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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.
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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.
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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 shap