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 British industrial and economic pre-eminence during Industrial Revolution was 

over, at least partially, in the late nineteenth century. The reasons of this, often called 

controversially British climacteric, underlined in the literature are many. Mokyr has 

pointed out that the United Kingdom was defined by a highly skilled stock of human 

capital which was able to translate ideas from home or abroad (the papermaking case) to 

innovations that could have commercial use. These “Glorious Times”, the United 

Kingdom was world’s leader in technological matters1. The falling behind process from 

late nineteenth century has a complex explanation with multiple factors to be accounted 

(economic and business structure of the British economy, markets, education, etc.) and it 

has been the origin of a controversy. Literature underlines the British technological lead at 

least up to the 1860s. Kison and Michie have called the period between 1870 and 1913 as 

“the age of maturity” and “the age of uncertainty” that between wars2. Tom Nicholas has 

underlined how some factors were inevitable, such as the characteristics of the advancing 

countries with larger markets, but other are directly linked with structural factors “such as 

the lack of competition in product markets and the relative absence of creative destruction 

as disciplinary mechanisms to promote the efficiency of firms”3. 

 British papermaking engineering was the main supplier of machines in the World 

markets during an important part of the nineteenth century. Besides that, the domestic 

market was really huge and in continuous expansion for decades, mainly linked with more 

standardized types of paper (newsprint). British workshops began to lose ground in the late 

nineteenth century. Global markets were increasingly supplied by US and German works. 

The main reasons of that were the stagnation of the British papermaking industry. Lost the 

domestic market dynamism, the exports fell down, but not completely. From this point of 

view, papermaking engineering is a good example of the British industrial decline. 

However, this scenario fits with the explanation by Saul, according to whom the British 

engineering industry had a performance which cannot be described as a poor as a whole4. 

 

 

I. The diffusion and maturity of continuous papermaking machine and the evolution 

of papermaking industry 

                                                
1 MacLeod; Nuvolari (2009). 
2 Kitson; Michie (2014), pp. 304-310. 
3 Nicholas (2014), p. 182. 
4 Saul (1968). 
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The growth in ‘traditional’ papermaking was only possible by multiplying 

productive units (the so-called “vats”) and/or by increasing the workload of paper mill 

labour. Both strategies guaranteed a sizeable increase in paper supply during the second 

half of the eighteenth century. In the British case, the number of mills grew from 100 at 

the end of the seventeenth century to 400 a hundred years later. However, the constant 

stimulation of the demand only served to highlight handmade paper had reached maturity 

in its life cycle. The answer to these restrictions and the symbol of the new era in 

papermaking industry was the continuous papermaking machine. The new device is a good 

example of the gradualist perspective of technological change. The first prototype is dated 

in 1798 in France, while it first came into commercial use in 1804 in the United Kingdom. 

There was developed by Bryan Donkin and funded by the Fourdrinier family, who were to 

give the machine its name. During the 1820s and the 1830s, the machine underwent a 

continuous process of improvement. The drying, glazing, and cutting sections were added 

to the original processes of papermaking, thus ensuring that the machine was conceptually 

complete. From that date forth, continuous papermaking showed its obvious superiority 

and established itself as ‘a revolutionary device’’5.  

The Englishman, Joseph Bramah invented a second mechanical device for making 

paper between 1797 and 1805. This was later developed and patented by John Dickinson 

in 18096. At the heart of the machine was a perforated metallic cylinder, which gave it its 

name. Dickinson’s cylinder or round machine (its name contrasting with that given to the 

Fourdrinier in some countries, i.e., the flat machine) also underwent improvements until 

1830. 

The diffusion of the continuous machine in the United Kingdom remained largely 

restricted until the mid-1820s7, but after that date, the situation changed8 with the number 

of machines rising from 42 in 1822 to 279 in 1837 -see table 1-. In the decades that 

followed the diffusion process slowed somewhat: in 1851 a total of 380 machines had been 

installed and in 1873 the number had risen to 471. 

 

Table 1 Papermaking machines in the United 
Kingdom 

                                                
5 Mokyr (1990), p. 107. 
6 Clapperton (1967), p. 65; Evans (1955); Hills (1992). 
7 A. Dykes Spicer reported ‘In the early period of the nineteenth century the use of machinery for making 
paper increased but slowly’ (Spicer (1907), p. 63). 
8 Shorter (1971), p. 31; Coleman (1958), p. 195. 
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1804 3 
1822 42 
1837 279 
1851 380 
1862 413 
1871 456 
1873 471 

Source: 1804: qualitative data; 1822 and 1837: 
Report (1837), p. 37; 1851: Travaux (1854), pp. 99-
106; 1862: Sabbatini (1990), p. 347; 1873: Font 
Matheu (1881), p. 87 (data coming from Annuaire 
de la fabrication du papier 1874-1875 published by 
A. Rudel). 

 

The international diffusion of the papermaking machine took place between 1810 

and 1840 (see Graph 1), especially from 1825 onwards, so that by 1840 the continuous 

papermaking had achieved a considerable maturity in countries such as France, Belgium, 

and Germany. Nevertheless, its diffusion to the European periphery was quite late. The 

machine did not reach Italy, Spain, the Scandinavian countries or Russia until the late 

1830s and the 1840s (see Map 1). The process of mechanization, moreover, in these 

peripheral countries did not advance at any great pace. The first non-European countries to 

take the lead in continuous papermaking were the United States and Japan. In the US, 

growth during the 1860s and 1870s was extraordinary, centred primarily on the cylinder 

machine (70% of all machines in 1884), while the development of the modern Japanese 

papermaking industry began in 1870. 
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 The growth of mechanical papermaking continued apace between 1880 and the 

outbreak of World War I. In this process of expansion newsprint played a central role. Two 

aspects should highlight in this period: the continuous growth in quantitative and 

qualitative terms of the machines and the progressive integration of paper and pulp. 
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 Papermaking sector was characterised by the increasing number of machines in 

operation and their growing productivity. Improvements were constant from the end of the 

nineteenth century and during the early part of the twentieth century. Clapperton 

characterized the period as being one of the standardization of the continuous machine9. 

However, the technological changes being introduced did not only affect new machinery; 

indeed, the nature of the machines allowed these innovations to be incorporated in those 

that had previously been in operation10. This rejuvenation of machinery meant its 

productive life could be extended, at a time when the path to obsolescence was growing 

shorter11. In those years, improvements also affected the pulp preparation process. The 

machines became both wider and faster: thus, machine width doubled between 1870 and 

1910, while newsprint machines quadrupled theirs and speeds underwent similar 

improvements12. Average machine production in the United States between 1904 and 1929 

doubled on the Fourdrinier machines and quadrupled on the cylinder machines13. 

Increasing productivity led to greater specialization and so machines began to be 

developed for making specific types of paper. The British machines lose ground compared 

with the US ones, passing those from an average of 1.64 in 1870 to 2.10 in 1914 

meanwhile the latter were in the same years 1.50 and 2.2514. 

 The Great War, however, marked the real turning point in this growth cycle with 

raw material supplies and the commercialization of paper proving the main stumbling 

blocks. Between 1880 and 1914 development became focused on those countries with 

wood pulp outputs (Norway, Sweden, Germany, and the United States). This path only 

increased in the following years. The wood-pulp importing nations of the United 

Kingdom, Belgium, France, Italy, and Spain became heavily dependent on the 

international pulp market and their position was increasingly weakened by the strategy 

adopted by the big firms with integrating pulp and paper production. Using the number of 

machines as a reference, the main papermaking centres were in the United States, 

Germany, the United Kingdom, and France. The width of the machines ratified the 
                                                
9 Clapperton (1967), p. 236. 
10 Avy J. Cohen writes ‘most older machines, however, could and did have various sections rebuilt to 
incorporate the relevant technological changes’ (Cohen (1984), p. 784). 
11 Stevenson reports that machines were obsolete in 15 years (Stevenson (1940), p. 82). 
12  The output of a Fourdrinier machine in the United States increased from 76.2 metres per minute in 1887,  
to 213.4 m in 1911 and to 365.8 m in 1931 (Cohen (1984), p. 780). The German machines specialised on 
newsprint increased its average width and capacity from 1.5 metres and 3,000-4,000 (krgs/day) in 1872 to 
3.5 and 40,000 in 1914; and 5.6-6 and 120,000-140,000 (Die deutsche Zellstoff, Holzschliff, Papier und 
Pappenindustrie, E.S. Mittler & Sohn, Berlín 1931, p. 79). 
13 Jerome (1934), p. 90. 
14 Magee (1997), p. 201. 
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previous ranking, introducing the growing role developed by paper export countries. In 

1908, the widest machines were in the United States (2.33 metres of average), United 

Kingdom (2.02 metres), Germany (1.7115), and France (1.68). But actually, the countries 

with more productive machines were the Scandinavian ones (Norway 2.28; Sweden 2.1, 

and Finland, slightly less, Finland, 1.97)16. 

 

II. The pioneers of continuous papermaking machines 

 During the early times of the mechanisation process lived together two different 

kinds of paper machines builders: more or less specialised workshops and papermakers 

who built their own machines. The last ones began to decline due the growing complexity. 

Another interesting point is how different technological lines lived together during this 

period (in France, Germany, and the United Kingdom). This paper is focused on the 

technological line which finally was completely successful. That one opened by Louis 

Robert in 1798 and developed by Bryan Donkin (and also that one opened by Dickinson). 

Modern papermaking engineering proved that there were clear continuities between 

traditional millwright and similar jobs (iron-producing firms) and modern workshops. 

Many of the founders of the first papermaking workshops, which built modern machines, 

had strong links with handmade paper. 

 

 

II.1 Bryan Donkin: the real pioneer 

 The first continuous papermaking machine is dated in 1798 and built by the 

Frenchman Nicolas Louis Robert, who worked as a labor supervisor at the Essones paper 

mill, one of the biggest of France17. The machine was patented for 15 years on the 18 

January 1799. The new device was of a great mechanical simplicity. Proofs of that were its 

hand operation with a handle and its narrow width. The pulp, made by ground rag, felt 

over a moving metallic wire, forming a continuous sheet of paper. As a result of this, the 

machine was called “continuous”. The aim of this rudimentary machine was to mechanize 

the work of the vatman and the coucher, the two most specialised workers of the mill. 

Robert, after a legal action with Léger Didot involving the property of the patent, left 

                                                
15 This average was diminished by the great number of machines 777 and many of them of narrow width.  
16 The data should be considered as being solely indicative. The comparison of this source with national 
sources points to certain deficiencies (Krawany (1910), p. 238). 
 17 Essonnes mill had ten vats and six cylinders. It has been bought by the printer Pierre François Didot in 
1789, transferring later the management to his son Léger (André (1996), p. 82). 
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Essones and he set up a factory close to Rouen. Lack of capital and of skills in the working 

force, and also the simplicity of the machine brought him to failure. Robert, pressed by the 

circumstances, sold the patent to Didot. Soon later, Léger Didot stopped paying Robert. 

The conflict reached court18. Robert recovered the patent in 1810, nevertheless a new 

financial setback with the setting up of a new factory made him withdrawing from the 

project. By that time, his machine was completely developed in the United Kingdom. 

 The political instability at the Revolutionary France made difficult the 

technological development of Robert’s idea. The most convenient setting to its 

improvement was in the United Kingdom. In this regard, Joel Mokyr identifies the Robert 

machine as a macroinvention, which achieved profitability with the microinventions 

incorporated by British engineers19. In the United Kingdom coincided with the dynamics 

of the Industrial Revolution, the expansion of the papermaking industry and a very skilled 

labour in mechanics. Joel Mokyr points out the British capacity of improving foreign 

technology when he argues «it took its major inventions where it could find them, but 

whatever it borrowed, it improved and refined»20.  John Gamble, the British brother-in-law 

of Didot, publicized the works done in Essones in his home country. His first step was to 

patent the machine in the United Kingdom in 1801 (“Machinery for Making Paper” with 

the number 2487)21. This registration was a pure translation of the previous one by Robert. 

Gamble made contact with Henry and Sealy Fourdrinier, partners of «Bloxam & 

Fourdrinier», firm with business in making and selling paper, who bought a third of the 

rights of the patent. Robert’s prototype and Didot his own were in England to proceed its 

improvement in 1802. The project was to develop the device in the workshop owned by 

John Hall (1755-1836) in Dartford (founded in 1785)22. The machine was in Dartford until 

June 1802. Later, it was assembled at Frogmore Mill, near Two Waters (Hertfordshire), 

owned by the Fourdrinier. That time, Bryan Donkin (1768-1855) began to be involved in 

the project, being in charge of the machine23. Donkin worked as an apprentice in Hall’s 

                                                
18 André (1996), p. 87. 
19 Mokyr (1994), p. 38. 
20 Mokyr (1994), p. 38. 
21 On John Gamble see Cowell (1994) and Cowell (1996). 
22 Hall was trained as a millwright at Portal’s paper mill in Laverstoke (Greenland; Day (2016), p. 22). Hall 
had previous experience in the setting up of hand paper mills in Scotland (Clapperton (1967), p. 302). Some 
other owners of workshops were trained in Hall’s premises: Richard Trevethcick, Humphreys (of 
Humphreys & Tennant) and the Bertram’s. 
23 The agreement between both was dated in 1792. A draft of the agreement says “that hereby covenanted 
promised and agreed to teach and instruct on cause to be taught and instructed the said Bryan Donkin in 
the Art Trades and Mystery of a Millwright in the best and ablest manner he can in the several respective 
Branches which he now carrieth on, in the course of three years, or any shorter period as may be 
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premises between 1792 and 1795. After the expiration of the training period, Donkin set up 

in 1798 a workshop devoted to papermaking moulds for handmade paper. Hall funded this 

new business. Donkin and Hall kept strong business links because their kinship (they were 

married to two sisters). The Fourdrinier brothers decided to set up their own premises to 

develop the machine. Hall “after some desultory experiments” left the project in Donkin’s 

hands24. The works were located in Bermondsey, the manager was Bryan Donkin. The 

new workshop started in April 1803. The mechanical genius by Donkin allowed the 

improvement of the prototype, obtaining a patent the 5 December 1803. The first Donkin’s 

machine was set up in April 1804 in Frogmore Mill. A second one, with bigger size and 

capacity, was assembled in Two Waters in 1805, presented many improvements. These 

changes, and other later ones, were included in a new patent by Gamble and Fourdrinier 

(14 August 1807 with expiring date in 182225). By then, the machine was already known 

as a Fourdrinier as an acknowledgement to its financial backers. 

 The new mechanical device was offered to the market for the first time in 1806. 

Four years later, Donkin had already assembled 16 machines. However, its building, still 

in wood (the first one with a frame in iron was the machine number 28 built, probably, in 

1818), was complex and supposed approximately twelve months of work, already reduced 

to four or five in 1813. The Donkin machines were progressively wider, reaching 1.50 

meters. As a consequence of that, its productivity doubled between 1806 and 181326. Also, 

with the improvement in the machine building, the cost of production was reduced27. It 

also decreased the yearly payment of royalties. These factors allowed a better diffusion of 

the new machines. During those years, Didot’s involvement in the development and 

improvement of the machine was constant; giving him even which characteristics should 

have the machines28. The tensions between both appeared soon, claiming each other for the 

authorship of some of the improvements. 

  The Fourdrinier experienced a troubled financial situation as a result of the 

investments done from 1803 to 1810 to fund the Donkin works (£ 31,830). To that, it was 

                                                                                                                                          
hereafter agreed on” (DRO, D1851, 21. Copy articles of agreement re training of Bryan Donkin as 
millwright (1792)). 
24 Donkin (1912), p. 3. 
 25 Gamble transferred all his rights to the Fourdrinier’s on 19 February 1808 (Report (1837), p. 1). 
 26 Spicer (1907), p. 63. 
 27 The price was fallen from £1,400 of the 1804 model, to £1.250 in 1806, and from £750 and £1,040, 
depending on the width in 1809 (Tillmans (1978), p. 18). According to A. Dykes Spicer, original machine 
was £ 1,400 and in 1813 it was already 1,000 (Spicer (1904), p. 62). 
28 This close relationship can be deduced from the notes by Bryan Donkin (DRO, D5029/1/1 Journal Feb 
1908-Jan 1810). 
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added the setting up of the factory of St. Neots, where they were partners of John Gamble. 

The Fourdrinier, finally, quit this firm as a result of the aforementioned financial problems 

and their part went to Matthew Togwood, their main creditor. Donkin, with the failure of 

their patrons in 1811 achieved full control of the workshop29. The English engineer began 

to use the patent after paying a royalty (among £80 and £200). Finally, the patent was 

limited to a period of seven years, restraining the possibilities of the Fourdrinier’s 

remunerations. However, the patent rights were not paid because of the Fourdrinier’s 

bankruptcy on the 8 November 1810. The former stationer family tried to obtain some 

gains with the patent and it brought a long legal action to keep their rights. 

 The business only began to be relevant from the early 1820’s onwards. The 

machine was complete. Donkin served his fist drying section in 182430. From then 

onwards, the economic expectations increased dramatically. Donkin had already built 133 

machines in 1843 and 179 in 1848.  From 1823 to 1848, it had built 142 machines, with a 

yearly average of seven of them. The year with more built machines was 1828 with 11. 

Donkin’s works achieved the 221 machines in 1862. From then onwards, the growth 

slowed down, reaching the 231 in 1872 –see table 2 and graph 2-. In addition, the 

Bermondsey workshop built drying sections for the papermaking machines (the number 

210 was built in 1872). There is no reference on any new machine after 1872/1873. 

Nevertheless, according to a firm leaflet, “the company seems to have given up most of its 

interest [papermaking] in the subject about 1893”. Donkin still was publishing 

advertisements in papermaking technical journals in the mid-1880s. They were advertised 

such as “constructeurs pour papeteries”.  It was the result of a change of the specialisation 

and the increasing competence. From its early times, Donkin’s was also focused in other 

activities and sectors. How S.B. Saul has argued dealing with engineering industry 

“Complete specialization was still rare”31. Donkin was involved in machines tools, taps, 

dies, steam engines, water wheels, steel pens, cans for food, printing machinery, etc. 

However, Donkin’s family firm was finally focused on gas valves, exhausters, etc. The 

first references on that are dated in 1847. Bermondsey workshop closed in 1902 and the 

firm set up new premises in Chesterfield. 

  

Table 2 Papermaking machines built by 

                                                
29 Clapperton (1967), p. 307. 
30 DRO, D5029, 2/7, Extracts and notes Mr. B.D and Bermondsey Works also on paper machines from 
1803, p. 19. 
31 Saul (1968), p. 186.  
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“Brya Donkin and Co.” (1814-1872)  
1814 13 
1824 38 
1843 133 
1851 191 
1854 197 
1860 216 
1862 221 
1868 229 
1872 231 

Source: 1814,1824,1862: Stone (1862), 
p.368; 1843, 1851, 1854, 1860, 1862, 1868: 
Clapperton (1967), p. 12; p. 167; p. 226; p. 
200; p. 201. 1872: D5.029 8/11, “Paper 
machines” 

 

 
 

 

II.2 First British followers: the power of the industrial district 

 The first to emulate Donkin were other British workshops. Most of them have links 

with Hall or Donkin32. The main examples are “Tidcombe” from Watford; “George and 

William Bertram” and “James Bertram and Son” both from Edinburgh; “Redfern, Bentley 

                                                
32 MacLeod and Nuvolari argued that “The subsequent expansion of the industry was nurtured by an 
intertwined process of apprenticeship networks and employee start-ups” (MacLeod; Nuvolari (2009), p. 
231). 
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& Smith” and “Charles Walmsley & Co, Ltd.”, both from Bury (Lancashire). Scottish, 

Lancashire and London area workshops took advantages of their belonging to 

papermaking districts33. Besides these works, there were many others and engineers less 

specialised who began to build the modern device (John Braithwaite with a workshop in 

Marylebone and focused on locomotives; T. J. Marshall; William Carver Wheatley). 

 The engineering district in the London area was quite important. Besides Donkin’s 

one, there were many workshops which had built papermaking machines. The most 

important and more specialised was that owned by George Tidcombe, who was previously 

trained by Hall and Donkin (sometimes he was called “an assistant of Bryan Donkin”). 

George Tidcombe set up his workshop in Watford in 1827 with the business name of 

“Tidcombe, Strudwick, Brewer and Company”. According to Burt and Mech “Like most 

of the early engineers, Tidcombe did not confine his energies to one branch of engineering 

for if a mill or factory wanted a steam engine or pump he was quite prepared to build 

them”34.  Tidcombe had also an important reputation for dusters, glazing calendars and, 

especially, paper cutting machines35. 

 The Scottish papermaking district, surrounding Edinburgh, became an ideal 

atmosphere for the development of the engineering specialised on it. The Bertram’s had an 

old family tradition in papermaking (their grandfather and father were involved on it in 

Esk mills at Penicuik and Springfield Mill at Polton). William and George Bertram were 

journeymen at Dartford with John Hall36. After this learning period, William established 

his own workshop in 1821 in Sciennes (his brother George joined him soon later). This 

was the origin of “Geo. and Wm. Bertram”. The workshop from Edinburgh had one of its 

more important successes in the International Exhibition of 1862 when it was awarded. 

The Bertram’s had already built 57 machines in 1867, getting the 75 in 188137. The 

Bertram’s also produced all kinds of papermaking auxiliary machinery. James Bertram, the 

youngest brother, set up his own workshop in 1845 after serving his apprenticeship with 

his brothers. He had built up to 20 machines in 1865. Another workshop located in 

Edinburgh with which built papermaking machines was “James Milne and Son”. 

                                                
33 Spicer already highlighted the centrality of “Three districts in the United Kingdom have always formed 
important centres of the paper trade: Kent, Bucks, and Herts, from their proximity to London; 
Lancashire, with Manchester as its market; and Lothian, having Edinburgh as the chief town for 
distribution” (Spicer (1907), p. 173). 
34 Burt; Mech (1945-46), p. 105. 
35 Its participation in the London Exhibitions of 1851 and 1862 was with this kind of machine. 
36 Clapperton (1967), p. 303; Bertrams Limited (1955), p 4. 
37 Bertrams Limited (1955), p. 6 and p. 8. 
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 The axe of the Lancashire papermaking engineering was in Bury, close to 

Manchester. Its origins were later than the Scottish one. “Redfern, Bentley & Smith”, 

founded in 1860, built its first machine in 1865 and it had built the fifth in 1870. After that, 

it was transformed to “Bentley & Jackson”. “Redfern, Smith and Law” was set up in the 

late 1860s, also from the former “Redfern, Bentley & Smith”. “Redfern, Smith and Law” 

counted with an important market in Australia and New Zealand from the early 1870s. 

“Charles Walmsley & Co, Ltd.” was established in 1866 and its first machine was built in 

1879. James Park (of Bury) was operational from the early 1860 and still was working 

mid-1870s. 

 

II.3 Markets of Donkin and of the first British workshops: a leading role 

 The British workshops had an important market in the national one. There were 42 

machines working in 1822 in the United Kingdom but 380 ones in 1851 –see table 1-. The 

most important part of this growth was located in the three previously referred 

papermaking districts. The main British papermaking workshops were a part of them.  

 Donkin, logically, it his first stages covered the whole British market. The national 

market lost weight with the important increase of exports from the early 1830s. Tidcombe 

“was responsible for work, plant and machinery in all the mills in the Watford district and 

much further afield” 38. It should be remembered that Hertfordshire was one of the most 

important British papermaking areas, with some of the pioneering modern paper mills. 

Among the mills supplied by Tidcombe, it is worth to mention Apsley Mill and Croxley 

Mill. 

 The Lancashire was one of the most important papermaking areas. Its growth was 

boosted by the modernization process. The development was extremely fast from 1860 

onwards. Spicer argued “Though there is a greater quantity of paper made in this county 

than any other Great Britain, its history of papermaking cannot as a rule be traced back 

many years. The mills are nearly all of fairly modern development”39. The good supply of 

raw materials (cotton waste) and cheap coal are the main reasons for this intense 

modernization process. It should be remembered that the Lancashire had in the mid- 

nineteenth century the two biggest mills in the United Kingdom: Bridge Hall and 

Farnworth40. 

                                                
38 Burt; Mech (1945-46), p. 105. 
39 Spicer (1907), p. 200. 
40 Shorter (1971), p. 133. 
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 The Scottish workshops had their main market in the regional mills and those 

located in Northern England. According to Alistair G. Thomson “By 1861 the St, 

Catherine’s and Leith Walk works had made machinery for some twenty-one Scottish mills 

and their ‘exports’ also extended into Hall’s and Donkin territory”41. The machines 

working in Scotland in 1825 were 15, 32 in 1832, and 76 in 1860. 

 This growth of modern papermaking gave British works a privileged setting to 

develop economies of scale, adding a comparative advantage to their pioneering condition 

in the new technology. These workshops were leaders in papermaking machines market at 

least until the 1860s. Donkin workshop itself is a good example.  The international sales of 

Donkin machines were quite important, exporting more than the half of them up to 1851 –

see table 3-. The same firm, in a note attached to a list of the machines built up to 1848 

which amounted 179, said: “about 100 of these machines made for foreign countries”. 

The export-orientated business of Donkin was confirmed the following decades. The 

analysis of the complete list of machines built by Donkin from 1804 to 1873 proved that –

see graph 3-. British market amounted only the 36.9% of the total number of machines 

built in Bermondsey. Only France (15.5%) and Germany (20.4%) come to as much as the 

domestic market42. The leading role of Donkin and other British workshops is also proved 

by the analysis of some national markets. For example, the German one in 1855 was 

dominated by national machines (26.5%) and the British ones (23.5%) –see graph 4-. 

Some peripheral countries also confirmed this leading role of the British papermaking 

engineering. A good example was Finland, where 9 of the 15 operational machines in 1874 

came from the United Kingdom43. Sweden had working 11 machines by 1854 (8 of them 

were built at Donkin’s workshop)44. The leadership of Donkin and the other British 

workshops was preserved with a good knowledge of foreign markets. The main tools to 

build this competitive advantage were the continuous trips across Europe by the managers 

(or employees) of the firm45, a complete setting-up service (included skilled workers)46. 

                                                
41 Thomson (1974), p. 175. 
42 These data come from the Donkin files (DRO) completed with bibliographical references. 
43 Nykänen (2005), p. 37. 
44 Clapperton (1967), p. 209. 
45 In France, John Donkin set up in 1823 the machine for Canson and that for Grasset in Burlats (André 
(1996), p. 97). Donkin travelled in 1823 to France to study the hydraulic matters for a new factory (André 
(1996), p. 93). In Italy, «Società Cartaria» from Tuscany was managed by Henry Donkin, Bryan son. The 
Donkin family had 100 shares of the Italian firm from a total of 2.000 (Sabbatini (1990), pp. 355-356). 
Bryan Donkin himself was in Germany, Austria, Switzerland, and Italy in 1842 and 1843 (Clapperton 
(1967), p. 163). John Donkin travelled around Europe (Germany, Belgium, etc.) in May 1843 to know about 
the improvements of different projects (Clapperton (1967), p. 171). A son of Bryan Donklin was in Russia 
in 1861 for the setting up of a machine in Vitebsk (Clapperton (1967), p. 201). 
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Table 3 Machines built by «Bryan 
Donkin and Co.» by 1851  
United Kingdom    83 
Germany    46 
France    23 
Scandinavian Countries    22 
Italy*    14 
United States     2 
India     1 
* According to Dard Hunter the 14 
machines were for Italy and other 
Southern Europe markets (Hunter 
(1947), p. 555). 
Source: Clapperton (1967), p. 226. 

 

 
 

                                                                                                                                          
 46 Some of the first French factories were set up and managed by British engineers. The first manager of 
Klippans, a Swedish factory, was William Howard, who arrived because of an agreement with Bryan 
Donkin (Clapperton (1967), p. 118). Clapperton said about Klippans «Skilled, knowledgeable men from 
England naturally co-operated in the erection of the machine and the technical management of the mill lay 
in foreign hands for many years» (Clapperton (1967), p. 118). 
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 The other British workshops also kept a quite strong export bias. “Geo. and Wm. 

Bertram” had already built 20 machines by 1860, at least four of them were for the Russian 

market47 and at least two more were exported to this market in the early 1870s. The 

Bertram’s during this period also exported to other foreign markets such as Canada and 

Mexico. James Bertram had quite a considerable export capacity in its earlier days. For 

instance, during the 1860s exported to Australia (two machines), Canada (one machine), 

Norway (one machine), etc. In the 1870s, James Bertram built 19 machines and exported 

nine48. The markets were Finland (two), Russia (one), Germany (three), Canada (one), 

Sweden (one), and Australia (one). Tidcombe had also an exporting bias to Belgium, 

France, Russian Empire (in Finland, the first machine in 1842 was by Tidcombe & 

Strudwick), Netherlands, and Portugal (at Abelheira Mill, for example)49. James Park 

from Bury also exported, for example, two machines to Finland in the early 1870s. Even, 

some less specialised or small workshops exported to foreign countries (such as 

Braithwaite from London and Marshall from Dartford, both to Germany). 

 Some individual paper mills also proved the success of British papermaking 

engineering in the early times. The Norwegian mill of Bentse Brug is a good example: its 

                                                
47 The available data on “Geo. and Wm. Bertram” are quite scarce. There is an important lack of information 
for nine of the first twenty machines (Clapperton (1967), p. 340). 
48 NRS, GD 284/25/12, List of papermaking machines constructed (no., size and for whom) by James 
Bertram & Son. Typed transcript of GD284/28/1. 
49 Burt; Mech (1945-46), p. 105. 
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first machine was a Donkin one (1838); the second was a Bertram (1858); the third was a 

Norwegian “Myrens” (1870); the fourth was a “Bentley & Jackson” (1875). Also, M. 

Francke, a Swedish factory, had in 1885 operational five machines: two by Bryan Donkin, 

two by Bentley & Jackson and one by James Bertram and Son50. 

 

II. 4 The origins of the competitors: new actors in a booming market 

 The export of machines (especially from Donkin), the emigration of skilled 

workers and the licensing system (i.e. the license by Donkin to permit Escher Wyss from 

Zurich to build Fourdrinier machines) allowed the setting-up of new papermaking 

engineering centres. France, Germany, Switzerland, and Belgium started to become 

important in the early 1840s. Other countries such as Norway and Sweden began to have 

a modest mechanical sector specialised in papermaking from mid-nineteenth century 

onwards.  These workshops had bigger possibilities of building machines according to 

local needs. 

 Especially important was the French development. The most important French 

works were located in Paris (Chapelle, Sandford et Varrall51), Mulhouse (Biesler frères & 

Dixon and Koechlin) and Angouleme (Alfred Motteau). A very important feature of the 

French machines was they had less capacity of the British ones, becoming an important 

competitor from the 1830s onwards, mainly in Southern Europe (in Spain, for example). In 

Belgium, the workshops were more linked with steam and textile engineering, with the 

exception of Dautrebande, located in Huy (the main Belgian papermaking city). This firm 

also won some international projection due the quality of their machines and their low 

prices. The real alternatives for British machines came from Switzerland, Germany, and 

the United States. The Swiss Escher Wyss had its origins in a license by Donkin in the 

early nineteenth century and reached the 104 machines in 1875. Germany has already 

developed quite an important papermaking engineering industry in 1840. The first two 

examples of that were Johann Widmann and Gustav Schauffelen. Widmann, whose first 

machine was dated in 1830, in 1844 had already built thirty, some of them addressed to 

exporting markets and 38 in 1846. Friedrich Voith worked for “Escher Wyss” where he 

learnt about papermaking machines and turbines52, setting-up the basis of the most 

important German workshop. In the United States, the market growth created an active 
                                                
50 Le Moniteur de la Papeterie Française, XXI, n. 16, 15-II-1886, p. 276. 
51 Sanford and Varrall had arrived to France in 1829 and 1827 to work for Bryan Donkin (André (1996), 
pp. 108-109 y p. 156). 
52 Voith (2001), p. 21-22.  
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industry in papermaking engineering (“Merrill and Houston” (Wisconsin) built its first 

machine in 1862 and it got its 104 in 1884; “Pusey and Jones” with the first machine was 

produced in 1867 and it achieved its 22 in 1880). 

 

III. British losing ground: the growing competition 

 

III.1 Technological improvements: a new landscape 

 The technological changes were constant from the late nineteenth century to the 

early decades of the twentieth century. The most important part of these improvements 

came from the United States and Germany. Quite a crucial point was that these changes 

could be incorporated in old machines enlarging their productive life53. These changes 

allowed faster and wider machines. 

 

III. 2 British workshops in a new commercial landscape 

 The international market of paper machines began to be controlled by German, 

Swiss and US machines from the 1870s onwards. The building of wood grinders and other 

machines linked with wood pulp and its integration with paper production was very 

important for the qualitative leap forward. British workshops lacked of it. It is worth to 

remember that the grinder was developed in mid-nineteenth century by Henrich Voelter 

from Heidenheim (the same home village of Voith, the most important German 

papermaking machine builder). 

  Reliability and good prices54 ensured the German success. “J. M. Voith” followed 

building auxiliary papermaking and pulping engineering, and turbines55. Its first 

papermaking machine dated from 1881, but its growth was impressive (23 in 1900, 135 in 

1910, and 554 in 1938, including reforms). There were some other German workshops 

with international success (“Maschinenbauanstalt Golzern” “H. Füllner”, Bruderhaus, F. 

W. Strobel, etc.). Swiss leader firm was “Escher Wyss & Co.”, which built its machine 

number 170 in 1890, followed by Theodor Bell. In the United States, “Beloit Iron Works”, 

legal successor of “Merrill and Houston”, was set up in 1885. Beloit built its first complete 

machine in 1887. From 1889 onwards, “Bagley & Sewall” built big capacity paper 

machines, also previously made wood grinders. “Pusey & Jones”, also dedicated to 
                                                
53 Avy J. Cohen argues that que “most older machines, however, could and did have various sections rebuilt 
to incorporate the relevant technological changes” (Cohen (1984), p. 784). 
54 Magee (1997), p. 241-242. 
55 Its turbine number 100 was built in 1889 and the number 2,000 in 1905 (Nerheim (1991), p. 337). 
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shipbuilding, built its machine number 221 in 1900. The Scandinavian countries also 

began to have an important papermaking engineering in the late nineteenth century 

(Sweden: “Nydqvist & Holm” of Trollhättan and “Hellefors Bruks Co, Ltd.”), Norway 

(“A. S. Myrens Verkstad”), and Finland (“Wiborgs Mekaniska Verkstad”, “Karhula 

Works”). 

 In contrast, United Kingdom, France and, a little bit less, Belgium lost ground in 

global markets during the late decades of the nineteenth century and the early twentieth 

century. The British papermaking engineering of this period has been defined as “a small, 

highly specialised industry”56. The leading firms still were from Bury (“Bentley and 

Jackson Ltd.”, “Redfern, Smith and Law” and “Walmsleys”)57, from Edinburgh 

(“Bertram´s Limited” –new name of “Geo. & Wm. Bertram” from 1888-, “James Bertram 

& Son Ltd.”, “James Milne and Son”, and “West End Engine Works”)58 and some from 

the London area (“Masson, Scott and Co.” (1877) located in Summerstown, London59; 

and Tidcombe, which declined in the early twentieth century)60. 

 The main specialisation of the workshops from Bury was “the development of 

wider and faster running machines, particularly for the manufacture of newsprint”. 

Walmsleys built from 1918 to 1929 63 complete machines (52 specialised on 

newsprint)61. A very symbolic machine of this type of specialisation was that built for 

Lloyd (Kemsley) by the Bury works in 1934. This machine had a width of 8.13 meters. 

One answer to the new commercial landscape was to reinforce firm structures and 

deepening the specialisation process through merging. The best example of that was when 

Walmsleys bought “Bentley & Jackson” in 1932. The Scottish works of “Bertram’s 

Limited” were also advertised late nineteenth century as producers of “machines à papier 

à grande vitesse”62. Then, the Edinburgh works had the capacity to build yearly from 12 

to 14 machines. 

 

III. 2 Changes in markets of papermaking engineering 

                                                
56 Magee (1997), p. 40. 
57 “Bentley and Jackson Ltd.” and “Redfern, Smith and Law” were result of the former “Redfern, Bentley 
and Smith”. 
58 Milne was the builder of the machine number 11 for the Lloyd’s Mills at Sittingbourne in 1902 (The 
Paper-Maker and British Trade Journal, XI-1902, p. 3 and p. 9). 
59 Andrew Masson, the founder, was Scottish and was trained as an engineer in Edinburgh. 
60 This workshop was taken over by Henry Rogers in 1911 when it became Watford Engineering Works. 
61 Supplement of the Annual number of The Paper Maker and British Paper Trade Journal, 1929, p. 5. 
62 Advertisement published in the French edition (1897) of Handbuch für Papier Fabrication by Carl 
Hofmann originally published in 1875. 
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 British workshops sold mainly to the domestic market63. John L. Griffith, General 

Consul of the US in London, said in the early 1910s “The equipment of paper mills in the 

United Kingdom is almost exclusively supplied by British manufacturers”64. Similar 

information came from the consul of Dunfermline (“The source of equipment of paper 

mills in the district is mostly English or home make”65) and Edinburgh (the mills “are 

equipped with excellent machinery, most of which was made by engineering firms in 

Edinburgh”66). Nevertheless, the changing pattern was pretty obvious even in the British 

market. The biggest mills when they had to increase their capacity purchased US 

machines, already late nineteenth century. There are many examples of that. Edward 

Lloyd mill in 1902 had eleven machines (four of them from the US) –see table 4-. Edward 

Lloyd Ltd. ordered for its mill in Sittingbourne two newsprint machines in 1908 to Pusey 

& Jones. Those machines had a width of 4.32 metres, being the wider and faster of this 

kind outside the US67. Even, some British papermaking firms purchased German 

machines from Voith. This was the case of Alex Pirie & Sons (with a board machine in 

1902), John Dickinson & Co, Ltd (in 1928 and 1933), and The Greaseproof Paper Mills 

Ltd. (in 1929 and 1932). Nevertheless, they were only special machines for board and 

parchment paper. From the early twentieth century, Beloit began to sell machines in the 

British market. The very first one was sold in 1904. Pusey & Jones said that the United 

Kingdom was among the countries which purchased their machines late nineteenth 

century and early twentieth century68. The first Pusey & Jones machine was one for the 

Welsh mill of “Thomas Owen & Co., Ltd.” in 1896. In 1899, “Edward Lloyd, Ltd.” 

purchased two of their machines. Foreign competitors even built commercial services in 

the United Kingdom during the early twentieth century. A good example of that is “Thiry 

& Co.”, the Belgian workshop, which had a British agent in the early 1920s. Its 

commission agent was “Whittaker & Co.” which was announced in the technical press as 

                                                
63 “Bentley & Jackson” had in 1899 27 machines working in only four factories from the Lancashire. That 
time, these workshops from Bury had built slightly more than 100 machines (“A visit to Lodge Bank 
Works, Bury. Messrs. Bentley & Jackson”, The World Paper Trade Review, 1-XII-1899, p. 29). An 
example of that is “The Star Paper Mill Company, Ltd.” which in 1907 had operational six machines: two 
by James Park (number 1 and 3); three by Bentley & Jackson (2, 4, and 5), and one by “Charles 
Walmsley & Co.” (The Paper-Maker and British Paper Trade Trade Journal, XXXIV, 1907, p. 21). 
64 Bureau of Foreign and Domestic Commerce (1915), p. 194. 
65 Bureau of Foreign and Domestic Commerce (1915), p. 219. 
66 Bureau of Foreign and Domestic Commerce (1915), pp.222- 223, 
67 According to a history on Pusey & Jones published in 1948 “They were the fastest running newsprint 
machines outside of this country, and drew paper manufacturers from the European continent who 
viewed the machines in rapt amazement. Many features of the Puseyjones machines later were adopted 
on machines of foreign make” (Pusey & Jones (1948), p. 18). 
68 Pusey & Jones (1948), p. 21. 
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“Engineers for Paper Makers”, having its headquarters in Bury69.  

 

Table 4 Machines working in Lloyd’s at Sittingbourne mill 
Builder Machine width 

George and William Bertram 2.62; 2.60; 2.92; 3.18 
Masson & Scott 3.00; 2.72; 3.45 
Pusey & Jones 2.29; 2,39 
Bagley & Sewall 3.51 
James Milne & Son 3.20 
Source: The Paper-Maker and British Paper Trade Journal, November 1902, p. 13. 
 

 British workshops kept some export capacity until World War I70. James Bertram 

proves how the percentage of exports declined mainly from the early twentieth century –

see graph 5-. After the war, the exports decreased. They were focused mainly on 

Canada71, Australia (and New Zealand72), and India73. This fits with the general frame 

analysed by S. B. Paul who argued on the engineering industry that “The British hold 

over the Empire market was very striking”74. Other important markets were the 

Scandinavian countries75, Japan, and China. The foreign representatives of the British 

papermaking engineering workshops proof this bias to former colonies and Scandinavian 

countries. “Walmsleys”, for instance, had in the early 1920s agents in Canada (“C. H. 

Johnson” in Montreal) and in Norway, Sweden and Finland (N.A. Eie in Christiania)76. 

Walmsleys and Bentley & Jackson also kept a representative in Paris in the mid-1930s. A 
                                                
69 Phillips’ Paper Trade Directory of the World ,1923, p. 878. 
70 In 1914, it was argued that “British paper-makers engineers have supplied machines and equipment to 
Canada, Spain, France, Mexico, Sweden, Norway, Australia, Russia, Belgium, Siberia, Italia, and the 
United States” (Bureau of Foreign and Domestic Commerce (1915), p. 194). “Bertram’s Limited” 
advertised in 1897 that it had built machines “pour le Canada, l’Allemagne, la Norvège, la Suède, la 
Finlande, la Russie, la France, etc. ”. 
71 Late 1920s, Walmsleys built different machines for Canadian newsprint mills. The “Newfoundland 
Power and Paper Co. Ltd.” was equipped with four high-speed newsprint machines from the Bury works. 
“The Wayamack News Ltd.” had two of these machines. 
72 “Masson & Scott” was the supplier of a new machine for the Mataura Falls papermaking factory. The 
contract was signed late 1892. In occasion of the announcement of the contract, Andrew Masson “boasts 
of having sent out all the machines at present in use throughout the Australian colonies, with the 
exception of one small one” (Mataura Ensign, 22 November 1892, p. 5). “James Milne & Son” also 
served a new machine in 1893 to “Ferguson & Mitchell” from New Zealand. This machine was the first 
“Yankee” in the Austrolasian colonies. 
73 “Ballarpur Industries Limited” set up in 1926 two Walmsleys machines. “Punjab Pulp and Paper Mills 
Ltd” purchased two new machines in the late 1920s for its factory of writing papers. “Bertrams Limited” 
supplied in 1892 a new mill in India with three machines (King (2002), p. 19). 
74 Saul (1968), p. 228. 
75 In 1899, the US consul in Gothenburg (Sweden) still said “Paper machinery, printing presses, etc., are 
as a rule imported from Germany and England” (Bureau of Foreign Commerce. Department of State 
(1900), p. 243).  The US consul in Christiania (Norway) supported this point: “The Paper machinery made 
here is inferior, and machinery is therefore imported from Germany, England and America” (Bureau of 
Foreign Commerce. Department of State (1900), p. 259). 
76 Phillips’ Paper Trade Directory of the World ,1923, p. 893. 
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good example of that comes from James Bertram, which exports had a clear bias to the 

Far East77 from late nineteenth century, and especially early twentieth century. On the 

contrary, the sales to Scandinavian countries declined from early twentieth century. Panu 

Nykänen argued “The primary supplier in the 19th century was Britain, after which 

Germany and the USA took over as market leaders. But by the 1910s, during a period 

spanning the late 19th and early 20th centuries when scores of paper machines were 

imported to Finland, the list of manufacturers had been supplemented by Swedish and 

Finnish machine shops”78. The US papermaking engineering had their main market in its 

own country and Canada79. US machines won share in the Canadian market since the very 

late nineteenth century.  Also, from the end of nineteenth century, it began to export to 

China, Japan, and the Scandinavian countries. Japan is a good example of it because its 

market was booming. Japanese output was multiplied by 2.3 from 1920 to 1928 and it 

was mainly focused on newsprint (during the 1920s it was about the 45% of the total 

output80). “Pusey & Jones” was shipping their machines to Mexico, Norway, Sweden, 

Finland, Russia, Japan, Siam, Belgium, Brazil, Cuba, Chile, Switzerland, India, and the 

UK. Pusey & Jones dated its first exporting burst in 1896 with some machines to Finland, 

Germany, and Norway81. Beloit had an important market in Japan (from 1917 to 1920 it 

sold 7 machines to Japanese firms of a total amount of 34). 

 

                                                
77 Japan: four machines, the first one in 1896; and China: four machines, the first one in 1887) and India 
(five machines, the first one in 1890). 
78 Nykänen (2005), p. 36. 
79 The US consul in Quebec said in 1899 “I think the most of the modern machinery for making paper is 
imported from the United States” (Bureau of Foreign Commerce. Department of State (1900), p. 326). 
80 Frost (1930), p. 6. John G. Foster, General Consul in Ottawa, said in the early 1910s “The Fourdrinier 
or paper machines are said to be all manufactured in the United States” (Bureau of Foreign and Domestic 
Commerce (1915), p. 239). 
81 Pusey & Jones (1948), p. 21. 
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 Some papermaking mills offered good examples of the changing leadership in 

global markets. The Norwegian factory Drammensolvens Papierfabrikker is the counter 

example of the previous referred Bentse Bruk. After having contacts with some European 

workshops, such as Bertram’s, they decided in 1896 to buy a “Pusey & Jones” machine. 

A very important point to highlight is that the final decision was not linked to price. The 

US machine was twice as the average of the European ones. The key point was the 

machine speed. It is quite representative to know that this US firm had commissioner 
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agent in Norway those years. 

  

IV. The reasons for the British losing ground 

 The British economic decline in the late nineteenth century and the early twentieth 

century has been one very important topic of analysis in economic and business history 

research. The reasons for this decline can be also applied to the British engineering. This 

paper, without forgetting them, is much more focused on the endogenous explanations of 

it. 

 The first group of reasons comes from the supply side. British papermaking 

industry had slower growth than in other countries such as Germany and the United States 

from the late nineteenth century onwards. The UK grew at a rate of 5.4% from 1882 to 

1913, meanwhile, Germany achieved 7.6%, the US the 10.1%, and the Scandinavian 

countries the 11.7%82. The differences even increased during the 1929s. In this context, 

the number of the British machines did not increase dramatically, growing from 476 in 

1880 to 552 in 1909. British share of world paper exports felt from the 17.8% in 1888 to 

11.0% in 191283. As a simple contrast, the United States had operational in 1920 2,241 

Fourdrinier machines and 870 cylinder ones. The same pattern, even more accentuated, 

continued after World War I. Consequently, the national market had less capacity of 

boosting the economies of scale in paper machines. The United Kingdom even needed to 

import growing quantities of paper (mainly from Scandinavian countries). Another key 

aspect is the structure of the British output. Many of the most important paper factories 

were owned by the most important newspapers. According to this feature, the British 

papermaking industry was focused on printing paper84, mainly newsprint. 

 British papermaking engineering had to face the growing competition. From the 

1870s onwards, papermaking machines increased notably their size and capacity. Another 

very important point was the change of raw materials. The introduction of wood-pulp 

boosted the building of integrated factories. The United Kingdom did have not an 

important pulping sector and it had to import it. 

 Another point which should be considered is the specialisation of the main German 

and Swiss firms in Second Technological Revolution engineering (electricity, turbines, 

                                                
82 1882: Mulhall (1892), p. 437 and p. 612; 1913: Annuaire Statistique de la Societé des Nations and OEEC 
Statistical Bulletin: Industrial statistics 1900-1959, Paris 1960, pp. 155-157. 
83 Magee (1997), p. 81. 
84 Printing paper increased its relative weight from the 52.1% (1907) to the 53% in 1912, to 62.3% in 1924, 
and to the 60.6% in 1930. 
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etc.). Some of the most important European firms devoted to papermaking engineering fit 

perfectly with this. The two best examples were Voith85 and Escher Wyss86. Thus, it was 

easier for them to sell their papermaking machines because of their dense 

commercialisation networks87. 

 British workshops began to lose ground in the new technological landscape. One 

of the most dynamic markets in papermaking engineering was high-speed machines for 

newsprint. Three major improvements allowed the increases in speed in the early 

twentieth century: suction couch roll (invented by the US William H. Millspaugh in 

1908), the flow-box (introduced by the German J. M. Voith in 1916), and the sectional 

driving with electric engines (patented by J. M. Voith in 1905). Another improvement 

which allowed increasing productivity was the removable Fourdrinier (1918-1919) by 

Beloit, which first machine was operational in 1921. The whole section was designed to 

be lifted from its bed and moved from the other parts of the machine by electric motor 

whenever wires broke or were worn out. This improvement avoided the costly downtimes 

for repairs which were reduced from three hours to forty minutes. None of them was 

British, making the works from the United Kingdom more dependent on the US and 

German technology. This process had already begun late nineteenth century88 and it 

increased later. There are many examples of this dependence on the US technology. The 

agreements between firms such as Walmsleys and Beloit were common during the 

1930s89. Finally, the firm from Bury merged with Beloit in 1976. “Bertrams Limited” also 

used a Beloit patent in the late 1920s90. Usually, this kind of agreements limited the 

markets where the product could be commercialised. For example, Beloit refused on 17 

                                                
85 Voith built its turbine number 2,000 in 1905 (Nerheim (1991), p. 337). 
86“Escher Wyss” had built 801 turbines between 1844 and 1875 (Nerheim (1991), p. 339). 
87 Voith in 1930, besides six offices in Germany, had twelve representations covering fifteen countries 
(United Kingdom, Finland, France, Belgium, Spain, Netherlands, Italy, Latvia, Norway, Poland, Sweden, 
USA, Canada, Brazil and Japan) (advertisement published in 1930 in the Wochenblatt fur 
Papierfabrikation). The offices of Paris (covering France, Belgium and Spain), Stockholm and New York 
(covering US and Canada) were run directly by Voith, the other offices were commission agents. The 
British commissioner was “Renold Marx”. 
88 The US consul in Edinburgh argued that “The mills, with few exceptions, are equipped with up-to-date 
machinery, nearly all of which is made in Edinburgh by a company quite celebrated for work in this line. 
Certain part of the paper-making machines turned out by this company are purchased from 
manufacturers in the United States –the chilled rollers, which are used for calendaring the paper, and 
friction clutches” ((Bureau of Foreign Commerce. Department of State (1900), p. 297). 
89 In the 1930s, Walmsleys signed different agreements with “Beloit Iron Works”. An agreement signed 
on 13 October 1930 was for Fourdrinier patents, Cantilever system, suction rolls and winder. Beloit, after 
the Millspaugh patent of suction rolls run out, began to dominate this market late 1920s (BAS, 
BCW/11/2, Walmsley (Bury) Limited, Comissions and Royalties agreements, document A-H, 1933-1950 
and BCW/11/3, Manufacturing Agreements and correspondence, 1925-1962). 
90 The patent was “The new steam and exhaust connection for drying cylinders” (The World’s Paper 
Trade Review, 2-I-1931, p. 21). 
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June 1932 to allow Walmsleys to sell suction rolls in the Scandinavian countries, unless it 

was a reconstruction and under certain conditions. Norway, Sweden, and Finland were the 

only European countries where the Bury workshop was not allowed to sell them.  

Sometimes, the machine was from a British workshop, but some parts came from a foreign 

supplier. Quite symbolic of this foreign dependence was the widest machine during the 

1930s, the aforementioned built by Walmsleys for Lloyds, needed a flow-box by Voith 

and a reeling-cutting machine by the US Cameron. James Cropper purchased a new 

machine, its number 4, in 1903 to “Bertrams Limited”, but a calendar came from Joseph 

Eck from Dusseldorf (Germany)91. Even some US entrepreneurs invested in British 

engineering. This was the case of William H. Millspaugh, president of the American 

Sandusky Foundry & Machine Company, founder in 1933 of Millspaugh Limited 

(Sheffield), firm focused on suction couch roll. 

 The second group of reasons comes from the demand side. Demand volume and 

structure determined the characteristics of the machines. Firstly, the volume of the British 

demand ranked among the highest worldwide. Secondly, the structure was quite different 

from the other countries. The volume of the British demand can be approached by per 

capita consumption, which was the World’s highest at least until the early twentieth 

century. Later, the US consumption ranked first –see Graph7-. Even more important than 

that was the demand structure which was quite distinctive from other European countries. 

However, there is not a good estimate of it. Gary Bryan Magee, unfortunately, used an 

estimate which actually is World’s demand92. Nevertheless, there are many indicators that 

prove British paper consumption was concentrated in commodity paper (mainly 

newsprint). A good approach to it is the total newspapers circulation. The United 

Kingdom was, in general, clearly above the other European countries. For example, in 

1880, the circulation per capita of periodicals in the United Kingdom was 64.01, in the 

United States of 51.06, in France 39.86 and in the German Empire of 38.6793. This is, 

obviously, completely linked with the productive structure where newsprint was one of 

the centres of the British output and the main market for their workshops. To compete in 

this share of the market with US and German machines became increasingly difficult. 

 

                                                
91 Mark Cropper argued that this machine is “the evidence of the company’s willingness to look beyond 
Britain in search of innovation” (Cropper (2004), pp. 114-115). 
92 Gary Bryan Magee used data coming from Mulhall’s Dictionary of Statistics, which actually were an 
estimate of World’s consumption structure (Magee (1997), p. 22). 
93Hubbard´s Newspaper and Bank Directory of the World II, H.P. Hubbard, New Haven 1882, p.2.470-2.473.  
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Abbreviation 
 
BAS, Bury Archives Services (Bury). 
DRO, Derbyshire Record Office (Matlock). 
NRS, National Records of Scotland (Edinburgh). 
 
 
Bibliography 
 
ANDRÉ, Louis (1996), Machines à papier. Innovation et transformations de l´industrie 
papetière en France, 1798-1869, Éditions de l´École des Hautes Études en Sciences 
Sociales, Paris. 
 
BERTRAM’S LIMITED (1955), Within a mile of Edinburgh town. The history of 
Bertrams Limited, Bertrams Limited, St. Katerine Works, Sciennes, Edinburgh. 
 
BUREAU OF FOREIGN COMMERCE. DEPARTMENT OF STATE (1900), Special 
Consular Reports (vol. XIX). Paper in foreign countries. Uses of Wood Pulp, Washington. 
 
BUREAU OF FOREIGN AND DOMESTIC COMMERCE (1915), Paper and Stationery 
Trade of the World, Special Consular Reports No, 73, Government Printing Office, 
Washington. 
 
BURT, LESLIE N.; MECH, M. I. (1945-46), “Watford and Papermaking”, Transactions 
of the Newcomen Society, Vol. XXV, 1945-46 and 1946-47, pp. 105-107. 

CLAPPERTON, R. H. (1967), The Paper-making machine. Its invention, evolution and 
development (Oxford, 1967). 
 



28 
 

COHEN, Avi J. (1984), «Technological Change as Historical Process: The Case of the 
U.S, Pulp and Paper Industry, 1915-1940», Journal of Economic History, XLIV, pp. 775-
799. 
 
COLEMAN, Donald C. (1958), The British Paper Industry, 1495-1860: a study in 
industrial growth, Oxford University Press, Oxford. 
 
COWELL, Norman (1994), «John Gamble and the St. Neots Paper Mill», The Quarterly 
(The Review of British Association of Paper Historians), 12, pp. 1-7. 
 
COWELL, Norman (1996), «A further contribution to the biography of John Gamble»,The 
Quarterly (The Review of British Association of Paper Historians), 17, pp. 7-11. 
 
CROPPER, Mark (2004), The leaves we write on. James Cropper: A history in paper-
making, Ellergreen Press, London. 
DONKIN, Harry J. (1912), Bryan Donkin & Co. Some Notes on the History of an 
Engineering Firm during the last Century (1803-1903), Chesterfield. 
 
EVANS, John (1955), The Endless Web. John Dickinson & Co. Ltd., Jonathan Cape, 
London. 
 
FONT Y MATHEU, Mariano (1881), «Discurso de... sobre la historia de la fabricación del 
papel, su introducción, progreso, estado actual y porvenir en España», Fomento de la 
Producción Española, Conferencias sobre arte y oficios, Barcelona, pp.73-95. 
 
FROST, B. M. (1930), Paper trade and Industry in Japan, United States Department of 
Commerce (Bureau of Foreign and Domestic Commerce, Trade Information Bulletin, 
672). 
 
GREENLAND, Maureen; DAY, Russ (2016), Bryan Donkin. The Very Civil Engineer, 
1768-1855, Phillimore Book Publishing, Bognor Regis. 
 
HILLS, R. (1992), ’The Cylinder Mould Machine’, The Quarterly (The Review of British 
Association of Paper Historians), 4 and 5, pp. 1-5 and pp. 4-9. 
 
JEROME, Harry (1934), Mechanization in Industry, National Bureau Economic Research, 
New York. 
 
KING, Tom (2002), «History of Bertrams Sciennes», The Quarterly (The Review of 
British Association of Paper Historians),  44, pp. 15-23. 
 
KITSON, Michael; MICHIE, Jonathan (2014), “The de-industrial revolution: the rise 
and fall of UK manufacturing, 1870-2010” in R. Floud ; J. Humphries and P. Johnson, 
The Cambridge Economic History of Modern Britain. Volume II. 1870 to the Present, 
Cambridge University Press, Cambridge, pp. 302-329. 
 
KRAWANY, Franz (1910), Internationale Papier-Statistik, Verlag für Fachliteratur, 
Berlin. 
 



29 
 

LACROIX, Eugène (dir.) (1873), «La papeterie», Études sur l’Exposition Universelle de 
Vienne (1873), Librairie Scientifique, Industrielle et Agricole, París, pp. 458-464. 
 
MACLEOD, Christine; NUVOLARI, Alessandro (2009), “’Glorious Times’; The 
Emergence of -Mechanical Engineering in Early Industrial Britain, C. 1700-1850”, 
Brussels Economic Review, Cahiers Economiques de Bruxelles, vol 52 (3/4), autumn-
winter, pp. 215-237.  
 
MAGEE, Gary Bryan (1997), Productivity and performance in the paper industry. 
Labour, capital, and technology in Britain and America, 1860-1914, Cambridge 
University Press, Cambridge. 
 
MOKYR, Joel (1990), The lever of riches. Technological creativity and economic 
progress, Oxford University Press, Oxford. 
 
MOKYR, Joel (1994), «Technological change, 1700-1830» in FLOUD, Roderick; MC 
CLOSKEY, Donald (1994), The Economic History of Britain since 1700. Second Edition, 
Volume 1: 1700-1860, Cambridge University Press, Cambridge, pp. 12-43. 
 
MULHALL, Michael G. (1880), The Progress of the World in Arts, Agriculture, 
Commerce, Manufactures, Instruction, Railways and Public Wealth since the beginning 
of the Ninenteenth Century, Deward Stanford, London. 
 
MULHALL, Michael G. (1892), The Dictionary of Statistics, George Routledge and 
Sons, London. 
 
MÜLLER-CLEMM, Dr. (1937), «L’industrie de la Cellulose en tant que matière 
première», Le Papier, pp. 825-840. 
 
NERHEIM, Gunnar (1991), “The Development and Difusión of European Water 
Turbines, 1870-1920” en Kristine Bruland (ed.), Technology Transfer and Scandinavian 
Industrialisation, Berg, New York / Oxford, pp. 333-362. 
 
NICHOLAS, Tom (2014), « Technology, innovation and economic growth in Britain 
since 1870 » in R. Floud ; J. Humphries and P. Johnson, The Cambridge Economic 
History of Modern Britain. Volume II. 1870 to the Present, Cambridge University Press, 
Cambridge, pp. 181-204. 
 
NYKÄNEN, Panu (2005), Around the roll. A century of Finnish paper machine and 
papermaking technology, The Society for History of Technology – The Finnish Acadamies 
of Technology, Helsinki. 
 
PUSEY & JONES CORPORATION, The (1948), A Hundred Years A-Building: 
highlights of the History of The Pusey and Jones Corporation, 1848-1948, Wilmington 
(Delaware).  
 
REPORT (1837), «Report from the Select Committee of Fourdrinier’s Patent with the 
Minutes of Evidence and Appendix», British Parlamentary Papers, XX. 
 



30 
 

SABBATINI, Renzo (1990), Di bianco lin candida prole. La manifattura della carta in 
età moderna e il caso toscano, Franco Angeli, Milano. 
 
SALZMANN, Fritz (1911), Die Papierindustrie ihe¡re wirtschaftliche Entwicklung u. 
heutuge Lage, Franz Siemenroth, Berlin. 
 
SAUL, S. B. (1968), “The engineering industry” in Derek H. Aldcroft, The development of 
British Industry and Foreign Competition, 1875-1914, George Allen & Unwin Ltd., 
London, pp. 186-237. 
 
SHORTER, Alfred H.(1971), Paper Making in The British Isles. An Historical and 
Geographical Study, David & Charles Newton Abbot, Newton Abbot, Devon   
 
SPICER, A. Dykes (1907), The paper trade, Methuen & Co., London. 
 
STEVENSON, Louis Tillotson (1940), The background and economics of American 
Papermaking, Harper & Brothers Publishers, New York and London. 
 
STONE, William (1862), «Paper Machinery», The Record of the International 1862 
exhibition, William MacKenzie, Glasgow-Edinburgh-London, pp. 364-371. 
 
THOMSON, Alistair G. (1974), The paper industry in Scotland, 1590-1861, Scottish 
Academic Press, Edinburgh. 
 
TRAVAUX (1854), Exposition Universelle de 1851. Travaux de la Comission française 
sur l´industrie des nations publiés par ordre de l´Empereur. Tome V, Impremerie 
Impériale, París. 
 
VOITH AKTIENGESELLSCHAFT, J. M. (2001), Voith. The history, J. M. Voith 
Aktiengesellschaft, Heidenheim. 


