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1 Introduction

With the IPPC-Directive, adopted by the European Commission in 1996, a major
cornerstone of European environmental legislation has been laid down. The
Directive’s aim is the protection of the environment as a whole by implementing an
integrated approach to pollution control to prevent emissions into air, water and
soil. This goes along with the objectives and principles of the Community’s
environmental policy in particular with preventing, reducing and as far as possible
eliminating pollution by giving priority to intervention at source.

To fulfil these principles, the IPPC-Directive requires the use of best available
techniques, both for industry to design and operate their plants and for competent
authorities to set appropriate permit conditions. By determining those best
available techniques, considerations concerning the nature, effects and volume
of the emissions and the efficient use of energy should be taken into account.
These considerations together with the IPPC principle of eliminating pollution by
intervention at source emphasises among others process integrated BAT measures
for the reduction of emissions and the efficient use of energy.

The present paper will now discuss process integrated BAT measures for the
efficient use of energy and the reduction of emissions at source and the
interrelation of both illustrated by examples taken from the Non-Ferrous Metals
Industries BREF.

2 The non-ferrous metals industries BREF

The Non-Ferrous Metals Industries BREF presents the best available techniques for
this industry as a result of the information exchange carried out according to
Article 16.2 of the IPPC-Directive. The non-ferrous metals industry in Europe is a
complex and diverse industrial sector. The production of 42 non-ferrous metals and
the production of ferro-alloys were identified in countries that are obliged to
implement IPPC. These metals have then been classified into 10 groups according
to similarities in the production methods. The BREF has therefore been written
vertically metal group by metal group, but with common processes and equipment
being in an introductory chapter.
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Figure 1: Structure of the Non-Ferrous Metals Industries BREF
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There are many common aspects between the production of primary and
secondary non-ferrous metals and in some cases it is impossible to distinguish
between the techniques used. The BREF document on non-ferrous metals industries
therefore combines the originally foreseen two BREFs on the production of primary
and secondary non-ferrous metals.

As mentioned in the introduction this paper focuses on process integrated BAT
measures for the reduction of emissions and the efficient use of energy. To
demonstrate this | will refer to the part of the document covering the production
of ferro-alloys where energy consumption and the emission of dust and fume are
important issues.

2.1 The production of ferro-alloys

The term ferro-alloys refers more to its further use as a master alloy in the iron and
steel industry than to its main alloying elements, which are to a large extent (up to
approximately 90 %) non-ferrous metals. Ferro-alloys enable alloying elements such
as chromium, siicon, manganese, vanadium etc. to be safely and economically
introduced into metallurgical processes, thus giving certain desirable properties to
the alloyed metal.

Their importance grew with the progress of the steel metallurgy, which implied
more diversified alloying elements, in better-controlled quantities, in purer steel. The
ferro-alloy industry became a key supplier to the steel industry.

Ferro-alloys are usually classified in two groups:
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Bulk ferro-alloys (ferro-chrome, ferro-silicon together with silicon-metal, ferro-
manganese and silico-manganese), which are produced in large quantities
in electric arc furnaces (EAF);

Special ferro-alloys such as (ferro-titanium, ferro-vanadium, ferro-
molybdenum etc.) which are produced in smaller quantities, but with
growing importance.

Taking all of the alloys into account, the production of ferro-alloys represents with
about 3.2 Million tonnes per year behind aluminium the second largest non-ferrous
metal production in Europe.

2.1.1 Environmental key issues

According to the raw materials needed and the smelting process that takes place
in large furnaces at high temperatures the production of non-ferrous metals has the
potential for a significant environmental impact.

Production of ferro-alloys generally involves the use of electric arc furnaces (EAFs)
into which raw materials (e.g. various metal ores, quartz, coke, lime, etc.) with
relatively fluctuating physical compositions are loaded. Due to this, one of the
major environmental impacts of producing ferro-alloys is the emission of dust and
fume from the smelting process.

The electric arc furnace (EAF) is also a major consumer of electrical energy.
Reduction of energy consumption has therefore always been regarded as a vital
priority. The laws of thermodynamics, which govern the reactions used, limit the
reduction of energy necessary for the smelting process. The reduction of the
overall energy consumption is therefore in most cases only possible by recovering
the energy content of the hot furnace off-gas.

Concerning the energy usage, the disadvantage of the smelting furnaces used
without energy recovery is the high amount of energy lost as CO in the off gas and
as waste heat. For instance by producing ferro-silicon and silicon metal only about
32 % of the energy consumed is chemical energy in the product, that means about
68 % of the energy is lost as heat in the furnace off-gas [Schei, Tuset, Tveit, 1998].

3 Process integrated measures

Following the definition, best available technique shall mean the most effective
and advanced stage in the development of activities and their methods of
operation. In practical terms this refers to emission reduction and other
environmental beneficial techniques that includes both end-of pipe techniques
and process integrated measures.

Process integrated measures are technical or operational solutions that can be
introduced directly in the production to reduce the environmental impact of a
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process at the source. To identify such techniques the core process should be
examined according to its input and output mass streams.

Waste energy e.g.
heat
Production Emissionsto air
Process ::> +Dust and fume
Raw — *Heavy metals
materials —/ wte
:> Emissionsto water

Energy [—

:>| Emissionsto land |
:>| Produced metal |

Figure 2 Main input and output mass steams to an electric arc furnace

The reduction of both the amount of dust and fume emitted and the energy
consumed by the process are linked as shown above by the smelting furnace as
the heart of the process.

3.1 Process integrated measrues to reduce dust emissons

Reducing the emission of dust and fume at source means above all reducing the
off-gas volume. For example, the ferro-alloy industry still uses open furnaces and
retrofitting with an appropriate hood in order to change the open furnace into a
semi-closed furnace will reduce the off-gas volume. By applying a nearly closed
hood it is possible to limit the infiltration of air, but at the same time supply enough
air to combust the CO generated in the furnace. This will then lead to the following
effects:

Reduced off-gas volume to be cleaned and consequently less dust emitted
to air, which also means reduced specific emission factor for dust.

Reduced energy demand for the filter plant.
Reduced capital and operational costs for the filter plant

Increased off-gas temperature up to 800 °C and with that the possibility to
recover the energy content from the hot off-gas.
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3.2 Process Integrated measures to reduce the energy consumption

The operation of open furnaces leads to huge amounts of ambient air sucked into
the furnace to burn the CO, which is generated by the smelting process. This
consequently results in a very large volumetric flow of waste gas, which does not
allow the recovery of its energy content because the temperature level is low (300
- 400 °C) and the flow rate large to build technically and economically efficient
heat exchangers. To recover as much as possible from the process energy the off-
gas volume needs to be reduced. This can be done as already shown by installing
a nearly closed hood to the furnace. A furnace hood reduces not only the off-gas
volume, it increases also the temperature, which then makes energy recovery by
using a waste heat boiler possible.

The positive effects are:

Recovered energy can be used to produce electricity that can be used on
and off site. This energy needs then not to be produced elsewhere.

Recovered energy can be used as steam on-site, in neighbouring mills or in a
district heating system.

The furnace hood can be integrated as superheater in the recovery boiler.
The overall energy consumption of the plant will be reduced.

Due to the physical properties of the raw material some ferro-alloys like ferro-
chrome and ferro-manganese can also be produced in totally closed furnaces. This
reduces even more the off-gas volume, but generates off-gas that contains a high
amount of CO. After dedusting the CO can be used as high quality fuel for a
variety of purposes, which then combines the reduction of dust and the use of
energy in a very efficient way.

4 BAT for process integrated measures

Taking into account the advantages mentioned before, providing the furnace with
a nearly closed hood or depending on the raw material, closing the furnace
completely, are regarded as process integrated BAT measures in the Non-Ferrous
Metals Industries BREF for the production of ferro-alloys. Due to the increased off-
gas temperature and in the case of the closed furnace, the presence of CO, both
allow the operation of an efficient energy recovery system or utilisation of the
energy content of the CO. A combination of the BAT process integrated measures
for the furnace and the energy recovery is presented in the following table.
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Table 1 Process integrated BAT measures to reduce dust emissons and energy
consumption

Smelting Ferro-alloy Applications
furnace produced
Abatement Energy recovery
Technique
Production of electricity
Semi-closed | FeSi, Si-metal, | Bag-filter Production of high pressure steam and
EAF F_eCr. FeMn. (Dust < 5 mg/Nm?) utilisation in the own of neighbouring
SiMn plants
Production of hot water
Production of electricity
Wet scrubber due Direct burning for drying, sintering, pre-
Closed EAF | FeCr, FeMn, to the high off-gas heating, ladle heating etc.
. temperature —— . , -
SiMn Utilisation of fuel in neighbouring plants
(Dust < 10 mg/Nms) . . .
Use in an integrated stainless steel
production
Wet scrubber due Production of electricity
to the high off-gas ———
Blast FeMn '9 g Utilisation in hot stoves (Cowpers)for
temperature ) . .
furnace pre-heating the combustion air
(Dust < 10 mg/Nms3)

4.1 Requirements for implementation of process integrated BAT measures

As shown in the previous part of the presentation, the process integrated BAT
measures for smelting furnaces and energy recovery go hand in hand. Otherwise,
providing a furnace with a nearly closed hood without recovering the energy
content from the high temperature off-gas requires an additional gas-cooling
system, where then the main advantage of a semi-closed furnace has been lost. In
the case of a closed furnace without energy recovery, the CO should be flared
off, which indeed is a waste of energy.

According to the different furnaces (semi-closed, closed and blast furnaces) the
metals produced and the infrastructure of a plant there are several options to
recover and use the energy from the off-gas. Taking into account the
considerations given by Annex IV of the IPPC-Directive especially the cost and
benefits of the measures, there are a couple of BATs considered to recover and
use the energy.

By implementing the above integrated BAT measures it is important to bear in mind
that changing an open furnace into a semi-closed furnace or replacing the open
furnace by a closed furnace and installing an energy recovery system means a
large financial investment. This might probably be the most expensive financial
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investment a company can take. For the installation of a waste heat boiler we are
talking about several million Euro. Due to the potentially high costs and the
important technical impact in the production process, a window of opportunity
should be used to introduce such BAT measures. A smelting furnace can be
operated without a major interruption for several years, and the time when the
furnace needs to be significantly changed or replaced is the right moment to
consider major changes. Also regular maintenance intervals or investment cycles
might be used to introduce high costly investments.

As already mentioned, for the installation and operation of an energy recovery
system several milion Euro needs to be spent. The payback time for such an
investment is then dependent on factors like local energy prices, times of
operation and the presence of potential customers for the steam and hot water
produced. Beside the cost of investment, the economic assessment should also
take these factors into account, especially the price of electrical energy is the
critical point in the timing of introducing these process integrated BAT measures.

5 Conclusion

Process integrated BAT measures in general take the first place in the hierarchy of
techniques that will be taken into considerations to reduce the environmental
impact of a production process. Such measures as demonstrated by closing a
furnace cannot be seen in isolation neither from other process integrated
measures like energy recovery nor from the plant infrastructure. That means for
implementing BAT, if one integrated measure will be considered another measure,
which is related to the first change, has also to be considered at the same time. In
several cases this then requires in total a large financial investment, which again
needs then to be taken into account to find the right time of introducing BAT.
Different opportunities such as rebuilding or replacing a furnace as well as major
maintenance interruptions might then be considered when making important
modifications to the plant in order to implement BAT.

To illustrate process integrated BAT measures, as discussed for the production of
ferro-alloys, there are a number of plants in Europe operating economically semi-
closed and closed furnaces with recovery of energy or using the energy content
in varies ways. Therefore these measures have been considered as BAT in a
general sense. But due to the specific plant situations certain flexibility according to
the different BAT options for energy recovery, the economic factors and the timing
of introducing BAT should be emphasised.
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