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Preface

PREFACE

1. Status of this document

Unless otherwise stated, references to “the Directive’ in this document refer to Directive
2010/75/EU of the European Parliament and the Council on industria emissions (integrated
pollution prevention and control) (Recast).

The origina best available techniques (BAT) reference document (BREF) on the Manufacture
of Glass was adopted by the European Commission in 2001. This document is the result of a
review of that BREF. The review commenced in March 2006.

This BAT reference document for the Manufacture of Glass forms part of a series presenting the
results of an exchange of information between EU Member States, the industries concerned,
non-governmental organisations promoting environmental protection and the Commission, to
draw up, review, and where necessary, update BAT reference documents as required by Article
13(1) of the Directive. This document is published by the European Commission pursuant to
Article 13(6) of the Directive.

As set out in Article 13(5) of the Directive, the Commission Implementing Decision
(2012/134/EU) on the BAT conclusions contained in Chapter 5 was adopted on 28 February
2012 and published on 8 March 2012 (Y.

2. Participantsin the information exchange

As required in Article 13(3) of the Directive, the Commission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and non-governmental organisations promoting environmental
protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of
information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions (2011/C
146/03), OJ C 146, 17.05.2011, p. 3).

Forum members have nominated technical experts constituting the technical working group
(TWG) that was the main source of information for drafting this document. The work of the
TWG was led by the European |PPC Bureau (of the Commission's Joint Research Centre).

3. Structure and contents of this document

Chapters 1 and 2 provide genera information on the glass industry and on the industrial
processes and techniques used within this sector.

Chapter 3 provides data and information concerning the environmental performance of
installations within the sector, and in operation at the timeof writing, in terms of current
emissions, consumption and nature of raw materials, water consumption, use of energy and the
generation of waste.

Chapter 4 describes in more detail the techniques to prevent or, where thisis not practicable, to
reduce the environmental impact of instalations in this sector that were considered in
determining the BAT. This information includes, where relevant, the environmenta
performance levels (e.g. emission and consumption levels) which can be achieved by using the
techniques, the associated monitoring and the costs and the cross-media issues associated with
the techniques.

() 0JL 70, 08.03.2012, p.1
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Chapter 5 presents the BAT conclusions as defined in Article 3(12) of the Directive.

Chapter 6 presents information on ‘emerging techniques' as defined in Article 3(14) of the
Directive.

Concluding remarks and recommendations for future work are presented in Chapter 7.
4. Information sour ces and the derivation of BAT

This document is based on information collected from a number of sources, in particular,
through the TWG that was established specifically for the exchange of information under
Article 13 of the Directive. The information has been collated and assessed by the European
IPPC Bureau (of the Commission’s Joint Research Centre) who led the work on determining
BAT, guided by the principles of technica expertise, transparency and neutrality. The work of
the TWG and all other contributorsis gratefully acknowledged.

The BAT conclusons have been established through an iterative process involving the
following steps.

. identification of the key environmental issues for the sector;

. examination of the techniques most relevant to address these key issues;

. identification of the best environmental performance levels, on the basis of the available
datain the European Union and worldwide;

. examination of the conditions under which these environmental performance levels were

achieved, such as costs, cross-media effects, and the main driving forces involved in the
implementation of the techniques;

. selection of the best available techniques (BAT), their associated emission levels (and
other environmental performance levels) and the associated monitoring for this sector
according to Article 3(10) of, and Annex |11, to the Directive.

Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of
these steps and the way in which the information is presented here.

Where available, economic data have been given together with the descriptions of the
techniques presented in Chapter 4. These data give a rough indication of the magnitude of the
costs and benefits. However, the actual costs and benefits of applying a technique may depend
strongly on the specific situation of the installation concerned, which cannot be evaluated fully
in this document. In the absence of data concerning costs, conclusions on the economic viability
of techniques are drawn from observations on existing installations.

5. Review of BAT reference documents (BREFS)

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example,
new measures and techniques may emerge, science and technologies are continuously
developing and new or emerging processes are being successfully introduced into the industries.
In order to reflect such changes and their consequences for BAT, this document will be
periodically reviewed and, if necessary, updated accordingly.
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0. Contact information

All comments and suggestions should be made to the European IPPC Bureau at the Institute for
Prospective Technological Studies at the following address:

European Commission

Institute for Prospective Technological Studies
European IPPC Bureau

Edificio Expo

¢/ IncaGarcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

Fax: +34 95 4488 426

E-mail: JRC-IPTS-EIPPCB @ec.europa.eu
Internet: http://eippch.jrc.ec.europa.eu
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Scope

SCOPE

This BREF for the Manufacture of Glass covers the following activities within the scope of
Annex | of Directive 2010/75/EU:

. 3.3: Manufacture of glass including glass fibre with a melting capacity exceeding 20
tonnes per day;

. 3.4: Melting mineral substances including the production of mineral fibres with a melting
capacity exceeding 20 tonnes per day.

Other reference documents which are of relevance for the sector covered in this document are the
following:

. Emissions from Storage BREF (EFS) for storage and handling of materials;
. Energy Efficiency BREF (ENE) for general energy efficiency aspects;

. Economic and Cross-Media Effects BREF (ECM) for economic and cross-media effects
. Genera Principles of Monitoring BREF (MON) for emissions and consumption
monitoring.

The following activities are not within the scope of this BREF:

. Production of water glass, covered by the reference document Large Volume Inorganic
Chemicals-Solids and Other Industry (LVIC-S)

. Production of polycrystalline wool

. Production of mirrors, covered by the reference document Surface Treatment Using
Organic Solvents (STS)

The scope of the BREF does not include matters that only concern safety in the workplace or
the safety of products because these matters are not covered by the Directive. They are
discussed only where they affect matters within the scope of the Directive.
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Chapter 1

1 GENERAL INFORMATION

1.1  Structure of the industry

The types of activities falling under the scope of this document vary widely in scale, the
techniques employed, and the associated environmental issues. When determining whether an
installation falls within the definitions in Annex |, the aggregated capacity of each melting
activity at the installation is considered. For the purposes of this document, the melting capacity
criterion of 20 tonnes per day should be used to relate to the mass of the melt produced. This
approach is not intended to prejudge the interpretation of the definition in the Directive, rather it
is intended to ensure that the information provided is consistent with the standard terminology
used within the glass industry.

For the purposes of this document, the industrial activities falling within the definitions in
Sections 3.3 and 3.4 of Annex | of Directive 2010/75/EU will be referred to as ‘the glass
industry’, which is comprised of eight sectors. These sectors are based on the products
manufactured, but inevitably there is some overlap between them. The eight sectors are:

Container glass

Flat glass

Continuous filament glass fibre

Domestic glass

Special glass (without water glass)

Minera wool (with two divisions, glass wool and stone wool)

High temperature insulation wools (excluding polycrystalline wool)
Frits.

Nk~ E

The high temperature insulation wool (HTIW) manufacturing sector differs significantly from
the other sectors of the glass industry. The typical production of the installations is between
5-10 tonnes/day, therefore below the tonnage requirement of 20 tonnes/day set by the
Directive. However, the sector fully supports the objectives of the BREF and for that reason it is
included in the GLS BREF.

Polycrystalline wool production, which is obtained by a sol-gel method from aqueous spinning
solutions, and does not undergo a high-temperature melting process, is not covered in this
document dueto the particular characteristics of the product.

Water glass production is now covered in the Large Volume Inorganic Chemicals— Solids and
Others Industry (LVIC-S) BREF. [138, EC 2007]

In addition to the basic manufacturing activities, this document covers the directly associated
activities which could have an effect on emissions or pollution. Thus this document includes
activities from the receipt of raw materials through the production of any intermediates to the
dispatch of finished products. Certain activities are not covered because they are not considered
to be directly associated with the primary activity. For example, the subsegquent processing of
flat glassinto other products (e.g. double glazing or automotive products) is not covered. Again,
this approach is not intended to prejudge the interpretation of the Directive by Member States.
The activities covered include:
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. raw materials handling and storage

. mixing and transfer

. melting and refining

. forming (e.g. float bath, rolling, pressing, blowing, fiberising, frits quenching)
. conditioning (e.g. lehr, annealing, tempering)

. coating, including binder and lubricant application
. surface treatments (e.g. acid polishing)

. curing and drying activities

. milling

. machining, cutting and packaging

. waste storage, handling, and processing.

1.2 Introduction

[19, CPIV 1998] [27, EURIMA 1998] [63, CPIV _Annual report 2007] [65, GEPV P-Proposals
for GLS revision 2007] [68, Domestic Glass Data update 2007] [69, EURIMA data collection

2007]

The glass industry within the European Union (EU) is extremely diverse, both in the products
made and the manufacturing techniques employed. Products range from intricate handmade |ead
crystal goblets to the huge volumes of float glass produced for the construction and automotive
industries. Manufacturing techniques vary from the small eectrically-heated furnaces in the
high temperature insulation wools (HTIW) sector to the cross-fired regenerative furnaces in the
flat glass sector, producing up to 1000 tonnes per day. The wider glass industry also includes
many smaller installations that fall below the 20 tonnes per day threshold. However, for some of
the statistical data given in this chapter, it has not been possible to separate out the contribution
from the smaller plants, but this is not considered significant since they account for less than
5 % of the total industry output.

The glass industry is essentially a commaodity industry, although many ways of adding value to
high volume products have been developed to ensure the industry remains competitive. Over
80 % of the industry output is sold to other industries, and the glass industry as awhole is very
dependent on the building, and the food and beverage industries. However, this general picture
is not true for all of its components, as some of the smaller volume sectors produce high-value
technical or consumer products.

In the late 1990s, the glass industry continued a period of reorganisation. In order to reduce
costs and compete more effectively in a global market, and to benefit from economies of scale,
companies merged together and the number of independent operators fell. The groups that
dominate the industry became more international in their operations, and users increasingly
required homogeneous quality, regardless of the country where the products were used. The EU
glass industry was at the forefront of technological developments and thus was likely to benefit
from improved industrial performance in future years.

With the notable exception of Saint-Gobain, there are, at the time of writing, few major
companies operating in more than two of the eight sectors specified in the previous section.

For example, the Owens Corning Corporation specialises in glass fibre technology, continuous
filament glass fibre and glass wool. PPG is a large international producer of flat glass and
continuous filament glass fibre, but is no longer active in flat glass manufacturing in Europe and
operates only continuous filament glass fibre plants. Pilkington Group specialises mainly in flat
glass activities.

The major environmental challenges for the glass industry are emissions to air and energy
consumption. Glass making is a high temperature, energy intensive activity, resulting in the
emissions of products from combustion and the high-temperature oxidation of atmospheric
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nitrogen; i.e. sulphur dioxide, carbon dioxide, and oxides of nitrogen. Furnace emissions aso
contain dust arising mainly from the volatilisation and subsequent condensation of volatile batch
materials. From data provided by the glassindudtry, it is estimated that in 2005, the emissions to
air consisted of 6500 tonnes of dust; 105000 tonnes of NOy; 80000 tonnes of SO,; and
22 million tonnes of CO, (direct emissions). This amounted to around of 0.8% of tota EU
emissions. [158, EEA — NEC report 2008]. Tota energy consumption by the glass industry was
approximately 311 PJ (86.5 million MWh). Of the total energy, 15 % is consumed as el ectricity,
30 % asfuel oil and 55 % as natural gas.

The different strategies and energy policies of the Member States can have a direct impact on
the quantity and quality of the air emissions associated with the production cycle (e.g. NOx,
SOy emissions from fuel oil or natural gas).

Emissions to the water environment are relatively low and there are few major issues that are
specific to the glass industry. However, there are water pollution issues in some sectors and
these are covered in the specific sections of this document. Solid waste levels are also generally
very low, and many initiatives have been implemented for reducing waste generation, and for
recycling in-house and post-consumer waste.

In general, the raw materials for glass making are readily available, relatively harmless, natura
or man-made substances. There are no mgjor environmental problems associated with the
provision of raw materials and waste levels are usually very low.

Many of the sectors within the glass industry utilise large continuous furnaces with typical
lifetimes of 10 — 12 years and in some cases up to 20 years or more. These furnaces represent a
large capital commitment and the continuous operation of the furnace and the periodic rebuilds
provide a natural cycle of investment in the process. Mgor changes of melting technology are
most economically implemented if they coincide with furnace rebuilds. This can also be true for
complex secondary abatement measures that must be correctly sized and any necessary gas
conditioning implemented. However, many improvements to the operation of the furnace,
including the instalation of secondary technigues, are possible during the operating campaign.
For smaller furnaces with more frequent rebuilds and lower capital costs, the advantages of
coordinating environmental improvements and furnace repairs are less significant, but
environmenta improvements may be more economical if coordinated with other investments.

The total production of the glass industry within the EU-15 in 1996 was estimated at 29 million
tonnes (excluding HTIW and frits). In 2005, the total production within the EU-25 was
approximately 37.7 million tonnes, including all the sectors. An indicative breakdown by sector
isgivenin Table 1.1 below. There was a steady growth in the overall volume of production over
the period 1997 — 2005. However, the growth and/or fluctuation of each sector has been
different and will be discussed later in this document. The global recession has significantly
reduced production levelsin most sectors from 2008 onwards.

Manufacture of Glass 3



Chapter 1

Table 1.1: Approximate sector-based breakdown of glass industry production for the years
1996 (EU-15) and 2005 (EU-25)
EU production
Sector % of total Millions of tonnes

1996 EU-15 | 2005 EU-25 2005
Container glass 60 53.0 20.00
Flat glass 22 24.8 9.37
Continuous filament glass fibre 1.8 2.47 0.93
Domestic glass 3.6 3.86 1.46
Specia glass (without water glass) 5.8 2.04 0.77
Mineral wool 6.8 9.54 3.60
High temperature insulation wools NA 0.11 0.04
Glass frit and enamel frit NA 331 1.25
Other NA 0.85 0.32
TOTAL 37.74
NA = not available.
Source: [62, CPIV Update for Glass BREF 2007]

The growth in the total glass production, and of production from the five largest sectors between
1995 and 2006, is summarised in Figure 1.1. In the figure, from 1995 to 2003, data refer to the
EU-15, while data after 2004 refer to the EU-25. For the reinforcement fibres only, the

production data from the year 2002 refer to the EU-25.

Data concerning the production of frits and high temperatur
in Figure 1.1.

e insulation wools are not included
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Figure1.1: Graph on production development by sector (data from 2004 onwar dsrefer to

EU-25)

Compared to 1995 (index 100), the production rate of the EU-15 reached an index of 125.7 for
flat glass, 112.2 for container glass, 124.3 for tableware and crystal and 163.1 for reinforcement
fibresin 2006.

In 2002, the enlargement from EU-15 to EU-25 accounted for a limited increase in the total
glass production, equivalent to 2.6 %. Compared to 2004 (index 100), the production rate of the
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EU-25 reached an index of 105.1 for flat glass, 105.7 for container glass, 92.4 for tableware and
crysta and 114.9 for reinforcement fibresin 2006 [63, CPIV Annual report 2007].

The output from the different sectors is very diverse and the links between the sectors are at
times tenuous. However, the common thread linking all of the activities discussed in this
document is the melting of inorganic materials to form a molten glass, or glass-like substance
which isthen formed into products.

In many ways each of the sectors of the glass industry is a separate industry in its own right,
each producing very different products for different markets and facing different challenges.
Sections 1.3 to 1.10 of this chapter give a brief overview of each of the sectors and outline some
of the important factors that affect each. Where possible, the information is presented in a
comparable way for each sector. The differing structures, organisation and priorities of each
sector mean that the information sometimes varies in detail and in nature. Thisisto be expected
because the relative importance of certain parameters will differ from sector to sector.

1.2.1 Characteristics of glass

[22, Schott 1996]

The term ‘glass’ does not have a convenient simple definition. In its broadest sense, glassis a
collective term for an unlimited number of materials of different compositionsin a glassy state.
More specifically, the term is used to relate to a state of inorganic matter which may be likened
to asolid, but which has the properties of a highly viscous liquid, exhibiting neither acrystaline
structure nor a distinct melting point, i.e. a super-cooled liquid. In the glass industry, the term is
usually used to refer to silicate glasses, substances containing a high proportion of silica (SiO,)
and which naturally form glass under normal conditions of cooling from the molten state.

Glasses are structurally similar to liquids, but at ambient temperatures they react to the impact
of force with elastic deformation and so must aso be considered to behave as solids. The use of
the term glass is generally restricted to inorganic substances and is not used in connection with
organic materials such as transparent plastics.

Various chemical materials can form a vitreous structure; such as the oxides of silicon, boron,
germanium, phosphorus and arsenic. When cooled quickly from the molten state, they solidify
without crystallisation to form glasses. These glass formers exhibit the same behaviour when
mixed with other metallic components within certain compositional limits. The addition of these
glass network modifiers, the most common being alkali-oxides as fluxing agents (sodium,
potassium, lithium, etc.), alkaline earth meta oxides (calcium, magnesium, barium, strontium,
etc.), other metal glass modifiers (i.e. aluminium oxide), changes the bonding relationships and
structura groupings, resulting in changes in the physical and chemical properties of the glass.
The glassy state is not limited to oxides and can also be observed when certain sulphur and
selenium compounds are rapidly cooled. Under extreme conditions, glass can be made from
some oxide-free metallic alloys, and many organic liquids transform into a glassy state at low
temperatures (e.g. glycerine at -90 °C).

Glasses are energeticaly unstable in comparison with a crystal of the same chemica
composition. In general, when cooling a melted substance, crystallisation begins when the
temperature fals below the melting point. In glass this does not occur because the molecular
building blocks (SO, tetrahedrons in silicate glass) are spatialy cross-linked to one other. To
form crystals, these linkages must first be broken so that crystal nuclei can form. This can only
occur at lower temperatures, but at these temperatures the viscosity of the melt impedes the
restructuring of the molecules and the growth of crystals. In general, the tendency to crystallise
(devitrification) decreases with an increasing rate of cooling (within the critical temperature
range below the melting point) and with the number and type of different components in the
formulation.
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The mechanical properties of glass are rather specific. The actua tensile strength of glass is
several hundred times lower than the theoretical value calculated from chemical bond energies.
The tensile strength is heavily dependent on the surface condition of the glass and the presence
of internal defects. Treatments such as coating, fire polishing and prestressing can greatly
improve the tensile strength but it still remains far below the theoretical value.

Many glass formulations are also susceptible to breaking under rapid temperature changes.
There are severd reasons for this: principaly poor heat conductivity, the relatively high thermal
expansion coefficient of alkali-rich glasses, and limited tensile strength. Glasses are divided into
two categories; those with a thermal expansion coefficient below 6 x 10%K are termed ‘hard
glasses, and those with a higher thermal expansion coefficient are termed * soft glasses'.

1.2.2 Broad classification of glass types

[22, Schott 1996] [100, ICF BREF revision 2007]

Glassis a substance of variable composition, which for smplicity is expressed by convention in
terms of the relative proportions of the oxides of the constitutive elements (SiO,, Na,O, CaO,
B.,0Os, €etc.) though these do not exist as such in the glass.

The most widely used classification of glass type is by chemical composition, which gives rise
to four main groupings. soda-lime glass, lead crystal and crystal glass, borosilicate glass and
special glass. Thefirst three of these categories account for over 95 % of all glass produced. The
thousands of specia glass formulations produced mainly in small amounts account for the
remaining 5 %. With very few exceptions, most glasses are silicate based, the main component
of which issilicon dioxide (SIO,).

Stone wool is an exception to this classification of glass types in that the typical chemical
composition does not fit into any of these categories. A typical stone wool composition is
presented in Table 2.9.

Soda-lime glasses

The vast mgjority of industrially produced glasses have very similar compositions and are
collectively called soda-lime glasses. A typical soda-lime glass composition can be expressed as
71 — 75 % silicon dioxide (SiO, derived mainly from sand), 12 — 16 % sodium oxide (‘ soda
Na,O from soda ash - Na,COs), 10 — 15 % calcium oxide (‘lime’ CaO from limestone - CaCOs)
and low levels of other components designed to impart specific properties to the glass. In some
compositions, a portion of the calcium oxide or sodium oxide is replaced with magnesium oxide
(MgO) and potassium oxide (K,0) respectively. More detailed glass compositions are given in
Chapter 2, in the relevant sections.

Soda-lime glass is used for bottles, jars, flaconnage (perfumery and cosmetics), everyday
tableware and window glass. The widespread use of soda-lime glass results from its chemical
and physica properties. Amongst the most important of these properties is the excellent light
transmission of soda-lime glass, hence its use in flat glass and transparent articles. It also has a
smooth, non-porous surface that is largely chemically inert, and so is easily cleaned and does
not affect the taste of the contents. The tensile and thermal performances of the glass are
sufficient for these applications, and the raw materials are comparatively cheap and economical
to melt. The higher the alkali content of the glass, the higher the thermal expansion coefficient
and the lower the resistance to thermal shock and chemical attack. Soda-lime glasses are not
generally suited to applications involving extreme or rapid changes in temperature.
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Lead crystal and crystal glass

Lead oxide can be used to replace much of the calcium oxide in the batch to produce a glass
known popularly as lead crystal. A typical composition is 54 —65 % SiO,, 25 — 30 % PbO (lead
oxide), 13 — 15 % Na,O or K0, plus other various minor components. This type of formulation,
with alead oxide content of over 24 %, produces glass with a high density and refractive index,
and thus excellent brilliance and sonority, as well as excelent workability allowing a wide
variety of shapes and decorations. Typical products are high-quality drinking glasses, decanters,
bowls and decorative items. Lead oxide can be partially or totally replaced by barium, zinc or
potassium oxides in glasses known as crystal glass that have a lower brilliance or density than
lead crystal. Precise definitions associated with chemical and physical characteristics are set out
in the Council Directive 69/493/EEC on the approximation of the laws of the member States
relating to crystal glass.

Bor osilicate glasses

Borosilicate glasses can be considered to incorporate boron and silicon oxides. A typical
composition is 70—-80% SiO,, 7—15% B,0;, 4—8% NaO or K,0, and 2 — 7% Al,Os
(aluminium oxide). Glasses with this composition show a high resistance to chemical corrosion
and temperature change (low thermal expansion coefficient). Applications include chemica
process components, laboratory equipment, pharmaceutical containers, lighting, cookware, and
oven doors and hobs. Many of the borosilicate formulations are for low volume technical
applications and are considered to fall into the special glass category.

A further application of borosilicate glass is the production of glass fibre, both continuous
filaments and glass wool insulation. In addition to the chemica resistance and low thermal
expansion coefficient, the boron trioxide is important in the fiberisation of the glass melt.
Typica compositions for glass fibre differ from the composition above. For example, the
composition of E-glass is SiO,: 52 —56 %, earth alkali oxides: 16 —25 %, B,Os;: 5—10 %,
Al,Os: 12 —-16 % plus other minor components. It should also be noted that for continuous
filament glass fibre, new low-boron/boron-free formulations are becoming more important.

Special glasses

This is an extremely diverse grouping, which covers the specialised low volume, high-value
products, the compositions of which vary very widely depending on the required properties of
the products. Some of the applications include: specialist borosilicate products; optical glass,
glassfor eectrotechnology and electronics; cathode ray tubes; fused silicaitems; glass sedls;
X-ray tubes; glass solders;, LCD panels, sintered glass; electrodes; and glass ceramics. More
information on technical glass formulationsis given in Chapter 2.

1.2.3 Historical origins

[19, CPIV 1998][22, Schott 1996]

Glassy materias do occur naturally, for example, obsidian is often found in volcanic areas and
has a composition comparable to man-made glass. This material, which consists mainly of
silicon dioxide, and sodium and calcium compounds, was used by early man to make
arrowheads, spearheads and knives. Other natural forms of glass are tektites, formed by the
solidification of molten rock sprayed into the atmosphere when meteorites hit the surface of the
earth; and fulgurites, formed when lightning hits sand.

Although it is not known when glass was first produced artificially, the oldest finds date back to
around 3500 BC. It is thought that glass making originated in Egypt and Mesopotamia, but
developed later and independently in China, Greece and Northern Tyrol. Ancient glass
manufacture is believed to be linked with the production of ceramics or bronze, where it could
have originated as a by-product. Its early uses were as jewellery and for small vessels.
Production began to increase significantly from around 1500 BC when larger and more
utilitarian items (bowls, containers and cups) were made by moulding glass around a sand or
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clay core. The first mgjor technical revolution in the manufacture of glass occurred in the first
century AD in Palestine or in Syriawith the discovery of the glass blowing pipe. This technique
involved taking molten glass on to the end of the blowpipe into which the artisan blew to form a
hollow body. This technique allowed the production of a wide variety of shapes and spread
across the whole occident, e.g. Italy and France.

Glass manufacturing in Europe developed further in the middle ages, and Venice became the
European centre of glass art. In the 14th century, glass workshops were set up all over the
continent and at the same time the manufacture of flat glass for glazing developed in France.
For centuries, window glass was blown with a glassblowing pipe into large cylindrical bodies,
cut up and ironed flat while ill hot. Only limited glass quantities could be handled and the
window glass was very small. The new technique consisted of blowing a glass sphere with a
pipe, which was then opened at the end, opposite where the glass was attached to the pipe, and
spun flat. After the discovery of the plate pouring process in 1688 under Louis X1V, large
surface mirrors could be created. At the same time, English glass manufacturers developed lead
crystal, yielding a glass of high brilliance and pure ring.

In the 18th century, some factories were already producing more than one million bottles per
year (around 3 tonnes/day), by manual mouth-blown techniques. During the industrial
revolution of the 19th century, technical progress accelerated: furnaces were heated with cod
instead of wood; the first automatic machines were used; and blowing was done using
compressed air in metallic moulds. At the end of the 19th century, the continuous furnace was
invented by Friedrich Siemens, alowing large-scale continuous production and the use of
machinery.

Two important steps were taken in the 20th century: the full mechanisation of bottle
manufacture with the introduction of the first automatic individua section (I1S) machine around
1920, and the invention of the float processfor flat glassin 1962. Today, the production of an IS
machine can be above 500 bottlesminute and the production of float can be up to 1000
tonnes/day.
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1.3 Container glass
131 Sector overview

[19, CPIV 1998] [62, CPIV Update for Glass BREF 2007] [64, FEVE 2007] [125, FEV E 2009]

Container glassisthe largest sector of the EU glass industry, representing between 50 and 60 %
of the total glass production, depending on the reference year. The sector covers the production
of glass packaging, i.e. bottles and jars used for packaging food, drink, cosmetics and perfumes,
pharmaceuticals and technical products. In 2005, the sector produced 20 million tonnes of
container glass from the furnaces operating in the EU-25 and a total of 21 million tonnesin the
EU-27. An increase was observed in 2006 and 22 million tonnes were produced in 2007 in the
EU-27.

On average, in the EU-15, the output has risen yearly by 0.9 %. The production figures for 2007
confirm an upward trend in growth in the glass industry leading to a 4 % increase in that year.
However, the financia crisis and the resulting contraction of consumer demand lead in 2008
and 2009 to reductions in production capacity by temporary or permanent closures of furnaces
and/or production lines. More importantly it has seriously reduced the industry’s ability to
access capital and investment.

At the time of writing (2010), there are approximately 70 companies with 170 installations and
the sector directly employs approximately 40000 people. Container glass is produced in 19 of
the 27 Member States (see Table 1.2).

The EU-27 output is now accounted for by some large groups (Ardagh Glass, BA Vidro, O-I
Europe, Saint-Gobain, Vetropack and Vidrala) and many smaller independent companies and
groups which continue to compete effectively, due to the existence of regional and niche
markets. Europe is the largest producer of container glass, followed by the US and Japan. The
geographical distribution of the sector, with an indication of the share of production for the main
Member Statesisshownin Table 1.2.
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Table1.2; Distribution of container glassinstallationsand production in Member States
Distribution of EU T
werber sate | TR | prosuaionn | Srbuion of €
tonnesx 10° () P o (
2005 | 2006 | 2007 | 2005 | 2006 | 2007

Germany 39 3895 | 3886 | 4080 19 19 19

France 24 3784 | 3828 | 3722 18 18 17

Italy 32 3543 | 3549 | 3621 17 17 17

Spain 20 2144 | 2148 | 2222 10 10 10

United Kingdom 13 2081 | 2160 | 2244 10 10 10

Poland 17 1088 | 1120 | 1230 5 5 6

Portugal 6 1024 | 1096 | 1231 5 5 6

The Netherlands 5

Austria 3

Czech Republic 5

Belgium 2

Greece 2

Denmark 1

Sweden 1

Estonia 1

Finland (%) 1

Hungary 1

Slovakia 1

Romania 1

Latvia 0

Lithuania 0

Cyprus 0

Bulgaria 0

Ireland 0

Slovenia 0

Malta 0

L uxembourg 0

Subtotal ‘ Others’ (3) 3164 | 3085 | 3239 15 15 15

Total 175 20723 | 20872 | 21589

() Data available from FEVE.

(®)The plant shut down in 2009.

(3) Available data for: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, Greece, Hungary,
the Netherlands, Romania, Slovakia and Sweden are consolidated under ‘Others' for confidentiality
reasons.

Source: [85, Spanish BAT Glass Guide 2007] [125, FEVE 2009]

The most common size for a glass manufacturing installation is between 300 and 600 tonnes per
day. The typical distribution of installations within different size ranges, limited to the plants
covered by asurvey carried out by FEVE (134 installations from atota of 175 in the EU-27), is

presented in Table 1.3.

Table 1.3:

Number of container glassinstallationsin specified production ranges

Production range (tonnes/day) <150 | 150to0 300 | 300to600 | 600to 1000 | >1000
Number of installationsin each range 15 38 56 23 2
Rate (%) of installationsin each range 11.2 284 41.8 17.2 15

Source: [126, FEVE 2009]
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1.3.2 Products and markets
[19, CPIV 1998]

Container glass is made from a basic soda-lime formulation and is melted in a fossil fuel fired
furnace, or exceptionally an electrically heated furnace. The molten glass is generdly formed
into the products by automated individual section (IS) machines. Where appropriate, colouring
agents are added to the glass and surface coatings are applied to the finished products.

By volume, the most important products of the container glass sector are bottles for wines,
beers, spirits, soft drinks, etc. and wide neck jars for the food industry. These products are
generally considered commaodity items, but ancther important part of the sector is the production
of higher value containers for the pharmaceutical and perfumes/cosmetics industries. The
majority of production is sold to customer industries within the EU, which then sell their
packaged products into markets in the EU and the rest of the world. The relative importance of
the various customer industries varies considerably between Member States. This s reflected in
the great diversity of national markets for glass containers and the products they require,
particularly in terms of colour, shape, size and design.

There are three broad customer industry sectors. The beverage sector accounts for
approximately 75 % of the total tonnage of glass packaging containers. This includes still and
sparkling wines, fortified wines, spirits, beers and ciders, flavoured alcoholic beverages, soft
drinks, fruit juices and mineral waters. The food sector accounts for about 20 % of the tonnage
(mostly jars). This covers a wide range of products, such as: wet and dry preserves, milk and
milk products, jams and spreads, sauces and dressings, oil, vinegar, etc. Perfumery/cosmetics,
pharmaceuticals and technical product containers (flaconnage), which are generally small
bottles, account for the remaining 5 % or so of container glass tonnage.

An important characteristic of the sector is that delivery distances for mainstream beverage
bottles and jars are generally limited to a few hundred kilometres, because, for empty
containers, the cost of transport is relatively high compared to the sales price. Furthermore,
specific local or regional markets exist with characteristic glass containers, particularly in
alcoholic beverages (distinct wine regions, whisky, cognac, champagne, and beer), and this has
acted against market concentration. Flaconnage, in particular higher value perfume and
cosmetic ware, are more exposed to international competition.

On the other hand, the increased growth and influence of global food and drink, pharmaceuticals
and cosmetics groups have been mirrored over the period 1997 to 2005 by further concentration
and internationalisation of glass industry ownership, coupled with greater specialisation in terms
of the glass products supplied (it is more and more unusual for a company to manufacture
products in more than one glass sector).
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1.3.3 Commercial and financial considerations

[19, CPIV 1998] [63, CPIV Annual report 2007]

The container glass industry is a relatively mature industry serving extremely dynamic markets,
which has experienced slow overall growth during the period 1997 to 2006. There are inevitable
local or temporary changes, but the overall trend is expected to continue in the medium term.
However, competition from alternative packaging materials is expected to continue to challenge
the sector.

Although furnaces have long operating lives, the large number of furnaces means that in any
one year, a significant portion of capacity will be approaching rebuilds. In the container glass
sector, overcapacity tends to be localised and short term. Competition from alternative materials
isasignificant factor for price levels.

Due to transport costs, most products are sold within 500 km of the production site, and so
imports and exports tend to be fairly limited. This is not the case for the perfume/cosmetics
industry for which exports can represent over 40 % of production. During 2005, EU exports
exceeded imports by around 70 %, i.e. 931784 tonnes against 262192 tonnes, but in 2006
exports only increased by 0.5 % and imports by 11.7 %. Total extra-EU trade represents only
4.6 % of the sector production of 20 million tonnes. However, areas on the fringes of the EU
can be subject to quite severe competition from non-EU countries, often with significantly lower
prices but acceptable qudity. This is particularly true for lower value products. It is, however,
important to remember that although the containers are sold locally, the goods packaged in glass
are often exported in substantial quantities outside the EU (e.g. wines, spirits, beers, perfumes,
oil).

There is awide range of factors that can affect the market for container glass. The main threat is
from dternative packaging materials, especially plastics (mainly PET-polyethylene
terephthalate), meta s (steel and aluminium) and laminated cartons.

The main advantages of container glass are its high chemical resistance and barrier properties
(so protecting and preserving the quality of the contents), and aesthetic appeal (transparency,
colour, design, etc. for the presentation of goods and the identification of brands), recyclability
back into new bottles, resealability, ease of cleaning, and reusability. In addition, the virgin raw
materials used for making glass are abundant in nature. The position of glass relative to its
competitors varies widely between regions and products, depending on market preferences,
costs and packaging developments. The main disadvantages of glass are its weight and the risk
of breakage.

Other important factors are associated with fluctuations in the demand for the packaged
products. For example, changes in consumer habits, such as the trend towards the consumption
of lower volumes but of higher quality wines. Climatic factors which affect the size of wine
harvests and the consumption of beer and soft drinks during the summer periods can also be
important. Fluctuations in foreign exchange rates and the prevailing local economic climate will
affect the demand for high-value items such as perfumes and spirits.

Glass making is a capital-intensive industry and this restricts entry into the market to fairly large
enterprises with substantial financial resources. The long-term slow growth means that although
new furnaces are being constructed, they tend to be built by companies already operating in that
region, or by other existing companies entering that region. Much of the growth in sales will be
met by upgrading existing plants at scheduled rebuilds. Overall there is a trend of transfer of
ownership of smaller companiesto large companies.
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The investment cycleislong. In general, container glass furnaces operate continuously, or with
one or two minor repairs, for over 20 years, after which time they are rebuilt with either partia
or total replacement of the structure depending on its condition. The straightforward rebuild of a
medium sized furnace (around 250 tonnes per day) will cost in the region of EUR 3 to 5 million
or more. The actua expenditure can be significantly higher, because the rebuild can be a
convenient time to implement any upgrades to the process. A new plant of comparable size on a
green field site would cost in the region of EUR 40 to 50 million including infrastructure and
services.

1.34 Main environmental issues

The main environmental issue associated with container glass production is that it is a high
temperature, energy-intensive process. This results in the emission of combustion products and
the high-temperature oxidation of atmospheric nitrogen, i.e. sulphur dioxide, carbon dioxide,
and nitrogen oxides. Furnace emissions aso contain dust (arising from the volatilisation and
subsequent condensation of volatile batch materials) and traces of chlorides, fluorides and
metals present as impurities in the raw materials. Technical solutions are possible for
minimising all of these emissions, but each technique has different financial and environmental
implications associated with it.

Magjor environmental improvements have been made within the sector, giving rise to substantial
reductions in furnace emissions and energy usage. In particular, advances have been made with
primary emission reduction techniques for oxides of nitrogen and sulphur dioxide.

Waste |levels within the sector are very low. Indeed continued devel opment within the sector has
been the increased use of recycled glass (cullet). In 2008, the average rate of utilisation of post-
consumer cullet within the EU container glass sector is approximately 50 % of the total raw
materia input, with some installations utilising 80 % or more recycled glass. Some product
types, where a high degree of colourlessness is required, e.g. in certain perfume or luxury
cosmetics, but also spirit markets, post-consumer recycled glass may not be employed to a
significant extent, due to coloured glass impurities.

A distinct advantage of glass over aternative packaging materials is the ease of recycling and

reuse. In general, container glass production should not present significant water pollution
problems. Water is used mainly for cleaning and cooling and can be readily treated or reused.

1.4  Flat glass
1.4.1 Sector overview

[19, CPIV 1998] [65, GEPV P-Proposals for GL S revision 2007] [127, Glass for Europe 2008]

Flat glass is the second largest sector of the glass industry in the EU-27, which represented
around 26 % of the total glass production in 2005, 28 % in 2006 and 29 % in 2007. The sector
covers the production of float glass and rolled glass. Float glass represents the main product;
whilerolled glassis only about 3.5 % of the total and is declining, while the production of float
glass has increased over the years.

In 2007, the sector produced approximately 9.5 million tonnes of glass from the 58 float tanks
operating in the EU-27. There are nine manufacturers of float glass and four rolled glass
manufacturing plants operating in the EU-27. Flat glassis produced in 16 Member States.

In 2007, the sector directly employed approximately 17000 people in the manufacture of flat
glass. On average, flat glass output annual growth isin the order of 2 -3 %.
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Flat glass manufacture is a worldwide business including four major groups; in order of
worldwide capacities, they are: Asahi Glass (AGC Flat Glass Europe), NSG (Pilkington, UK),
Saint-Gobain (France) and Guardian Industries (US).

Information regarding the ownership of float tanks is shown in Table 1.4 and in Table 1.5 below
(EU-27, 2007).

Table 1.4 Ownersand locations of float tanksin the EU-27 in 2007
Company Number of tanks L ocations
- . Germany (4), France (3), Belgium (2), Spain (2), Italy (1),
Saint-Gobain 16 Portugal (1), United Kingdom (1), Poland (1), Romania (1)
AGC Hat Glass 13 Belgium (4), France (2), Italy (2), Netherlands (1),
Europe Czech Republic (3), Spain (1)
. Germany (4), United Kingdom (3), Italy (2), Finland (1),
Pilkington 12 Sweden (1), Poland (1)
) Luxembourg (2), Spain (2), Germany (1), United Kingdom (1),
Guardian 8 Hungary (1), Poland (1)
Euroglas 3 France (1), Germany (2)
Manfredonia
Vetro/Sangalli 1 Italy (1)
Sisecam 1 Bulgaria (1)
Interpane 1 France(1)
Ges Scaieni 1 Romania (1)
Total 56
Table 1.5: Joint ventures of float tanksin the EU-27 in 2007
Company Number of tanks | Locations
AGC Flat Glass Europe/Scheuten 1 Belgium
Saint-Gobain/Pilkington 1 Italy

The geographical distribution of the sector and the range of installation sizes are shown in
Tablel.6 and Table 1.7:

Table 1.6: Number of float tanksin Member Statesin 2007 in the EU-27

Member State | Number of float tanks | % distribution of EU production
Germany 11 19.0
France 7 12.1
Itay 7 12.1
Belgium 7 12.1
United Kingdom 5 8.6
Spain 5 8.6
Poland 3 5.2
Czech Republic 3 5.2
Luxembourg 2 3.45
Romania 2 3.45
Finland 1 17
Netherlands 1 17
Portugal 1 1.7
Sweden 1 17
Hungary 1 1.7
Bulgaria 1 1.7
Total 58 100
Source: [127, Glass for Europe 2008]
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Table1.7: Per centage of float capacity in specified ranges
Capacity range | - . )
(tonnes/day) 0% Capacity in each rangein the EU-27
<400 1
400 to 550 37
550 to 700 48
>700 14
1.4.2 Products and markets

[19, CPIV 1998] [65, GEPV P-Proposals for GL S revision 2007]

There are two types of flat glass produced in the EU; rolled glass and float glass. Although
strictly there are other types of flat glass, they are not considered to fall within this sector, either
because they are covered within the special glass sector or they do not meet the production
criterion of 20 tonnes per day specified in Directive 2008/1/EC. The mgority of rolled glassis
patterned or wired glass and accounts for around 3.5 % of the total sector output. Patterned glass
is used for horticultural greenhouses, for decorative purposes and in applications where light is
dispersed, for example for glass partitions, bathroom windows and for photovoltaic panels.
Float glass makes up the other 95 9% of output and is used principally in the building and
automotive industries.

Prior to the invention of the float glass process in 1962 by Pilkington, there were two main
types of unpatterned glass: sheet glass and plate glass. The most widely used method for
producing sheet glass was the Pittsburgh process, which involves drawing glass vertically from
the tank. A refractory guidance device is placed in the glass at the drawing location and cooled
grippers receive the glass. The glass passes through an annealing shaft about 12 m long and is
then cut to shape. Prior to the availability of float glass, plate glass was the highest quality glass
available. Plate glass is produced from rolled glass or thick sheet glass by grinding and
polishing the glass using rotating discs on large tables or conveyors. The twin process involves
polishing the glass on both sides at once. The grinding and polishing process generates large
amounts of solid waste for disposal.

The advantages of the float process (economy, product range, low waste and quality) are such
that, since its introduction in 1962, sheet glass and plate glass have gradually been replaced and
are no longer produced within the EU. Some rolled glass products are still polished for specialist
applications, and diminishing levels of sheet glass and plate glass are till produced in some
parts of the world. For the purposes of this document, sheet glass and plate glass manufacture
can be considered essentially obsolete techniques.

The most important markets for float glass are the building and automotive industries. The
largest of these markets is the building industry which accounts for 75 to 85 % of output, and
the majority of the remaining 15 to 25 % is processed into glazings for the automotive industry.
Some glass is simply cut to size and used directly, but the majority of flat glass production is
processed into other products. For the automotive industry, these are laminated windscreens,
side and rear glazings, and sunroofs. The main processed product for the building industry is
insulated glazing in the form of double or triple glazed units, often with one layer of coated
glass. These glazed units account for 40 to 50 % of the building market with the remainder
being made up of silvered, coated, toughened, and laminated products which each make up
10 to 15 %.
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1.4.3 Commercial and financial considerations

[19, CPIV 1998] [63, CPIV Annual report 2007] [127, Glass for Europe 2008]

On average, total extraEU trade represents about 15% of EU production with a dlightly
positive balance of trade. In the region of 10 % of production is exported to non-EU countries
and a similar but generally lower figure (6.3 % in 2006 for unprocessed glass) is imported into
the EU market, predominantly from Far East Asia. This summary is true for both unprocessed
and processed glass. Flat glass is expensive to transport and it is desirable to supply customers
as close to the manufacturing site as possible. However, with 58 float lines in operation in 2007
in the EU and the intense competition between companies, the distances the glass is transported
can be substantial, but is ultimately limited by cost. The vast majority of glass manufactured and
processed in the EU is sold in Western Europe.

After some years of rather low and diminishing imports, since 2005 the quantity of float glass
imported from outside the EU-27 has sharply increased up to twice as much as in the past.
During 2007, a historic peak in imports was observed with total extra-EU imports representing
approximately 11 % of the total EU production, predominantly from China. For the same year,
the extra-EU exports represented 10.5 % of the total EU production. Due to large overcapacity
in China, those imports are expected to continue rising in the near future. Other large importers
to Europe are Turkey, the US, Indonesia, Israel and Russia.

Basic flat glass production is a mature, cyclical, and essentially a commodity business. Between
1986 and 2000 the sector showed a substantial annual growth between 2 and 3 %. The trend of
growth has been confirmed during the period 2000 - 2006, for both the EU-15 and the EU-27.
However, overcapacity in the sector has led to severe price pressure, with glass prices falling in
rea terms. Prices can fluctuate between markets but have been particularly low in Germany, the
largest producer. Demand for flat glassis particularly sensitive to economic cycles becauseit is
heavily dependant on the building and automotive industries. During periods of economic
growth and a high demand for flat glass, it can be quite a prosperous business, during economic
downturns or recession the opposite can be true.

Capacity utilisation has been around 90 % in the period 2000 - 2007. The genera opinion within
the industry is that long-term profitability requires capacity utilisation in excess of 90 %. The
estimated evolution of the capacity utilisation of existing float tanks in the EU-27 and the
surplus production are presented in Table 1.8.

Table 1.8: Estimated evolution of the capacity utilisation and surplus float glass production
within the EU-27

Year end Saleable Worldwide sales of Capacity utilisation on EU-27

capacity EU-27 producers manufacturers salesworldwide
Surplus Utilisation
thousand tonnes | thousand tonnes thousand tonnes %

2007 9576 8921 655 93.16

2008 (1) 9709 9141 568 94.15

2009 () 10319 9516 803 92.22

2010 () 10808 9938 870 92.00

(%) Estimated data

Source: [127, Glass for Europe 2008]
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Flat glass manufacture and float glass in particular is a very capital-intensive activity requiring
substantia financial resources, long-term investment and highly technical skills. For this reason
there are a limited number of large international manufacturers. Smaller producers do exist
athough they are not common.

Float glass furnaces operate continuously for 12 to 15 years (or longer in some cases), after
which time they are rebuilt with either partia or total replacement of the structure depending on
its condition. A major rebuild would cost EUR 30 —50 million and a new float line (typicaly
500 tonnes per day) would cost in the region of EUR 100 — 150 million.

1.4.4 Main environmental issues

[65, GEPVP-Proposals for GLS revision 2007]

The main environmental issue associated with flat glass production is that it is a high
temperature, energy-intensive process. This resultsin the emissions of combustion products and
the high-temperature oxidation of atmospheric nitrogen, i.e. sulphur dioxide, carbon dioxide,
and nitrogen oxides. Furnace emissions also contain dust (arising from the volatilisation and
subsequent condensation of volatile batch materials) and traces of chlorides, fluorides and
metals present as impurities in the raw materials. Technical solutions are possible for
minimising all of these emissions, but each technique has different financial and environmental
implications associated with it.

Waste glass generated on site is recycled to the furnace and the sector has made significant
improvements in the recycling of processed and post-consumer waste. Flat glass cullet is a
useful raw materia for other parts of the glass industry, particularly the container glass and
insulation wool sectors, and it is estimated that up to 95 % of waste glass from processing is
recycled in some way. In general, flat glass production should not present significant water
pollution problems. Water is used mainly for cleaning and cooling and can be readily treated or
reused.

Magjor environmental improvements have been made in flat glass production, emissions have
been reduced substantially by means of primary and secondary measures and reductions of
specific energy consumption have been achieved. From 1960 to 1995, energy consumption has
been reduced by 60 %, while during the period 1996 — 2006, a further reduction of about 20 %
was achieved. The theoretical minimum for glass melting is 0.76 MWh/tonne (equivaent to
2.74 GJitonne) and significant development in technology would be necessary for further
improvements [128, ECORYS 2008]. The observed minimum values for specific energy
consumption are about 5 GJ/'tonne, at the beginning of afurnace campaign (see Section 3.4.5).

In considering the overal environmenta impact of the flat glass sector, it is useful to consider
some of the environmenta benefits associated with the products. For example, the total energy
balance associated with the production of glazing includes both the energy consumed in its
manufacture and its impact on the energy consumed by the building where the glazing is utilised
throughout the period it isinstalled (say 30 years).

The building sector accounts for at least 40 % of the EU energy consumption, half of which is
used to heat homes. The upgrading of existing and new buildings in Europe, by substituting
ordinary or double glazing with low-emissivity double glazing significantly enhances heat
insulation. Heat losses are reduced to less than 20 % compared with single glazing, and to less
than 40 % compared with normal double glazing. This can make a significant impact on the use
of energy in buildings.

Advanced products for the automotive market help to reduce fuel consumption by saving
weight, and to reduce air conditioner load by the use of solar control glasses.
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The estimated reduction of energy consumption for heating that could be achieved by promoting
the use of high-performance, low-energy or triple glazing in al new and existing buildings in
the EU-27 is equivaent to 975000 TJ of energy per year, corresponding to as much as 97
million tonnes of CO, emissions per year. [159, Glass for Europe 2009]

An additional reduction of CO, emissions between 15 and 80 million tonnes per year has been
estimated as the possible result of the application of solar control glass in buildings equipped
with air conditioning. [160, Glass for Europe 2008]

During the lifetime of the glass, the reduction in CO, emissions achieved by using energy-
efficient glass products will outweigh by far those created in manufacturing the glass.
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1.5 Continuous filament glass fibre

[66, APFE UPDATE IPPC Glass BREF 2007] [67, APFE Plant survey 2007]

151 Sector Overview

[19, CPIV 1998]

The production of continuous filament glass fibre is one of the smallest sectors of the glass
industry in terms of tonnage, but the products have a relatively high value to mass ratio. This
sector covers the manufacture of continuous glass filaments, which are converted into other
products. It is distinct from the manufacture of glass fibre insulation, which is made by a
different process and is generally termed ‘ glass wool’.

In 2005, the sector produced 933400 tonnes of fibre from the 34 furnaces operating at the
17 sitesin the EU-25 to make principaly E-glass and a small amount of C and AR glass fibres.
In 2005, the sector directly employed 6500 people.

The sector showed good growth from 1997 to 2007 taking into consideration the increase in the
four new production installations in Latvia, the Czech Republic and Slovakia. There were seven
producers in the EU: Ahlstrom, Johns Manville, Lanxess, P-D Oschatz, Owens Corning, PPG
and Saint-Gobain Vetrotex. In 2007, Owens Corning acquired Saint-Gobain Reinforcements
and Composites businessto form OCV Reinforcements. As a condition of the acquisition, it was
necessary to divest two sites from the newly formed OCV Company into a newly formed
company known as 3B-Fibreglass. Saint-Gobain retained its Textile Solutions business as a
separate organisation. The largest of these is now OCV Reinforcements with plants in France,
Germany, Italy, Belgium and Spain. The next largest producers in the EU are PPG, 3B and
Johns Manville with plants throughout the EU-25.

On aglobal basisin 2005, the US was the largest producer with over 40 % of worldwide output,
and Europe and Asia each accounted for 20 to 25 % respectively. The world’s largest producer
is Owens Corning followed by Vetrotex and PPG. The geographica distribution of the sector
and the range of furnace sizes are shown in Table 1.9 and Table 1.10.
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Table 1.9: Number of continuous filament installations and furnacesin M ember States
Number of Number of furnaces .
Member State installations | (in operation in 2005) EU-25 production
Germany 3 5
Belgium 2 5
Czech Republic 2 4
France 2 4
Italy 2 3
Finland 1 3
Slovakia 1 3
The Netherlands 1 2
United Kingdom 1 2
Spain 1 2
Latvia 1 1
Total 17 34 933 400 tonnes in 2005
Table 1.10: Number of continuous filament furnacesin specified production ranges
Production range (tonnes/day) <50 | 50t0100 | >100
Number of furnacesin each range (2005) 11 11 12
1.5.2 Products and markets

[19, CPIV 1998] [66, APFE UPDATE IPPC Glass BREF 2007]

Continuous filament glass fibre is produced and supplied in a variety of forms. roving, mat,
chopped strand, textile (yarn), tissue, and milled fibre. The main end use (approximately 90 %)
is the production of composite materials (glass-reinforced plastic, GRP), by reinforcement of
both thermosetting and thermoplastics resins. Composites are used in a wide variety of
industrial applications within the EU due to their high strength to weight ratio, light weight and
corrosion-resistant properties. New applications are being devel oped continuously.

The main markets for composite materials are the building industry, the automotive and
transport sectors, and the dectrical and dectronics industry. Other uses are in pipes and tanks,
agricultural equipment, industrial machinery, and in the sports, leisure and marine sectors.

A rapidly growing market for glass fibre composites is renewable energy and wind energy in
particular. The second most important end use is the manufacture of textiles that are used in
similar markets to composites though clearly for different applications. The main market for
glass textiles is the electronics industry where they are used in the production of printed circuit
boards. This manufacture of textiles has been rapidly shifting to Asia for competitiveness
reasons.

The sector has a wide and increasingly diverse customer base with substantial international
trade. This globa trade reduces the impact of fluctuating economic performance between
specific markets or geographical regions. It does, however, increase vulnerability to competition
from lower cost regions.
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1.5.3 Commercial and financial considerations

[19, CPIV 1998] [66, APFE UPDATE IPPC Glass BREF 2007]

The continuous filament glass fibre sector shows good growth over the longer term. Its products
have relatively high value, are readily transported and there is significant international trade.
Although demand for the products is increasing, there is very strong competition which places
pressure on prices, and limits profitability. Average capacity utilisation in 2005 was around
95 %.

In 2005, exports and imports were 27 % and over 44 % of EU output respectively, representing
anegative balance of trade and an increasing import penetration mainly from Asia.

Continuous filament glass fibre manufacture is a very capita-intensive activity requiring
substantial financial resources, long-term investment and employees with highly technical skills.
For this reason there are a limited number of large international manufacturers and a few
smaller producers.

Furnaces in this sector operate continuoudly for 8 to 12 years, after which time they are rebuilt
with either partial or total replacement of the structure depending on its condition. The rebuild
of a medium sized furnace (around 75 tonnes per day) will cost in the region of EUR 8 million.
A new plant of comparable size on a green field site would cost in the region of EUR 75 million
to 90 million including infrastructure and services.

154 Main environmental issues

[66, APFE UPDATE IPPC Glass BREF 2007]

The production of continuous filament glass fibre is a relatively low waste activity compared to
many industrial activities. However, the production of fine fibres can cause breakages, which in
turn leads to a higher level of waste per tonne of product than the glass industry average. In
2005, there was evidence of a reduction in the amount of glass melted going to landfill, some
through conversion efficiency improvements and some via recycling back into the process.
Recycling back to fibreglass furnaces is still a magjor difficulty but there is evidence of greater
activity to overcome these difficulties.

In general, glass filament production does not present major water pollution problems. Water is
used mainly for cleaning and cooling, but there are potential emissions associated with the use
of coating materials. Emissions can arise from coating preparation and handling, throw-off from
winding and secondary processing operations. Emissions can be minimised by use of
appropriate techniques for handling and spillage containment, and residual levels of pollution
can be treated with standard techniques.

The main environmental issue associated with continuous filament glass fibre production is that
it is a high-temperature, energy-intensive process. This results in the emissions of combustion
products, and the oxidation of atmospheric nitrogen, i.e. sulphur dioxide, carbon dioxide, and
nitrogen oxides. Furnace emissions aso contain dust (arising from the volatilisation and
subsequent condensation of volatile batch materials) and traces of chlorides and metals present
as impuritiesin the raw materials. The resulting dust, separated by filtration from the flue-gases,
in most cases is not recycled back to the furnace, due to the carryover phenomena and to the
presence of aggressive/corrosive components such as sodium chloride (NaCl).

Due to the nature of the fiberising process, varying levels of fluorides are sometimes used in the
batch, which can give rise to emissions of hydrogen fluoride. This is a complex issue that is
discussed in detail in Chapter 4. Technical solutions are possible for minimising all of these
emissions, but each technique has associated financial and environmental implications. Major
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environmental improvements have been made in glass filament production, emissions have been
reduced substantially and reductions have been made in energy consumption.

In considering the overall environmental impact of the sector, it is useful to consider some of
the environmental benefits associated with composite materias, which are the main end use for
glass filaments. In addition to their numerous technical benefits, composite materials generally
use much less energy to produce than the materials they replace, particularly steel and
aluminium. They provide aweight reduction in transport applications, (which contributes to fuel
savings) and they have alonger service life dueto their high resistance to corrosion.

More recently they have contributed to the successful development of large commercially-

viable wind farm structures, especialy the blades, making a valued and major contribution to
the renewable energy industry and the global CO, reduction effort.

1.6 Domestic glass

1.6.1 Sector overview

[28, Domestic 1998] [68, Domestic Glass Data update 2007]

The domestic glass sector is one of the smaller sectors of the glass industry with approximately
4% of total output. This sector covers the production of glass tableware, cookware and
decorative items, which include drinking glasses, cups, bowls, plates, cookware, vases and
ornaments. The manufacture of domestic glass is very widely distributed across the EU with
more than 300 installations, of which there are more than 120 in Italy and about 70 in Poland.

Approximately, 60 installations meet the production criterion of 20 tonnes per day, as tota
melting capacity for the installation comprising one or more furnaces, as specified by Directive
2008/ /EC, and these account for the majority of EU production. In 2006, total production was
about 1.46 million tonnes for the EU-27.

The largest domestic glass manufacturers in Europe are Arc Internationa (France), Bormioli
Rocco e Figlio, Bormioli Luigi, and RCR Cristaleria Italiana (Italy), Durobor (Belgium),
Duralex (France), Pasabahce (Bulgaria), Riedel Nachtmann (Germany), Waterford Crystal
(Ireland), Zwiesd (Germany), and Libbey (Portugal). As mentioned above, there are many
smaller companies, which often specialise in higher value-added products (lead crystal, etc.).

The geographical distribution of the sector, together with the estimated share of production, and
the range of installation sizes are shown in Table 1.11 and Table 1.12.
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Table1.11: Number and distribution of IPPC domestic glassinstallationsin Member Statesin
2006
Number of Approximate
Member State installations % of EU production
above (20 t/d)

France 7 26.9
Germany 8 22.2

Italy 7 11.7

Spain 5 10.1

Poland 4 55

Czech Republic 8 5.2

The Netherlands 1 4.8
Slovakia 3 3.0
Belgium 1 17

Portugal 1 16

Greece 2 1.6
Bulgaria 1 13
Hungary 2 1.2

Ireland 1 11

Austria 4 0.6

Sweden 1 0.5

Finland 1 0.5
Slovenia 2 0.2

United Kingdom 1 0.2

Total 60 1463000 tonnesin 2006
Source: [68, Domestic Glass Data update 2007]

Table1.12: Number of domestic glass installations in specified production ranges in 2006
(estimated)
Production range
(tonnes/day) <20 | 20t0o100 | >100
Number of installations 240 a1 19
in each range

Source: [68, Domestic Glass Data update 2007]

1.6.2 Products and markets

[28, Domestic 1998]

The domestic glass sector is very diverse in its products and the processes utilised. Products
range from bulk consumer goods to high-value lead crystal decanters and goblets. Product
forming methods include manual methods (blowpipes and cutting) and completely automated
machines. The basic products are outlined in Section 1.6.1, with drinking glasses accounting for
over 50 % of output.

The majority of products are made from soda-lime glass, which can be clear or coloured. Lead
crystal and crystal glass formulations are used to produce glasses, decanters and decorative
items with high brilliance and density. Opal glass is used to produce cups, plates, serving dishes,
and ovenware. Borosilicate domestic glass is perhaps better known by some of the common
trademarks, namely Duran (Schott) and Pyrex (Arc International), and the main products are
cookware and heat resistant tableware. In some cases, products made of these different glass
formulations are tempered in order to increase their resistance to mechanical and thermal
shocks. Glass ceramic products are used for high-temperature applications, principally
cookware, and can withstand high levels of thermal shock.

The end user customer base is clearly extremely broad but immediate sales are generaly to
large retailers and wholesalers, although some producers do aso sell directly to the public.
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Different parts of the market are affected by a wide range of factors. Customer tastes and social
trends are very important. For example, the trend towards more casual dining particularly in
Europe has resulted in a higher demand for cheaper medium quality items, and the demand for
coloured glass varies with time and region. It is important for the manufacturer to keep ahead of
these changes and to respond accordingly; therefore, flexibility is an important part of the
manufacturing operation.

As a consequence, domestic glass formulations must be tailored to specific products and
processing requirements. Even basic soda-lime formulations can show significant differences
from other soda-lime formulations such as container or flat glass.

Increased mechanisation in lead crystal production has led to the production of cheaper items
with quality close to that of handmade items. However, this type of high-value product is
particularly sensitive to customer perception and the crucia handmade label still commands a
higher price. This means it is unlikely that handmade items will be restricted (in the medium
term at least) to individually commissioned products.

1.6.3 Commercial and financial considerations

[28, Domestic 1998]

In common with most sectors of the glass industry, the domestic glass sector is an established
mature business that experiences modest long-term growth in demand. Domestic glass products
are readily transported and there is substantial international trade both between Member States
and outside the EU. The main threat to this sector is competition in the domestic markets from
increased imports, and greater competition in the important export markets. This increased
competition has led to severe pressure on prices and therefore restricted profitability. In 2005,
exports and imports represented 26 % and 28.5 % respectfully of EU output, in tonnage terms.
Although this represents a fair overall balance of trade, the mgority of imports were from Far
East Asiaand Turkey, which greatly outweighed EU exports into these regions.

As in other sectors of the industry, large scale glass making is very capital intensive requiring
substantial long-term investment. This is reflected in the small proportion of domestic glass
manufacturers producing more than 20 tonnes per day. Although these few companies produce
the majority of the EU output, the domestic glass sector is unusua in that there are a large
number of smaller, less capital-intensive installations often specialising in high-value handmade
items or niche markets. These small amounts of glass can be produced in pot furnaces and day
tanks, which are relatively cheap to build and operate, but could never compete economicaly in
high volume markets.

The domestic glass sector utilises a wide range of furnace sizes and types and the furnace repair
interval will vary accordingly. Large fossil fuel furnaces will run for 5 to 8 years before a major
repair is needed. For dectrically heated furnaces, it will be 3 to 6 years and for pot furnaces
10 to 20 years, with the pots being replaced every 3 to 12 months. For a typical electricaly-
heated 30 tonnes per day lead crystal furnace, a major repair (excluding forming machines)
would be in the region of EUR 2 million, and a new furnace EUR 8 million. For atypica fossil
fuel fired 130 tonnes per day soda-lime furnace, a maor repair (excluding forming machines)
would bein the region of EUR 4 million, and a new furnace EUR 12 million.
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1.6.4 Main environmental issues

In general, the raw materials for domestic glass production are relatively harmless natural or
man-made substances. The exception to this is the production of lead crystal or crystal glass,
which involves the use of lead oxide and sometimes antimony or arsenic trioxide, which require
careful handling and storage to prevent emissions. The sector produces relatively low levels of
waste and most internally-produced cullet is recycled. Where this is not possible, due to quality
restrictions, the cullet is usually recovered or recycled by the container glass sector (except lead
crystal and crystal glass). In general, the use of external cullet in the process is not practicable,
due to the same quality considerations mentioned above.

Most types of domestic glass production should not present magjor water pollution problems.
Water is used widely for cleaning and cooling and can be readily recycled or treated. However,
the use of more toxic compounds in lead crystal or crystal glass production provides a higher
potential for pollution. Emissions can be minimised and residual levels of pollution can be
treated with standard techniques.

As for the other glass sectors, the main environmental issue associated with domestic glass
production isthat it is a high temperature, energy-intensive process. For fossi| fuel furnaces this
results in the emissions of products from combustion and from the high-temperature oxidation
of atmospheric nitrogen, i.e. sulphur dioxide, carbon dioxide, and nitrogen oxides. Furnace
emissions also contain dust and traces of chlorides, fluorides and metals deriving from the
volatilisation and subsequent condensation of volatile materials present in the batch formulation.
The use of specific raw materials applied to give particular characteristics to the final product
can give rise to the emission of hydrogen fluoride from opal glass produced with raw materials
containing fluorine, boron compounds from borosilicate glasses, nitrogen oxides from the use of
nitrates, etc. Where acid polishing is carried out, there are associated air, water and waste issues
to consider.

Technica solutions are possible for minimising all of these emissions, but each technique has
associated financia and environmental implications. In recent years, environmenta
improvements have been made, with emissions and energy consumption being reduced
significantly.
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1.7  Special glass
1.7.1 Sector overview

[26, Special 1998] [73, Specid Glass Proposal 2007]

In 2005, the production of the special glass sector was around 2.1 % of the glass industry
output, and in terms of tonnage was the fifth largest sector. Without water glass, the sector
produced 0.770 million tonnes of products (see Table 1.13) but, the whole production capacity
was 1.29 million tonnes.

Special glass is an extremely broad sector covering a wide range of products of relatively great
value such as: cathode ray tubes (CRT) glass (panels and funnels), lighting glass (tubes and
bulbs), borosilicate glass tubes, laboratory and technical glassware; borosilicate and ceramic
glasses (cookware and high-temperature domestic applications) and optical glass, quartz glass,
glass for the electronicsindustry (e.g. LCD panels).

There is a degree of overlap between the special glass sector and other sectors of the glass
industry, particularly the domestic glass sector for some borosilicate and glass ceramic products.
This is not considered to be a significant issue since the products involved only represent a
minor part of the sector output.

In 2005, glass tubes and bulbs accounting for 53.5% and CRT glass accounting for about
21.7 % of the total capacity represented the main production of the special glass sector.

Between 2005 and 2007, seven plants located in the UK, France, Germany, Lithuania, and the
Czech Republic, producing CRT panels and funnels closed, leaving only one CRT glass
manufacturer in Europe, with one plant owned by Indian private conglomerate Videocon,
located in Poland.

While lighting glass, borosilicate glass and glass ceramics are normally above the threshold of
20 tonnes per day, as specified in the Industrial Emissions Directive 2010/75/EU, most small
producers of the low-volume specidist products, such as optica glass and glass for the
electronicsindustry, often fall below this threshold.

There are some integrated installations that produce a wide range of low and higher volume
products, and in these cases total production may be above the threshold level of 20 tonnes per

day.

Although usually considered to be part of the chemical industry, water glass (sodium silicate)
can be produced by melting sand and soda ash. This activity fits the definitions in Sections 3.3
and 3.4 of Annex | to Directive 2010/75/EU. For the purposes of the origina glass BREF
adopted in 2001, this activity was considered to fall within the special glass sector but this
production is now covered in the Large Volume Inorganic Chemicals- Solids and Others
Industry (LVIC-S) BREF [http://eippcb.jrc.es/reference/].
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1.7.2 Products and markets

[26, Special 1998] [73, Specia Glass Proposal 2007]

Table 1.13 shows the relative outputs of each part of the sector. CRT glass, and glass tubes plus
bulbs account for almost 80 % of capacity.

Table1.13: Special glass sector breakdown for the year 2005

Production Capacity | Sector capacity

Glasstype (tonnes) (tonneslyr) (%)
CRT glass (panel and funnel) 230000 280000 21.7
Glass tubes and bulbs 384000 692000 53.5
Borosilicate glass (excluding tubes) 50000 90000 7.0
Other lighting glass (excluding
quartz, tubes and bulbs) 30000 60000 4.6
Glass ceramics 55000 120000 9.3
Quartz glass 5000 15000 1.2
Optical glass 6000 10000 0.8
Other glasstypes 10000 25000 1.9
Total special glass 770000 1292000 100.0
N.B. Water glass is now included in the Large Volume Inorganic Chemicals-Solids and Others

Industry (LVIC-S) BREF

Source: [74, Specia Glass breakdown 2007)

The most important products and markets for special glass are described below.

Cathode ray tubes (CRT) glass and flat panels

The fal of the CRT funnels market coincides with the rapid growth of flat panel glass
production, in particular for TV applications and computer monitors. Most of the plants are
located close to major production sites of LCD panels, i.e. in Asia. The technology used is either
float or vertical draw. So far only one float plant has been built in Europe by Schott AG in
Germany for the production of glass panels. In 2008, the plant was still in a stage of extensive
sampling with customers rather than in afull business phase.

Lighting glass

The production volume of lighting glass remains large. This sector includes incandescent and
fluorescent lighting (both for domestic and public applications), halogen lights and automotive
headlights. This last use is decreasing as glass headlights are being replaced by polymer
materials. Lighting is globally a mature business but is still dightly eroded by imports from the
Far East. Small but high in added value are the reflectors and heat/UV protection filters for
video projectors.

Glass tubing
The production of glass tubes is mainly driven by pharmaceutical and medical applications.

Although it has been said that in the long-term, polymers may threaten the business, the markets
keep growing afew percentage points per year, and European manufacturing sites were working
at full capacity in 2005 and are continuing to do so.
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In addition to the pharmaceutical applications, glass tubes are aso produced for lighting glass
and bulbs. The production is widely distributed in the EU, with the highest output in Germany.
There are 11 companies producing these types of products. Schott, Osram, and Technische
Glaswerke [Imenau (Germany); Philips (the Netherlands); Demaglass (UK); Gerresheimer Pisa
and Neubor Glass (ltaly); Lawson Mardon Wheaton (France); Averti (Spain); EMGO
(Belgium), General Electric (Hungary).

Glass ceramics

The production of glass ceramics keeps growing at a pace of about 10% a year (so the
production figures have nearly doubled since 1997), with a major market represented by
cooktops and fireplace windows. Two companies in Europe (Schott, Germany and Keraglass,
France) produce the ‘green glass', exclusively in Europe, generaly at a high temperature and
with high-melting technology. When articles are sold outside Europe, they are shipped as green
glass while finishing, i.e. ‘ceramising’ and decoration, is done close to the appliance maker (e.g.
US, Chinad). Some companies also melt green glass in China but so far the products do not
match the design and quality standards of the European quality.

Borosilicate glass excluding tubes

The use of borosilicate glass in consumer products (e.g. coffee pots, cookware, microwave trays
laboratory equipment and components for chemical plants) represents a very mature sector. At
the time of writing (2010), part of the market is supplied by low-wage countries, and |aboratory
glassware has been more and more jeopardised by polymers and disposable alternatives.
Recently, the high cost of raw materials for the production of polymers is inverting this
tendency with a better performance of borosilicate glass in capturing back the market. A new
growing application for borosilicate glass is represented by the use of tubes in hosting solar
energy receivers, either directly or after concentrating the solar energy by reflecting panels in
solar power plants.

Optical and ophthalmic glass

Optical and ophthamic glass making are two mature businesses, nevertheless the levels of
production in Europe have been maintained reasonably well, due to some technical barriers. The
share of ophthalmic polymers is still progressing. However, in some areas of the world, a
significant part of the market is still covered by glass. In the optical field, numerous demanding
applications remain fulfilled only by glass products. The sector is very segmented, with small
individual tonnages, characterised by several compositions and formulations, with high added
value requiring special raw materials often unique for providing characteristicsto the glass.

Furnaces range from 20 — 200 tonnes/day for soda-lime glasses and 20 — 50 tonnes/day for
borosilicate glasses. Soda-lime furnaces are predominantly cross-fired regenerative furnaces and
borosilicate furnaces are largely electrically-heated furnaces with some recuperative and some
oxy-fired furnaces. Table 1.14 showsthe maininstallationsin the EU producing special glass.

Table1.14: Geographical distribution of main special glass production in EU

Member State Type of production Installations
Germany Glass tubes/bulbs/glass ceramics 3

Flat panels 1

CRT glass 1
Poland Glass bulbs 1

Borosilicate cookware 1
France Glass tubes/bulbs/glass ceramics 2
Italy Glass tubes 2
Belgium Glass tubes/bulbs 1
The Netherlands | Glass tubes/bulbs 1
UK Glass tubes/bulbs 1
Spain Glass tubes/bulbs 1
Hungary Glass bulbg/lighting elements 6
Austria Headlights 1
Total 22
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1.7.3 Commercial and financial considerations

[26, Special 1998] [19, CPIV 1998] [73, Special Glass Proposal 2007]

The types of special glass range from mature established businesses to those serving highly
devel oping markets, with some companies operating in awide range of markets. Growth, profits
and outlook can vary widely for each part of the sector. For example, in 1996, CRT glass
production for computer monitors showed very high growth in Europe, while the demand for
optical glass in Europe was stagnant due to competition from aternative materials. Overall
sector growth between 1986 and 1996 was steady with the value of production rising from
EUR 1750 to 2760 million. This situation was totally different in 2005 with the falling demand
for CRT funnels and the increase in the flat panels market.

In 2005, EU exports of specia glass were 81716 tonnes and imports were 90773 tonnes, giving
a significant trade deficit. The highest level of imports (about 45 %) was from Far East Asia,
with 21.4 % from China.

Large-scale glass making is very capita intensive requiring substantial long-term investment
and technical skills. Thisis reflected in the limited number of specia glass manufacturersin the
EU producing more than 20 tonnes/day. Although these few companies produce the magjority of
the EU output, the special glass sector has a large number of smaller, less capital-intensive
installations often specialising in high value, high quality and technically demanding products.

These small amounts of glass are produced in small furnaces, often electricaly heated, and are
operated for shorter campaigns. Despite the scale, these operations usually also require
substantial long-term investment in high-quality equipment, skilled staff, and extensive research
and development work.

The specia glass sector utilises a wide range of furnaces and the furnace repair interval will
vary accordingly. Large fossil fuel furnaces for special glass will run for 6 to 7 years before a
major repair is needed. For electrically heated furnaces, the rebuild interval is 3 to 4 years. Due
to the wide variation within the sector, typical costs are difficult to predict; examples of
investment costs related to the main products of the special glass sector are shownin Table 1.15.

Table 1.15: Investment costsfor special glassinstallations
: . . Total investment
Production Unit Capacity Output per year (in millions)
Borosilicate cookware, One furnace Typically 26 million EUR 35— 40
laboratory glass, etc. (35 —40 t/day) pieces
: One furnace - .
Glass ceramic oven cook tops (65 t/day) 3.5 million pieces EUR 75
: : Two furnaces
Glass tubes, melting and drawing (30— 35 t/day) 16000 tonnes net EUR50-70
Lamp bulbs One furnace - .
(sodalime glass) (80 t/day) 100 million pieces EUR 40 -50
Source: [161, Special glass 2008]
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1.7.4 Main environmental issues

[73, Specia Glass Proposal 2007]

The broad range and specialised nature of the products of the special glass sector lead to the use
of awider range of raw materials than encountered in most other sectors. For example, some
products (CRT funnels, optical flint glass) contain high levels of lead oxide of over 20 %.
Certain compositions can require specialised refining agents such as oxides of arsenic and
antimony, and some optical glasses can contain up to 35 % fluoride and 10 % arsenic oxide.

The sector produces relatively low levels of waste and most internally-produced cullet is
recycled. Quality considerations have restricted the use of external and post-consumer cullet in
the process. In order to make it easier to recycle the waste, initiatives were developed to
standardise CRT glass formulations, but at the time of writing this document (2010), CRT
production has been drastically reduced in the EU as indicated in Section 1.7.1. Water is used
widely for cleaning and cooling and can be readily recycled or treated. Specia glass production
can give rise to water pollution issues due to polishing and grinding operations, particularly with
glasses which contain lead. Emissions can be minimised by appropriate techniques for handling
and spillage containment, and residua levels of pollution can be treated with standard
techniques.

The main environmental issue associated with all fossil-fuel fired glass furnaces is that it is a
high temperature, energy-intensive process. This results in the emission of products from
combustion and from the high-temperature oxidation of atmospheric nitrogen, i.e. sulphur
dioxide, carbon dioxide, and nitrogen oxides. Furnace emissions also contain dust, and traces of
chlorides, fluorides and metals are present in the raw materials. The use of specific raw
materials for giving certain characteritics to the final product can give rise to the emission of
hydrogen fluoride from raw materials containing fluorine, boron compounds from borosilicate
glasses, nitrogen oxides from the use of nitrates and metals from refining or decolourising
agents (e.g. Sb, As, Se). Where toxic batch materials are used, appropriate measures should be
taken in order to control the potential for emissions from handling, storage and from the
furnace. Technical solutions are possible for minimising all of these emissions, but each
techniqgue has associated financial and environmental implications. In recent years,
environmental improvements have been made, with emissions and energy consumption being
reduced significantly by both primary and secondary measures.

1.8 Mineral wool

1.8.1 Sector overview

[27, EURIMA 1998] [69, EURIMA data collection 2007]

The mineral wool sector represents approximately 10 % of the total output tonnage of the glass
industry. The sector covers the production of glass wool and stone wool insulating materials,
which are essential randomly interlaced masses of fibre with varying lengths and bound by a
resin-based binder. Although the term ‘glass fibre' is sometimes used to describe glass wooal,
insulation should not be confused with the products of the continuous filament glass fibre
sector, which are made by different processes and sold into different markets.

In 2005, the sector directly employed over 21000 people at 62 instalations, and produced
3.6 million tonnes of products with a value of around EUR 3000 million. Between 1996
(EU-15) and 2005 (EU-25), output grew from 2 million to 3.62 million tonnes.

Five main producers operate in the EU: Saint-Gobain (21 ingtallations in 13 Member States);
Rockwool International (15 ingallations in 10 Member States); Paroc (7 installations in
4 Member States); URSA (7 instdlations in 7 Member States. Spain, France, Belgium,
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Germany, Slovenia, Hungary and Poland); and Knauf Insulation/Heraklith (combined in 2006
with 10 ingtalations in 6 Member States). Most of these companies have operations in non-EU

countries or in other sectors. There are also several independent manufacturersin the EU.

The geographical distribution of the mineral wool sector, the estimated share of production and
the range of installation sizes are shown in Table 1.16 and Table 1.17. However, anew plant not

included here will be built in Angers, France.

Table1.16: Number of mineral wool installationsin the EU-27
. . Approximate
Member State Number of installations % of EU production

Germany 10 18.1
Poland 6 13.3
France 5 10.2

The Netherlands 2 8.8
United Kingdom 5 7.1
Denmark 3 5.8
Finland 5 5.6
Spain 4 4.8
Sweden 3 4.2
Belgium 2 4.1
Czech Republic 2 34
Slovenia 3 3.0
Hungary 3 2.7
Slovakia 1 2.2
Austria 2 1.9

Italy 2 15
Lithuania 1 14
Portugal 2 1.0
Greece 1 0.8
Ireland 1 0.2
Romania 1 0.2
Bulgaria 0 0.0
Cyprus 0 0.0
Estonia 0 0.0
Latvia 0 0.0
Luxembourg 0 0.0
Malta 0 0.0
Total 64 3654333 tonnes
Source: [69, EURIMA data collection 2007] [133, EURIMA Contribution November 2008]

Table 1.17 shows the number of installations falling into specified production ranges in 2005.
Severa of the installations operate more than one furnace. These figures represent actual output
in 2005 and it is estimated that most installations were operating between 10 and 20 % below
full capacity. The average production per installation in 2005 was in the region of 58064 tonnes.
It should be noted that these figures are for tonnage and for a given application; stone wool
products are significantly more dense than glass wool products, particularly for the lower

density range.

Table1.17: Number of mineral wool installationsin specified production ranges
Productionrange | 271082 82 to 164 16410 274 >274
(tonnes/day)

Productionrange | 1,600 | 100001030000 | 300000 60000 | 60000 to 100000 | >100000
(tonneslyear)

Number of

installationsin 4 12 24 17 7
each range

NB:  Days production/year: 350

Source: [69, EURIMA data collection 2007] [133, EURIMA Contributions November 2008]
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1.8.2 Products and markets

[27, EURIMA 1998]

Mineral wool was first produced in 1864 by applying a jet of steam on molten slag escaping
from a blast furnace. Commercia patents and production began in about 1870. The market
started to grow significantly during World War 1l when there was a demand for cheap
prefabricated housing to replace damaged homes. In 1943, in the US alone, there were over
500000 tonnes of mineral wool produced. In most developed countries, thermal insulation has
become universally accepted and incorporated into almost every form of building. In addition to
itsthermal properties, mineral wool insulation has good acoustic and fire-protection properties.

The main products are low-density insulation rolls, medium and high-density slabs, loose wool
for blowing, and pipe insulation. The main markets for these products are: building thermal
insulation (walls, roofs, floors, etc.); heating and ventilation applications; industrial (technical)
installations (process pipework, vessels, chemical plant, offshore and marine); fire protection;
acoustics (sound absorption and insulation); inert growing media and soil conditioning. Glass
wool and stone wool are interchangeable in many applications, but some applications demand
one product in preference to the other. Stone wool is usually favoured for high temperature or
fire-protection applications, and glass wool is frequently used where alight weight is critical.

The most important market for mineral wool is the building industry, which takes up to 70 % of
output and is very dependent on the prevailing economic climate and on the regulatory
framework.

In spite of the technical expertise required to manufacture fibre insulation, it is essentially a
commodity product. There is little opportunity for differentiation between products competing
in the same markets, and competition is based mainly on price. This has led to substantial cost
reductions and downsizing within the sector. Price competition is weaker in the ‘technical’
product market, which requires higher value added products such as rigid pipe sections for high
temperature and fire-resistant applications.

Due to the moderate temperature range required for the building industry, a wide variety of
aternative insulation materials is available, the most common being: plastic foams (the main
competitor), cellulose fibre (shredded newspaper), vermiculite and perlite, and foamed glass.
None of these materials can match mineral wool in al areas of performance (low price, thermal
performance, acoustic performance, flammability, and ease of installation), but they all have
their place in the market.

1.8.3 Commercial and financial considerations

[27, EURIMA 1998] [9, IPC Guidance S2 3.03 1996]

The mineral wool sector is a very mature business with a growth rate of around 3 % per year
and isincreasingly competitive. Mineral wool products have alow value to volume ratio, which
limits the distance over which they can be economically transported. Despite this, there is
significant trade within the EU but extra-EU trade represents less than 5 % of output. Clearly,
extra-EU tradeis greatest for those Member States that border non-EU countries.

Mineral wool production is a very capital-intensive activity requiring substantial financial
resources, long-term investment and highly technical skills. This creates a substantial barrier
against entry into the market and most producers are large companies with along history in the
business. There are only afew small independent manufacturers.

The mineral wool sector uses oxy-gas, recuperative and electrical furnaces for glass wool
production; and predominately hot blast cupolas for stone wool production. Furnaces have a
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limited lifetime and the furnace replacement interval will vary according to design.
Recuperative and oxy-gas furnaces will run for 8 to 12 years before a major repair is needed,
and electrically heated furnaces for 3 to 6 years. Cupola furnaces have longer periods and do not
operate continuoudy for long periods, usually operating for 1 to 3 weeks between shutdowns.

A typical glass wool plant of 60000 tonnes per year represents an investment cost of around
EUR 100 million. A stone wool plant producing a similar volume (i.e. approximately
120000 tonnes per year) would represent a similar investment. The costs of glass furnace
replacements are comparabl e to those quoted for the other glass sectors.

1.8.4 Main environmental issues

In common with all glass making activities, mineral wool production is a high temperature,
energy-intensive process. For fossil-fuelled furnaces, this results in the emission of products of
combustion and the high-temperature oxidation of atmospheric nitrogen, i.e. sulphur dioxide,
carbon dioxide, and nitrogen oxides. Furnace emissions also contain dust, and traces of
chlorides, fluorides and metalsif present asimpuritiesin the raw materials.

In the mineral wool sector there are two further important emission sources: the forming area
(where the binder is applied to the fibres) and the curing oven (where the product is dried and
the binder cured). Forming area emissions are likely to contain significant levels of particulate
matter, phenol, formaldehyde, ammonia and water. Curing oven emissions will contain volatile
binder components, binder breakdown products, and combustion products from the oven
burners.

Technical solutions are possible for minimising al of these emissions, but each technique has
associated financial and environmental cross-media implications. Mgor environmental
improvements have been made in mineral wool production. Emissions have been reduced
substantially and major reductions have been made in energy consumption.

In general, the production of mineral wool insulation should not present major water pollution
problems. The basic processes are net users of water, mainly due to evaporation from the
forming area and curing oven. Process water systems are usually a closed loop with clean water
top up, but precautions are necessary to prevent contamination of clean water systems.
Emissions can be minimised by appropriate techniques for handling and spillage containment,
and residual levels of pollution can be treated with standard techniques.

In considering the overall environmental impact of the sector, it is useful to consider some of
the environmental benefits associated with the products. The production of mineral wool
requires relatively little energy, compared to the potential saving during the use of the products.
In less than one month following installation, mineral wool products can save the entire quantity
of energy used for their manufacture. After 50 years of use, which is common for buildings, the
amount of energy saved can be 1000 times greater than that consumed during production. If
compared to typical CO, emissions from fossil fuel derived power generation, after 50 years
use, a product can also save 1000 times the quantity of CO, emitted during its production. At
higher temperatures, for example, in pipes, boilers and process plant, the savings can be
significantly higher, and the environmental return on the investment can be days rather than
weeks.
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1.9 High temperature insulation wools
19.1 Sector overview

[41, ECFIA 1998] [116, ECFIA 2008] [143, ECFIA November 2008]

In this document, only the production of ‘amorphous’ high temperature insulation glass wools
(HTIW) by melting mineral substances is discussed. Some wools (e.g. polycrystalline alumina
wools-PCW) can be produced by the sol-gel method which is a chemica process, but these
activities do not fall within the definitions given in Sections 3.3 or 3.4 of Annex | to Directive
2008/1/EC and therefore will not be considered in this document.

There are currently (2010) four production plants in the EU and the estimated production in
2005 was approximately 42750 tonnes (representing 0.11 % of the total glass industry and
1.2 % of the mineral wool sector), arising predominantly from the UK, France and Germany.
There are three companies operating in the EU: Thermal Ceramics (one production installation),
Unifrax (two production installations), and Rath (one installation). The geographical distribution
of the production installationsis given in Table 1.18.

Table 1.18: Distribution of HTIW installationsin Member States
Member State Number of installations
France 2
Germany 1
United Kingdom 1
Total 4
1.9.2 Products and markets

[41, ECFIA 1998] [116, ECFIA 2008] [70, VDI 3469-1 2007] [71, VDI 3469-5 2007]
[129, EN 1094-1 2008] [176, TRGS 619 2007]

There are basically two types of inorganic high temperature insulation wools (HTIWS). In
addition to the most commonly applied amorphous wools (AES and ASW/RCF), polycrystaline
aluminawool (PCW) isavailable.

Strictly speaking, AES waols belong to the mineral wool group on the basis of their chemical
compositions. However, because of the specificity of their use in the high temperature
applicationsfield, they are grouped under the HTIW products.

Amorphous high temperature insulation wool with up to 58 % Al,O; content can be produced in
amelting process.

According to the European Standard EN 1094-1 (Insulating refractory products-Part 1:
Terminology, classification and methods of test for high temperature insulation wool products-
see www.cen.eu/cenor nvindex.htm), the amorphous HTIW dealt with in this document can be
classified asfollows:

. aluminium-silicate glass wools (ASW) or also known as refractory ceramic fibres (RCF)
° aluminium-silicate glass wool (high purity)
o a uminium-silicate-zirconium glass wool.

. alkaline earth silicate glass wool (AES):
° calcium-silicate glass wool
° calcium-magnesium-silicate glass wool
o calcium-magnesium-zirconium-silicate glass wool
° magnesium-silicate glass wool.
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The calcium-magnesium-zirconium-silicate glass wool is no longer produced but it is still in
placein installations.

All products of HTIW share similar characteristics including:

. low bulk density
. low heat storage capacity
. low thermal conductivity, and

. almost unlimited thermal shock resistance.

ASW/RCF products are especially suitable for achieving considerable energy savings in high
temperature applications of between 600 °C and up to 1400 °C. AES (akaline-earth-silicate)
wools consist of amorphous fibres produced by melting a combination of CaO, MgO, SO, and
ZrO,. These products are generally used at application temperatures of <1200 °C.

Figure 1.2 shows the most popular high temperature insulation wools for applications between
600 and 1800 °C.

High temperature insulation wool

HTIW
Alkaline earth silicate glass wool . . )
uminium-silicate glass woo olycrystalline woo
(AES) Al licate gl I Polycrystall I
or (PCW)
Refractory ceramic fibres (RCF)
_| Calcium-silicate wool
. . Aluminium-silicate
Calcium-magnesium- wool
silicate wool Alumina-based wool
Calcium-magnesium- Aluminium-silicate-
zirconium-silicate wool Zirconium wool

Magnesium-silicate wool

Source: [71, VDI 3469-5 2007] [116, ECFIA 2008] [129, EN 1094-1 2008]

Figure1.2: Most popular high temperatureinsulation woolsfor above 600 °C and up to
1800 °C

Amorphous aluminium-silicate wool (ASW/RCF) is mainly used as a high temperature
insulation material (600 — 1400 °C) for industria appliances (90 % for furnace lining and
industrial insulation, 8 % for automotive use, and 2% for fire protection). Alkaline-earth-
silicate glass wool (AES) is mainly used for domestic appliances (33 %), industrial insulation
(45 %), fire protection (12 %) automotive (4 %) and other applications (6 %). The main product
forms are bulk wool, blanket (felt or modules), board, paper, vacuum formed articles, and
textiles. All the mentioned products originate from bulk wool.

Many of the products are sold into traditional heavy industries such as chemical, petrochemical,
iron and steel, ceramics, glass, non-ferrous metals, cement, etc. HTIW products have a
relatively high value and can be economically transported to most markets in the world. Besides
the use for furnace ingtallations, the products are often converted into or incorporated into other
products such as automotive catalytic converters, diesel particulate filters, [177, VDI 3677 Part
1, draft edition 2009] gaskets, piston linings and heat shields. Around 30 —40 % of primary
products are used as componentsin secondary applications.
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1.9.3 Commercial considerations

[41, ECFIA 1998] [116, ECFIA 2008]

The HTIW industry produces niche products mainly for industrial applications. When compared
with the overall mineral wool production sector, thisis atiny industry (1.2 %) and even smaller
compared with the glass sector as a whole (0.11 %). In 2008, there were only three companies
producing amorphous HTIW in the EU as aresult of a consolidation within the sector.

The main factor affecting the HTIW industry is the cost of production (energy, raw materias
and labour).

The estimated cost of a new factory of typica capacity is EUR 6 — 8 million. Furnaces are
electrically heated and have alifetime of 10 to 20 years; costs for a new furnace are estimated at
EUR 100000 —200000. Refurbishing of furnaces (electrodes, lining, etc. as applicable) occur
about every three months implying about EUR 20000 in maintenance costs.

The main factors affecting the industrial users of the products are the benefits derived from
energy savings, reduced CO, emissions, higher quality of their products and more flexibility of
the aggregate in which HTIW is used. A significant amount of production is exported and
imports are relatively low.

On account of the significant benefits mentioned above, when compared with other refractory
materias (like bricks and castables), HTIW products are especially suitable for achieving
considerable energy savings and a reduction of greenhouse gases (i.e. CO,). As an example,
energy savings of up to 30 % have been reported when applying HTIW modules in the steel
industry compared to conventiona linings. Competition exists for some low-temperature
applications (<800 °C) from mineral wool, and for special very high-temperature applications
(>1300 °C) from polycrystalline alumina wools (PCW). Stone and glass wool products are
substantially cheaper than those made from ASW/RCF and AES wools, whereas those produced
from polycrystalline aumina wools are more expensive. Owing to the unique thermal and
physical properties of HTIWSs, there is no immediate competitive threat from substitutes.
Requirements of the application itself and technical conditions in the production process
determine what product is the most appropriate, a'so in comparison to insulating fire bricks and
castables.

194 Main environmental issues
[116, ECFIA 2008]

Unlike other sectors of the glass industry, the HTIW sector exclusively uses electrical resistant
furnaces and consequently direct emissions from the furnaces are very low and readily
controlled (filters for dust removal).

The main environmental issue is the emission of particulate matter into air, which, in the case of
downstream activities, may contain fibrous dust. Thisis dealt with by air filtration systems.

Under the definitions of the Dangerous Substances Directive 67/548/EEC (see Regulation (EC)
No 1272/2008), aluminium silicate glass waool/refractory ceramic fibres (ASW/RCF) have been
classified as a Category 2 carcinogen; taken over into the Classification, Labelling and
Packaging (CLP) Regulation (EC) No 1272/2008. AES wools are exonerated from this
classification.

Based on their classification, fibre emissions in the work place and to the environment must be
carefully controlled.
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Generadly, waste levels are rdatively low. There are low levels of agueous emissions which
contain suspended solids. Some organic compounds may arise from secondary processing
operations. Emissions levels of HTIW production plants are very low. The installations in the
EU are adl fitted with dust abatement equipment where necessary.

1.10 Frits

1.10.1 Sector overview

[47, ANFFECC 1999

The frits sector is usually associated with the ceramic industry, but falls within the scope of this
document because it is covered under the definition in Section 3.4

of Annex | to Directive 2008/01/EC. Production in the EU was estimated at 1.25 million tonnes
for the year 2005, making frits one of the smallest sectors of the glass industry. The number of
employees is difficult to establish because, for many companies, frits production is only a small
part of the business. The sector covers the production of frits for glazes and enamels, which are
used for decorating ceramic materials and metals. Glass frits or ceramic frits amount to about
95 % of the total frits production (ceramic and enamel).

It is estimated that there are around 50 installations in the EU, with the mgjority being located in
Spain and Italy. Spain isthe largest producer in the world, accounting for over 80 % of total EU
production.

The geographical distribution of frits ingtallations with a total capacity of >20 tonnes/day
located in Europeis shownin Table 1.19.

Table 1.19: Distribution of frits installations with a total capacity of >20 tonnes/day
(2008 estimation)

Member State Number of installations
Spain 21
Italy
Germany
Czech Republic
France
The Netherlands
Poland
United Kingdom
Portugal
Belgium
Austria 1
Total 48 (estimated)
Source:[99, I TC-C080186 2008]

©

RIERINININININ O

The distribution of the production capacity for the instalations located in Spain which
represents the majority of the frits sector is shown in Table 1.20.

Table 1.20: Number of frits installations located in Spain in specified production ranges
(estimates)

Production range (tonnes/day) <50 | 50to 150 >150

Number of installationsin each range 4 12 5
Source: [98, ANFFECC Position of the Frit Sector 2005][99, ITC-C080186 2008]
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1.10.2 Products and markets

[47, ANFFECC 1999] [9, IPC Guidance S2 3.03 1996]

The principa application of glass frits is in the manufacture of ceramic glazes and pigments.
These glazes, when applied to the surface of ceramic bodies such as tiles and tableware, and
then fired, provide an impervious, protective and decorative coating. Frits may be sold in the
pure form to the ceramic ware manufacturers who create their own glazes, or the frits
manufacturers may produce and supply the glazes themselves. Across the sector, typically over
half of the frits manufactured are used internally in the production of glazes.

Enamel frits are used in the manufacture of enamel glazes, the principal application of which is
the coating of metal surfaces to provide a chemically and physically resistant covering. The
principal market for enamels is in the manufacture of cooking equipment, and as a coating for
hobs, ovens, grills, etc. Other applications for enamels include storage tanks, silos, baths,
electronic components and signs. Enamel frits represent only around 5 % of frits production.

Frits are relatively high value, low-volume products and transport costs generally comprise a
relatively small proportion of the total product price. Worldwide consolidation in the industry is
resulting in relatively fewer but larger plants serving wider international markets.

Although thisis aleading and strategic sector in the EU, the threat involved in the possibility of
producing frits outside the EU should be considered, since the environmental regulations, the

cost of the raw materials and the social and economic conditions may enhance their involvement
in the market against the frits produced in the EU.

1.10.3 Commercial considerations

[47, ANFFECC 1999] [9, IPC Guidance S2 3.03 1996]

The volume of frits production has increased considerably, with Spain showing an increase in
sales during the last few years. There isfierce international business competition with countries
outside the EU. While alarge number of frits produced in the EU are consumed within the EU,
exports to countries outside the EU are also a major market for ceramic frits producers. The
production of ceramic frits is a well-established industry that has been supplying the ceramic
sector for many years. Competition from other types of glazes that do not contain frits is scarce
because of their lack of suitable technical properties.

Alternative materials, such as plastic coatings, have been developed for tableware, but these
suffer from the same leachability problems as raw glazes, particularly in the presence of organic
acids, which are commonly found in food. It is not known to what extent plastic coatings may
influence the market for fritted tile glazes. Threats to enamel glazes from substitutes are small.
Alternatives, such as paints, could potentially be used in similar applications, but they cannot
match the properties of enamels in terms of heat, chemical and scratch resistance, and
‘cleanability’.
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1.10.4 Main environmental issues

The main environmental issue associated with frits production is that the production processis
energy intensive and requires a high temperature. This condition results in the emissions of
combustion products which include nitrogen oxides due to the oxidation of atmospheric
nitrogen at the high temperature of the furnace, and from the volatilisation of materials used in
the batch composition. Furnace emissions also contain dust that arises from the volatilisation
and subsequent condensation of volatile materials, the composition of which may contain
different elements depending on the type of raw materials and substances used in the batch
composition such as traces of chlorides, fluorides and metals.

In principle, technical solutions are possible for minimising all of these emissions, but each
technique involves relevant financial and environmental implications which should be
thoroughly evaluated in order to determine its viability.

Water is used mainly for cooling in the fritting process and in installation cleaning processes.
Water is dways used in closed circuits.

Waste levels are very low, arising mainly from the solids collected from the water circuits. In
many cases, waste from dust abatement equipment can be recycled to the furnace.
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2 APPLIED PROCESSES AND TECHNIQUES

The first three general sections of this chapter cover the common raw materia and melting
considerations that apply to most of the sectors in the glass industry. The following sections
then describe separately the specific issues for each of the sectors. Three of the sectors, namely
stone wool, frits and high temperature insulation wools, differ in some of the materials and
techniques utilised. These differences have been covered in the sections relating to each sector.

2.1  Materials handling

The diversity of the glass industry results in the use of a wide range of raw materias. The
majority of these materials are solid inorganic compounds, either naturally occurring minerals
or man-made products. They vary from very coarse materials to finely divided powders. Liquids
and, to alesser extent, gases are also used within most sectors.

The gases used include hydrogen, nitrogen, oxygen, sulphur dioxide, propane, butane and
natural gas. These are stored and handled in conventional ways for example, via direct
pipelines, dedicated bulk storage, and cylinders. A wide range of liquid materials are used,
including some which require careful handling such as phenol and strong minera acids. All
standard forms of storage and handling are used within the industry, e.g. bulk storage,
intermediate bulk containers (IBCs), drums and smaller containers. Potential techniques for
minimising emissions from liquid storage and handling are discussed in Chapter 4.

Very coarse materials (i.e. with a particle diameter of >50 mm) are only used in stone wool
production. These materials are delivered by rail or road haulage and conveyed either directly to
silos or stockpiled in bays. Storage bays can be open, partially enclosed or fully enclosed; there
are examples of al three within the sector. Where coarse materia is stored in silos they are
usually open and are filled by a conveyor system. The materials are then transferred to the
furnace by means of enclosed conveyor systems. Materias are mixed simply by laying them on
the feeder conveyor simultaneoudly.

Granular and powdered raw materials are delivered by rail or road tanker and are transferred
either pneumatically or mechanically to bulk storage silos. Pneumatic transfer of the materials
requires them to be essentialy dry. Displaced air from the silos is usualy filtered. Lower-
volume materials can be delivered in bags or kegs and are usually gravity fed to the mixing
vessels.

In large continuous processes, the raw materias are transferred to smaller intermediate silos
from where they are weighed out, often automatically, to give a precisely formulated ‘batch’.
The batch is then mixed and conveyed to the furnace area, where it is fed to the furnace from
one or more hoppers. Various feeder mechanisms are found in the industry ranging from
completely open systems to fully enclosed screw fed systems. To reduce dust during conveying
and ‘carryover’ of fine particles out of the furnace, a percentage of water can be maintained in
the batch, usually 0 — 4 % (some processes, e.g. borosilicate glass production, use dry batch
materials). The water content can be introduced as steam at the end of the mixing operation but
the raw materials may have an inherent water content. In soda-lime glass, steam is sometimes
used to keep the temperature above 37 °C and prevent the batch from being dried by the
hydration of the soda ash.

Due to its abrasive nature and larger particle size, cullet is usually handled separately from the
primary batch materials and may be fed to the furnace in measured quantities by a separate
system.
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In discontinuous processes, the batch plant is much smaller and is often manually operated.
Following mixing, the batch can be stored in small mobile hoppers each containing one charge
for the melter. Sometimes, several charges will be made up of different formulations and stored
close to the melter for use during a specific melting period. As with large scale melting, the
mixed batch cannot be stored for too long before use because the different components can
settle out, which makes it difficult to obtain an homogenous melt. The presence of water in the
batch hel ps to mitigate this tendency.

2.2 Glass melting

Melting, the combination of the individual raw materials at high temperature to form a molten
glass, is the central phase in the production of glass. There are numerous ways to melt glass
depending on the desired product, its end use, the scale of operation, and the prevailing
commercial factors. The glass formulation, raw materias, melting technique, fuel choice and
furnace size will al depend on these factors.

The residence time of the glass melt in the furnace varies significantly by the type of glass
produced. The minimum residence time is a crucial parameter for ensuring glass quality.
Normally, the higher the quality of glass produced, the longer the residence time, in order to
ensure a perfect homogenisation and elimination of possible stones, bubbles, etc. which would
affect the properties of the final product. The difference in residence time of the glass melt in
the furnace is directly associated with the specific energy consumption; therefore, for a given
capacity of the melting furnace, the type of glass produced can be associated with a significantly
different energy consumption.

221 Raw materials for glass making

[19, CPIV 1998] [22, Schott 1996] [66, APFE UPDATE IPPC Glass BREF 2007]
[100, ICF BREF revision 2007]

The most important glass making raw materials are givenin Table 2.1.

Table 2.1: Important glass making raw materials
Glass-forming materials
Silica sand, process cullet, post-consumer cullet
Inter mediate and modifying materials

Soda ash (Na,CO3), limestone (CaCQOs), burnt lime (Ca0), dolomite (CaCO3.MgCQOs), burnt dolomite
(Ca0.MgO), feldspar, nepheline syenite, potassium carbonate, fluorspar, alumina, zinc oxide, lead
oxide, barium carbonate, strontium carbonate, basalt, anhydrous sodium sulphate, calcium sulphate and
gypsum, barium sulphate, sodium nitrate, potassium nitrate, boron-containing materias (e.g. borax,
colemanite, boric acid), antimony oxide, arsenic trioxide, blast furnace slag (mixed calcium,
aluminium, magnesium silicate and iron sulphide)

Colouring/decolouring agents

Iron chromite (Fe;0s.Cr,03), iron oxide (Fe,Os), cobalt oxide, selenium/zinc selenite, carbon,
sulphides (pyrite).

A detailed table on raw materialsis given in Section 3.2.1.

Sand is the most important raw material for glass making, being the principal source of SIO.. It
is a common raw material but most deposits are not of sufficient purity for glass making. The
melting point of sand is too high for economic melting and a fluxing agent, usualy sodium
oxide, is needed to reduce the melting temperature.
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Soda ash (N&COj3) is the main source of the fluxing agent sodium oxide (N&0O). During
melting, the sodium oxide becomes part of the melt and carbon dioxide is released. Sodium
sulphate is added as arefining and oxidising agent and is a secondary source of sodium oxide.
The sodium oxide isincorporated into the glass and the sulphur oxide gases are released through
the melt. Potassium carbonate (K,COj3) acts as a flux and is used in some processes especiadly
for special glass. The potassium oxide is incorporated into the melt and the carbon dioxide is
emitted.

Other metal oxides are added to the glass to reinforce the structural network to improve the
hardness and chemical resistance. Calcium oxide (CaO) has this effect and is added to the glass
as calcium carbonate (CaCOs) in the form of limestone or chalk. It can aso be added as
dolomite, which contains both cacium carbonate and magnesium carbonate (MgCOs).
Aluminium oxide (Al,QOs,) is added to improve chemical resistance and to increase viscosity at
lower temperatures. It is usualy added as nepheline syenite (3Na,O.K,0.4Al1,0:.8S0,),
feldspar, or alumina, but is also present in blast furnace slag and fel dspatic sand.

Lead oxides (PbO and Ph;O,) are used to improve the sonority and to increase the refractive
index of the glass to give better brilliance in products such as lead crystal. Barium oxide
(derived from barium carbonate), zinc oxide, or potassium oxide may be used as aternatives to
lead oxide, but they produce lower levels of density and brilliance than those associated with
lead crystal. In most cases, there is a disadvantage in the workability of handmade glass when
replacing PbO with other components.

Boron trioxide (B,Os) is essential in some products, particularly special glass (borosilicate
glasses) and in glass fibres (glass wool and continuous filaments). The most important effect is
the reduction of the glass expansion coefficient, but in fibres it also changes viscosity and
liquidity to aid fiberisation and confers resistance to attack by water.

Table 2.2 below shows some of the elements used to impart colour to the glass. The colouring
materials can be added either in the main batch or into the canal following the furnace (in the
form of coloured frit).

Table2.2: Elements used to impart colour to silicate glasses
Element lon Colour

Copper (Cu”™) | Light blue

Chromium (Cr*) | Green
(cr®™) | Yelow

Manganese (Mn®) | Violet

Iron (Fe™) | Yellowish-brown, amber colour in combination with sulphides
(Fe™) | Bluish-green

Cobalt (Co®™) | Intense blue, but pink in borate glasses
(Co™) | Green

Nickel (Ni*) | Greyish-brown, yellow, green, blue to violet, depending on the glass matrix

Vanadium (V®) | Greeninsilicate glass, brown in borate glass

Titanium (Ti*") | Violet (melting under reducing conditions)

Neodymium (Nd®) | Reddish-violet

Selenium (S”) | Pink or bronze (also S, Se™, and Se°*, depending on glass type)

Cadmium (Cd®) | Yellow, orange, red and colour intensifier

Praseodymium | (Pr**) | Light green

Materials which contain fluoride (e.g. fluorspar (CaF;)) are used to make certain products
opaque. This is achieved by the formation of crystals in the glass, which render it cloudy and
opague. Fluoride is dso used in the continuous filament glass fibre sector to optimise surface
tension and liquidity propertiesto aid fiberisation and minimise filament breakage.
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An increasingly important raw materia in glass making is glass cullet (broken glass), both in-
house cullet and external or foreign cullet. Virtually al processes recycle their in-house cullet,
but for some processes, quality constraints mean it may not be possible to secure a supply of
foreign cullet of sufficient quality and consistency to make its use economically viable. In most
continuous filament glass fibre production the internal cullet is not recycled, while in the
container glass sector, cullet usage at over 80 % of the batch is sometimes used. Cullet requires
less energy to melt than virgin raw materials, and every 1 tonne of cullet replaces approximately
1.2 tonnes of virgin material in the batch formulation of most soda-lime-silica glasses.

In order to guarantee the quality of the cullet suitable for the melting process and for the
characterigtics of the fina product, the presence of ceramics, glass ceramics, metas, organic
matter, etc. must be avoided or limited. The emissions of some pollutants can be directly related
to the usage of cullet.

More information about cullet usage can be found in Section 4.8.3.

2.2.2 The melting process

[22, Schott 1996]

The melting process is a complex combination of chemical reactions and physical processes.
This section only represents a brief summary of some of the important aspects of the process.
Melting can be divided into severa phases which all require very close control.

Heating

The conventional and most common way of providing heat to melt glass is by burning fossil
fuels above the batch blanket or batch piles and above the molten glass. The batch material is
continuously fed into and then withdrawn from the furnace in a molten condition. The
temperature necessary for melting and refining the glass depends on the precise formulation, but
is between 1300 and 1550 °C. At these temperatures, heat transfer is dominated by radiative
transmission, in particular from the furnace crown, which is heated by the flames to up to
1650 °C, but also from the flames themselves. In each furnace design, heat input is arranged and
controlled in order to generate temperature differences in the glass melt and to induce
recirculating free convection flows within the molten glass to ensure a consistent homogeneity
of the finished glass fed to the forming process. The mass of molten glass contained in the
furnace is held constant, and the mean residence time is in the order of 24 hours of production
for container furnaces and 60 — 72 hours for float glass furnaces.

Primary melting

Due to the low thermal conductivity of the batch materias, the melting processis initialy quite
slow allowing time for the numerous chemical and physical processes to occur. As the materials
heat up, the moisture evaporates, some of the raw materials decompose and the gases trapped in
the raw materials escape. The first reactions (decarbonisation) occur at around 500 °C. The raw
materials begin to melt at between 750 and 1200 °C. First the sand begins to dissolve under the
influence of the fluxing agents. The silica from the sand combines with the sodium oxide from
the soda ash and with other batch materials to form silicates. At the same time, large amounts of
gases escape through the decomposition of the hydrates, carbonates, nitrates and sulphates;
giving off water, carbon dioxide, oxides of nitrogen, and oxides of sulphur. The glass melt
finally becomes transparent and the melting phase is completed. The volume of the melt is about
35 — 50% of the volume of the virgin batch materials due to the loss of gases and the
elimination of interstitial spaces.

Fining and homogenisation

In general, the glass melt must be completely homogenised and free of bubbles before it can be
formed into products. The complete dissolution and even distribution of all components and the
elimination of the bubbles from the molten glass are essential for most glass products. The
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elimination of the bubbles from the melt is defined as the (re)fining process, consisting of
primary fining (bubble growth, bubble ascension and gas stripping from the melt and secondary
fining (dissolution of bubblesin the melt during controlled cooling).

Just after melting or fusion of the raw materials, a viscous melt with dissolved gases (air, CO,)
and smaller (seeds) or larger gas bubbles (blisters) will be formed. For most homogeneous glass
products (flat glass, tableware, continuous filament glass fibres, display glass, containers, tubes,
etc.), all or ailmost all of these bubbles should be eliminated or removed to achieve the required
glass quality. The removal of gases from glass meltsis not limited to the elimination of bubbles,
blisters and seeds from the molten glass, but aso includes the stripping of dissolved gases from
glass melts. Effective stripping of gases from the molten glass, such as nitrogen and CO,, will
reduce the risk of ‘reboil’ (formation of new bubbles in the melt) and blister formation
downstream of the primary fining process, for instance by interaction of the melt with refractory
materials. An increased bubble size and consequently an increased bubble ascension in the melt
enhance the removal of these bubbles, bringing them to the glass melt surface during primary
fining. The gas release during primary fining will support the diffusion of fining gases into
existing bubbles in the glass melt, which will start growing and increasing their ascension rate
(bubble ascension rates increase with the sguare of the bubble diameter); this will increase the
size of the bubbles and therefore the Stokes ascension velocity in the viscous melt. The
ascension rate is proportional to the reciprocal value of the glass melt viscosity, and glass
viscosity is strongly determined by the glass melt temperature and therefore decreases with
temperature. The growing bubbles will also take up other dissolved gases from the melt, such as
water vapour, CO, and N, (stripping).

The mechanism of the primary fining of a glass melt includes the removal of bubbles by bubble
growth and enhanced bubble ascension in the melt in combination with gas stripping (the
removal of dissolved gases from the melt by gas absorption of the bubbles). The secondary
fining process takes place during controlled cooling of the molten glass, when reabsorption of
the remaining bubbles occurs resulting in a reduction of bubble size or complete bubble
dissolution.

Because of the low viscosity at high temperatures and the decomposition of fining agents above
the onset temperature for fining, the primary fining process takes place in the highest
temperature zones of the glass melt tank.

The release of fining gases, essentia for the primary fining process depends on the temperature,
the fining agent content of the batch and melt, and the oxidation state. Fining agents are added
to the raw material batch and generally dissolve in the molten glass. At elevated temperatures
(above the temperature at which the batch has been melted) the fining agent should decompose
and form dissociation gases (O,, SO,) or the fining agent may evaporate from the melt (forming
vapours that diffuse into the existing bubbles/seeds). The most used fining agent applied in the
glass industry is sodium sulphate, forming SO, and O, gas upon decomposition. Other fining
agents include oxides of arsenic and antimony, forming oxygen gas, or sodium chloride forming
NaCl vapours. In order to be able to release oxygen gas during fining, arsenic and antimony
need to be present in the melt in the most oxidised state; in some cases, for this purpose, nitrates
need to be added to the batch composition.

The oxidation state (redox state) will determine the valency state of the polyvalent ions in the
melt and glass product. The valency state is important not only for the fining process but aso
for determining the colour of glass, since polyvalent ions such as chromium, iron, copper, and
sulphur may give the glass a certain colour depending on their valency state. The redox state of
the glass melt can be modified by means of nitrates and sulphates (oxidising agents) or carbon
(areducing agent).

The choice of the fining agent (chemical fining) depends on the type of glass to be produced.
Some glasses may not contain sulphates (i.e. display glasses) or need fining agents that only
release their fining gases at very low (hand-blown glasses) or very high temperatures
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(where viscosity level is sufficiently low typically <50 Pa:s). Also the oxidation state at which
the glass should be melted to obtain the required colour will determine the choice of the fining
agents; some fining agents are only effective at very highly oxidised conditions. Therefore, the
selection of fining agents depends on the temperatures in the melt, the redox state of the glass
and environmental considerations. Sulphate fining typically takes place a temperatures above
1300 °C in most soda-lime-silica glass melts, depending on the batch redox state (for instance,
depending on the presence and level of sulphate and carbon in the batch formulation).

When changing the atmospheric condition of the furnace, for instance after conversion from air
to oxygen firing, an adjustment of the batch composition is often necessary.

Sodium sulphate is the most frequently used fining agent, particularly for normal flat glass,
most container glass, soda-lime-silica tableware glass, continuous filament glass fibre (E-glass),
and soda-lime-silica lighting glass types. Sodium sulphate decomposes into sodium oxide
(which is incorporated into glass) and gaseous oxides of sulphur and oxygen gas which can be
absorbed into the glass, or released with the furnace waste gases.

Homogenisation of the molten glass can also be aided by introducing bubbles of steam, oxygen,
nitrogen or more commonly air through egquipment in the bottom of the tank. This encourages
circulation and mixing of the glass and improves heat transfer. Some processes, for example the
production of optical glass, may use stirring mechanisms in the melting tank, working-end or
feeders to obtain the high degree of homogeneity required. Another technique for use in small
furnaces (especialy special glass) is known as plaining; and involves increasing the temperature
of the glass so it becomes less viscous and the gas bubbles can rise more easily to the surface.

The maximum crown temperatures encountered in glass furnaces are: container glass 1600 °C,
flat glass: 1620 °C, specia glass: 1650 °C, continuous filament glass fibre: 1650 °C, and glass
wool: about 1400 °C (but may be higher) [103, Beerkens, Fining glass. Boron 2008].

Redox state of glass

As already mentioned above, the redox state of glassis an important technological aspect of the
glass melting process, having an influence on the fining stage of the glass melt, the colour of the
glass and itsinfrared absorption characteristics (heat absorption).

The redox state of the glass is often measured by determining the equilibrium oxygen pressure
(pO,) of the melt (partia pressure in equilibrium with the dissolved oxygen). The amount of
dissolved oxygen in the melt depends mainly on the presence and quantity of oxidising agents
(supplying oxygen) or reducing agents (reacting with oxygen and absorbing it) in the batch
formulation. Among the oxidising agents, the most important are sulphates, nitrates and
polyvalent ions in their most oxidised state (e.g. Fe,0s, Sh,0s, As,0s, SNO,, Ce0,). Typical
reducing agents are organic compounds (mainly present in the external cullet), carbon, sulphides
and reduced forms of polyvalent ions.

A differencein the redox state of the melt may result in a significant colour change in the glass.
For instance, the presence of ferric iron (Fe**) produces a yellowish-brown colour, while the
presence of ferrous iron (Fe*) will give the glass a bluish-green colour.

The redox state and the presence of certain polyvaent ionsin the melt may have an effect on the
quantity of heat absorbed by the glass and, consequently, on the melting and forming process.

For the production of several types of glasses, oxidising conditions are necessary; therefore,
additional oxidants such as nitrates or extra amounts of sulphates are needed in the batch
formulation. When external recycling cullet is used in the batch containing reduced glasses (e.g.
amber glass) or organic contaminants (food and/or drink residues, paper, plagtics), an extra
amount of oxidant is often required in order to maintain or correct the colour of the glass and to
provide the necessary fining properties to the batch formulation.
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Other glasses need reducing conditions, such as amber glass and special green colours. In these
cases, a highly oxidised atmosphere in the furnace may negatively affect the glass colour.

Melting conditions that cause variations in the redox state of the glass often result in a
significant enhancement of the volatilisation phenomena from the melting furnace, with a
consequently potential increase of solid and gaseous emissions. This phenomenon may be
particularly evident for the sulphur oxides emissions. Reduction at the glass melt surface,
generated by reducing flames, can enhance the evaporation of alkali (increased corrosion of
superstructure materials) and increase the levels of dust formulation in the flue-gases.

Conditioning

A conditioning phase at lower temperatures follows the primary melting and fining stages.
During this process, all remaining soluble bubbles are reabsorbed into the melt. At the same
time, the melt cools slowly to aworking temperature of between 900 and 1350 °C.

In batch melting, these steps occur in sequence, but in continuous furnaces, the melting phases
occur simultaneoudly in different locations within the tank. The batch is fed at one end of the
tank and flows through different zones in the tank and forehearth where primary melting, fining,
and conditioning occur. The refining process in a continuous furnace is the most delicate of the
melting phases.

Glass does not flow through the tank in a straight line from the batch feeder (doghouse entrance)
to the throat and feeders or canals where the glass reaches the typical working/forming
temperatures. It is diverted following different possible trgjectories in the tank, dependent on the
free convection and forced convection flows, including recirculation flows and static melts
(dead water zones). The batch pile, or the cold mixture of raw materias, is not only melted at
the surface, but also from the underside by the molten glass bath. Relatively cold, bubbly glass
forms below the bottom layer of batch material and sinks to the bottom of the tank. Appropriate
convection currents must bring this material to the surface, since fining occurs in tank furnaces
primarily at the surface of the melt where bubbles need to rise only a short distance to escape. If
thermal currents flow too fast, they inhibit fining by bringing the glass to the conditioning zone
too soon. Guiding walls or weirs can be built into the inner tank structure to create ideal glass
flow paths.

2.3  Melting techniques

[19, CPIV 1998]

This section summarises the most important melting techniques used within the glass industry.
Different techniques are used within the stone wool and frits sectors, and these techniques are
discussed separately within the specific sections for each sector. The choice of the melting
technique will depend on many factors but particularly on the required capacity, the glass
formulation, fuel prices, existing infrastructure and environmental performance. For example, as
a general guide, (to which there are inevitably exceptions) the criteria below are normally

applied.

. For large capacity ingalations (>500 t/d) cross-fired regenerative furnaces are almost
aways employed.

. For medium capacity installations (100 to 500 t/d), regenerative end port furnaces are
favoured, though cross-fired regenerative, recuperative unit melters, and in some cases
oxy-fuel or electric melters may also be used according to circumstances.

. For small capacity installations (25 to 100 t/d), recuperative unit melters, regenerative end
port furnaces, el ectric melters and oxy-fuel melters are generally employed.

Table 2.3 gives an estimate of the different types of furnaces which exist in the EU, with the
numbers and capacities of each type.
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Table 2.3 Estimate of EU furnace typesin 2005 (for installations >20 t/day)
Type of Number (%) Melting capacity | Average melting capacity
furnace of units | of Total (thyr) (t/d)

End-fired 225 35.8 16100000 196
Cross-fired 145 231 20300000 384
Electric 43 6.85 800000 51
Oxygen 35 5.6 1600000 125
Recuperative 120 19.1 3300000 75
Other types 60 9.55 900000 41
Total 628 100 43000000 188
Source: [130, CPIV 2008

Glass furnaces are generaly designed to melt large quantities of glass over atypical lifetime of
10— 12 years and in some cases up to 20 years or more and range in output from 20 up to 1000
tonnes of glass per day. The glass is contained in a tank constructed of blocks of appropriate
refractory materials and generally of overall rectangular form closed by a vaulted ceiling or
crown. Electrical furnaces tend to be more sgquare with aflat ceiling and open on one side, for
batch access. The refractory blocks are maintained in position by an external steel framework.
There are many furnace designs in use, and they are usualy distinguished in terms of the
method of heating, the combustion air preheating system employed, and the burner positioning.

Glass making is a very energy-intensive activity and the choice of energy source, heating
technique and heat-recovery method are central to the design of the furnace. The same choices
are also some of the most important factors affecting the environmental performance and energy
efficiency of the melting operation. The three main energy sources for glass making are natural
gas, fuel oil and eectricity. In the first half of the XXth century, many glassmakers used
producer gas made by the reactions of air and water with coal at incandescent temperatures.

The use of natural gasisincreasing in the glass industry due to its economy, high purity, ease of
control and the fact that there is no requirement for storage facilities. Compared to fuel-oil, it is
associated with lower emissions of sulphur dioxide and CO, but it is often associated with
higher NOy emissions.

The opinion generally held within the industry is that oil flames, being more radiant than gas
flames, give better heat transfer to the melt. In addition, the different heat capacities of the
related waste gases lead to a different energy loss through the flue-gas, when comparing gas
with ail firing. On the other hand, most fuel-oil types used for the melting process need
preheating, up to 110 — 120 °C, in order to obtain a sufficiently low viscosity level for transfer,
transport and injection (atomisation) through the burner nozzles. Many large furnaces are
equipped to run on both natural gas and fuel oil. The change of fuel requires only a
straightforward change of burners. In many cases, gas supply contracts are negotiated on an
interruptible basis during peak demand, which necessitates the facility for fuel changeover. The
main reason for the periodic change between gas and fuel ail is the prevailing relative prices of
the fuels. In order to enhance control of the heat input, it is not uncommon for predominantly
gas-fired furnaces to burn oil on one or two ports. The use of a mix of fuel and gas is adso
becoming more and more common; in this case, a suitable single burner is applied.

The third common energy source for glass making is electricity. Electricity can be used either as
the exclusive energy source or in combination with fossil fuels; this is described in more detail
in other relevant sections in the document. Electricity can be used to provide energy in three
basic ways: resistive heating, where a current is passed through the molten glass; induction
heating, where heat is induced by the change in a surrounding magnetic field; and the use of
heating elements. Resistive heating is the only technique that has found commercial application
within the glassindustry, and it is the only technique considered within this document.
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2.3.1 Regenerative furnaces

[19, CPIV 1998] [2, UKDoE 1991]

The term ‘regenerative’ refersto aform of heat-recovery system used in glass making. Burners
firing fossil fuels are usually positioned in or below combustion air/waste gas ports. The heat in
the waste gases is used to preheat air prior to combustion. Thisis achieved by passing the waste
gases through a chamber containing refractory material, which absorbs the heat. The furnace
fires on only one of two sets of burners at any one time. After a predetermined period, usually
20 minutes, the firing cycle of the furnace is reversed and the combustion air is passed through
the chamber previoudy heated by the waste gases. A regenerative furnace has two regenerator
chambers; while one chamber is being heated by waste gas from the combustion process, the
other is preheating incoming combustion air. Typical air preheat temperatures (depending on the
number of ports) are normally in the range of 1200 — 1350 °C, sometimes up to 1400 °C.

Figure 2.1 shows a schematic representation of a cross-fired regenerative furnace.

Mehing tank
Glass Flow
Reqgenerator %— ol Regeneratar
T e
~—
\ i - T —Burner ports
e,
Flue system
Figure2.1: A cross-fired regenerative furnace

In the cross-fired regenerative furnace, combustion ports and burners are positioned along the
sides of the furnace, regenerator chambers are located on either side of the furnace and are
connected to the furnace via the port necks. The flame passes above the molten material and
directly into the opposite ports. The number of ports used (up to eight) is a function of the size
and capacity of the furnace and its particular design. Some larger furnaces may have the
regenerator chambers divided for each burner port.

This type of design effectively using a multiplicity of burners is particularly suited to larger
installations, facilitating the differentiation of the temperature along the furnace length
necessary to stimulate the required convection currentsin the glass melt.

In Figure 2.2 a cross-section of aregenerative furnaceis presented.
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Figure 2.4 shows a plan view of an end-fired regenerative furnace
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Figure 2.4 Plan view of an end-fired regenerative furnace

Most conventional glass container plants have either end-fired or cross-fired regenerative
furnaces, and all float glass furnaces are of a crossfired regenerative design. Preheat
temperatures are normally in the range of 1300 — 1350 °C, with higher values up to 1400 °C,
leading to very high thermal efficiencies.

2.3.2 Conventional recuperative furnace

[19, CPIV 1998]

The recuperator is another common form of heat recovery system usually used for smaller
furnaces. In this type of arrangement, the incoming cold air is preheated indirectly by a
continuous flow of waste gas through a metal (or, exceptionally, ceramic) heat exchanger. Air
preheat temperatures are limited to around 800°C for metallic recuperators, and the heat
recovered by this system isthus lower than for the regenerative furnace. The lower direct energy
efficiency may be compensated for by additional heat recovery systems on the waste gases,
either to preheat raw materials or for the production of steam. However, one consequence is that
the specific melting capacity of conventional recuperative furnaces is limited to 2 tonnes/m?day
compared to typically 3.2 tonnes/m?/day for a regenerative furnace in the container glass sector.
Thislack of melting capacity can be partially compensated for by the use of electric boosting.

Although originally unit melters (or direct fired) furnaces were not necessarily equipped with
recuperators, this is now exclusively the case and the term ‘unit melter’ has become
synonymous with the conventional recuperative furnace. The burners are located aong each
side of the furnace. The convective flow patterns generated will preferably bring the hot
combustion gases above the relatively cold batch blanket, before the gases exit the combustion
chamber through the exhaust port. This would give the maximum hest transfer to the batch and
the glass melt.

This type of furnace is primarily used where a high flexibility of operation is required with a
minimum initial capital outlay, particularly where the scale of operation istoo small to make the
use of regenerators economically viable. Recuperative furnaces are more appropriate for small
capacity instalations although higher capacity furnaces (up to 400 tonnes per day) are not
uncommon.
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Special design furnaces, such as LONOx® and Flex® melters are also recuperative-type
furnaces with various additional features, which are better described in Section 4.4.2.3.

2.3.3 Oxy-fuel melting

This technique involves the replacement of the combustion air with oxygen (>90 % purity). The
elimination of the majority of the nitrogen from the combustion atmosphere reduces the volume
of the waste gases which are composed almost entirely of carbon dioxide and water vapour, by
about two thirds. Therefore, energy savings are possible because it is not necessary to heat the
atmospheric nitrogen to the temperature of the flames. The formation of thermal NOy is greatly
reduced, because the only nitrogen present in the combustion atmosphere is the residua
nitrogen in the oxygen, nitrogen in the fud, nitrogen from nitrate breakdown, and that from any
parasitic air.

In general, oxy-fuel furnaces have the same basic design as unit melters, and have multiple
lateral burners and a single waste gas exhaust port. However, furnaces designed for oxygen
combustion do not utilise heat-recovery systems to preheat the oxygen supply to the burners.

Although oxy-fuel combustion technology is well established for some sectors of the glass
industry (e.g. continuous filament glass fibre, some special glass types), it is still considered a
developing technology by other sectors because of potentialy high financia risks. However,
considerable development work is being undertaken and the technique is becoming more widely
accepted as the number of plants increases. This technique is discussed further in
Section 4.4.2.5.

2.34 Electric melting

[19, CPIV 1998] [9, IPC Guidance S2 3.03 1996] [2, UKDoE 1991] [71, VDI 3469-5 2007]

An electric furnace consists of a refractory lined box supported by a steel frame with eectrodes
inserted either from the side, from the top or, more usually, from the bottom of the furnace. The
energy for melting is provided by resistive heating as the current passes through the molten
glass. It is, however, necessary to use fossil fuels when the furnace is started up at the beginning
of each campaign. The furnace is operated continuously and has a lifetime of between 2 and
7 years. The top of the molten glass is covered by a layer of batch material, which gradually
melts from the bottom upwards, hence the term ‘ cold-top’ melter. Fresh batch material is added
to the top of the furnace, usually by a conveyor system that moves across the whole surface.
Most electric furnaces are fitted with bag filter systems and the collected material is recycled to
the melter.

The technique is commonly applied in small furnaces particularly for special glass. The main
reason for this is that the thermal efficiency of fossil fuel fired furnaces decreases with furnace
size and heat 1osses per tonne of melt from small furnaces can be quite high. Heat losses from
electric furnaces are much lower in comparison and for smaller furnaces the difference in
melting costs between electrical and fossil fuel heating is therefore less than for larger furnaces.
Other advantages of electric melting for small furnaces include lower rebuild costs, comparative
ease of operation and better environmental performance in terms of direct emissions. A full
economic and environmental assessment should however include indirect emissions.

There is an upper size limit to the economic viability of electric furnaces, which is closely
related to the prevailing cost of eectricity compared with fossil fuels. Electric furnaces can
usually achieve higher melt rates per square metre of furnace, and the thermal efficiency of
electric furnaces (based on the energy delivered to the furnace, not on the primary energy
necessary to generate the electricity) is two to three times higher than fossil fuel fired furnaces.

50 M anufacture of Glass



Chapter 2

However, for larger furnaces, this is often not sufficient to compensate for the higher costs of
electricity.

The absence of combustion in electric melting means that the waste gas volumes are extremely
low, resulting in low particulate carryover and a reduced size of any secondary abatement
equipment. The emissions of volatile batch components are considerably lower than in
conventional furnaces due to the reduced gas flow and the absorption and reaction of gaseous
emissions in the batch blanket. The main gaseous emissions are carbon dioxide from the
carbonaceous batch materials.

However, if aglobal view istaken, the environmental benefits associated with the use of electric
melting should be considered against the releases arising at the power generation plant, and the
efficiencies of power generation and distribution.

A complication with electric melting is the use of sodium nitrate or potassium nitrate in the
batch. The genera view in the glass industry is that nitrate is required in cold-top electric
furnaces to provide the necessary oxidising conditions for a stable, safe and efficient
manufacturing process. The problem with nitrate is that it breaks down in the furnace to release
nitrogen oxides.

This is not the case for al glasses that are produced with eectric melting. As an example, for
high temperature insulation glass wools (ASW/RCF and AES) the batch formulation does not
require the use of nitrates.

2.35 Combined fossil fuel and electric melting

[19, CPIV 1998] [9, IPC Guidance S2 3.03 1996]

There are two principal approaches to the use of this technique: predominantly fossil fuel firing
with an dectric boost; or predominantly electrica heating with fossil fuel support. Clearly the
proportion of each type of heat input can be varied with each technique.

Electric boosting is a method of locally adding extra heat to the glass melt in a melting furnace
by passing an electric current through electrodes positioned in the sidewalls (horizontal
electrodes) or through the bottom (vertica electrodes) of the tank. Mostly, rod shaped electrodes
are used, but electrode plates are also applied within the glass industry. The technique is
commonly used within fossil fuel fired furnaces in the glass industry. Traditionally, it is used to
increase the throughput of a fossil fuel fired furnace to meet periodic fluctuations in demand,
without incurring the fixed costs of operating a larger furnace. The technique can be installed
while afurnaceisrunning, and it is often used to support the pull rate of afurnace asit nears the
end of its operating life or to increase the capacity of an existing furnace.

Electric boosting can aso be used to reduce the direct emissions of the furnace by substituting
electrical heating for combustion for a given glass pull rate. Usualy 5 to 20 % of the tota
energy input would be provided by electric boost athough higher figures can be achieved.
However, a high level of electric boost is not used as a long-term option for base level
production due to the high operating costs associated with it. Variable levels of electric boost
are frequently used in coloured glass due to the poor radiant heat transfer in green and amber
glass. In the case of electric boosting, the electrodes provide extra heat especialy in the lower
layers of the glass melt in the tank.

A less common technique is the use of gas or oil as a support fuel for a principally electrically-
heated furnace. This smply involves firing flames over the surface of the batch material to add
heat to the materials and to aid melting. The technique is sometimes referred to as over-firing
and is often used to overcome some of the operational difficulties encountered with 100 %
electric melting.
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2.3.6 Discontinuous batch melting

[22, Schott 1996]

Where smaller amounts of glass are required, particularly if the glass formulation changes
regularly, it can be uneconomica to operate a continuous furnace. In these instances, pot
furnaces or day tanks are used to melt specific batches of raw material. Most glass processes of
this type would not fall under the control of the Directive because they are likely to have less
than 20 tonnes per day of melting capacity. However, there are a number of examples in the
domestic glass and specia glass sectors where capacities above this level exist, particularly
where more than one operation is carried out at the same installation.

A pot furnace is usually made of refractory brick for the inner walls, silica brick for the vaulted
crown and insulating brick for the outer walls. Basically, a pot furnace consists of a lower
sectionto preheat the combustion air (either a regenerative or a recuperative system), and an
upper section which holds the pots and serves as the melting chamber. The upper section holds
six to twelve refractory clay pots, in which different types of glass can be melted.

There are two types of pots: open pots and closed pots. Open pots have no tops and the glass is
open to the atmosphere of the furnace. Closed pots are enclosed and the only opening is through
the gathering hole. With open pots, the temperature is controlled by adjusting the furnace firing;
with closed pots, firing is at a constant rate, and the temperature is controlled by opening or
closing the gathering hole. The capacity of each pot is usualy in the range of 100 to 500 kg,
with alifetime of 2 to 3 months under continuous operation.

The furnace is heated for 24 hours each day but the temperature varies (glass temperature only
for closed pots) according to the phase of the production cycle. Generally, the batch is loaded
into the pots in the late afternoon and melted in the evening; the temperature is increased
overnight to refine the melt so the glass can be processed the next morning. During melting, the
temperature climbs to between 1300 and 1600 °C, depending on the glass type, and during the
removal and processing of the glass, the furnace temperatureisin the range of 900 to 1200 °C.

Day tanks are further developed from pot furnaces to have larger capacities, in the region of
10 tonnes per day. Structurally they more closely resemble the quadrangle of a conventional
furnace, but are still refilled with batch each day. The melting is usually done at night and the
glass goes into production the next day. They allow a change in glass type to be melted at short
notice and are primarily used for coloured glass, crystal glass, soft specia glasses and frits
(ceramic and enamel frit).

2.3.7 Special furnace designs

[59, SORG 1999] [60, SORG 1999]

The attention paid to limiting NOy emissions has led some furnace designers to propose unit
melter type furnaces that integrate various features intended to permit lower flame temperatures.
The best known of this type of furnaceisthe LoNOx® melter.

The LoNO® melter is a recuperative-type furnace which uses a combination of shallow bath
refining and raw materia preheating to achieve reduced NOy levels, potentialy without the
penalty of reduced thermal performance. The shallow bath refiner forces the important critical
current path close to the surface of the glass bath, thereby reducing the temperature differential
between it and the furnace superstructure. The furnace can be operated at lower temperatures
than a comparable conventional furnace. This technique is described more fully in
Section 4.4.2.3.
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Another furnace design is the Flex® melter, which is principally marketed as an aternative to
pot furnaces and day tanks. It uses a combination of electricity and natural gas resulting in a
compact furnace with low operating temperatures and low energy consumption. The furnace is
divided into melting and refining zones, which are connected by a throat. The refining area
consists of a shalow bank followed by a deeper area. The melting end is electrically heated and
the refining zone is gas heated, but electrodes may be added at the entrance. The waste gases
from the refining zone pass through the melting area and over the batch. A number of low
arches prevent radiation from the hotter part of the furnace from reaching the colder areas, so
that alarge part of the energy in the waste gasesis transferred to the batch.

The separation of the melting and refining zones is the basis of the flexibility of the furnace.
During standstill periods, temperatures are lowered and volatilisation from refining is reduced.

No drain is needed and due to the low glass volume, normal operating temperature is
reestablished quickly. The low volume also helps to make faster composition changes.

2.4  Container glass

[19, CPIV 1998] [2, UKDoE 1991]

This section deals with the manufacture of packaging glass based on soda-lime and modified
soda-lime formulations by fully automated processes. The manufacture of other products is
covered in the domestic and special glass sectors. Typica container glass composition is given
in Table2.4 below. Due to the diversity of the sector, amost all of the melting techniques
described in Section 2.3 are found in container glass production.

Table2.4: Typical container glass composition
Component M ass per centage

Silicon oxide (SIO»,) 71-73
Sodium oxide (Na,O) 12-14
Calcium oxide (Ca0) 9-12
Magnesium oxide (MgO) 0.2-35
Aluminium oxide (Al,O3) 1-3
Potassium oxide (K,0) 03-15
Sulphur trioxide (SO5) 0.05-0.3
Colour modifiers, etc. Traces

The most important parameters which should be taken into account when designing the process
are: the type and capacity of the furnace (including the regenerators), the mix of energy sources
available (oil, gas, electric), the forecasted cullet consumption and the versatility needed
(colours, weight and shape of finished articles, etc.).

The most typical and extensively used melting technique for the container glass industry is the
end-fired regenerative furnace, due to the wide range of melting capacity and the versatility
needed to comply with the market demand and to the good energy efficiency. The most
commonly used furnace range capacity is 300 — 350 tonnes/day.

Glass containers are produced in a two-stage moulding process by using pressing and blowing
techniques. There are five essential stages in automatic bottle production:
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1 obtaining a piece of molten glass (gob) at the correct mass and temperature;

2. forming the primary shape in a first mould (blank mould) by pressure from compressed
air (blow) or ametal plunger (press);

3. transferring the primary shape (parison) into the final mould (finish mould);

4.  completing the shaping process by blowing the container with compressed air to the
shape of the final mould,;

5. removing the finished product for post-forming processes.

The molten glass flows from the furnace along a forehearth to a gathering bowl (spout) at the
end. From the bottom of the gathering bowl, one to four parallel streams of glass are formed
through appropriately sized orifices. These glass streams, modulated by a mechanical plunger
system, are cut into accurate lengths by a shear mechanism to form primitive, sausage shaped,
glass ‘gobs' . The complete system for forming the gobs is termed the ‘ feeder mechanism’. Gobs
are cut simultaneoudly from the paralle glass streams and are formed simultaneously in parallel
moulds on the forming machine. These are termed single, double, triple or quadruple gob
machines, the latter being adapted to high-volume productions of smaller containers. Double
gob machines are the most common. Container glass furnaces feed two or more such forming
machines, each via a dedicated forehearth.

A mixture of water and soluble oil is sprayed onto the shears to ensure they do not overheat and
that the glass does not stick to them. From the feeder mechanism, the gobs are guided by a
system of chutes into the blank moulds on the forming machine.

The forming process is carried out in two stages as shown in Figure 2.5. The initial forming of
the blank may be made either by pressing with a plunger, or by blowing with compressed air,
depending on the type of container. The final moulding operation is always by blowing to obtain
the finished hollow shape. These two processes are thus respectively termed ‘press and blow’
and ‘blow and blow’. The formed containers are presented for post-forming production stages
on a continuous conveyor. Press and blow forming is particularly adapted to producing jars, but
is also widdly used for producing lightweight bottles. Blow and blow forming is more versatile
and is preferred for producing standard weight bottles and more complex forms. Simplified
diagrams of the two main forming processes are shown in Figure 2.5.
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Figure 2.5: Blow and blow for ming and pressand blow forming

During the forming process, the glass temperature is reduced by as much as 600 °C to ensure
that the containers are sufficiently solidified when taken away by conveyor. The extraction of
heat is achieved with high volumes of air blown against and through the moulds. To prevent the
glass from sticking to the moulds, various high temperature graphite-based release agents are
applied manually and automatically to specific mould parts (‘ swabbing’). The moulds require
periodic cleaning and maintenance.

Glass flow from the forehearth must be held constant in order to maintain the necessary
temperature stability, viscosity and homogeneity of the glass fed to the forming process. If the
forming process is interrupted on one of the sections, the gobs of hot glass are diverted by
chutes to the basement, where they are cooled with water, fragmented, and returned to the batch
house along with al other production rejects to be recycled as process cullet.

The earliest automatic machines were of rotating design, and athough forming machines for
tableware still use this principle, container production is carried out almost exclusively by the
more flexible, in line individual section machines (1S). The IS machine consists of multiple
individual container-making units (sections) assembled side by side. Each section has mould
cavities corresponding to the number of gobs to be formed in parallel. The gobs are delivered
sequentially to the different sections via a scoop and trough system (gob distributor and
delivery). Typicaly IS machines are made up of 6 to 20 sections, depending on the volume and
the type of market served. One magor advantage of IS machines is the possibility of
independently stopping the sections for adjustments or replacing mould parts.

Automatic container manufacture can be used to produce bottles and jars of almost any size,
shape and colour. The simpler the shape, the faster the production rate; lightweight round beer
bottles are produced at up to 750/minute on IS 12 section quadruple gob machines.
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Rapid cooling of the containers on the outside surface creates high differential stresses in the
glass and consequent fragility. To eliminate these, the containers are passed through a
continuous annealing oven (lehr), where they are reheated to 550 °C then cooled under
controlled conditions to prevent further stresses being set up. Lehrs are heated by gas or
electricity but once brought to the operating temperature, the heat from the incoming containers
provides the mgjority of the heating energy. Once sufficiently cooled, al containers are
inspected automatically with automatic rejection for out-of-tolerance and other quality concerns.
After inspection, the product is assembled onto pallets either in cartons or in bulk and packed
and stored before shipment to the customer.

The overdl efficiency of the production is measured as a ‘ pack to melt’ ratio, i.e. the tonnage of
containers packed (for shipment) as a percentage of the tonnage of glass melted in the furnace.
Installations making containers for foodstuffs and beverages generally attain pack to melt ratios
of between 85 and 94 %. Higher-value perfume and pharmaceutical products are subject to
more stringent controls, and pack to melt ratios average around 70 %.

To improve the performance of the products, surface coatings can be applied either immediately
after forming while the articles are still at atemperature of over 500 °C (* hot-end coating’, often
with SnO,), or after annealing (‘cold-end coating’, polymeric coating). Practically always a
combination of hot-end and cold-end treatments are employed. In general, the coatings are
applied to the outside surface of the containers.

Glass containers are conveyed through various inspections, packaging, unpacking, filling and
repackaging systems. To prevent damage between containers and to enable them to dlide
through guide systems without damage, lubricating treatments can be applied to the product at
the cold end of the annealing lehr. The materials used are food-safe oleic acid and polyethylene-
based products applied by spraying a dilute aqueous suspension, or by contact with vapours.
These treatments do not, in general, give rise to significant environmental emissions.

Hot surface coatings, usually a very fine coating of tin oxide or titanium oxide, can be applied to
the glass containers immediately after leaving the forming machine. In combination with
subsequent lubricating cold surface coating, this prevents glass surface damage during
subsequent handling. The metal oxide coating acts as a substrate to retain the lubricating organic
molecules on the glass surface, and this permits a high level of scratch resistance to be
developed with simple food-safe lubricants. The hot-end treatment also improves mechanical
resistance.

The treatments themselves must be invisible and are thus extremely thin. The thickness of the
hot surface treatment is generally <0.01 um. To obtain uniform coatings of this thickness, the
treatment is made by chemical vapour deposition (CVD), using the anhydrous chlorides of tin or
titanium, or specific organo-metallic compounds. The quantity of material involved is low, in
the order of 2 to 10 kg/day per production line according to production speed.

Once manufactured, glass containers may, in certain cases, go through a secondary process to
add decoration and identifying characteristics before being sent to the customer. This can take
the form of a pressure sensitive or heat-shrink label or heat-applied ceramic decoration.
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2.5 Flat glass

[19, CPIV 1998]

The term ‘flat glass’ strictly includes all glasses made in a flat form regardless of the form of
manufacture. However, for the purposes of this document, it is used to describe float glass and
rolled glass production. Most other commercially produced flat glasses are either covered in the
special glass sector (e.g. ceramic hobs) or the scale of production is below the 20 tonnes/day
specified in the Directive. Other methods of producing large quantities of flat glass for building
and automotive applications are considered obsolete in the European Union. These products are
referred to as sheet glass and plate glass, and are discussed briefly in Chapter 1. Most flat glass
is produced with a basic soda-lime formulation; a typical flat glass composition is given in
Table2.5. Float glass and rolled glass are produced amost exclusively with cross-fired
regenerative furnaces.

Table2.5: Typical soda-limesilica flat glass composition
Component M ass per centage

Silicon dioxide (SiO,) 72.6
Sodium oxide (Na,O) 13.6
Calcium oxide (Ca0) 8.6
Magnesium oxide (MgO) 4.1
Aluminium oxide (Al,O3) 0.7
Potassium oxide (K,0) 0.3
Sulphur trioxide (SO5) 0.17
_I\/Ii_nor mat_erials_((_:olour modifiers an_d Traces
incidental impurities from raw materials)

25.1 The float glass process

The basic principle of the float processisto pour the molten glass onto a bath of molten tin, and
to form a ribbon with the upper and lower surfaces becoming parallel under the influence of
gravity and surface tension.

Thefloat tank (or bath) consists of a steel casing supported by a stedl framework, and lined with
refractory blocks which contain the molten tin. The float tank is about 55 to 60 m long, 4 to
10 m wide and divided into 15 to 20 bays. The tank is airtight and a dightly reducing
atmosphere is maintained by the injection of a mixture of nitrogen and hydrogen. This is
essential to prevent the oxidation of the tin surface, which would damage the crucia contact
surface between the glass and the tin. Molten tin is used as the bath liquid because it is the only
substance which remains liquid and without a significant vapour pressure over the required
temperature range.

The molten glass flows from the furnace aong a refractory-lined canal, which can be heated to
maintain the correct glass temperature. At the end of the canal, the glass pours onto the tin bath
through a special refractory lip (‘the spout’) which ensures correct glass spreading. The glass
flow is controlled by means of an adjustable suspended refractory shutter in the canal (the front
‘twed’). Where the glass first makes contact with the tin, the temperature of the metal is about
1000 °C cooling to about 600 °C at the exit of the bath. As it passes over the surface of the bath,
the glass devel ops a uniform thickness and assumes the almost perfect flatness of the molten tin.

Figure 2.6 shows a schematic representation of the float glass process.
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Figure 2.6: Thefloat glass process

Inside the float tank are several pairs of water-cooled top rollers, adjustable in direction, height,
penetration and angle. These rollers catch the glass sheet on both edges by cog-wheels and draw
it in length and width. The rate of glass flow and the rotation speeds of the rollers help to govern
the thickness of the glass, typically from 1.5 to 19 mm. The glass has a maximum natural
thickness on the tin surface, and graphite barriers can be introduced in order to produce the
thicker glasses.

At the exit of the float bath, the glass ribbon is taken out by lift-out rollers, and is passed
through a temperature-controlled tunnel, the lehr, to be annealed. At the beginning of the lehr,
SO, is sprayed on both sides of the ribbon, providing a surface treatment to protect the glass
against the contact of the rollers. The lehr is divided into sections in which there is heating and
indirect or direct cooling by forced and natural convection. Glass is thus gradually cooled from
600 to 60 °C in order to reduce residua stresses caused during the forming process to an
acceptable level. This operation needs time and space, and from the pouring of glass onto the
float bath to the cutting line, there is a continuous 200 m ribbon of glass.

The cooled glass ribbon is cut on-line by a travelling cutter; the angle of the cutter against the
line depends on the speed of the line (90 ° if it is not moving). The edges of the ribbon that bear
roller marks are cut off and recycled to the furnace as cullet. The glass sheets are then inspected,
packed and stored, either for sale or for secondary processing.

On-line coatings can be applied to improve the performance of the product (e.g. low-emissivity
glazing). On-line coating processes are case specific and the total number of plants within the
industry with on-line coating facilities is very low. A moving ribbon of glass is coated whilst
hot by the impingement onto its surface of silica or tin compounds where they react to form the
required film. The process generally consists of two separate coating stages, a silicon-based
undercoat and a separate topcoat, e.g. fluorine-doped tin oxide. Due to the nature of the
chemicals used, emissions of acid gases and fine particulates can arise, which are generally
treated in a dedicated abatement system.
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2.5.2 The rolled process (patterned and wired glass)

A schematic representation of the rolled glass processis shown in Figure 2.7 below.

Smooth
top roller

Ceramic
lip

Patterned
roller Air @

rollers

Machine carriage

Figure2.7: Therolled glass process

Rolled glass is formed by a continuous double-roll process. Molten glass at about 1000 °C is
squeezed between water-cooled steel rollers to produce a ribbon with a controlled thickness and
surface pattern.

The glass is conveyed from the melting furnace into a forehearth in order to reach the required
temperature upstream of the roller pass. Depending on the furnace capacity and the desired
output, one or two machines can be fed from one furnace. The rotating rollers pull molten glass
into the pass, from which it emerges as a ribbon of thickness determined by the separation
between the rollers. A typical ribbon width is about 2 metres. In passing through the water-
cooled rollers, heat is extracted. Control of the temperature at the interface is essential to the
correct operation of the process and the quality of the product. When emerging from the rollers,
the ribbon is viscous enough to avoid significant narrowing and to be carried forward over
moving rollers for about 2 metres. There it is further cooled and carried forward into the
annealing lehr at about 600 °C.

In this process, the rollers serve three functions: to form the ribbon, to imprint the chosen
pattern, and to remove heat. The rollers must be very accurately machined with perfect axial
symmetry and a uniform pattern without any defect over the whole roller surface.

The range of patterns produced is very wide so that frequent changes must be made to meet
market demands. Thus, one important consideration of machine design is the ease with which a
pattern roller can be changed. The most usually adopted solution is to set up two rolling
machines side by side on aswitch rail. In this way, the new pattern rollers can be mounted in the
spare machine ready to be pushed into place when the changeover is needed. This operation
requires the flow of glass to be stopped by means of a metalic boom placed in the canal
upstream of therollers.
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The rolling process has been extended to produce wire-reinforced glass. There are two different
techniques employed. In the first, two canals are used to provide two flows of glass to the
forming machine, but in the second method, only one flow of glass and one canal are required.
A wire mesh is fed down from a roll suspended above the machine and guided into the ‘bolster
of glass' that is formed by the glass flow entering the space between two rollers. Specification,
control and conditioning of the wire mesh are of great importance for the quality of the product.

2.6  Continuous filament glass fibre

[19, CPIV 1998] [9, IPC Guidance S2 3.03 1996] [131, APFE 2008]

The most widely used composition to produce continuous filament glass fibre is E-glass, which
represents more than 98 % of the sector output. The typica E-glass composition for general
applicationsis shownin Table 2.6.

For glass fibre yarn products the ASTM D578-00 certified composition, shown in Table 2.7, is
preferred. Other compositions are also used to produce continuous filaments, but only very
small quantities are produced in the EU. The melting techniques used for these other
formulations are very specific and are not generally representative of the techniques used in the
sector as awhole. For the purposes of this document, only E-glass production is considered.

Table 2.6: Typical E-glass composition for glassfibre products used in general applications
Component % by Weight
B,0Os 0to 10
CaO 16to 25
Al,O3 12to 16
SO, 52 to 56
MgO 0to5
Total alkali metal oxides Oto2
TiO, 0to 15
Fe,0; 0.05t00.8
Fluoride 0to 1.0
Table2.7: Typical E-glass composition for glass fibre yarn products used in printed circuit

boards and aer ospace

Component % by Weight
B,0O; 5to 10
Cao 16t0 25
Al,O; 12t0 16
SO, 52 to 56
MgO 0to5
Na,O and K,O Oto2
TiO, 0t0 0.8
Fe,03 0.05t00.4
Fluoride 0to1.0

The glass melt for continuous filament glass fibre has generally been produced in cross-fired,
air-fossil fuel, recuperative furnaces. Whilst there are still some furnaces with oxygen boost,
there has been a mgjor trend towards 100 % oxy-fuel fired furnaces, up from 43 % of the
furnaces operating in Europe in 2005. Both air-fuel and oxy-fuel furnaces can be equipped with
electric boost (50 % of furnaces were equipped in 2005). Regenerative furnaces are not used
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within the sector due to the relatively small furnace sizes, and because borate condensation may
occur at the temperature in the regenerators causing severe problems. The most commonly used
glass formulation in this sector is E-glass, which has a very low alkali content resulting in low
electrical conductivity. At the time of writing (2010) it is not considered economically viable to
melt E-glass using 100 % el ectric melting.

The molten glass flows from the front end of the furnace through a series of refractory-lined,
gas-heated canals to the forehearths. In the base of each forehearth there are several ‘bushings
for delivering the melted glass to the nozzles in the bushing bottom plate for fiberising.
Bushings are complex box-like structures with a perforated metal plate (bushing plate) at the
base, with several hundred calibrated holes (bushing tips) and are manufactured from noble
metals, such as platinum-rhodium alloys. The bushing is electrically heated and its temperature
is precisaly regulated over the whole surface in order to obtain a consistent rate of flow of
molten glass from each hole.

The glass flowing through the bushing tipsis drawn out and attenuated by the action of a high-
speed winding device to form continuous filaments. Specific filament diameters in the range of
510 24 um are obtained by precisely regulating the linear drawing speed (which may vary from
5 to 70 m/s). Directly under the bushing, the glass filaments undergo a drastic cooling by the
combined effect of water-cooled meta fins, high airflow, and water sprays.

The filaments are drawn together and pass over a roller or belt, which applies an agueous
mixture, mainly of polymer emulsion or solution to each filament. The coating is also referred
to as binder or size and serves one or both of two purposes: protecting the filaments from their
own abrasion during further processing and handling operations, and/or for polymer
reinforcements, ensuring good adhesion of the glass fibre to the resin. The binder content on the
filaments is typically in the range of 0.5 to 1.5 % by weight. The coating material will vary
depending on the end use of the product. Typical coating componentsinclude: film formers (e.g.
polyvinyl acetate, starch, polyurethane, epoxy resins), coupling agents (e.g. organofunctional
silanes), pH modifiers (e.g. acetic acid, hydrochloric acid, ammonium salts), and lubricants (e.g.
mineral ails, surfactants).

The coated filaments are gathered together into bundles called strands that go through further
processing steps, depending on the type of reinforcement being made. The strands can undergo
either conventional or direct processing. In conventional processing, the strands are wound onto
the rotating mandrel of the winder to form ‘cakes of up to 50kg in weight. The cakes
containing the binder of up to 1.5 % and water of up to 15 % are labelled and pass forward for
fabrication. For some applications, the cakes can be processed wet, but for most they have to
pass through drying ovens. The ovens are heated by gas, steam, electricity, or indirectly by hot
air. The main products are chopped strands, rovings, chopped strand mats, yarns, tissues, and
milled fibres.

Chopped strands are produced by unwinding the cakes and feeding the filaments into a machine
with arotating blade cylinder. The chopped strands are typically between 3 mm and 25 mm, and
are conveyed into a variety of packages up to 1 tonne in weight. Rovings are produced by
unwinding and combining the strands from multiple cakes, sufficient to achieve the desired
weight of glass per unit length.

Chopped strand mat is produced by chopping the strands unwinding from cakes, or rovings, in
cylindrical choppers. The choppers are arranged so that chopped strands can be applied to a
moving conveyor belt of up to 3.5 m wide. The strands are sprayed with a secondary binder, e.g.
an aqueous solution of polyvinyl acetate or saturated polyester powder. Total binder content is
in the range of 2 to 10 %. The conveyor takes the then wet mat through a drying and curing
oven, and then through a pair of compaction rollers before winding the mat onto a mandrel. The
mat can be made in various densities and widths and is packed into boxes with a typical weight
of 50 kg.
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Yarn products are produced from either dried forming cakes or from wet cakes, where the
drying of the strands takes place during the twisting operation. The yarn is made on a twisting
machine (or twist frame) which holds up to 100 cakes. The strands is unwound from the cake,
twisted into a yarn and wound onto a bobbin. This is a complex process similar to that used in
the textile industry. Usually the twisting machine will produce only one yarn from a single
strand, but (although less common) multiple wound yarns are also produced.

The glass fibre tissue is produced by chopping the strands unwound from the cakes in
cylindrical choppers, which feed ether directly into a pulper or into intermediate bulk
containers for later use. After dispersion in the pulper, the fibres are applied to a wire mesh
conveyer belt by the wet-laid process. An agueous solution of different types of resins,
polyvinyl alcohol and latex is added as a binder at up to 20 % (dry content). The wire takes the
web through a drying and curing oven before winding the tissue onto a tambour. The glass fibre
tissue can be made in various densities and widths.

Milled fibres are made by milling cakes or chopped strands into lengths of 50 — 300 um. The
milled fibres are conveyed into avariety of packages from 20 kg up to 1 tonne.

Chopped strands, rovings, and continuous filament mats can also be produced by direct
processes. Chopped strands are produced by directly introducing the strand, following coating,
into a high-speed chopper. The strands are collected and, depending on the product use, either
packaged wet or are dried. Direct rovings are produced using a bushing plate with a particular
number of holes of different diameters, corresponding to the desired product. The filaments can
be coated and the roving dried in the normal way. Continuous filament mat is produced by
directly laying the strands onto a moving conveyor and spraying them with an aqueous or
powder binder. A specia device is used to ensure correct deposition of the filaments on the
conveyor. The mat passes through a drying oven and compaction rollers, before being wound
onto amandrel and packed.

2.7 Domestic glass

[28, Domestic 1998]

This sector is one of the most diverse sectors of the glass industry, involving a wide range of
products and processes. Processes range from intricate handmade activities producing
decorative lead crystal, to the high volume, highly mechanised methods used to make lower-
value bulk consumer products. The mgjority of domestic glass is made from soda-lime glass
with formulations close to those of container glass. However, the formulations are generally
more complex due to specific quality requirements and the more varied forming processes. As
with container glass, colouring agents can be added either in the furnace or in the feeder. The
other main types of domestic glass are:

. opal (opaque) glasses which contain fluoride or phosphate

. full lead crystal, lead crystal and crystal glass, with official definitions (formulation and
properties) provided by Council Directive 69/493/EEC on crystal glass

. borosilicate glass which contains boron, particularly adapted for cookware due to a very
low thermal expansion coefficient

. glass-ceramics for cookware with an even lower expansion coefficient.

The wide range of products and processes means that virtually all of the melting techniques
described in Section 2.3 are likely to be used within the sector, from pot furnaces to large
regenerative furnaces. Unlike in container production, external cullet is not widely used due to
quality constraints, but internal cullet is universally used.

62 M anufacture of Glass



Chapter 2

The forming processes fal into two main categories. automatic processing and handmade or
semi-automatic processing. Automatic processing is similar to that in the container glass sector.
Glass from the furnace is fed via one or more forehearths to the forming machine, where the
articles are formed using moulds. The precise forming technigue depends on the dimensions of
the product being made. The four main techniques are: ‘press and blow’, ‘blow and blow’,
pressing, and spinning. The ‘press and blow’ and ‘blow and blow’ techniques are essentialy the
same as for the container glass sector (see Section 2.4) and so are not described further here,
athough the design of the machines and operating conditions (speed, quality requirements)
differ.

The pressing process is relatively simple and is used for articles which are quite shallow and
where the mouth is wider than or of equal width to the base. It involves pressing a hot glass gob
between a mould and a plunger, as shown in Figure 2.8. The inlet temperature of the glass melt
will vary depending on the formulation, but for soda-lime glassit istypically 1150 °C.

In Figure 2.8 below a schematic representation of the pressing process for the formation of glass
articlesis shown.

c o = -

Gob feeding I Forming . Forming i ml of fonnin
Figure 2.8: The pressing process for the formation of glass articles

The spinning processis used to produce circular articles such as plates and shallow bowls. A hot
glass gob is dropped into the mould, which is then rotated and the article is formed by the
resulting centrifugal force.

Gob feeding Rotation of the mould End of forming
The mould is still

Figure2.9: The spinning processfor the formation of glassarticles

The formed articles are generally fire-finished and polished to obtain the required surface
quality. Very high temperatures are often necessary and are provided by means of oxy-gas, or in
some cases, oxygen-hydrogen firing. These processes have the advantage of a lower specific
energy consumption, easy use and a reduction of exhaust gas volumes. Following firing, the
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articles pass through an annealing lehr and may have surface coatings applied. The annealing
and cold coating operations are comparable to those for container glass and so are not described
further (see Section 2.4). In some cases, articles do not pass through an annealing lehr but
through a tempering furnace in order to increase their resistance to mechanical and thermal
shock. The production of certain articles involves separately joining two or more parts after
local remelting. This applies to stems and feet for glasses and handles for cups and glasses.
These items are made separately by pressing, drawing or extrusion. Glass stems are often drawn
from the bulb of the glass and only the foot is added separately.

For handmade articles, glassis gathered by a person with a hollow pipe, either directly from the
furnace or from afeeder. A small hollow body (the parison) is made by giving a short puff into
the pipe, and the shape is then formed by turning in a wooden or metal mould. The items are
carried to an annealing lehr to eliminate any internal tensions and are fire finished, polished and
reheated. In semi-automatic production, some steps of the process (gathering, forming, and
handling) are carried out with machines or robots. In general, the manufacture of handmade
articles is likely to only fall under the Directive 2010/75/EU where it is carried out at an
installation where other glass making activities are undertaken.

Following the production of the basic items, they can be subjected to one or more cold finishing
operations. Some of these are outlined below.

Cutting involves carving precise preselected patterns on the blank glass articles using diamond
impregnated wheels. This process can be carried out either by hand or automatically depending
on the product. Water (sometimes dosed with lubricants, etc.) is used as a coolant for cutting
and also removes the fine glass particles produced. The water is treated and either discharged or
recycled. The edges of the articles are sometimes ground and polished using similar but less
specialised techniques.

Glass cutting produces a grey, unfinished surface on the glass. The glass surface is restored to
its original appearance by immersion in a polishing bath of hydrofluoric and sulphuric acids.
The acids smooth the glass surface because the rough areas are dissolved more readily due to
their greater surface area. A white ‘skin’ (composed of lead sulphate) is formed on the surface
of the glass. After rinsing in hot water, the glassisrestored to a sparkling condition.

Fumes of HF and SiF, are released from the surface of the polishing bath. These fumes are
treated in scrubbing towers. During this operation, hexafluorosilicic acid (H,SiFs) is formed,
with typical concentrations of up to 35 %, and the acidic washing water is then neutralised. As
an alternative, H,SiF; can be recovered and, where feasible, used as a feedstock in the chemical
industry. The acidic rinse-water also requires periodic neutralisation. Alternative technigues to
acid polishing are under development, e.g. mechanical polishing, and high-temperature
polishing either with flames or lasers.

A great variety of other techniques can be used to create attractive patterns. These include:
decorating with enamels, frosting by sandblasting or acid etching, and engraving. The volumes
of and associated emissions from these operations are small in comparison with the main
processing stages.

2.8  Special glass
[26, Special 1998][2, UK DoE 1991][22, Schott 1996][132, Special 2008]

The specia glass sector is extremely diverse, covering a wide range of products that can differ
considerably in terms of composition, methods of manufacture and end uses. Also, many of the
products could be considered to overlap with other sectors, especially the domestic glass sector
for borosilicate glasses. In the past the main product of the specia glass sector was represented
by cathode ray tube glass; at the time of writing (2010) this type of production has almost
vanished within the EU; while the main production consists of glass tubes and bulbs.
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Most other products are of relatively low volume and often significantly below the 20
tonnes/day threshold. However, many of these low-volume products are manufactured at
installations where the total production of all operations exceeds this figure. Table 2.8 gives the
compositions of the main glass products of the special glass sector. Some of the glass
compositions vary widely from product to product and the figures given in the table should only
be considered asa guide.

This section outlines the main production methods used within the special glass sector.

Due to the diversity of the sector, a wide range of melting techniques is used; however, the low
volumes of production mean that most furnaces are quite small. The most common techniques
are recuperative furnaces, oxy-gas furnaces, electric melters and day tanks. In some cases,
regenerative furnaces are also used, for example in CRT glass. It should be noted that the
melting temperatures of special glasses can be higher than for more conventional, mass
produced compositions. Borosilicate glass and glass ceramics, in particular necessitate melting
temperatures of more than 1650 °C. These high temperatures and complex formulations can
lead to higher environmental emissions per tonne than, for example, soda-lime products. The
lower scale of production coupled with higher temperatures, also meansthat energy efficiency is
generally lower, and furnace lifetimes are generally shorter in this sector.

The high-quality requirements of certain products such as optical glass and ceramic glass mean
it is necessary to construct (or cover) components from the refining section onwards with
platinum, to prevent contamination.

As in the other sectors, following melting and refining, molten glass flows from the furnace
along temperature-controlled forehearths to the downstream forming apparatus. The main
forming techniques used within the special glass sector are:

. press and blow production (borosilicate glass, tableware and kitchen products)

. rotary-mould (past-mould) process (borosilicate glass, lamp units)

. blow down (or settle blow) process (borosilicate glass, domestic glass)

. rolling (ceramic flat glass)

. pressing (CRT glass and lamp units)

. ribbon process (light bulbs)

. spinning process (borosilicate glass)

. tube extrusion by Danner and Vello processes (glass tubing including lighting)

. casting (optical glass blocks and some special products)

. drawing process (down draw for thin film glass like display glass, up draw for
borosilicate glass)

. floating (boraosilicate glass)

Press and blow, and blow and blow production processes are essentialy the same as those
described for the container glass sector (see Section 2.4). The rolling process used to produce
articles such as ceramic hobs for cookers is a scaled-down version of the process described for
the flat glass sector, but with plain rollers. These processes are not described further here and
reference should be made to earlier sections (see Section 2.5.2).

In the pressing process, the glass is in contact with all parts of the metallic mould materid. The
pressing mould consists of three parts: the hollow mould, a plunger, which fits into the mould
leaving a space which determines the thickness of the glass wall, and a sealing ring which
guides the plunger when it is removed from the mould. A glass gob is fed into the mould and is
hydraulically or pneumatically pressed by the ring-guided plunger until the glassis pressed into
al areas of the mould. The plunger and the mould remove much of the heat from the glass, and
after solidification, the plunger is withdrawn. Most pressing machines operate on turntables
which usually have between 4 and 20 moulds with a maximum of 32; the most common for
CRT glassis 11. The turntable takes the glass step by step through the loading, pressing, cooling
and removal stages.

Manufacture of Glass 65



Chapter 2

Light bulbs can be produced using the ribbon process. A ribbon of glass is formed by rolling
molten glass between two water-cooled rollers. Upon leaving the rollers, the ribbon of glassis
carried through the machine on a series of orifice plates, which form a continuous belt pierced
with holes. As the ribbon moves forward, a continuous chain of blow heads meet it from above,
each blow head coinciding with a hole in the belt. A puff from the blow head blows the glass
through the hole and the glass forms into a bulb inside a rotating mould, which meets and closes
around it from below. Moving forward on the ribbon, the shaped bulb is released from its
mould, cooled by air and then released from the ribbon and transferred to a conveyor belt. This
carries the bulbs through an anneaing lehr, and onto cooling, inspection and packing.
Production rates in excess of 1000 bulbs a minute can be achieved.

Extrusion can be used for glasses with a steep viscosity curve or for glasses with a tendency to
crystallise in order to produce items with very close dimensional tolerances. It is an economical
method of making various types of full or hollow profiles with sharp edged cross-sections for
industrial use. By using laminate extrusion methods, two or three types of glass can be
combined to produce, for example, components sheathed with chemically-resistant glass.

The most widely used method for the continuous drawing of glass tubing is the Danner process.
A continuous strand of molten glass flows onto a dlightly angled, slowly-rotating refractory core
called the Danner mandrel. At the lower end of the mandrel a hollow bulb forms from which the
tubing is drawn. Air is blown through the hollow mandrel, the shaft maintaining a hollow space
in the glass. After being redirected horizontally, the solidifying tube is transported on a roller
track to the pulling unit, behind which it is cut into 1.5 m lengths, or sometimes longer. These
machines can produce more than 3 m per second of glass tubing.

The Vélo processis the second most widely used process and has about the same rate of output
as the Danner process. The glass from the furnace flows along the forehearth and downward
through an orifice (ring), with the hollow space in the glass being maintained by a pipe with a
conical opening (bell) located within the ring. The still soft tube is redirected horizontally and is
drawn off along aroller track, cooled and cut asin the Danner process.

A variation on the Vello processis the down-draw process, which can be used to produce tubing
with diameters of up to 360 mm. The glass is drawn downwards through a vacuum chamber,
and is passed through a sealed iris diaphragm, a circular shutter which can be adjusted to
different apertures. A fourth process is the up-draw process, where the glass tube is drawn
vertically upwards from a rotating bowl. The drawing area is shielded by a rotating ceramic
cylinder, one end of which is submerged in the glass. The hollow space is formed by means of
an air jet placed below the surface of the glass. This technique is particularly useful for
producing tubing with thick walls and large diameters.

Optical glass can be either cast into blocks or extruded into cylinders to form the blanks, which
are sold for further processing. Moulds are usually made from refractory materials.

Water glass is now included in the Large Volume Inorganic Chemicals-Solids and Others
Industry (LVIC-S) BREF (http://eippcb.jrc.es/reference/)
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Table 2.8: Chemical composition of the main products of the special glass sector
CRT glass Glasstube Borosilicate Other lighting glasses Optical glass
lass, e.g. . Glass Quartz . . Others,
Component Panel Funnel _ Sod_a? Borosilicate %hanicgl Opaque Light ceramics glass (Boron) Op_tlcal Fluorine- Rare- e.g. diodes
lime-silica glass bulbs crown flint phosphate earth
glassware
Mass-% Mass-% Mass-% Mass-% Mass-% Mass-% Mass-% Mass-% Mass-% Mass-% Mass-% Mass-% Mass-% Mass-%
SO, 60 — 63 53-55 69 67-81 70-81 63 — 68 73-75 55-70 99.9 35-70 25-60 0-28 35
Al,O5 2-34 1-52 2-4 20-7 23-55 3-35 1-4 15-25 0.005 0-10 0-15 0-15 0-3
Fe,0s 0-1 0.01-2 0.01-0.03 0.15 0-02
Ca0 0-32 09-38 4-5 0.01-15 0.01-1 14-8 0.5 0-4.0 0.001 0-10 0-10 0-25
PbO 14-23 25-70 60
Sb,03 0.15-08 | 0-0.35 0-09 0-2 0-0.3 0-01 0-01 0-0.2
As,0; 0-03 0-0.3 0-0.06 0-0.06 0-15 0-0.3 0-03 0-01 0-0.1
MnO, 0.01-5
MgO 0-12 06-22 2-3 0.01-05 0.01-05 14-4 0.5 0-1.0 0-3 0-5 0-1
Na,O 6.6-94 | 58-6.7 9-16 35-12 3.4-65 9-10 3-4 05-15 0-2 0-10 05-10
K,0 66-84 | 7.8-81 1-11 0.01-25 05-15 6 15-25 0-2 0-20 05-8 5.0
SOs 0.2
F 40-54 0-10 0-35
B,Os 1 5-13 8-13 0-16 12-17 0-3 5-20 0-10 10-40
BaO 8.3-13 0-25 1-6 0.01-35 23-3 0-3 0-42 0-20 0-40 0-45
ZnO 0-0.8 0-0.8 3-48 0-3 0-10 0-1 0-25
SO 22-88 0-05 0-1 0-5 0-5 0-20 0-5
Zr0, 0-23 0-0.2 0.01-1 0.01-1 0-25 0-1 0-35 0-10
P,Os 0-8 0-50 0-20 0-35
LiO, 2-4 0-5 0-7
SnO, 0-1 0-1 0-1
TiO, 0.01-5 0.01-5 1-4 0-1 0-25 0-20
Ce0, 0-1 0-13 0-3 0-3 0-1
Nd,O3 0-03
V205 0-0.5
CsO 0-5
Nb,0Os 0-45 0-20
La,Os 0-50
Y203 0-10
Ta,0s 0-20
Gd,03 0-15
WO; 0-10 0-3
GeO, 0-20
Bi,Os 0-60
Source: [132, Special 2008
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2.9 Mineral wool

[27, EURIMA 1998] [9, IPC Guidance S2 3.03 1996] [89, EURIMA Suggestions 2007]
[133, EURIMA Contributions November 2008]

Mineral wool manufacture consists of the following stages: raw material preparation; melting;
fiberisation of the melt, binder application; product mat formation, curing, cooling, and product
finishing. Mineral wool can be divided into two main categories. glass wool and the stone/slag
wool. The products are used in essentially the same applications and differ mainly in the raw
materials and melting methods. Following the melting stage, the processes and environmental
issues are essentialy identical. The characteristic formulations of mineral wool are given in
Table 2.9. Note that iron oxides, TiO, and P,Os are not intended or required components of the
glass and arise as casual impurities. Therefore, the levels obtained in the glass and stone wool
will depend upon the quality of the raw materials and the values indicated in the table are the
extremes of the ranges found.

Table 2.9: Typical mineral wool compositions
Mineral . Alkaline | Earth alkaline Iron .
wool S0, oxides oxides B20s oxides Al20, Tio, P20s
Glass wool 57-70 12-18 8-15 0-12 <0.5 0-5 Trace 0-15
Stone wool 38 -57 05-5 18—-40 Trace 05-12 | 0-23 | 05-4 0-15
Slag wool 38-52 05-3 30-45 Trace 0-5 5-16 <1 Trace
2.9.1 Glass wool

A typical plant for the production of glass waool is shown in Figure 2.10.
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Figure 2.10: A typical glasswool plant
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The raw materials for glass wool manufacture are mainly delivered by road tankers and
pneumatically conveyed into storage hoppers. Each process will use a range of raw materials
and the precise formulation of the batch may vary considerably between processes. The basic
materials for glass wool manufacture include sand, soda ash, dolomite, limestone, sodium
sulphate, sodium nitrate, and minerals containing boron and alumina.

Most processes also use process cullet as araw material. Thisis shattered glass, which has been
produced by quenching the molten stream from the furnace in water when the fiberising
operation has been interrupted. Process cullet has the same precise formulation as the final
product, and is readily recycled back to the furnace. Other forms of glass cullet, e.g. container
glass and sodalime-silica flat glass are also extensively used as a feedstock. This type of
material is more difficult to recycle and its use depends heavily on cost, composition, purity and
consistency of supply. One limiting factor in the use of cullet as araw materia is represented by
glass-ceramics. As for other types of glass, the presence of glass-ceramics in recycled cullet is
becoming an increasing problem. Several manufacturers also recycle processed fibrous waste
and the dust collected from the furnace waste gas stream to the melter.

The fibrous nature of much of the waste makes it impracticable to recycle without further
treatment. Glass furnace raw materials are charged as powders or in granular form and so waste
material must be ground or pelletised before charging. Thisis usually achieved by some form of
milling operation. The waste product and the filtered waste contain significant levels of organic
binder. In a glass furnace, the carbon content of the waste presents a number of potential
problems including: reduced heat transfer; foaming; destabilisation of melting conditions; and
ateration of the furnace chemistry. These problems can be mitigated but there is a limit to the
amount of waste that can be recycled back to the furnace. Furthermore, it can be necessary to
add sodium or potassium nitrate as an oxidising agent, and the decomposition of these materias
can add significantly to the emissions of nitrogen oxides.

The various raw materials are automatically weighed out and blended to produce a precisely
formulated batch. The blended batch is then transferred to an intermediate storage hopper before
it is added to the furnace.

The furnace (with a few rare exceptions) will either be an eectrically-heated furnace, a
traditional gas-fired recuperative furnace, or less commonly an oxy-gas furnace. These
techniques are described in Section 2.3 above.

A stream of molten glass flows from the furnace along a heated refractory-lined forehearth and
pours through a number (usually one to ten) of single orifice bushings into specially designed
rotary centrifugal spinners. Primary fiberising takes place by means of centrifugal action of the
rotating spinner with further attenuation by hot flame gases from a circu