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This paper looks at the development of the bottle glass industry in England. The production of bottles is

considered from both a typological perspective and through the chemical composition of the glass used.

Samples of bottles and bottle production debris from many different production sites have been analysed to

determine their chemical composition. The changes in the social organisation of the industry are discussed in

relation to the changing materials and technologies employed in bottle production.

INTRODUCTION

Glass manufacture has been an important industry in
England for nearly four centuries. There are three
sectors based on the types of glass made: windows,
tablewares and bottles. This paper looks at the
manufacture of bottles and draws together several
strands of evidence: documentary sources, the
typological development of bottles and the chemical
analysis of the glass used to make them. A study of
bottle manufacture provides insights which extend
far beyond this particular industry and contribute to
the idea of a ‘long’ Industrial Revolution. The
technologies employed in the glass industry and the
organisation of labour underwent dramatic changes
in the 16th and 17th centuries, and again at the
beginning of the 20th century, but during the ‘classic’
Industrial Revolution (1760–1830) few significant
changes took place.

The English glass industry was of minor signifi-
cance until the late 16th century when continental
glassmakers were brought to England. The early
17th century saw the adoption of coal fuel in the
industry; an innovation which continental competi-
tors struggled to emulate for the following century or
so. Several important glass technologies, such as the
colourless lead crystal glass which was the corner-
stone of the tableware industry, were developed in
England.1 In terms of the sheer quantities of glass
manufactured, however, it was bottle production
that dominated the English glass industry. Before the
early 17th century few bottles were manufactured,
and these were usually thin-walled and wide-
mouthed. These bottles appear to have functioned
primarily for serving liquids rather than storing or
transporting them. By the middle of the 17th century
a new type of bottle (almost immediately called the
English bottle) appeared which had several features
that made it more suitable for the storage and
transport of liquids. This was thick-walled and so
relatively robust for a glass vessel, and it had a
narrow neck which enabled the vessel to be sealed.

The English bottle had a major impact on the
manufacture and distribution of a range of bev-
erages. This paper examines the vexed question of
the invention of the English bottle and then traces
changes in the industry over the following three
centuries.

THE INVENTION OF THE ‘ENGLISH’ BOTTLE

The origins of the ‘English’ bottle are uncertain and
were contested even in the 17th century.2 The
‘English’ bottle was clearly in existence by the middle
of the 17th century; in his diary Pepys records, ‘saw
some of my new bottles made, with my crest upon
them, filled with wine, about five or six dozen’.3 The
practice of applying ‘seals’ clearly shows that the
‘English’ bottle was in existence by 1650,4 and it has
often been assumed that it was invented at about the
same time.5 The c. 1650 origin has found support in
the general absence of ‘English’ bottles from Civil War
and earlier sites. Substantial excavations at Pontefract
Castle6 and Sandal Castle,7 for example, have failed to
produce ‘English’ bottles. Nevertheless, an earlier
origin for the ‘English’ bottle is accepted by many.8

The earlier date is based on patent applications and
other submissions made in 1661.9 A draft Act of
Parliament (10 April 1661) awarded a patent for the
manufacture of glass bottles to John Colnett (Jean
Colinet). Petitions were submitted in opposition to the
patent by various glassmakers and the matter inves-
tigated by the Attorney General, who concluded that,
‘Sir Kenelm Digby first invented the glass bottles
nearly 30 years since, and employed Colnett and
others to make them for him and they have since been
frequently made by him and also by the petitioners’
(Attorney General’s Report, 1662).10 This report
suggests that the invention of the ‘English’ bottle
occurred c. 1632. This earlier date finds support in the
London Port Books which list ‘English’ bottles as
exports from 1634.11

Some archaeological evidence for early possible
bottle production has been provided by excavations
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of two glasshouses. Excavations at Kimmeridge, Dorset,
which operated between 1618 and 1623, have recovered
fragments of thick glass vessels, including long necks
with a thick ‘string rim’.12 Similar vessel fragments
(necks with string rims) have also been recovered from
the glasshouse at Shinrone, Ireland, which operated
between 1620 and 1641.13 The material from both of
these early glasshouses shows some similarities with
early ‘English’ bottles, in particular the long narrow
neck, the thick walls and string rims; however, none
survive to show the overall shape of the vessel. These
vessels appear to have been made from a less strongly
coloured glass compared with bottles made in the
second half of the 17th century.

BOTTLE DEVELOPMENT: BOTTLE SHAPES AND

BOTTLE FORMING

The huge number of bottles manufactured and the
progressive changes in their form (Figure 1) have
long been used by archaeologists to date the
archaeological deposits in which they have been
found.14 The earliest bottles were mouth blown and
were probably made without the use of a mould
(‘free blown’). The shaping of the glass usually took
place in several distinct phases. The first step was the
gathering of sufficient glass from the furnace on the
end of a blowing iron. This glass was inflated to form
a crude oval shape (the parison). The parison was

FIG. 1. Some typical English bottles: a 5 middle 17th century (‘shaft-and-globe’), b 5 late 17th century (‘onion’), c 5

early 18th century (mallet), d 5 late 18th century (cylindrical), e 5 early 19th century (Ricketts), f 5 late 19th century
(Codd bottle), g 5 early 20th century (crown cap top). Drawn by Chris Evans.
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shaped by rolling it on a smooth stone table (the
marver). The parison was then reheated at the
furnace to make it soft enough to be further inflated
to the required size. The shape could be further
adjusted by stretching the glass or rolling it on the
marver. Pincers and other simple tools could be used
to further adjust the shape. The earliest bottles had a
globular body with a long neck (shaft-and-globe,
Figure 1a). The bottom was pushed in to provide a
stable base on which the bottle could stand. By the
late 17th century, bottles were provided with shorter
necks and bodies that were more squat (Figure 1b).
The early 18th century saw the appearance of short
cylindrical bodies (‘mallet’) that were almost cer-
tainly made using moulds (Figure 1c). It is likely that
the earliest moulds were ‘dip’ moulds (Figure 2).
These moulds were simple cylinders that did not
open; instead the glass was introduced, blown to fill
the mould and then withdrawn vertically. Some
18th-century bottles with a cylindrical body but with
a slightly wider shoulder were almost certainly made
in such moulds.15 Inventories for a Bristol glasshouse
indicate that iron and brass bottle moulds were
introduced there in the 1730s.16 Dip moulds

continued to be used in the manufacture of cylind-
rical bottles until the middle of the 19th century.17

By the later 18th century the cylindrical bottles
were made rather taller (Figure 1d). The formation
of the taller bodies may have been assisted by the use
of hinged two-part moulds (Figure 3); however, the
earliest illustration of such moulds is 1849.18 Henry
Ricketts obtained a patent in 1821 for a three-piece
mould (Figure 4) which allowed the shaping of the

FIG. 2. The manufacture of free-blown bottles. From left to right: the glassworker inflates the parison (note the simple
one-piece or dip mould at his feet), the kick or pushed in base is formed, the string rim is applied, and the neck finished
(from Diderot’s Encyclopaedia).

FIG. 3. A two-piece bottle mould (Pellatt 1849, 103).
FIG. 4. The Ricketts patent three-piece mould (UK
Patent 4623, 1821).
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neck and shoulders as well as the body of the bottle
(Figure 1e). The Ricketts mould allowed the produc-
tion of bottles of a uniform size, although capacity
would vary slightly as the glass was still gathered by
hand. The Ricketts mould could also be used to
emboss words and symbols on the glass; many 19th-
century bottles were produced with lettering which
usually indicated the contents of the bottle
(Figure 1f). The ‘finish’ (the rim) was still completed
by hand, although in the later 19th century a special
pair of tongs was developed which allowed the
shaping of a uniform finish.

The development of carbonated drinks in the 19th
century stimulated changes in bottle design and
manufacture.19 The Codd bottle was one highly
successful example of a bottle designed to maintain
pressure inside a bottle (Figure 1f). A glass ball (often
referred to as a marble) was introduced into the bottle
during manufacture. Once filled with a carbonated
drink, the pressure kept the marble pressed against the
rim of the bottle and so prevented escape of the gas.

Despite the increased use of moulds, bottle
manufacture through most of the 19th century
required the use of human lung power to inflate the
glass. Human labour was also used to gather the
requisite amount of molten glass and to ‘finish’
the bottle (that is, to complete the neck and mouth).
The later 19th century, however, saw the beginning
of attempts to mechanise the bottle glass industry.
The mechanisation of bottle glass production has
been reported in detail20 and only the key points will
be outlined here. The sequence of mechanisation can

be divided into three main phases: the earliest
machines (c. 1880–1905), the Owens and similar
automatic machines (c. 1905–50) and the IS
machines (c. 1950z).

The second half of the 19th century saw a variety of
patents granted for the manufacture of bottles using
both moulds and compressed air. The best-known of
these patents were those awarded to Howard Ashley
in the 1880s for a ‘press-and-blow’ machine.21 The
glass, which was still gathered by hand, was placed in
a simple hinged mould. A plunger was used to press
the glass and form the neck; the plunger was then
removed and compressed air used to inflate the glass
and form the body (Figure 5). The use of the machine
allowed a single worker to produce 1560 bottles in the
same time that a traditional team of four would
produce 720 bottles.22

The need for the Ashley and similar machines to be
fed the correct amount of glass by hand was a
significant restriction on their effectiveness. Michael
Owens developed an automatic machine in the last
decade of the 19th century which both gathered glass
and formed this into a bottle.23 The Owens machine
had a series of ‘arms’, each with a parison and
finishing mould. As the machine was rotated, each
arm would be dipped into the molten glass and
vacuum suction used to gather the required glass.
The machine was rotated to allow the next arm to
gather glass; while the gathered glass in the first arm
was inflated using compressed air to form the bottle
(Figure 6). Owens machines required no skilled
labour for their operation and could produce 20

FIG. 5. An Ashley Plank bottle-making machine produced for the Science Museum in 1923.
# Science Museum
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bottles per minute (or 10,000 bottles in an eight-hour
shift). Owens machines were widely used in the first
half of the 20th century, although broadly similar
machines (often smaller and cheaper) were developed.24

Many of these machines employed a gob feeder
which could accurately gather the exact quantity of
glass required and deliver it to the forming
machine.25 Machine-made bottles had uniform
finishes that encouraged changes in bottle closure.
The two developments that had most impact on the
manufacture and use of bottles were the crown cap
and screw top. The crown was patented in 1892 and
comprised a metal disk with crimped edges which
could be pushed round the bead rim of the bottle.
The screw-top closure started in the late 19th
century with a thread moulded on the inside of the
neck and a corresponding threaded ‘cork’, but in the
20th century the external thread and a correspond-
ing metal ‘cap’ became the most widely used bottle
closure.

The third development in the mechanisation of
glass bottle production was the IS machine which
was first patented in 1932 and came to dominate the
industry from the 1950s onwards.26 IS machines
employed gob feeders to gather the glass and the
basic forming techniques remained the same: parison
and finishing moulds and compressed air. It was the
arrangement of the IS machine that was radically
different — the arms did not rotate and each pair of
moulds operated independently. This arrangement
allowed more intense use of each pair of moulds and
enabled individual moulds to be serviced while the
others continued to operate.

BOTTLE DEVELOPMENT: RAW MATERIALS AND

GLASS COMPOSITION

Glass bottles have mostly been made using fairly
simple raw materials in order to keep production

costs as low as possible. The principle ingredient for
ordinary bottles has always been sand which is rich
in silica (SiO2). Silica has a very high melting
temperature, however, and so glassmakers have
always added fluxes to lower the melting tempera-
ture. Commonly used fluxes have contained one or
both of the alkalis, sodium (Na) and potassium (K).
Alkalis have almost always been more expensive
than sand, and so bottle makers have used them
sparingly. A glass can be made with just silica and
alkali, however, it will not be durable; it will quickly
begin to corrode. The addition of a range of elements
(almost any divalent element but especially calcium,
Ca) will stabilise the glass and make it durable. The
role of glass stabilisers was not well understood by
early glassmakers, however, the sands and fluxes
used were often impure and contained sufficient
calcium to yield a stable glass.

Considered from the point of view of the raw
materials used, the manufacture of glass bottles can
be divided into four chronological phases. These four
phases have been identified by considering both the
available documentary evidence as well as modern
scientific analyses of historic bottle glass (Table 1).
Each source has its own limitations. The documen-
tary sources provide varying degrees of detail and
this is most sparse for the early phases. Many of the
documentary sources replicate each other in ways
that say more about contemporary attitudes to
intellectual property rights than they do about
industrial practice. The scientific analyses show the
final composition of the glass but cannot always
identify all of the raw materials (Figures 7–16).
Nevertheless, the two sources compliment each
other; in some cases the true significance of one
source only became apparent when compared with
the other source. In most cases the chronological
phases have been identified through the chemical
composition of bottle glass, but the interpretation
has been enriched by a consideration of the
documentary evidence.

FIG. 6. An Owens bottle-making machine with its
inventor.
# Owens-Illinois

TABLE 1. SOURCES OF CHEMICAL ANALYSIS OF BOTTLE

GLASS

Site Date

Kimmeridge, Dorset27 1618–23

Haughton Green, Manchester28 1616–53

Silkstone, South Yorkshire29 c.1660–c.1700

Vauxhall, London30 1663–1704

St Thomas Street, Bristol31 c. 1712–c. 1774

Limekiln Lane, Bristol32 c. 1700–c. 1830

Cheese Lane, Bristol33 c. 1700–c. 1800

Bedminster, Bristol34 c. 1750–c. 1820

Nailsea, Somerset35 1788–c. 1850

Portwall Lane, Bristol36 1788–c. 1820

Hightown, West Yorkshire37 c. 1850–c. 1985
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PHASE 1 (c. 1630–c. 1700)

The first phase covers the period from the initial
invention of the English bottle to the end of the 17th
century during which the main flux in bottle glass
was terrestrial plant ash. The glass is a high-lime
low-alkali (HLLA) glass and has the same chemical
composition as glass used to manufacture some
tablewares38 and most windows.39 The low alumi-
nium (Figure 9), high phosphorus (Figure 11) and
relatively low iron (Figure 15) content of early 17th-
century bottles suggests that these were made simply
with sand and plant ash. Medieval and early post-
medieval sources that describe the manufacture of
the most utilitarian classes of glass frequently
mention the addition of plant ashes to sand.40 The
plants used were those readily available in forests; in
particular bracken and trees, with most later sources
stressing the use of trees. The calcium content of the
glass (Figure 13) is likely to have been provided
almost entirely from the plant ashes used. The shift

from forested regions to the coalfields at the
beginning of the 17th century would have reduced
access to traditional plant ashes. The early (1615–20)
coal-fired furnace at Wollaton, Nottinghamshire,
was reported to have made use of elm, fern and
‘straw’ from legumes.41 Christopher Merrett’s 1662
translation of Neri’s Art of Glassmaking contains an
extended commentary in which he states that, ‘for
green-glasses in England, they buy all sorts of ashes
confused with one another […] but the best and
strongest of all English ashes, are made of the
common way thistle’.42 Merrett goes on to list an
almost bewildering array of suitable plant ashes
which includes hops, bramble, hawthorn and even
tobacco. While not explicitly mentioning bottle
production, it seems likely that this green glass
would have been used to make bottles. The iron
content of this glass was sufficiently high to ensure
that it was all green in colour, however, this was
consistent with the use of these bottles for the storage
of wine and beer.

PHASE 2 (c. 1700–c. 1845)

The second phase of bottle glass covers the 18th
century and the first half of the 19th century. The

FIG. 7. Chronological changes in sodium concentra-
tion in English bottle glass (sources: see Table 1). The
increase in sodium from the mid-19th century reflects the
use of synthetic soda. The horizontal error bars indicate the
dating uncertainty (largely based on archaeological context
dates). The vertical error bars indicate the variation in
chemical composition for each site and/or phase of
production.

FIG. 8. Chronological changes in magnesium concen-
tration in English bottle glass (sources: see Table 1). The
low magnesium concentration in recent glass reflects the
switch to relatively recent pure raw materials.

FIG. 9. Chronological changes in aluminium concen-
tration in English bottle concentration in English bottle
glass (sources: see Table 1). The low aluminium concentra-
tion in recent glass reflects the switch to relatively pure raw
materials.

FIG. 10. Chronological changes in silicon concentra-
tion in English bottle glass (sources: see Table 1).
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year 1845 has been selected as a convenient (although
approximate) end date, as this was the year that the
Excise regulations were repealed. The glass of phase 2
shows many similarities with that of phase 1: it is still
essentially a HLLA glass, however, the concentration
of a number of elements show progressive changes
which indicate significant changes in the raw materials
used.

Through the 18th century a number of the elements
(aluminium, phosphorus, iron and strontium) in the
glass show gradual change. The decline in the
phosphorus concentration (Figure 11) is most easily
explained as a result of the gradual reduction of the
proportion of fresh plant ash.43 Plant ashes were still
utilised in glassmaking during the 18th century, but
increasingly it was the leached ashes (rich in calcium)
that were used. Rees’s Cyclopaedia describes common
green bottle glass as being made ‘almost entirely of
sand, lime, and sometimes clay, alkaline ashes of any
kind, as cheapness or convenience direct, and more
especially of kelp in this country […] [to which] is
sometimes added the earth remaining from saline
ashes, after the alkali and salts have been extracted by
lixiviation, and in England slags from iron furnaces’.44

While the decline in phosphorus appears to show a
decline in the use of traditional plant ashes, the
steady increase in strontium (Figure 16) probably
reflects the increased use of kelp. Kelp is mentioned
by many of the 18th- and 19th-century sources
discussed above and it is known to be rich in
strontium.45 Recent research into strontium in
historic glass has focused on the identification of
strontium in window glass and the confirmation of
kelp as the source of the strontium.46 The strontium
content of 18th-century window glass (0.3–0.6wt%
SrO) is significantly higher than contemporary bottle
glass. This suggests that smaller proportions of kelp
were used in bottle glass compared to window glass.
This is supported by the written evidence which often
refers to the use of two parts kelp to one part sand
for window glass.47 Very few contemporary bottle
glass recipes are quantified but it would seem that
kelp was often only one fifth of the batch.48

The rise in aluminium (Figure 9) could reflect
changes to cheaper (darker) sands, increased use of
blast furnace slag and/or the addition of clay, bricks or
suitable rocks. The relatively substantial increase in
iron (Figure 15) is unlikely to be due to the use of blast
furnace slag as such slags at this time typically
contained only a few wt% of iron.49 Boswell provides
data on the composition of sands used in the bottle
industry during the early 20th century; however, none

FIG. 11. Chronological changes in phosphorus con-
centration in English bottle glass (sources: see Table 1).
The low phosphorus concentration of recent glass reflects
the switch away from plant-based alkalis.

FIG. 12. Chronological changes in potassium concen-
tration in English bottle glass (sources: see Table 1). The
high potassium content of early glass reflects the use of
terrestrial plant ashes.

FIG. 13. Chronological changes in calcium concentra-
tion in English bottle glass (sources: see Table 1).

FIG. 14. Chronological changes in titanium concentra-
tion in English bottle glass (sources: see Table 1).

THREE AND A HALF CENTURIES OF BOTTLE MANUFACTURE 43



of these contain enough iron to give rise to the iron
concentrations seen by the end of the 18th century.50

There is a correlation between aluminium and iron
content, which could reflect the use of increased
quantities of clay and/or brick.

While the change in aluminium, phosphorus, iron
and strontium content of the glass can be linked to the
limited documentary sources, the chemical analysis of
samples of bottle glass and glassworking debris from
dated archaeological contexts shows how glassmakers
progressively changed their raw materials. The most
striking aspect of the changes at this time are the fact
that the major components (silicon and calcium) show
virtually no change while a range of minor and trace
elements either increase or decrease. The changes in
composition are certainly due to a complete change in
all materials, except sand; however these changes
were achieved gradually and without making exces-
sive changes in the overall character of the glass.
Between 1700 and 1800 the iron content rose from
1.8 to 2.4wt% Fe2O3, that is, 0.006wt% per year.
Change at such a pace would be imperceptible at the
scale of a single working lifetime. The most attractive
explanation for this continuous but gradual change is
that glassmakers were constantly exploring the limits
of their glass. They had a range of ingredients
available and probably inherited a standard recipe
from earlier glassworkers. Initially, glassworkers
probably added small amounts of a new material,
for example soapmakers’ waste. They would have
judged the use of the new material against the physical
properties of the glass rather than its chemical
composition. If the glass could be easily melted and,
once molten, could be inflated and keep the required
shape, then it would be judged successful. An
additional consideration would probably have been
the durability of the finished glass. Economic con-
siderations provided the motive force to use, as much
as possible, cheaper ingredients.51 The data outlined
above is consistent with a workforce that was attuned
to its basic medium and prepared to explore its
material limits through trial and error.

The raw materials used in bottle glass manufacture
were also affected by the taxation on glass.52 One
witness to the 1835 Commissioners of Excise reports
being prosecuted for using a particular raw material,
while others reported that they avoided the use of a
range of materials ‘solely by the dread of the
construction which might be put upon a doubtful
clause of an excise statute’.53 Nevertheless, a casual
examination of early 19th-century bottles shows that
a small proportion is very pale green. Contemporary
sources provide little information on the materials
used for the manufacture of pale green bottles before
1845. The Excise laws prevented the use of fine
materials in order to maintain a distinction between
common bottle glass and flint glass (used for
pharmaceutical phials and the like) as these were
taxed at very different rates. Cookson implies that he
was producing some pale bottles using cullet (waste
glass) from window glass manufacture but that he
had been prosecuted for it.54

PHASE 3 (c. 1845–c. 1918)

The bottle glass of phase 3 is some of the most
chemically varied, but there are few detailed doc-
umentary sources for its manufacture and relatively
few samples of glass of this period have been analysed.
The repeal of the Excise Laws in 1845 had freed the
bottle industry from the requirement to use only the
coarsest materials. Glassmakers were free to choose
any materials which suited their purposes. The bottle
glass of this period tends to fall into one of two types:
a dark green or brown HLLA glass which continues
the tradition of phase 2 HLLA glass, and a pale green
soda-lime-silica (SLS) glass which shows some simila-
rities with contemporary window glass. Both types of
glass contain little or no phosphorus, potassium or
strontium which indicates very little use of plant ashes
(terrestrial or marine). The HLLA glass contains
increased levels of sodium (but very low levels of
potassium) compared to phase 2, suggesting that it
was fluxed with a small proportion of Leblanc soda.

FIG. 15. Chronological changes in iron concentration
in English bottle glass (sources: see Table 1). The low iron
content of recent glass reflects the switch to relatively pure
materials and the desire for colourless bottles.

FIG. 16. Chronological changes in strontium concen-
tration in English bottle Glass (sources: see Table 1). The
higher strontium content of 18th-century glass is probably
due to the use of seaweed ash (kelp).
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The SLS glass has a much lower iron content than the
HLLA glass and was probably made using better
quality raw materials, including low-iron sands. These
materials were considerably more expensive and their
use was restricted to the manufacture of a limited
range of bottles, in particular the emerging range of
bottles designed to hold carbonated drinks. While the
dark green or brown colour of conventional HLLA
glass (due to its high iron content) was beneficial for
the storage of many alcoholic drinks, the new
carbonated drinks industry had new requirements.55

These drinks were commonly flavoured and coloured
with fruit juices; the marketing of these drinks made
use of their colours and so the colour had to be visible
to the customer. This visibility was only possible
where the glass was not strongly coloured. The change
to purer but more expensive ingredients was aligned,
therefore, to an increased appreciation of the con-
sumer, their preferences and their willingness to pay a
premium.

PHASE 4 (c. 1918 onwards)

The final phase covers the period since the glass
bottle industry mechanised. The chemical analysis of
glass bottle manufactured since mechanisation shows
that all are SLS glass and mostly with very low iron
contents which would result in a colourless glass.56

The impact of mechanisation on the sorts of
materials used in the industry is well known from
documentary sources.57 The most important con-
sideration in making glass is its viscosity: it must be
sufficiently fluid during gathering and inflating to
produce the desired shape, but must become suffi-
ciently solid on cooling to retain this shape. The
viscosity of glass changes dramatically with tempera-
ture; it becomes increasingly fluid at high tempera-
tures. The viscosity at any given temperature is
determined primarily by the composition of the glass.

In general, increasing the proportion of alkali and
other fluxes will make a glass more fluid at any given
temperature. When bottles were formed using lung
power alone, the glass viscosity was a relatively
unimportant consideration. The human factor in
glass forming was a boon where many of the raw
materials were recycled. The variable nature of the
raw materials meant that the glass could behave in
slightly different ways on different days of the week.
The individual skilled worker could, however, adapt
themselves to the inevitable variations in the
behaviour of the molten glass. The development of
mechanical forming inevitably brought a need for
glass with different heat-viscosity properties. Early
machines, such as the Ashley plank, could be
operated using glass of essentially the same character
as that made using lung power alone; however, later
machines, in particular the Owens machine required
glass which would set more slowly.58 It was quickly
found that the most suitable glass composition was a
soda-lime-silica glass. Typically this would contain
17wt% soda (Na2O), 9% lime (CaO) and 73% silica
(SiO2), with the balance (1%) largely provided by
alumina (Al2O3). Subsequent developments are
difficult to trace through the analysis of archaeolo-
gical samples due to the rather imprecise nature of
context dating. Nevertheless, data on 20th-century
bottle glass can be found which suggests that, since
mechanisation the proportion of silica has remained
unchanged, while lime has been slightly increased
and soda decreased (Figure 17).59

Some green glass was produced with elevated
levels of iron, although it is not certain whether this
was deliberately added as a distinct colourant or
simply made use of cheaper (darker) sands. Smrček60

identified the deliberate use of chromium in place of
iron to produce green glass from the 1960s.61 It is
likely that, as bottle-making factories became larger,
it was cheaper to secure a single source of low-iron

FIG. 17. Documented changes in the composition of UK-produced bottle glass in the 20th century.
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sand to be used for all bottles but deliberately add
suitable colorants (such as chromium) to particular
batches depending on customer requirements.

BOTTLE-MAKING ECONOMICS

There is limited data available on the quantities of
bottle produced in England over the last three
centuries. For almost the first century of production
there is no indication of the rate of production.
Houghton’s 1695 Essays reveal that some 40 glass-
houses were engaged in bottle manufacture with an
annual output of 240,000 dozens, or 2.88 million
bottles.62 For most of the 18th century there are no
reliable sources, however, the records of the Excise
Duty indicate that the period 1775–1835 saw annual
production of 10 to 20 million bottles from virtually
the same number of glasshouses recorded by
Houghton at the end of the 17th century.63 The
mechanisation of the industry saw an incredible leap
in production (Figure 18). In 1913, 280 million
containers (including bottles) were produced each
year and by 1965 this had increased to five billion a
year.64

There is slender evidence for the economic basis of
early bottle manufacture. Angerstein’s description of
glass bottle manufacture in Bristol in 1754 includes
a detailed account with some useful economic
information.65 Nevertheless, a careful analysis of
his figures suggests that they do not tell the whole
story. Angerstein says that each furnace has four
crucibles and that each will hold 1cwt (50.8kg) of
batch (raw materials). He does not say how long it
takes to melt and then work this much glass, but
reference to later practice suggests that this would
take 24–36 hours. In a typical week, therefore, the
glasshouse would melt 16cwt (0.8tonnes) of glass.
Angerstein reports that, for each cwt of glass melted,
a tax of 2s 4d was paid which would give a weekly

tax bill of £1 17s 4d. This glass was used to produce
240 dozen bottles which were sold for 20d per dozen
giving a weekly income of £20. The production of
240 dozen bottles by four teams in a week seems low
compared to William Powell’s suggestion that one
team could produce 60 dozens in a day.66 The
manufacture of 240 dozen bottles from 0.8t of glass
would produce bottles with an average weight of
0.25kg which is very low compared to typical bottles
of the period which weigh 1kg.67

Angerstein provides information on the labour
employed including their rates of pay from which it
can be seen that each crucible was worked by a team
of five. Within each team the weekly pay varied from
4s to 25s per man and the total weekly wage bill was
£14 8s 0d. Labour costs thus appear to have
represented almost three-quarters of the value of the
bottles produced. The only further information
provided on the costs of the raw materials used is
the coal which was consumed at a rate of 1.5–2 tons
per day and cost 7d per sack (of three bushels). The
weekly fuel bill can therefore be estimated between £2
8s 7d and £3 5s 4d. The identified weekly expenditure
therefore amounted to £18 13s 11d–£20 5s 8d against
an income of £20. Taking these figures at face value
suggests that the raw materials must of necessity have
cost almost nothing, however, it is difficult to see how
the glasshouse described by Angerstein could make
any kind of profit.

SOCIAL ORGANISATION AND STATUS OF

LABOUR IN THE GLASS BOTTLE INDUSTRY

The bottle glass industry has undergone significant
changes in the scale of production and the technol-
ogies employed; these have both had significant
impacts on the social organisation and status of the
workforce. The early post-medieval glass industry
was characterised by an integration of labour and

FIG. 18. Numbers of bottles produced per year.
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capital. What little evidence there is for the
organisation of the medieval industry suggests that
individual glasshouses were largely owned and run
by yeoman farmers.68 It is surmised that, for some at
least, glassmaking was a seasonal activity which was
integrated into the changing activities of the agri-
cultural year. This pattern of what was effectively a
part-time and owner-operated industry appears to
have persisted for at least some glasshouses until at
least the late 17th century. An unnamed glassmaker
failed to appear at the Wakefield Quarter Sessions
because he ‘was at plow’.69 The arrival of French
glassmakers in the 16th century brought men who
regarded themselves as minor nobility, gentil-
shommes verriers.70 Glassmaking families in both
Normandy and Lorraine had been granted wide-
ranging privileges during the medieval period. The
independence of these men is well illustrated by a
dispute between a family of Norman glassmakers
and English glassmakers. The Frenchmen had been
invited to England by Jean Carré who had been
granted a patent for glassmaking in 1567.71 One of
the conditions imposed on Carré was that he must
ensure the training of English workers. Unfortunately,
the contract between Carré and the Frenchmen did
not bind them to provide this training. When a party
of Englishmen arrived at the glasshouse of Peter and
John Bungar, a fight ensued in which one of the
Bungars used a blowing iron with ‘hotte glass metal
apon yt’ as a weapon.72 The independent spirit of
many glassmakers continued into the 18th century:

Yesterday a press gang went into the glass-
house in White Fryars to press some of the men
at work there, but they were no sooner got in
but the (molten) metal was flung about ’em,
and happy was he that could get out first, and
in hurrying out they ran over their officer, who
was almost scalded to death.73

The financial rewards of glassmaking appear to have
been considerable. Although the French glassmakers
who arrived in England in the late 16th century
sometimes pleaded poverty, ‘they were poor only in
comparison with rich merchants or the gentry on
whose estates they settled’.74 The glassworkers’ pay
reflected their skill and status: in the mid-18th
century the glassworking chair would be headed by
a man who would earn up to 25s per week,75

compared to craftsmen in the building trade who
would typically earn 12s per week.76 Angerstein’s
figures for a Bristol glasshouse suggest that labour
was the single most expensive item in the manufac-
ture of bottle glass. As a group, glassworkers
maintained a position in society somewhat ahead of
most industrial workers. In 1738 a parade was held
in Bristol of representatives of most trades in honour
of a visit by the Prince and Princess of Wales. The
glass makers ‘went first dressed in white Holland

shirts, on horseback, some with swords, others with
crowns and sceptres in their hands made of glass’.77

A shift in the status and labour relations of
glassworkers may have begun as early as the
beginning of the 18th century. Seventeenth-century
glasshouses were established, owned and worked by
an individual or family.78 Many of the glassworkers
can be identified by their surnames as descendants of
the French glassmakers who emigrated to England in
the late 16th century. These men were often acutely
aware of their gentilshommes verriers lineage, and
most 17th-century glasshouses were owned by men
who took apprentices. This practice continued at
some glasshouses into the 18th century; however,
new glasshouses tended to be established by partner-
ships which often included no more than one actual
glassmaker. The Hoopers glasshouse on Avon Street,
Bristol, was set up in 1720 by a partnership which
included one glassmaker, one glasshouse pot maker,
a barber surgeon, an innkeeper, a maltster, two
marines, a soapboiler, a sugar baker, three merchants
and five hoopers.79 Some of the partners probably
regarded glassmaking as complimentary to their
existing business interests either something they
produced could be used in a glasshouse, or vice
versa — vertical integration.

The interest of soapmakers in several Bristol
glasshouses80 is unlikely to be a coincidence.
Indeed, 17th-century regulations in Bristol prevented
soapmakers from disposing of their waste in the
river, but glasshouses provided the opportunity to
dispose of their waste at a profit. Another important
group of investors were those with existing commit-
ments in the manufacture and sale of alcoholic
drinks. Such investors had an interest in seeking
preferential terms for the bottles that were increas-
ingly used for the storage and transport of a range of
beverages. Nevertheless, some of the new investors in
the glass industry approached their ventures from a
purely capitalistic point of view with little direct
interest in the working of the glasshouse or the fate
of its products. The change in the background and
interests of the owners of glasshouses can perhaps be
linked to technological changes in glass manufacture.
By the end of the 17th century the large conical
buildings used to contain glass furnaces were
becoming increasingly popular.81 These large build-
ings would have required considerably more capital
expenditure compared to earlier glasshouses.

The 18th-century influx of investors and owners
who were not themselves skilled in glass manufacture
can be identified from contemporary records, such as
court cases, sales, and so on.82 Less information is
available on the relationship between the new breed
of owners and those who laboured in the glass-
houses, although written sources do provide a few
hints. In 1743 the Newcastle Journal advertised the
sale of a glasshouse ‘with a complete set of tools and
workmen’.83 While there can be no suggestion that
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workers were legally tied to this particular glass-
house, the advert indicates that a change of owner-
ship was divorced from a change of workforce. An
example of poor relations between owners and
workers can be seen in the prosecution of James
Watkins in 1752. Felix Farley’s Bristol Journal of 15
August reports that Watkins, who had worked at
Thomas Warren’s glasshouse in St Thomas Street,
was arrested for the theft of a brass bottle mould;
however, in the same newspaper (16 September) it
was reported that Watkins was acquitted.84

Glassworkers may have shifted from owner-work-
ers to wage-labourers, but they maintained a degree
of control of their own work and workplace that is
seen in few other industries. It was common for
manufacture to be measured and rewarded by the
team rather than the individual. Powell described
bottles as made by a ‘a set of hands’ or team of five
comprising a ‘gatherer’, a ‘blower’, a ‘wetter off’, a
‘workman’, and a ‘boy’.85 It was usual for the team
to be required to produce a specific number of bottles
within a shift, and they were paid for these bottles
rather than the time it took them to produce them.
More bottles could often be made if there was time
and glass available and these would be paid at an
additional rate. In some cases the senior man in the
team was given the entire sum of money due and he
then decided how it should be subdivided between
the different members of the team. Recruitment
within the workforce was limited to sons of
glassworkers and required the completion of long
apprenticeships. The power of the glassworkers can
be seen in the comment made by one 19th-century
glasshouse owner following the repeal of the excise
Laws, ‘we have exchanged the excise for a much
severer taskmaster, videlicet, our own men’.86 Such
sentiments no doubt helped push owners to form
trade associations. Indeed, the Glass Bottle
Manufacturers of Yorkshire Trade Association was
formed to ‘unite ourselves together for our common
good and the benefit of the trade generally; to
withstand the aggression of our men’.87 The work-
force were opposed to the mechanisation of their
industry and it has been argued that ‘the failure of
the Ashley Machine Company was largely due to
union opposition’.88 Mechanisation may have been
attractive to owners as a way of reducing costs,89

however, the draw of de-skilling the workers, and so
reducing their power, should not be underestimated.

CONCLUSIONS

The so-called English bottle comprised a robust
vessel with a narrow neck. This contrasted with
earlier bottles and allowed the storage and transport
of liquids, especially alcoholic drinks. The English
bottle was quickly adopted and its production helped
England to dominate the glass industry for centuries
afterwards.

The bottles themselves as well as the raw materials
and technologies used in their manufacture and the
organisation of the workers who made them have all
undergone extensive change in the centuries since the
English bottle first made its appearance. Early bottles
were made simply using sand and plant ashes. They
were generally made in small glasshouses by men
who owned and worked in the glasshouses. The
bottles themselves were entirely produced using lung
power and fabricated by hand with simple tools. The
18th century saw gradual changes in both the
relationship between the workers and their products
and in the nature of the products themselves.
Increasingly, the glasshouses were larger and more
heavily capitalised with more separation of owners
and workforce. The recipes used to make the glass
gradually became more ‘industrial’ with ever-increas-
ing proportions of low-value materials, especially
waste materials from other industries. The bottles
were still shaped using human lung power, but
increasing use was made of moulds to produce
standardised shapes and sizes of bottle. Although the
workforce no longer owned the plant and premises,
it remained one of the most powerful and autono-
mous industrial groups.

The mechanisation of the bottle glass production
that took place at the beginning of the 20th century
saw far-reaching changes to the industry. While
mechanisation allowed an increase in the production
of bottles, it is also possible to view mechanisation as
a strategy employed by capitalists to de-skill and de-
power their workforce. Despite the gradual erosion
of the status of glassworkers, in the 19th century
glassblowers were still well paid and well organised.
The labour costs formed a relatively high proportion
of the overall production costs for most types of glass
product. Machines offered the possibility of remov-
ing the reliance on a workforce that was often
viewed as difficult. Contemporary cost analysis
shows that machine-made bottles could be made
more cheaply than mouth-blown ones, however,
although savings were made in labour costs, material
costs actually rose. The machines were not able to
deal effectively with the traditional high-lime low-
alkali (HLLA) glass that was used in the production
of mouth-blown bottles. The only glass that would
work with the machines was a soda-lime silica glass
made using relatively pure and expensive ingredients.
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