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Abstract

This introduction provides a historical overview of the production and use of sheet glass since 
its invention in Roman times and refers to the contributions in this edited volume. It focuses 
on the most significant technological and architectural developments in Europe and the USA 
and highlights the interaction between glass production, construction industries and archi-
tecture. It presents important manufacturing processes, outlines types of sheet glass and 
provides a basic glossary for technical terms in English, French and German. This text also 
touches on the challenges of conservation and restoration, as well as the life-cycle of historic 
glazing and windows. It ends by emphasizing the merits of interdisciplinary exchange and the 
necessity for a shared multilingual thesaurus for glass technology.
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Everywhere and Every Day: Glass in Architecture, Past and Present

Glass is omnipresent in our built environment, and it is impossible to imagine today’s 
cities without it. Its diverse properties and its numerous possible applications make 
glass an indispensable building material. This is not a contemporary phenomenon. 
Glass has long been an integral part of buildings, and its production and use are in
trinsically linked to the history and development of architecture. The material and its 
potential have always inspired architects, engineers and artists. History is rich with 
examples of the use of glass, and sheet glass in particular, on a monumental scale: the 
stained-glass windows of Gothic cathedrals, the galeries des glaces and lead glazing 
of 17th-century castles, the glass roofs of mainline railway stations and the large dis-
play windows of 19th-century department stores, as well as the glass façades of re-
cord-breaking high-rises such as Burj Khalifa in Dubai. Throughout the centuries, the 
growing demand for plate glass for windows, doors, walls and whole façades has 
fuelled production and led to technological innovations in manufacture and vice versa. 
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The availability and use of wood, coal and other fossil fuels as combustion material 
have had an enormous impact on the production of glass as a building material as well 
as on the environment.1

The aim of the conference Glass in Architecture. From the Pre- to the Post-Industrial 
Era: Production, Use and Conservation was to highlight and reflect on this fascinating 
history and on the interactions between glass, architecture and the construction 
industry. This book is the result of that international symposium, which was jointly 
organized by the Vitrocentre Romont, the Institute of Art History at the University of 
Bern and the Bern Acadamy of the Arts HKB; it was held in Romont (Switzerland) on 
5–6 November 2021. The meeting was accompanied by the opening of the exhibition 
Du précieux au quotitien. Le verre plat dans l’architecture at the Vitromusée Romont 
(6 November 2021– 23 March 2022), which was dedicated to the history of the produc-
tion and use of sheet glass. It showcased historical as well as modern production 
techniques and illustrated the almost immeasurable diversity and the many uses of 
this once valuable and now everyday material. One part of the exhibition was devoted 
to the Erie-Electroverre company in Romont, one of the world’s last manufacturers of 
machine-drawn sheet glass, which unfortunately had closed its doors in 2020. The 
cover image of this volume, documenting the company’s production process in the 
1950s, is taken from the company’s archive.
In this introduction, we will briefly summarize the history of sheet-glass production 
since its invention in Roman times and we will focus on the most important technolog-
ical and architectural developments, referring to the contributions in this volume 
which discuss these topics in detail. Like the conference, the book is divided into  
three thematic sections. Part 1 is dedicated to the production of sheet glass from 
pre-industrial times onwards and comprises contributions on the manufacture of 
crown glass, the development of the window-glass industry in Scotland and Belgium, 
and on innovative products for the flat-glass market. The articles in Part 2 illustrate the 
diverse uses of glass and highlight its central rôle in architecture from the 18th century 
to the present day, from the Baroque glass architecture of the Dresden Zwinger to the 
glass façades of corporate headquarters of the 20th century. Part 3 deals with the 
conservation of historic windows and glass façades and the importance of preserving 
this fragile heritage. The topics here range from the challenges of the in situ restora-
tion of the original mid-18th-century glazing of Michelsberg Abbey in Bamberg (Ger-
many), to the question of the repair, durability and reusability of insulating glazing to-
day. In addition, we offer translations of key terms into French and German, thereby 
providing a basic glossary for the technical terms used in the English, French and 
German contributions gathered in this volume.

Cast or Blown: Early Production of Sheet Glass

The history of flat glass (French: verre plat; German: Flachglas) dates back to antiquity.2 
The fragments of flat glass found in Herculaneum, Pompeii and many other Roman 



11Introduction

cities, such as Aventicum (Avenches) and Augusta Raurica (near Augst and Kaiser-
augst), prove that the Romans produced sheet glass and used it to close their window 
openings from the 1st century CE onwards. Initially, window glass was made by a cast-
ing process (French: coulage; German: Gussverfahren) that consisted of pouring 
molten glass onto a flat, heat-resistant surface and stretching the hot and viscous 
material into a rectangular shape.3 The result was a relatively thick and translucent 
glass pane of pale-green or light-blue colour.
These more or less rectangular panes were held in grooved frames made from metal, 
marble or wood.4 The windows were sometimes divided by wooden muntins (French: 
croisillons en bois; German: Holzsprossen), such as those unearthed at Vindonissa 
(Windisch) in the canton of Aargau (Switzerland) (Fig. 1).5 The production of glass, 

1  Fragments of window glass 
and wooden muntins from the 
legionary camp at Vindonissa 
(Windisch, Switzerland), c. 1st 
century CE.



12 Sophie Wolf and Laura Hindelang 

particularly the casting of sheet glass, was very challenging and expensive. For this 
reason, initially only windows in public buildings and the villas of affluent citizens were 
equipped with glass.
The invention of glass-blowing (French: soufflage du verre; German: Glasblasen) in the 
1st century BCE and the use of the blowpipe (French: canne à souffler; German: Glas-
macherpfeife) led to the development of new techniques that radically changed and 
greatly simplified sheet-glass production: the broad-sheet method and the crown-
glass process.6 The Schedula diversarum artium (c. 1100–1120 CE) by Theophilus 
Presbyter provides the earliest detailed description of the broad-sheet technique 
(French: soufflage en manchon; German: Zylinderblasverfahren or Zylinderstreckver-
fahren), which consists of blowing a pear-shaped bubble into an elongated tube shape, 
cutting both ends of the tube, and splitting and flattening the glass cylinder while hot.7 
In the crown-glass process (French: soufflage en couronne; German: Mondglasver-
fahren or Schleuderverfahren), the molten glass is blown into a balloon shape. The 
bubble is then flattened; transferred to the glass-maker’s pontil or punty, a solid iron 
rod (French: pontil; German: Hefteisen), and then reheated and rotated at speed, until 
centrifugal force forms a large circular plate known as a table (French: cive; German: 
Mondglasscheibe).8 ➔ Alexandra Schmölder
These new methods resulted in sheet glass of considerably better quality: it was much 
thinner and more transparent than the plate glass produced by casting.9 From the  
4th century CE onwards, mouth-blown window glass prevailed over cast glass.10 The 
broad-sheet technique long remained the predominant method of sheet-glass produc-
tion throughout Europe, while the crown-glass process prevailed in the Islamic world. 
It was not until the 14th century that the manufacture of crown glass became estab-
lished in Europe.

Silica, Soda and Lime: The Materials of Early Glass Production

The Romans produced glass from calcium-rich beach sand and ‘natron’, a natural 
soda-rich salt that was mined, among other places, in the salt lakes of northern Egypt 
(for example, Wadi El Natrun).11 The glass industry was divided into two branches: the 
primary production of glass, mainly located in the eastern Mediterranean, and the 
further processing of this raw glass into glassware, be it vessels or plate glass, in sec-
ondary workshops spread all over the Roman empire (Fig. 2).12 Glass recycling, that is, 
melting down recovered scrap glass, was a common practice.13 Early glass-makers 
already knew that the addition of this material (known as cullet) to a batch reduced the 
amount of raw materials and the melting temperature, and thus also the production 
costs for glass.
After the decline of the Roman empire, the production of glass in the eastern Mediterra
nean slowly decreased. The demand for glass was gradually met by the glassworks 
newly emerging in the forest regions of Central and Northern Europe.14 In consequence, 
glass production changed from a two-stage to a single-stage industrial model: glass 
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was now made from local raw materials—sand, plant or wood ash, and lime—and 
processed in one and the same place. Glass recipes thus varied regionally and 
changed over time. The different natures and origins of the raw materials are reflected 
in the chemical and isotopic composition of the glass. The analysis of glass finds can 
thus shed light on the technology and the history of glass production in a region.15  
➔ Helen Spencer

Glass Windows in the Middle Ages: A Privilege of the Rich

The spread of Christianity gave a new impetus to glass production in Europe, especially 
that of plate glass: newly built churches were decorated with stained-glass windows 
made from pieces of coloured, mouth-blown sheet glass held together with lead 
cames (French: baguettes de plomb; German: Bleiruten).16 Finds from the Merovingian 
and Carolingian period prove that early stained-glass windows had ornamental de-
signs.17 The first figurative depictions appeared from the 9th century CE onwards.18 As 
the churches and cathedrals of the Gothic period grew taller, their windows took on 
monumental dimensions.
It was however not only the Church that could afford glass windows: secular rulers too 
glazed their windows, in castles and palaces.19 Usually, only the upper portions of a 
‘cross-window’ (French: fenêtre à croisée; German: Kreuzstockfenster) were glazed, 

2  Tank furnaces at the primary glass production workshop at Bet Eli’Ezer (Israel), late 7th – early 8th century CE. 
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while the lower ones could be closed with wooden shutters (Fig. 3).20 It was not long 
before the bourgeoisie and rich citizens of medieval cities followed this trend: by the 
15th century, there was hardly a private residence, guild house or town hall in Central 
and Northern Europe without glazed windows. The increasing demand for sheet glass 
led to a steady rise in the number of private glassworks that produced and marketed 
their goods by land and water, partly over long distances.21

Because glass or glazing was very expensive, homeowners often looked for sponsors 
for their windows. In Switzerland, this led to a new genre of stained glass, the Wappen-
scheibe. These mostly small stained-glass panels, bearing a donor’s coat-of-arms, 
were built into the glazing that embellished and closed the window openings of private 
houses, guild houses and town halls (Fig. 4).22 Glass windows, however, remained a 
privilege of the wealthy in the medieval and for much of the early modern period.23 The 
window openings of the dwellings of common people were still closed with hides, 
oiled parchment or wooden shutters.

3  Chess-players, stained 
glass, c.1450, Paris, Musée 
de Cluny (Cl. 22422); detail 
showing a cross-window 
with lozenge glazing. 
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From Quarries to Bull’s Eye: The Transition from the Medieval  
to the Baroque Window

Gothic cross-windows had fixed lead lights (French: vitrerie à resille or vitrage  
en plomb; German: Bleiverglasung) that typically consisted of lozenge-shaped glass 
pieces known as quarries (French: losange; German: Raute) (see Fig. 3). These were 
cut out of broad-sheet or crown glass. The large circular tables of crown glass were 
thinner, more translucent and more brilliant than broad-sheet glass and therefore 
more popular, but also more expensive.24

From the 16th century onwards, and especially in German-speaking regions, lead lights 
made from either bull’s eye panes, also known as roundels (French: petite cive; Ger-
man: Butzenscheiben) or Tellerscheiben (French: cul-de-bouteille) replaced lozenge 
glazing (French: vitrerie à losanges; German: Rautenverglasung) (see Fig. 4).25 Both 
forms are round, but manufactured in different ways, and are easily distinguished by 
the presence or absence of the ‘bull’s eye’ (French: boudine; German: Butzen), a nod-
ule in the centre of the crown-glass table where the pontil was attached. Lead lights 
could also take other forms; an example of this is the hexagonal glazing (French: 

4  ‘Bull’s eye’ window (crown glass) with stained-glass panel, 1636, Vitromusée Romont (VMR 699), on loan  
from Fritz Dold, Zurich. 
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vitrerie à bornes hexagonales; German: Waben-Verglasung or Sechseck-Verglasung) 
of Michelsberg Abbey in Bamberg (Germany). ➔ Susanne Fischer and Josef Ganka
A fundamental change in window architecture came with the introduction of symmet-
rical casement windows (French: fenêtre à battants or fenêtre à la française; German: 
Flügelfenster) in the Baroque period; these replaced cross-windows, which remained 
common until the late Renaissance. ➔ Ueli Fritz The hinged sashes of these case-
ment windows were subdivided by wooden muntins and glazed with small rectangular 
panes of broad-sheet or crown glass. These windows, often arranged in multiple rows, 
became a characteristic feature of the façades of Baroque castles and hôtels particu-
liers. The light streaming in through them was reflected by large wall mirrors and chan-
deliers, showing off lavishly decorated interiors to their full advantage. With its Galerie 
des Glaces—completed in 1682 and originally glazed with blown plate glass26—
Versailles was the flagship example of the epoch and a reference point for other presti
gious building projects, such as the Dresden Zwinger. ➔ Peter Heinrich Jahn

Polished and Lustrous: Plate-Glass Production in the Early Modern Period

Developments in window architecture led to an increasing demand for particularly 
transparent glass, not least also to meet the new market for mirrors. Glass was sup-
plied by the numerous glass-houses (French: verrerie; German: Glashütte) in the low 
mountain ranges of Central Europe (Bohemia, Silesia, Lorraine, Jura, etc.) that manu-
factured lustrous, highly fire-polished crown glass on the one hand, and blown plate, 
that is polished broad-sheet glass, on the other. Demand was so great that the glass 
industry also developed in regions away from those traditionally associated with glass 
production, for example in Scotland. ➔ Helen Spencer
The clearest glass, however, came from Murano (Italy), which held a monopoly in the 
production of blown plate glass and mirrors until well into the 17th century.27 France 
succeeded in breaking this monopoly with the foundation of the Manufacture royale 
de glaces de miroirs (which later became Saint-Gobain) in 1665. Jean-Baptiste Colbert, 
Minister of Finance to Louis XIV, recruited experienced glass-makers from Venice, and 
the import of blown plate and mirrors from Venice was eventually banned.
The manufacture of blown plate glass—used in windows and for mirrors—was a 
time-consuming and expensive business, since the streaky and often warped broad-
sheet glass had to be ground and polished by hand. Sheets of cylinder-blown glass 
moreover had the disadvantage of being relatively small. With the invention of casting 
glass onto a table (French: coulage or coulée sur table; German: Tischgussverfahren) 
around 1688,28 the French achieved a decisive technical breakthrough. With this new 
technique it was possible to produce large sheets of glass that could be used to glaze 
big window openings and to make tall continuous mirrors (Fig. 5). In order to obtain 
plate-glass quality however, the thick cast sheets had still to be polished manually on 
both sides. Smooth and lustrous plate glass was a luxury in great demand among the 
rich upper classes and was twice as expensive as blown plate or crown glass.29
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Palm Houses, Train Stations and Department Stores: Mass Production  
and the Large-Scale Use of Sheet Glass in the 19th Century

During the 19th century, several developments had a significant impact on the glass 
industry and the cost of sheet glass: the introduction by Ernest Solvay (1838–1922) in 
1864 of a new and more efficient process for the industrial production of soda, one of 
the most important raw materials for glass production; better transportation through 
the expanding railway network; and the switch from coal to gas firing. One ground-
breaking invention however changed glass production in a particularly lasting way: the 
development of the continuously operating tank furnace by Friedrich and Wilhelm 
Siemens in 1861.30 The furnace was no longer wood-fired but gas-fired, and the waste 
heat was recovered using the regenerative process. These developments made glass 
production much cheaper, more efficient and cleaner, and allowed the standardized 
mass production of sheet glass (Fig. 6). These innovations did not bring abrupt changes 
however, and the industry’s success continued to depend strongly on craftmanship, 
an intimate knowledge of the material, and the transfer of this know-how.31 ➔ Vitaly 
Volkov

5  ‘Manufacture des glaces’ (manufacture of plate 
glass), Denis Diderot and Jean le Rond d’Alembert, 
L’Encyclopédie ou dictionnaire raisonné des sciences, 
des arts et des métiers : Recueil de planches, sur les 
sciences, les arts libéraux, et les arts méchaniques, 
avec leur explication, vol. 4, plate XXIV, Paris, 1765, 
Bibliothèque Mazarine (cote 2°3442). 
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6  ‘Porteuses de canons’, Verreries de Jumet, Jumet (Belgique), c. 1900, Musée du Verre de Charleroi, Collection  
iconographique (CP 118). 

New construction methods and building materials (steel, cement) combined with low-
er prices for sheet glass opened up completely new paths and possibilities for archi-
tecture. An important field of experimentation was the construction of greenhouses 
and exhibition halls, which was promoted especially in England. The Crystal Palace 
built by Joseph Paxton (1803–1865) for the Great Exhibition in London in 1851 caused 
a sensation. Glass also became increasingly important in the construction of market 
halls, train stations, shopping arcades and department stores, with their large display 
windows.32

The invention of rolled plate glass by James Hartley (1810–1886) in 1838 led to the de-
velopment of figured glass (French: verre imprimé; German: Gussglas or Ornament-
glas).33 This technology (English: rolling; French: laminage; German: Walzglasver-
fahren), which consists of passing the still-viscous cast glass sheets through a set of 
rollers engraved with negative patterns, allowed decorative glass to be applied in a wide 
variety of contexts in the second half of the 19th century, shaping the appearance of 
front doors, staircases and bathrooms until well into the 20th century (Fig. 7). ➔ Emma 
Groult The emerging hygiene movement, and the first efforts to build bright and 
well-ventilated homes, are reflected in the production of ingenious inventions such as 
verre perforé (English: perforated rolled plate glass; German: perforiertes Walzglas).  
➔ Anne-Laure Carré
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Glass by the Metre: The Invention of Drawn Sheet Glass and Its Manifestation 
in Modern Architecture

Architectural experimentation and technical innovation in glass production continued 
to stimulate each other.34 At the beginning of the 20th century, the production of broad 
sheet glass was improved by the replacement of the human lung with compressed air; 
this allowed glass cylinders up to 12 m in length and 80 cm in diameter to be drawn 
directly from the melting tank.35

In Belgium and the USA, several men were already working on a new method that 
would allow a continuous sheet (or ribbon) of glass to be drawn from the melting tank 
and would—once again—significantly simplify production and reduce the price of flat 
glass.36 Two patents for the new technique were filed almost simultaneously. In 1902, 
Émile Fourcault (1862–1919) obtained the first patent on a ‘Method of and apparatus 
for drawing continuous sheets of glass’ that he had developed with Émile Gobbe 
(1849–1915), but which soon became known as the ‘Fourcault process’.37 Two years 
later, Irving W. Colburn (1861–1917) and Edgar Washburn (dates unknown) filed a patent 
for a similar invention, which would go down in history as the ‘Libbey-Owens process’.38 
In the Fourcault process, liquid glass is pushed through an elongated clay nozzle 
known as a debiteuse (French: débiteuse; German: Ziehdüse) that sits in the melting 
tank, and is drawn vertically upwards between pairs of rollers; the ribbon cools on its 
way up to the top of the drawing line, where it is cut into rectangular sheets of the 
desired dimension (Fig. 8a). In the Libbey-Owens process, the glass ribbon is first 
drawn vertically and then horizontally over rollers into a lehr (annealing) oven (French: 
four de recuisson; German: Temperofen). In 1928, the Pittsburgh Plate Glass Company 
successfully combined the two drawing processes (the ‘Pittsburgh process’). In 1935, 
Erie-Electroverre in Romont (Switzerland), switched from gas to electricity by installing 
the first four électrique (Fig. 8b).
Machine-drawn sheet glass began to be manufactured in the 1920s and dominated 
the market in the USA and Europe until the 1960s. The new process brought previously 
unimagined possibilities, as it liberated window glass from earlier size restrictions and 
made the fast production of large quantities possible. Thanks to the introduction of the 
Bicheroux process (1918), plate glass continued to be made on a large scale, for exam-
ple at Saint-Gobain and in Pittsburgh.39 It was more expensive, but of much higher 
quality than machine-drawn sheet glass, and used—among other things—for the 
windscreens of Ford cars.40 Plate glass with an integrated steel mesh, so-called wired 
glass (French: verre armé; German: Drahtglas), also emerged as an early security 
glass.
The larger dimensions, the greater availability and the better transparency of machine-
drawn sheet glass and plate glass stimulated new architectural designs.41 Large hori-
zontal bands of windows in thin metal-frame profiles became a characteristic of the 
Neues Bauen.42 The use of glass became synonymous with modernist discourses on 
clean and healthy working and living conditions based on the circulation of fresh air, 
daylight and the sun.43 ➔ Florin Gstöhl
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7  Verrerie de Saint Gobain et de Jeu-
mont, Album des principaux modèles de 
verre : Produits spéciaux en verre coulé, 
around 1915–20, samples of rolled plate 
glass, cardboard, 28.4 × 17.7 × 8 cm, 
collection of the Vitromusée Romont 
(VMR 738). 
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8a  Schematic illustration of the Fourcault process at Electroverre Romont (Switzerland). 

Moreover, the idea of the ‘glass house’ resonated widely with the avant-garde, and not 
only with well-known male protagonists but also with many female artists, architects 
and writers.44 It resulted in innovative displays for glass companies, such as the ‘Glass 
House’ by Bruno Taut (1880–1938) at the Deutsche Werkbund exhibition in Cologne 
(1914) that showcased glass bricks and other products of the Luxfer-Prism Company;45 
or the glass-clad office towers as visualized by Ludwig Mies van der Rohe (1886–1969) 
in his designs for a high-rise building to a polygonal plan at Friedrichstrasse, Berlin 
(1921).46 Others considered glass the material of choice not only for windows and 
façades, but also for entire interior designs; ➔ Logan Sisley unearths the history of 
the spectacular glass house (1924) of celebrity hairdresser Antoine de Paris.

The Road to Float: Technological and Architectural Developments  
in the Post-War World

For much of the 20th century, the leitmotif was the total ‘dissolution’ of walls and 
windows into entire glass façades.47 The curtain wall (French: mur-rideau; German: 
Vorhangfassade)—consisting of a non-load-bearing glass wall fixed to the outside of 
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8b  Manufacture of drawn glass at Erie-Electroverre, Romont, second quarter of the 20th century, gelatine silver print, 
158 × 178 mm (EVR 22_1). 



24 Sophie Wolf and Laura Hindelang 

the structural framework of a building (skeleton)—converted this leitmotif into reality: 
the demise of the load-bearing function of façades enabled their opening-up and 
dematerialization into light and transparent surfaces.48 Early iconic examples of curtain 
walls are the Fagus Works (1911–1925) designed by Adolf Meyer (1881–1929) and Walter 
Gropius (1883–1969) and the Bauhaus in Dessau.49 Until well into the 1960s, machine- 
drawn sheet glass was the main architectural glass, with the market divided techno-
logically (in 1950) into 70% Fourcault, 20% Libbey-Owens, and 10% Pittsburgh.50

Curtain walling, often employing tinted sheet glass, went hand in hand with a new 
architectural aesthetic on the outside, and with the open floorplans on the inside that 
became popular in high-rise office buildings in the post-Second World War period in 
Europe, the USA and elsewhere. In 1952, New York’s Lever House set the standard for 
the prestige architecture of large industrial corporations and their choice of glass 
façades to express ‘symbolic transparency’.51 ➔ Hauke Horn
The success story of glass-clad high-rises is not only linked to the curtain wall and 
capitalism, but also to the introduction of the float-glass process (French: procédé de 
fabrication de verre flotté; German: Floatglasverfahren). This is an endless process in 
which molten glass is continuously fed from one side onto a bath of liquid tin. The re-
sult is a flawless, transparent and completely smooth sheet glass more than 2.5 m 
wide. The glass does not need to be post-processed. Thanks to its relatively low pro-
duction costs, the flexibility in thickness and length of the glass sheet, and its impec-
cable quality, float glass superseded more expensive plate glass and machine-drawn 
sheet glass and came to be used very widely for window glass as well as for mirrors, 
windscreens and many other applications. Alastair Pilkington (1920–1995) is usually 
credited with inventing the process in the 1950s, but in reality the basic idea goes back 
to William Heal, who was granted a patent for his invention as early as 1902 (Fig. 9).52 
Pilkington however had the courage and ability to develop and implement the process, 
thereby paving the way for the commercial production of float glass. Production start-
ed in 1966 at Pilkington Brothers in St Helens (England).53 The company subsequently 
granted licences to other sheet-glass manufacturers around the world. Yet the produc-
tion of colourless and transparent float glass was far from being the only field of activ-
ity among producers of flat glass: the industry also experimented creatively with the 
medium’s aesthetics, launching products like the coloured-glass Émalit® panels pro-
duced by Saint-Gobain in 1958. ➔ Catherine Blain and Océane Bailleul Orange and 
bluish tinted sunscreen glass became ubiquitous in 1960s and 1970s European archi-
tecture and today poses many challenges regarding its long-term performance and 
renovation possibilities. ➔ Giulia Marino
Technical requirements and practical issues have also played a rôle in stimulating pro-
duction and have led to the development of special glass-treatment techniques and a 
near-endless variety of glass types. New safety standards (to counter breakage and 
injury), for example, have been met through the development of toughened and tem-
pered plate glass (French: verre trempé; German: Einscheibensicherheitsglas or ESG) 
and, from the 1950s onwards, of laminated safety glass, a composite of two or more 
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tempered glass sheets joined by an elastic polymer film (French: verre de sécurité; 
German: Verbundsicherheitsglas or VSG).

New Coating Techniques and Smart Glass: Developments Since the 1970s

In the second half of the 20th century, increasing requirements and tougher standards 
around building insulation and work safety led to the rapid spread of multi-pane insu-
lating glass and safety glass, and accelerated the development of new techniques of 
glass processing and finishing intended to modify and enhance the thermal, mechan-
ical and optical properties of sheet glass. Techniques include new approaches to heat 
and chemical strengthening (toughened and tempered glass), heat-bending (simple 
or double curved glass), tinting or colouring (tinted or coloured glass), and etching and 
sand-blasting (obscure glass). Decisive progress was made with the coating of glass 
with thin films of metals and metal compounds. Glass coating allowed the production 
of sheet glass with anti-reflection, anti-condensation as well as self-cleaning proper-

9  Figures 1 and 2 of Patent no. 710357, 
‘Manufacture of window and plate glass’,  
by William E. Heal (issued 30 September 1902).  
The figures show a cross-section (left) and  
a top view (right) of a precursor of the modern 
float-glass tank furnace.
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ties and opened up many new applications, such as thermal insulation combined with 
solar control.
The latest invention is so-called ‘smart glass’, a term used to describe glass that can 
change certain properties, such as transparency or sound absorption. The generic 
term comprises various techniques and fields of application. Depending on the design, 
smart glass can, for example, be used as protection against the sun (with the glass 
remaining transparent) or take on the function of privacy protection (with the glass 
becoming opaque). Light transmission can be modified by applying an electrical volt-
age, by heating, or by changing external light conditions.
All these developments have led to an incredible variety of flat glass in terms of func-
tion and application, as well as to new forms of aesthetic expression. The diversity of 
sheet-glass products, in combination with new mounting techniques and synthetic 
seals substituting putty, promise seemingly unlimited design and application possibil-
ities. Tinted and mirror-glass façades have spread across the world, becoming the 
face of a global building trend (Fig. 10).54 New methods of fixing and suspending glass 
façades such as structural sealant glazing, point-fixing and cable net walls, to name 
but a few milestones, have become today’s standard.55

Over recent decades, the number of safety regulations and energy requirements for 
building components has steadily increased and helped double and triple glazing 

10  Headquarters of Qatar Central Bank (formerly Qatar Monetary Authority) on the Doha Corniche (Qatar), 2016. 
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achieve a breakthrough. The numerous norms for energy conservation and protection 
against sun, sound, fire and breakage, as well as the great variety of glazing types, not 
only represent a major challenge for architects and engineers, but also confront mon-
ument conservators and restorers with new problems.

Disappearing Heritage: The Challenge of Preserving and in situ Restoration  
of Window Glass

Today, we often consider glass a cheap everyday, ‘throwaway’ material; historically, 
glass was an expensive and much-valued building material, and each plate or sheet 
was unique. Glass has also defined our view of the outside world. We might see the 
world through wavy, bubbly or highly polished glass. The loss of the historically evolved 
diversity of flat glass should not be taken lightly from a historical or sociocultural per-
spective. Research and teaching should therefore also give a more prominent rôle to 
glass in architectural history.
In fact, much historical architectural glass is currently under threat owing to the reno-
vation and conservation of architecture in line with new energy standards such as 
Minergie® or the changing lifestyles of houseowners and users. In the strong trend 
towards the thermal insulation of buildings, original windows are often the first thing 

11  Disappearing hertitage: removal and destruction of the historic windows of a 19th-century house in Zurich  
(Switzerland), 2014. 
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to be replaced (Fig. 11). At the same time, and somewhat paradoxically, ‘new glass’ has 
become the prime material in preventive conservation of entire or partial sections of 
historical buildings and monuments. ➔ Melchior Fischli
The in situ conservation and preservation of historical architectural glass, whether 
medieval or modern, is very challenging.56 The closure of many glassworks across 
Europe and the USA, the loss of knowledge and know-how regarding manual or me-
chanical glass manufacturing, and the rarity or rather the lack of appropriate historical 
glasses have rendered the restoration of architectural glass a difficult task. Practi
tioners in the field of architectural history, restoration and conservation have dis-
cussed and promoted best practices in the in situ handling of historical glass in the 
form of small handbooks or leaflets since at least the 1970s. ➔ Isabel Haupt As one of 
the latest efforts in this regard, a research team at the University of Bamberg and the 
Fraunhofer Institute for Building Physics has been investigating practical solutions for 
improving the energy efficiency of historic glass windows. ➔  Paul Bellendorf et al. 
Researchers from the Landesamt für Denkmalpflege Baden-Württemberg report here 
on their work at and the success achieved in preserving insulated glass panels with 
glass-paintings at a swimming pool in Stuttgart-Feuerbach (Germany) dating from the 
late early 1960s. ➔ Dunja Kielmann and Angelika Reiff
Finally, from an ecological perspective, the reparability and recyclability of the ubiqui-
tous post-1950s double glazing has become an especially pressing issue. ➔ Esther 
Geboes, Waldo Galle and Niels De Temmerman show that insulated glazing (French: 
double vitrage or vitrage isolant; German: Mehrscheiben-Isolierglas) is almost never 
recycled, but instead downcycled or put into landfill. The authors therefore evaluate 
sustainable life-cycle approaches as potential alternatives to this throwaway practice.57

Looking Back and Ahead: In Search of a Common Terminology

‘Glass in architecture’ has already been the subject of several conferences and publi-
cations, but interest in the topic seems constant.58 The high attendance and the lively 
and stimulating discussions at our 2021 conference in Romont made this clear once 
again.59 It showed that this multifaceted topic can almost overcome the often still-
deep-seated divide between the humanities and the natural sciences. The conference 
also revealed some deficits, especially regarding a common terminology in the field of 
(flat) glass technology. To date, there is no official online dictionary specific to glass 
technology and the glass arts. The various existing glossaries and vocabularies are 
not multilingual and usually not online. The desire to link the increasing number of 
online databases and other online resources only accentuates this problem, since this 
lack of standardization prevents the networking of platforms on a technical level. The 
problem does not only exist in the field of glass art. Indeed, with the digitalization and 
especially the pooling of resources in the field of conservation and cultural heritage 
(for example, Europeana), the need for common vocabularies becomes inevitable. In 
a pilot project initiated by the International Scientific Committee for the Conservation 
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of Stained Glass (ISCCSG) and the Vitrocentre Romont, the technicalities and various 
options for online publication of this multilingual thesaurus are currently being explored; 
publication via the online database of the Vitrocentre Romont (www.vitrosearch.ch) 
will also be discussed and tested.60

We hope that this publication will continue to stimulate exchange—as the conference 
did—not only across language and national borders, but also between the different 
disciplines of art history, architecture, the archaeological sciences, technology, con-
servation and restoration.
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