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Among the local impacts which are considered within the Sub Program 9.3 of the Ulcos project for the assessment of technologies sustainability, air quality is a key issue for the evaluation of the environmental impact of a
steel plant in its surrounding area. In this paper a method based on the use of air dispersion modelling is proposed for the assessment of the Ulcos technologies on the basis of the concentration in the atmosphere of the
main pollutants (NOx, SO2, TSP, PM10, PM25, CO, Pb, PCDD) produced by the plant. For performing this task
the AERMOD model, a widely used model belonging to class of Gaussian models, was used. For exploiting
AERMOD it was necessary to characterize the case base plant specifying the positions and dimensions of its
main parts and its stacks as well as the characteristics of their emissions. Furthermore it was necessary to collect information on the meteorological conditions and the terrain of the considered zone. The results, measured
in terms of average concentration of the pollutants at ground level, show that such concentrations are below
the limits established by current legislation. In the future these results will be used for comparisons of the case
base with new technologies.

Introduction

Part 1. Air dispersion modelling

The sustainability of Ulcos technologies must be
evaluated taking into account various aspects among
which local impact is a key issue as it represents the
influence of the presence of a steel plant in the surrounding area according to several aspects including
the social and environmental ones.

The dispersion of pollutants in the air is influenced
by several factors related both to the nature of emitted pollutants and their physical properties both to
the plant characteristics and geographical properties
of the zone for which the model is applied. On the
basis of these informations an air dispersion model
simulates the behaviour of the observed gas in the
atmosphere and calculates their concentration in the
atmosphere. For the purpose of the work the average ground level concentration of the following set of
pollutants established within the SP9.3 working
group was calculated:

Air quality is an important aspect of local impacts
which aims to assess the influence of the steel plant
on the air pollution in the nearness of the plant. In
this work the air quality in terms of the concentration
of the main pollutants produced by a standard steel
plant was investigated by means of air dispersion
modelling techniques which are normally exploited
for this purpose. For this modelling task a base case
plant has been defined, represented by an average
in-land European plant. Information related to such
plant concerning its emission, parts positions,
weather conditions and terrain features have been
retrieved and the obtained results obtained from the
simulation have been used for the evaluation of the
base case (BF route) and as a touchstone for some
considerations on the new Ulcos routes.

•

NOx

• PM2.5

•

SO2

• CO

•

TSP

• Pb

•

PM10

• PCDD

This set of pollutants corresponds to the main emissions produced by a standard plant and mainly affect
air quality.

The paper is organized as follows: in part 1 the general modelling work carried out is described and an
introduction to the utilized modelling tools is proposed; in part 2 the details of the base case utilized
in this work are reported and the results of the air
dispersion modelling simulation are shown in part 3;
finally some conclusions and the future work perspectives are drawn.

Figure 1. A schematic representation of the input-output of
the adopted air dispersion model

Air dispersion models simulate by means of several
mathematical equations and algorithms how the pollutants disperse in the atmosphere. These equations
are based on: meteorological conditions (wind speed
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and direction, stability class of the particular atmosphere, air temperature profile); emissions parameters such as source location and height, stack diameter and exit velocity, exit temperature and mass flow
rate; terrain morphology (i.e. elevation of the zone
surrounding the emitting plant); the presence, positions and dimensions of buildings or other structures
which can affect the path of the emission.

AERMOD is the most known and widely used Gaussian air dispersion model. It is a steady state advanced plume model that incorporates updated
treatments of the boundary layer theory, understanding of turbulence and dispersion and includes
handling of terrain interactions.
AERMOD was expressly designed to be used for relatively small regions (up 100 Km). AERMOD model
includes also 2 data preprocessors, one for the preprocessing of meteorological data and the other for
the terrain data and a tool for the calculation of the
interaction of buildings with the plume. Several characteristics make this model suitable for the simulation of the short range dispersion of pollutants generated by an industrial complex [6] [8]. It is since
year 2000 the EPA’s preferred model for the air dispersion simulations both for simple and complex
terrains. AERMOD is able to model a wide set of different features [6] [7]: multiple types of sources
(multiple points or surface); source location (urban
or rural); emissions continuity; plume dispersion
treatment on the basis of atmosphere stability; a
variety of meteorological situations.

Many of the modern, advanced dispersion modeling
programs include a pre-processor module for the
input of meteorological data, and many also include
a post-processor module for graphing the output
data and/or plotting the area impacted by the air
pollutants on maps.
Air quality models can be classified on the basis of
their approach to the problem in 4 groups.
Gaussian models are the most widely used technique
for estimating the ground level concentration of nonreactive pollutants. They are based on a simple formula that describes the three-dimensional distribution of a pollutant generated by a point source.
Numerical models are used mainly for area source
urban applications and involve reactive pollutants.
Eulerian and Lagrangian models belong to this class
and differ on the adopted reference system: in the
Eulerian the reference system is fixed with respect to
the earth, while the Lagrangian follows the average
atmospheric motion.
Statistical methods are frequently used in those
situations where there is lack of knowledge of data
and context information and exploit air quality measurements to infer semi-empirical cause-effect relationships.
Physical models are used for modelling complex
situations and are applied to limited regions. They
involve the use of wind tunnel or other fluid modeling facilities.

Figure 2. Schematization of the physical model on which
AERMOD is based

Part 2. The base case

Dispersion models are often used for the assessment
of air quality in various frameworks and for different
aims. There are numerous examples of their use for
the evaluation of the impact of pollution generated
by urban areas as for instance in [9] where the
emissions of a whole city are considered or in [10]
where the specific impact of single and possibly small
sources is evaluated. On the other hand these kinds
of models have also widely been used for the assessement of industrial pollution impact as for instance
in [11] and [12] where several models have been
tested and compared for real world applications.

For the simulation it was decided, within SP9.3, to
design a specific case base reflecting a standard
steel plant in order to generate results usable for
future comparison with analogous results obtained
by the other technologies. The case base consists in
an in-land plant with a HRC production of 4MT/y
located in central Europe. The considered case base
is in line with the case study defined within the
whole SP9 as a term of comparison for all ULCOS
technologies.
All the interesting characteristics of the case base
configuration have been collected to be fed to the
model. In particular the disposition and the structure
of plant buildings; several information concerning
emissions features and meteorological and terrainn
info of this case were taken into account.

Gaussian model are based on the equations proposed in [1] and improved in [2] and [3] which assume the distribution of the vertical and crosswind
dispersion of the pollutants flow (called plume) to be
Gaussian and also include the effect of ground reflection of the plume. Such Gaussian model equations
are based on the calculation of the height H which is
the pollutant plume's centerline height above ground
level and was studied by Briggs in [4] and [5]. These
concepts are illustrated in Figure 2.
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More in detail the position of the main parts of the
steel plants have been collected as well as the stack
height of the emitting sources. In particular data
were collected for the following structures: coke ovens, sinter plant, blast furnace, hot mill, power plant
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and BOF. The relative positions of these buildings are
shown in Figure 2.

cludes all the information concerning the elevations
of the area.
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Figure 3. This map represents the main buildings forming
the case base steel plant. In this figure the orientation of
the building is not represented though is taken into consideration by the AERMOD model

The stack positions, height and diameters of the
considered buildings are shown in table 1. Stack
heights are particularly important as the mainly determine the plume rise height, a factor which
strongly affects the dispersion behaviour.

Table 4. Position of the buildings within the plant

The data on the emissions of the main stacks of the
plant have been extrapolated from the BREF and
take into account several aspects of the pollutants
mentioned in part 1:

Terrain and meteorological information also play an
important role in the dispersion of pollutants in the
air thus suitable information have been collected and
used. In particular a set of available meteorological
data corresponding to the selected location have
been collected and include, among the others, data
concerning the precipitations, the atmospheric stability classes and winds (both intensity and direction
distributions as depicted in Figures 3a and 3b respectively). On the other hand terrain information in-

•

For each stack gas temperature, exit velocity and emission duration

•

For each pollutant emitted by each stack
concentrations and mass emission rates

Figure 3a. Wind class frequency distribution for the case base

M. Vanucci, V. Colla and N. Haines

3

SP9 – ULCOS-4, October 2008

Figure 3b. Wind rose for the considered case base meteorological data

Part 3. The results of the simulation
The data mentioned in section 2 for the case base
definition have been used for the simulation of the
selected pollutants in the atmosphere by using the
AERMOD dispersion model, described in section 2.
In this case AERMOD has been used for the calculation of the ground concentration for all the considered pollutants though it also allows the calculation
of other quantities such as for instance the maximum
concentration over a period at different height by
respect to the ground level. Moreover it would be
possible to calculate the influence of the emission
produced by each single stack on the atmospheric
concentration of specific pollutants though in this
work only the global effect was considered.
For its computation AERMOD needs that the user
specifies a set of receptors which correspond to the
coordinates (including the elevation) where the software will calculate the pollutants concentrations.
Within this work it was decided to place receptors
evenly over an external area near the plant. The
considered area is a circle centered in the center of
the plant and with a diameter of 12 km.
Before the AERMOD simulation takes place it is necessary to use AERMET, the meteorological preprocessor coupled with AERMOD, which preprocesses the
terrain and meteorological data in order to create
some metadata suitable for the subsequent use in
the main processing phase.

Simulations were carried out for all pollutants. Each
simulation is performed by the calculator in 10-20
seconds. The results are provided by AERMOD in a
wide table reporting for each receptor the specific
pollutant concentration. For each receptor average
pollutant concentration and maximum concentration
(stating the time period where such concentration
was obtained) are automatically calculated. Due to
the space constraints it is impossible to present all
the obtained results in a detailed manner, thus they
are reported by means of the pictures of Figure 4a-h
which describe the average concentrations in the
considered areas in micrograms/m3.
The results provided by the model reflect SP9.3 expectations and are in accordance with input data.
Moreover the results show that the concentrations of
main pollutants in the area nearby the plant are below the limits established by current legislation.

Figure 4a-h. The pictures show the results of the AERMOD simulation of air dispersion for the following pollutants (from left
top to right bottom): CO, NOx, PM10, PM25, Pb, PCCD, SO2, TSP.

Conclusion
In this paper it was presented part of the work carried out by SP9.3 during the ULCOS project in the
framework of the assessment of the local impact of a
steel plant. In particular it was assessed the effect of
the main pollutants (NOx, SO2, TSP, PM10, PM25, CO,
Pb, PCDD) produced by the steel plant by means of
the simulation of their dispersion in the atmosphere.
The simulation was done exploiting a common air
dispersion model which, on the basis of the plant
configuration, the emission characteristics, local metereologic and terrain data calculates the average
ground concentration of the examined pollutants.
The steel plant used for the assessment of the local
impact is a standard 4Mt/y HRC BF steel plant (case
base) for which main emission data were extrapolated from the BREF. Meteorological and terrain data
correspond to the real measures taken for the hypotethical location of this average plant in central
Europe.
The adopted model for the simulation is AERMOD, a
common model whose reliability is proven and which,
together with its meteorological preprocessor (AERMET) is suitable for this study.
The results provided by the model show that the
concentrations of main pollutants in the area nearby
the plant are below the limits established by current
legislation.
In the future these results will be used for comparisons of the case base with new technologies and for
further considerations. Moreover other figures characterizing the environmental impact of air pollutants
can be calculated by means of the AERMOD model.
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