring System in Kaunas through Phare funds.
At present the Municipal Air Quality Monitoring System in
Kaunas comprises three stationary air quality monitoring stations
and a mobile laboratory (Figure 16.11). Sites for monitoring
stations were selected according to the national urban air quality
monitoring requirements and EU recommendations. One
monitoring station, Centras, is situated in the downtown of the
city, another one, Silainiai, in a highly populated residential
district, and the third one, Dainava, is in an area with heavy industry

Linas Kliucininkas

Figure. 16.9. Variations of NO2 concentrations. It is known that traffic
from home-work-home commuting causes morning and evening air
pollution peaks. Only continous automated measurements, however,
allow quantitative evalution of peak values in time. Left: Average values
of NO2 during 24 hours for the period October 1 - December 31, 2000.

Figure 16.10. Air monitoring stations in Kaunas.

The morning peak concentrations with time span at all three stations
occur around eight in the morning, and maximum evening concentrations
are registered around six in the evening. Right: Average values for
weekdays for the same period. A slight increase on Fridays is observed
for the central city.

Figure 16.11. Mobile air
monitoring equipment in
Kaunas. The car equipped with
monitoring instruments allows
taking occasional samples of air
quality at selected locations.
(Photo: Lars Rydén.)
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Ventilation of the street decides the concentration of air pollutants

Box 16.4

In 1999 the Environmental Administration of Stockholm City made
a quantitative evaluation of the factors that influenced concentration of NO2. The results were partly unexpected.
Factors which influence the pollution by some 5-20% are: Traffic
intensity (more cars more pollution); amount of heavy traffic
traffic; traffic
flow (slower traffic more pollution); the weather; and level of ozone.
However, the most important factor is ventilation
ventilation. If a previously
open street is closed by addition of buildings on both sides the
concentration of air pollutants will increase by some 70%.

A

B

The way pollutants distribute themselves in a street according
to the geometry of the streetscape is shown in Figure 16.13.
This is also reflected by the comparison of NO2 levels on the
streets, at roof level above the streets, and in the surrounding
countryside (Figure 16.12).

Bengt Fladvad

Figure 16.12. Levels of NO2 in Stockholm. Top curve: on street level in
the centre. Middle curve: at the level of the roofs in the centre. Low curve:
just outside the city. Microgram/cubic meter, average for each month
during 1999. (Source: Stockholm City, 2000. See http://www.slb.nu/lvf.)

C

Figure 16.13. The form of the streetscape influences air pollution. A.
Normal street with bad ventilation. The street is as wide as the buildings
are high (typical 25 x 25 m). The street is different on the leeward and
windward sides. B. Narrow street with very bad ventilation (typical 12 x
25 meters). C. Wide street with good ventilation (typical 60 x 25 m).
(Source: Stockholm City, 2000. See http://www.slb.nu/lvf.)

concentrations in large scaled modelling. Background concentrations from
sources outside Stockholm County are also defined from measurements and
large scale modelling
The several dispersion models and data processing methods of the system
use emission data, and monitored meteorological data. Both vertical and
horizontal distribution of air pollutants are calculated. The dispersion models
allow the study of various hypothetical situations, such as increased traffic flows,
changed climatic conditions and additional emission sources. Searching and
calculations for road traffic can for example be combined with different road
types, vehicle types, speeds, etc. Emission scenarios for road traffic until 2010
is an operational part of the emission module.
The air quality analysis, mapping, simulation studies, and description of air
quality consequences are mainly used in urban planning. The regional office in
Stockholm of the Swedish Road Administration is the head contractor for all
large road construction projects. The Stockholm-Uppsala air quality system
has simulated air quality in many such projects in the Stockholm region.
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CONTROLLING AIR POLLUTANTS
Pollution from cars

Figure 16.14. Catalytic converter for reducing
emissions from a car. The converter is attached to
the exhaust pipe of the car. Inside there is a very large
surface area of a metal with platinium which the
exhaust gases have to pass. On the surface the
oxidation of all products in the emissions are brought
to completion - converted - due to the catalysis. Other
technologies for reducing pollution from cars include
recirculation of exhausts.

Table 16.1. ECE Directives for emissions from cars.
Limits for emissions for private cars and small trucks
(less than 2.5 tonnes) according to earlier EU directives
(94/12/EG) those valid from 2000 (98/69/EG) and from
2005 are given, as well as the reductions acheived when
going to the now valid limits for 2000. For greenhouse
gases the European, Japanese, and Korean car industries
have agreed to reduce emssions of CO2 from small cars
to 140 g/km from 2008, which corresponds to a decrease
of 25% as compared to 1995. (Source: Swedish National
Road Administration, 2001; http://www.vv.se/
publ_blank/bokhylla/miljo/handbok/flik4/Flik4_7.htm.)
NOx
g/km
petrol
1995
2000
2005

0.252
0.15
0.08

diesel
1995
2000
2005

0.63
0.5
0.25

CH NOx+CH
g/km
g/km

0.341
0.20
0.10

CO particles
g/km
g/km

2.7
2.3
1.0

0.71
0.56
0.30

1995-2000 reductions rates
petrol - 40% - 40%
diesel - 20%
- 20%

1.06
0.64
0.50

- 30%
- 40%

0.08
0.05
0.025

- 35%

Table 16.2. Sources of NOX in Swedish traffic. Of the
total NOX emissions road traffic accounts for some 40%,
other mobile sources such as mobile machinery for some
45%, while 15% are stationary sources. (Source:
Swedish Environmental Protection Agency, 1999.)
Kind

% of
total

Fuel

Personal cars

20

Trucks

16

Buses, etc.
Mobile machinery
Stationary sources

4
45
15

Petrol
Diesel
Petrol
Diesel
Diesel

% of
total fuel
98
2
15
85
10

Pollution from cars, and vehicles in general, constitute a substantial fraction of
all air pollution. Judging from their use of fossil fuels, vehicles use more than
50% nationally in most countries in the Baltic Sea region and in city centres
almost 80%. Reducing car exhausts is thus an important concern. However this
has been less successful than with other sources of pollution.
Car exhausts will diminish if the fuel is combusted more completely. This is
addressed in modern cars by more or less sophisticated means of balancing the
air and fuel mixture and optimising the temperature. Post combustion at the far
end of the motor, as a simple means of reduction of air pollutants, is also done.
However if the temperature is low these means are inefficient, and in fact much
air pollution of a car is emitted the first one or two kilometres when the motor
is still cold, especially if driving is dominated by short trips in the city.
Cars have certain permitted levels of air pollutants which, in some countries,
are routinely measured yearly at control stations. These levels were for Sweden
hydrocarbons 0.25 g/km, CO, 2.11 g/km, NOX, 0.62 g/km and particles,
0.124 g/km. To reach these levels cars need to rely on so-called post-treatment
of the exhausts. This is done in catalytic converters that are placed after the
motor. In a small box of some two litres the exhaust gases passes a very extensive
area of a catalysts covered with platina or a related metal. The catalytic converter
works well at some 300 oC. In the presence of oxygen the catalysts secure an
efficient combustion of organic material and particles. The reduction of NOX to
atmospheric nitrogen requires a lack of oxygen. By carefully balancing the fuelair mixture going into the motor, in order to have stoichiometric proportions of
the gases, both these reactions can occur in the converter simultaneously.
Converters need to be taken care of to function properly. For example, they
will be poisoned by lead and thus they will not work with leaded gasoline.
Modern fuel is unleaded and thus do not constitute a problem.
Diesel motors emit large quantities of particles that might be one of the worst
pollutants in terms of human health. Converters do reduce particles. New diesel
fuels generate considerably smaller amounts of particles than the older ones.

No-emission transport
Reducing the increasing fraction of air pollution caused by transport requires other
means than end-of-pipe approaches as is clear from the above, especially in cities,
in particular as the numbers of private cars increases. Three principally different
ways to address this problem are mentioned below. A further discussion on
sustainable alternatives to today’s transport systems is found in Chapter 25.
Vehicles that use a completely different technology that do not emit air
pollutants is an option. Such cars are already in use. Cars and buses using biogas
as fuel emit very small amounts of air pollutants. Biogas motors are similar to
the diesel motors. Biogas can be produced locally from fermentation of organic
material, e.g. sewage sludge, organic waste, etc., in rather small units often
connected to waste water treatment plants. The biogas from this process is treated
further to increase the methane content to some 97%, which is the same as in
natural gas. The number of filling stations for biogas is increasing rapidly and
many car manufacturers are today selling the first commercial vehicles both to
companies and private customers. Several Swedish and German cities have
today partly or only biogas buses (see further Chapter 25). In Stockholm there
were a total of 1,000 biogas vehicles in the summer of 2001.
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Bens(a)pyren

All PAHs

Electric cars are increasingly common in situations where normal cars are
not allowed. Electric cars have no exhaust emissions at all. However their total
performance is entirely dependent on the source of electricity. If this is an electric
power plant using coal the emission is still there but elsewhere. The cars become
“elsewhere-emission-cars”. Of course all kinds of solutions to the problem have
to consider the total chain of energy conversions to be correctly judged and
compared to the conventional car.
Fuel cells using hydrogen are also an interesting option. Fuel cell cars emit
only water, as hydrogen is oxidised and produces an electric current that is used in
an electric motor. Fuel cell cars began to appear on the market at the end of the
1990s. Methane may also be used in fuel cell cars. Hydrogen is produced through
electrolytic dissociation of water, which in turn requires electricity, so the final
emission from this alternative is entirely dependent on the source of electricity.
Cars and buses may also be exchanged for other means of transport. Trains
and, in general rail-borne traffic, produces more traffic service per energy unit
than a car travelling on the road. Obviously bicycles for shorter distances are
environmentally a very good choice.
Finally, the amount of travel may be reduced. Analysis of travelling shows
that the average distance travelled per adult in the Baltic Sea region is around
40 km daily. Some of this is unwanted travel e.g. to a workplace far away or
inconvenient location of various services. The organisation of society and work
in such a way that travel is minimised is a way to reduce transport. However, all
indicators suggest that a considerable increase in costs of travelling will have to
take place in order to make such measures more widespread than today.

Figure 16.15. Polyaromatic hydrocarbons, PAH,
in the air in central Stockholm. Measurements
(ng/m 3) were done at a heavily trafficated street,
Hornsgatan, for the months April-May during
1994-2001. Levels were reduced four times during
the period. This is believed to be due mainly by
introduction of catalytic converters and more pure
fuel. Left: Total PAHs diveded over ten different
categories of PAHs. Right: Bens(a)pyren shown
separately. Even if the levels have been reduced
four times they have not yet come under the low
risk level of 0.1 ng/m 3. (Burman et al., 2002.)

Carbon dioxide
Another challenge for air pollution control that has not been very successfully
addressed is emission of carbon dioxide. Carbon dioxide is, as has been stated,
produced in all combustion processes. It is not toxic but contributes to global
warming. Reduction of its effects may rely on reduction of the combustion
itself, that is using less fuel. A second option is re-absorption of the carbon
dioxide in e.g. photosynthesis or build up of organic material in soil. The third
option is sequestration of carbon dioxide as it is produced, e.g. by pumping it to
a large depth in the ocean or storing it in old mines.
All these approaches are described in Chapter 10. Following the Kyoto
protocol emission of greenhouse gases, mostly carbon dioxide, will be reduced.
This together with the very general energy taxes contributes to a change of energy
policy to decreased use of fossil fuels, rather than the other two options. Thus
rather than controlling this emission, it is avoided.

Emissions from combustion plants
Installation of emission control on combustion plants are in most cases the result
of regulations on emissions to the atmosphere. In many countries, regulations

Table 16.3. Emissions to air from light trucks.
Loading capacity up to 3.5 tonnes; in traffic, real load
50% capacity. (Source: Swedish Environmental
Protection Agency, 1999.)
Pollutant

Diesel
g/km

Petrol
g/km

NOx
HC (hydrocarbons)

1.00
0.51

0.56
0.80

PM (particles)
CO
SO
2

0.15
0.73
0.17

0.02
2.20
0.38
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Main control technologies
for reducing particles,
SO2 and NOx emissions
Particles
Cyclone
Electrostatic precipitator
Fabric filter

SO2
Adsorbent injection
Spray dry system
Wet scrubbing

NOx
Low NOx burners
Reduced excess air
Overfire air
Flue gas recirculation
Selective non-catalytic reduction (SNCR)
Selective catalytic reduction (SCR)

were first introduced on emissions of particles, and then on sulphur and nitrogen
oxides. As a result, each control system has been separately optimised. The control
of emissions to the atmosphere can result in a transfer of pollutants to the soil and
ground water in the form of waste products that require disposal or waste water
streams. An integrated approach to pollution control, considering the interactions
between atmospheric, liquid and solid waste, is needed. In the process of reducing
one atmospheric pollutant to meet emission standards, other pollutants may be
produced such as ammonia, carbon monoxide, and nitrous oxide.
Different measures to control emissions can be used to meet the required
emission standards. There are different principal ways of reducing the total
emissions of particles, sulphur dioxide, and nitrogen oxides:
•
•
•
•

increase the efficiency of fuel use,
pre-combustion measures,
combustion measures, and
flue gas treatment.

These methods may be used separately or in combination. The choice depends
on several conditions, which can vary between plants as well as countries
resulting in different systems being used. Some of the conditions that affect the
choice of method to reduce emissions are:
•
•
•
•
•

regulations on air pollutant emissions, solid residues, wastewater, and fuel
properties,
uncontrolled emissions,
plant operation, for example load factor, and plant size,
site specific conditions such as new or retrofit installation, and
economic assumptions and cost accounting procedures.

These several control technologies for particles, sulphur and nitrogen oxides
interact. The interactions can be either positive or negative.

Emission standards
There are various types of regulations on emissions. For example for sulphur
emissions regulations can be based on the emission of the pollutant, the removal
rate, the sulphur content in the fuel, or the requirement for control technology,
such as best available technology, BAT. They are used separately or in
combination.
Most countries have chosen to set standards for the concentration of the
pollutant emitted in the flue gases, but the way in which these emission standards
are set varies between countries. The differences lie mainly in the categories for
the plants subject to limits, the units used for emission standards, the time base
over which emissions are measured, and the limits themselves. The categorisation
of a plant can be based on unit size, whether it is a new or an existing plant, the
combustion technology on which it is based, the total amount of emissions, and
the type of fuel used.
In addition to national emission standards, several countries are now covered
by international agreements to reduce their emissions. The United Nations
Economic Commission for Europe (UNECE) Convention on Long Range
Transboundary Air Pollution includes separate protocols covering SO2, NOx
and volatile organic compounds (VOC) (see further Chapter 11). There is also
the UN Convention on Climatic Change which regulates the emission of
greenhouse gases such as CO2. The EC Directive on limitation of emissions of
pollutants into the atmosphere from large combustion plants applies to the EU
countries. Taxes and charges have been introduced on sulphur and nitrogen
oxides emissions in some countries. In some countries there are strategies based
on meeting air quality standards or preventing the deterioration of air quality.
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THE TECHNOLOGY OF REMOVING
POLLUTANTS FROM FLUE GASES
Source controls – improved efficiency and better fuels
Increase in efficiency. When less fuel is needed, through better efficiency, to produce
the same amount of heat energy, the total amount of emissions are also reduced.
The efficiency in the use of fuel can be increased through, for example more efficient
combustion (less CO in the flue gases and less unburned carbon in the fly ash), less
heat loss, and more efficient auxiliary equipment. Flue gas condensation can be
used when fuels with high moisture content are fired, for example wood chips, in
order to increase the heat recovery in district heating plants. The condensation
will, in addition to increasing the efficiency and therefore also reducing the use of
natural resources, also reduce some pollutants, mainly particles.
There is always some penalty in the plant efficiency as a result of the
introduction of flue gas treatment equipment. Different control measures use
electricity or heat, causing a reduction in net energy production.
Pre-combustion measures. Measures prior to combustion which may reduce
emissions include fuel cleaning (coal cleaning), blending with cleaner fuel or
switching to a cleaner fuel.
Fuel cleaning could be used for example for coal. There are several processes
and methods for reducing the impurities in coal. Ash and pyritic sulphur can
be separated either by methods that depend on density differences or a difference
in surface properties. In order to separate more impurities the coal is milled to
finer sizes, which increases the liberation of both mineral matter and pyrite.
The amount of sulphur, which may be removed, depends on the relative
proportions of organic and inorganic sulphur present, and this varies in different
coals. Up to 90% of the pyritic sulphur can be removed physically. Chemical
or biological methods are needed to remove organic sulphur. These methods
are, however, not yet defined as conventional methods.
Fuel switching can for example include switching to a cleaner coal type (less
ash and less sulphur). A part of the fuel used can also be replaced with a cleaner
fuel. Another alternative is switching from one type of fuel to a fuel containing less
impurity, for example switching from coal to natural gas. Fuel switching may
require more or less modification of the boiler and auxiliary systems.

Removal of particles
Particle control. Technologies that are currently in commercial operation for
control of particles from combustion plants (see Box 16.5) are mainly mechanical
collectors such as cyclones, electrostatic precipitators (ESP), and fabric filters.
Of these, only electrostatic precipitators and fabric filters are capable of meeting
stringent emission standards for utility boilers alone. However, for smaller
combustors where the emission standards are less stringent and where the
uncontrolled emissions are low, cyclones may achieve the required reduction.

Desulphurization of flue gases
The most widely used flue gas desulphurisation (FGD) systems are wet processes
using calcium based adsorbent. Initially, most such systems produced non-usable
residues for disposal but processes that produce gypsum as a saleable by-product
are increasingly favoured. Spray dry scrubbers and adsorbent injection installations
are increasingly in use, especially on small units, However, they mostly have
non-usable residues, which may hinder future expansion. New FGD processes,

Principles for SO2 removal
Fuel-based methods
Less fuel – improved efficiency
Using less fuel is the best method, made
possible by more energy efficient end
users.
Another fuel – fuel switching
Changing fuel to one that has less of the
impurity, e.g. from high to low sulphur oil
or to biomass.
Cleaning the fuel – fuel cleaning
Impurities, especially sulphur, in coal may
be removed or reduced in several ways.

End-of-pipe based methods
Flue Gas Desulphurisation, FGD
Wet scrubbers
The flue gas passes through a spray of
lime; a slurry of gypsum is produced.
Dry scubbers
The flue gas passes through a spray of
lime; particles of gypsum are produced
and collected.
Adsorbent injection
The flue gas passes over a solid or
fluidzed bed of calcium; particles of
gypsum are produced.
Regenerable systems
An adsorbent, e.g. a sodium sulphite solution, reacts with the SOx; Later sulphur
is recovered from the adsorbent and sold;
the adsorbent is reused.
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especially those combining SO2 and NOx removal, are continually being
developed with a slowly increasing number of commercial installations.
Wet scrubbers. The most widely used types of FGD installations are wet
scrubbers. The process includes a gas/liquid reaction and result in a wet product.
The majority of wet scrubbers use calcium-based slurry as a adsorbent, generally
of lime or limestone. Sodium-based adsorbent can also be used. The adsorbent
is injected into the flue gases, generally in an open tower although a packed
tower may sometimes be used. The product is a wet mixture of calcium sulphite
and sulphate. An oxidation step is commonly incorporated to produce gypsum,
which is calcium sulphate with a defined amount of crystal water, which can be
dried. Sulphur removal efficiencies of 90% and over are normally achieved.
Other types of wet scrubber in use on a small number of plants employ
either aqueous ammonia as a adsorbent, giving a fertiliser by-product, or a carbide
sludge. Another process utilises the natural alkalinity of seawater as a adsorbent
but a coastal location is required and the process uses large volumes of seawater.
Spray dry scrubbers. Spray dry scrubbers have been developed as an alternative
to wet scrubbers especially for smaller sized installations and where the sulphur
content in the fuel was not particularly high. There are now plants operating on

Methods

The technology of particle removal from flue gases

Box 16.5

Electrostatic precipitators (ESP)
Electrostatic precipitators (ESP) are the most commonly used
pollution control devices for large-size boilers. ESP is inherently
high-efficiency collectors and, when properly designed, can
achieve overall collection efficiencies of 99,5% or more. ESP as
a generic technology is capable potentially of meeting all current
emission standards for particles.
The flue gases with particles pass horizontally between
collecting plates. A high-voltage direct-current rectifier is applied
between the collecting plates and the discharge electrodes. The
electrical field is strong enough to create
a corona
discharge around
The
technology
of
the discharge wires. The gas is ionised in the corona discharge
and large numbers of positive and negative ions are formed. The
positive ions are immediately attracted by the discharge electrodes
while the negative ions on their way towards the collecting plates
collide with and adhere to the suspended particles.
The electrical force on each particle becomes much greater
than the gravitational force. Hence the speed of migration towards
the collecting plates is much greater than the speed of sedimentation
in free fall. At suitable intervals, during which a layer of particles
has built up, the plates are rapped to dislodge the particles, which
fall into a hopper below. Rapping is carried out either by a
mechanical hammer or a pneumatic or electromagnetic impulse.
There are several factors influencing the performance of an
ESP. They include the electrical conditions within the precipitator
(current and voltage), characteristics of the fly ash (particle size
distribution and resistivity), flue gas conditions and re-entrainment
of collected particles during rapping.

The fabric filter or baghouse
The fabric filter or baghouse is now a well-established technology.
Fabric filters are inherently high-efficient collectors, but unlike ESP,
much less sensitive to particle loading and fly ash characteristics.
It may, however, not be suitable for oil-fired boilers and where it is
expected to be a risk of burning particles in the fly ash.
A fabric filter can be considered as a large surface area of
fabric, which collects particles from the flue gases passing through

it. As the particles pass through the fabric filter a cake
consisting of particles builds up on the surface of the fabric.
This cake plays an important part in the collection process. In
operation, fabric filters may be designed to filter particle matter
using either inside-out or outside-in collection. For inside-out
systems, the flue gases are routed into the bottom of the bags
and then passed through the fabric to the outside. Outside-in
filter bags are, supported by wire cages to prevent the bags
from collapsing. In both types of filtration, particle matter is
trapped and deposited on the surface of the bags and cleaned
flue gases exit at the top of the compartment. The bags are
particle
removal from flue gases
cleaned when the residual cake of collected material on the bag
surface builds up unacceptably in terms of pressure drop, or
after a certain period of time.
The two fundamental parameters in sizing and operating fabric
filters are air to cloth ratio (that is, the total area of fabric in relation
to the volume of gases passing through) and the pressure drop.
The ability of fabric filters to maintain a specific collecting
efficiency is independent of the concentration of particles in the flue
gases at the inlet. Design efficiencies are usually better than 99,5
% and reported collection efficiencies of 99,7-99,9 % are not
uncommon.

Cyclones
In a cyclone, the flue gases with particles are given a circular
motion either by a tangential inlet or through use of guide vanes.
The flue gases with particles spiral down the walls of the cyclone
and cleaned flue gas moves upward through the centre of the
cyclone. A centrifugal force is created and pariculates move
towards the walls of the cyclone, eventually being collected in a
hopper at the bottom of the cyclone.
Collecting efficiency, even for the high efficiency cyclones, is
normally limited to about 90%. The fractional collection efficiency
depends strongly on the particle size and the cyclone design. Even
for high-efficiency cyclones, the fractional collection efficiency
decreases considerably for particles smaller than 5 µm and this
limits the applicability of cyclones.
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Figure 16.16. Techniques for reducing sulphur
emissions. The sulphur is reacted with dry sorbent
injected in the flue gases. The flue gases is led through
a so-called scrubber, a kind of ”filter”, in which the
flue gases go through a spray containing usually lime
or limestone. In a spray dry scrubber a slurry is sprayed
into the flue gases resulting in a dry powder. A wet
scrubber results in a slurry mainly of gypsum.

high sulphur fuels and on larger size boilers. The processes involve gas/liquid
reactions. The adsorbent slurry or solution is sprayed in fine droplets into the reactor
vessel, drying as it reacts with the SO2 in the flue gases. An end collector cleans
the flue gases from dry particles produced, either an ESP or a bag filter. The use of
a pre-collector for fly ashes can be used. The pre-collector enables the separation
of fly ash from the desulphurisation product. The fly ash can usually be utilised
and the volume of desulphurisation product that may require disposal is reduced.
Lime slurry is commonly used as an adsorbent, resulting in a dry product
of mixed calcium sulphite/sulphate. The by-product is less attractive
commercially than the gypsum produced by the wet lime/limestone scrubber.
No wastewater is produced in spray dry systems. The sulphur removal is
commonly around 80-90%, although higher removal efficiencies can be
achieved. Spray dry scrubbers are generally characterised by their lower capital
costs (if the sulphur content is not too high, e.g. less than 2.5% in coal) but
higher operating costs than those for wet scrubbers. They may be more attractive
for older plants or plants with a lower load factor.
Adsorbent injection. Adsorbent injection processes are sub-divided into
furnace adsorbent injection, duct adsorbent injection and hybrid adsorbent
injection. Adsorbent injection systems involve gas/solid reactions. Lime or
limestone is commonly used as adsorbent and a dry calcium sulphate waste mixed
with fly ash is produced. The capital costs for adsorbent injection are
relatively low compared to other FGD processes. However, the efficiency of
sulphur capture is considerably lower than other systems in conventional boilers.

Figure 16.17. Successful removal of SOx from air.
Monitoring SOx at roof level in central Stockholm over
a 20 year period proves the success of control of SOx
in flue gases. (Stockholm City 2002. See http://
www.go.to/lvf.)
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Figure 16.18. Scrubber at Uppsala Energy power
station. The scrubber is large and handles flue gases from
the incineration of 235,000 tonnes of household waste
yearly. (Photo: courtesy Vattenfall Värme Uppsala AB.)

Large adsorbent to sulphur ratios are needed to achieve SO2 removal efficiencies
above 50% in the most commonly used processes, for example limestone
injection in furnace. The efficiencies can be increased by the use of specially
prepared adsorbents, or a hydration step within the duct work, or recirculation
of large amounts of by-products in addition to fresh adsorbent within the duct
work, or in a separate reaction vessel.
Another process, which may be included under adsorbent injection, uses
a circulating fluidised bed, only for flue gas treatment, with lime or hydrated
lime as adsorbent. These latter processes can reach reduction rates up to 7090%. The SO2 in flue gases from fluidised bed combustion (FBC) can be reduced
relatively simply through the addition of limestone into the combustor. By this
means approximately 95% of the SO2 can be captured in the form of gypsum (as
calcium sulphate anhydride). The desulphurisation rate depends on the molar ration
between added limestone and sulphur in the fuel. The reduction rate also depends
on the temperature. The variation in conditions for different types of FBC results
in different rates of sulphur capture. The most favourable conditions are in a
circulating fluidised bed (CFBC) where reduction rates between 80 and 90%
can be obtained with a Ca/S molar ratio of 2.
Regenerable systems. A range of regenerable FGD systems are in use.
Regenerable processes are defined by enabling reuse of the adsorbent after
treatment. The treatment, a regeneration step, releases concentrated SO2. The
sulphur dioxide can then be processed further to either liquid SO2, sulphuric
acid or elemental sulphur. Regenerable systems tend to be more complex than
non-regenerable processes, and have higher capital costs. Their overall
economics depend highly on the price obtained for the end product. The most
widely used regenerable FGD system is the Wellman-Lord process, which uses
a gas/liquid reaction with sodium sulphite solution as the adsorbent. The reaction
product is regenerated by heat treatment to produce SO2-rich gas that can be
further processed to give sulphuric acid or elemental sulphur.
Another regenerable process uses magnesium oxide slurry as adsorbent. As
with the Wellman-Lord process, the adsorbent is thermally regenerated producing
SO2-rich gas. There are also combined SO2/NOx processes in which the flue
gas desulphurisation is combined with a denitrification step where the
desulphurisation may be regenerable.

Control of NOx emissions
Different degrees of uncontrolled NOx emissions and variations in limits for
NOx emissions mean that different measures for controlling the NOx emissions
are required, depending on boiler type and fuel. These control measures may
work by decreasing NOx during combustion, cleaning the flue gases, or a
combination of both.
Combustion modifications. There are various approaches for reducing v
emissions from the boiler such as:
•
•
•
•
•

operational measures, for example decreased excess air,
air staging, trough for example: low NOx burners and over fire air (OFA),
low NOx burners,
fuel staging (reburning), and
flue gas recirculation.

Combustion modifications are widely used for 20-70% reduction and are
reported to be cost-effective both for new and existing plants. The results from
different combustion measures vary with the specific conditions such as fuel
type and variations in fuel composition, combustion systems. Figure 16.19
illustrates NOx reduction options including post-combustion technology, an
example for coal. The principles are the same for other types of fuels.
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Figure 16.19. Principles for NOx control. The first
step is to reduce the NOx emissions from combustion
through different measures such as low NOx burners,
air staging, flue gas recirculation and fuel staging. To
reach low emissions ammonia injection is required in
a selective non-catalytic reduction (SNCR) or a
selective catalytic reduction (SCR).

There are a number of combustion technologies where emission control is
integrated into the process. Atmospheric fluidised bed combustion (AFBC) is a
technology where conditions, such as the combustion temperature, favour low
NOx formation and where adsorbent can be used to reduce SO2 emissions.
Selective catalytic reduction. Selective catalytic reduction is a method where
ammonia is injected into the flue gases in the presence of a catalyst to reduce
NO and NO2 to nitrogen and water. The catalyst can be placed in different
position in the flue gas flow, the important factor being that the conditions such
as the flue gas temperature are right (usually 300-400oC). Most plants are
designed for a 70-90% reduction to meet stringent emission standards.
Selective non-catalytic reduction. Selective non-catalytic reduction (SNCR)
is an attractive method from the point of view that no costly catalyst is required.
Nitrogen oxides can be controlled through thermal reactions by using appropriate
reducing chemicals. The reaction usually occurs at temperatures of 900 - 1,100oC.
Ammonia or urea is generally used as the reducing chemical. The method results
in less NOx reduction than selective catalytic reduction although higher
consumption of chemicals is required. The SNCR method is expected to reduce
NOx emissions by 30-50%. Higher reduction rates, up to 70-80%, are supposed
to be achievable under favourable conditions.

Other emissions
Carbon monoxide and organic compounds. Increased emissions of organic
compounds may, for example in old inefficient boilers and when burning fuels
with high moisture content in smaller boilers. There is also a risk that the
carbon monoxide formation will increase with combustion measures in order
to reduce the NOx emissions. The carbon monoxide content in the flue gas is
relatively easy to measure, and a high content of carbon monoxide is usually
considered to be an indicator of bad combustion and formation of unwanted
emissions, such as organic compounds. Through optimisation of the
combustion, formation of carbon monoxide and organic compounds can be
limited.
Carbon dioxide. Formation of carbon dioxide from combustion varies depending
on the fuel. Examples of formation from some fuels are found in Table 16.4.
The efficiency of the plant effects the CO2 emissions as well as other
emissions. Methods to capture CO2 emissions have been studied, but all have
so far been found to be too expensive.

Table 16.4. Examples of formation of CO2 from
selected fuels.
Fuel
fuel oil
coal
natural gas
biomass
peat

g CO2/MJ fuel input *
77
92
56
98 **
120

* Net heat value.
** The net value considering a lifecycle with a zero
CO2 capture.
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Ammonia. In methods reducing NOx emissions, such as SCR and SNCR,
not all ammonia (or urea) reacts, causing emissions of ammonia through the stack
(ammonia slip). The risk of ammonia slip is larger with SNCR than SCR. A part of
the unreacted ammonia is captured in the fly ash. In plants with wet scrubbers or
flue gas condensation the ammonia is washed out from the flue gas.
Chloride and fluoride compounds. Chloride and fluoride compounds can be
treated with the same methods as desulphurisation. There is a risk of dioxin
formation when burning fuels with high content of chloride, as for example in
municipal waste. Measures to reduce the formation include mainly combustion
measures (high enough temperature, reaction time, and turbulence). When the
required level cannot be obtained with combustion measure alone, as for example
in some older municipal waste incinerators, some flue gas treatment methods reduce
the dioxin emissions. Dry systems and spray dry methods (see desulphurisation)
also decrease the dioxin emissions. There are also specific methods for reduction
of dioxin using a special catalyst or a filter with activated carbon/coke.
Heavy metals. The content of heavy metals or trace elements varies between
different fuels. Most metals evaporate in the combustion and then condensate
as metal compounds when heat is recovered in the boiler. Mercury is an exception
from that reaction. The metals are almost completely bound during condensation
to the particle surfaces of the fly ash. Smaller particles have higher content of
metals than larger particles. The amount of metals in the gas phase in the flue
gas is low, except for mercury. As the metals are bound to the particles the
reduction rate is a direct function of the particle collection.
Adsorbent injection, spray-dry scrubbing and wet desulphurisation processes
all result in good capture of mercury. The captured mercury is assumed to be
mercury chloride compounds. The metallic mercury is not believed to be effected
by flue gas treatment. The capture of mercury in processes with fabric filters
can be increased through addition of activated carbon prior to the fabric filter.

REVIEW QUESTIONS
1.

Describe the most important task for environmental engineering.

2.

Explain the IPPC and BAT concepts. As an example of monitoring of pollution, describe a system for air
pollution and quality control. Find out if there is such a system in the area where you live.

3.

Describe how data from an air monitoring system can be used, especially together with meteorological data
and data on traffic flows.

4.

Describe a system for monitoring emissions from factories, power installations, and other facilities that
pollute air, and how it is connected with the system of emission licensing from the authorities.

6.

What type of and about how much air pollution comes from cars, and how is it controlled and reduced?

7.

What are some possibilities to drastically reduce air pollution from cars?

8.

What are the major ways to reduce air pollution form power plants and in general installations where
combustion of fossil fuel is used to produce energy?

9.

Describe the various technical ways to reduce sulphur in flue gases to reduce acidifying emissions.

10.

Describe the various technical means to reduce nitrogen in flue gases to reduce eutrohying emissions.
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http://www.asce.org/
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The Environmental and Engineering Geophysical Society
http://www.eegs.org/
The European IPPC Bureau
http://eippcb.jrc.es/
Finnish Environment Ministry IPPC Information
http://www.vyh.fi/eng/environ/infoinst/bat/Ieasc.htm
FordonsGas
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http://europa.eu.int/
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Netherland National Air Quality Monitoring
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Norwegian Institute for Air Research
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United Nations Economic Commission for Europe
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United Nations Framework Convention on Climate Change
http://unfccc.int/
US EPA Office of Air Quality Planning and Standards
http://www.epa.gov/oar/oaqps/
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GLOSSARY
air quality management associations

emission licenses

unit formed by neighbouring counties and municipalities to monitor, and
analyse air quality data, and to make models and predictions

legally required permit that an industrial plant or an energy plant above a
certain size must have to be allowed to operate, either from a national
committee (A-level) or from county administration (B-level); the emission
licenses define the substances under regulation and the conditions for emission
of defined amounts

air quality management data system
computer system that receives air quality, meteorological station, and traffic
data used for air pollution dispersion calculations, as well as other analysis

end-of-pipe
Best Available Techniques, BAT
concept introduced in the EC directive addressing environmental performance
of a bundle of activities affecting all environmental aspects of a plant’s or
industry’s operations, such as procedures, techniques, technologies,
maintenance, operating standards, de-commissioning of plants and energy
and efficiency audits

biogas
gas produced from fermentation of organic material, e.g. sewage sludge,
organic waste, etc., in rather small units often connected to waste water
treatment plants, composed of 65% methane, and carbon dioxide and water;
biogas is treated to increase the methane content to about 97%, which is the
same as in natural gas; use of biogas for cars or heating gives rise to very
small emissions

catalytic converter
equipment used to treat car emissions to reduce pollutants; they contain a
very extensive area of a catalysts covered with platina or a related metal to
secure an efficient combustion of organic material and particles and the
reduction of NOx to atmospheric nitrogen

technologies which remove pollutants from exhausts and emissions at the
point where they leave a factory or other unit to be returned to the environment

environmental engineering
a part of civil engineering classically concerned with water protection and
management, later air, soil and waste management; today environmental
engineering addresses the technical processes themselves to assure that these
allow minimisation of waste discharge and pollution, and make effective use
of raw materials and energy

fabric filters
an high-efficient collector of particles in flue gases; also called baghouse

exhaust management
management of emissions to air and water using technical approaches to
control pollution

fuel cell car
a car that uses fuel cells to produce electricity for the motor; fuel cells emit
only water

combustion modifications

fuel cleaning

technologies for reducing NOx emissions from a boiler, such as decreased
excess air, air staging, low NOx burners, reburning, and flue gas recirculation

emission control measures relying on processes and methods for reducing
the impurities in fuel, e.g. coal, where ash and pyritic sulphur can be separated
away

cyclone
equipment in which the particles in a flue gas are given a circular motion to
spiral down the walls of the cyclone while the cleaned flue gas moves upward
through the centre

fuel switching

desulphurization, or FGD flue gas desulphurization

industrial emission database

methods to remove sulphur from flue gases, most often using a system were
a calcium based adadsorbent captures the sulphur to produce gypsum as a
saleable by-product

a database that consists of industrial emission sources, each linked with data
on e.g. location, chimney height, exhaust gas velocity, variation in emissions
over the day and month, and kind of exhaust

dispersion calculations

Integrated Pollution Prevention and Control, IPPC

data processing methods using emission data, and monitored meteorological
data, to calculate vertical and horizontal distribution of air pollutants, allowing
e.g. the study of various hypothetical situations, such as increased traffic
flows, changed climatic conditions and additional emissions sources

European Commission rules regarding permits for industrial installations
collected in the so-called IPPC Directive of 1996; the goal of the directive is
to achieve integrated prevention and control of pollution arising from a wide
range of activities by means of measures to prevent or, where that is not
practicable, to reduce emissions from industrial facilities to air, water, and
land, including measures concerning waste, in order to achieve a high level
of protection of the environment as a whole

electric car
a car that uses an electric motor and batteries; though electric cars have no
emissions at all, their total performance is entirely dependent on the source
of electricity

electrostatic precipitator
a commonly used pollution control devices for large-size boilers to reduce
particles in the flue gases

emission control measure that involve the exchange of a less pure fuel to a
cleaner one, for example a coal type with less ash and sulphur

monitoring technologies
technologies used to carefully monitor on a regular basis pollution, especially
air quality and air pollution, to protect human health and the environment;
the results, and predictions based on the results, are used e.g. when developing
new roads, housing, and industries, but also directly by, e.g. people with
asthma

emissions control on combustion plants
installations of emission control on combustion plants, relying on e.g.
increased efficiency of fuel use, pre-combustion measures, combustion
measures and most often flue gas treatment, used separately or in combination

non-polluting technologies
technologies that cause little or no pollution, also called pollution prevention,
source reduction or pollution control; part of the larger notion called cleaner
production, or clean production and waste minimisation
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GLOSSARY
particle control

selective catalytic reduction

technologies for control of particles in emission from combustion plants,
e.g. mechanical collectors such as cyclones, electrostatic precipitators (ESP)
and fabric filters

a method where ammonia is injected into flue gases in the presence of a
catalyst to reduce NO and NO2 to nitrogen and water

source control
permit for emissions
the same as an emission license

emission control based on improved efficiency of combustion and better fuels,
or more efficient equipment

permitted levels of car emissions

waste management

maximum allowed car emission levels according to a national authorities,
often required to be measured yearly at control stations

management of solid waste but sometimes also emissions to air and water
which can also be regarded as waste, sometimes called molecular waste

post treatment of car emissions

ventilation of buildings

treatment of emissions that leave a car motor, mostly done in catalytic
converters that are placed after the motor

a major aspect of the operation of industrial and residential buildings, on an
average exchanging the volume of air every hour with the consequential
requirements on adjusting air quality, humidity and temperature, normally
using filters that remove particles, and more seldom filters to remove air
pollutants

pre-combustion measure
emission control measure prior to combustion itself, which may reduce
emissions, and include measures such as fuel cleaning (coal cleaning),
blending with cleaner fuel, or switching to a cleaner fuel

real time air quality information
daily air quality information and forecasts, used by e.g. people with asthma;
typically a local nitrogen dioxide index for a city centre, often distributed by
local radio stations and newspapers or on the Internet

wet scrubbers
a desulphurization technique including a gas/liquid reaction which results in
a wet product; most often using calcium-based slurry, which is injected into
the flue gases, generally in an open tower producing a wet mixture of calcium
sulphite and sulphate

zero-emission cars
regulations on emissions
regulations to control emissions based on for example the emission of the
pollutant (e.g. for sulphur), the removal rate, the sulphur content in fuel, or
the requirement for control technology used separately or in combination

vehicles using technologies that do not emit air pollutants, such as biogas,
electric, and fuel cell cars

resource management
use of natural resources, in particular the basic resources of water, air, soil,
and energy; a main concern for environmental engineering

ENVIRONMENTAL ENGINEERING AND THE TECHNOLOGY OF CLEAN AIR 503

