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In Greece, as in several other countries, the cotton industry has played an important role in industrial development; it has been one of the driving forces of industrialization. Around 1870 a significant concentration of men, capital and machines emerged in Piraeus, a port-city which eventually, developed into the country's most important industrial centre. Gradually, textile industries developed also in other cities: Patras, Hermoupolis, Volos (and also in Naoussa, Thessaloniki, which remained under ottoman rule until 1912). 
During the 19th century the cotton industry was the most developed sector of the Greek industry. In 1875 the cotton industry employs the majority of the industrial workers (43, 8%) and uses the biggest part of the horsepower (36, 4%), while it acquires the highest percentage of added value in comparison to other industrial branches (tanning industry, wheat mills). The sector developed under a protective customs duties regime (since 1884) and was supported by currency devaluation, high purchase orders for the army needs, while it intensified the workforce exploitation. However, the restricted internal market, the lack of industrial credit, and the kind of the products decreased the profit margin of the steam-driven spinning mills. The tight profit margin was probably the main reason for the delay in renewing the mechanical equipment of the factories.
The potential production of the textile industry developed as follows (table 1):
Table  1. Productive potential of Greek cotton manufacture, 1874-1940

	Year 
	Factories 
	Spindles 
	Looms

	  1874 
	18 * 
	36.468 
	- 

	  1899 
	20 
	80.000 
	1.050 

	1905 
	34 
	99.300 
	1.165 

	1910 
	- 
	65.000 
	- 

	1914 
	  33 
	78.975 
	1.561 

	1920 
	24 
	128.975 
	1.562 

	1928 
	84 
	211.440 
	3.226 

	1935 
	101 
	262.000 
	5.340 

	1940 
	- 
	306.844 
	5.500 

	* spinning mills only


Sources: Minist(re du Commerce et de l’ Industrie, Exposition Universelle Internationale de 1900 ( Paris. Rapports de Jury International. Groupe XIII, Fils, Tissus, Vêtements, Imprimerie Nationale, 2 vol, Paris 1902; Ministry of Finances, I elliniki viomichania [The greek industry], Athens 1931 ; Higher Economic Council, Erevna kai gnomodotisis epi ton viomichanion vamvakos [Inquiry for the cotton industries], Athens 1937; Agriantoni,  ibid ; David AssÉo, La filature de coton dans le monde en 1910. Une analyse comparée (1908-1913), Geneve1989; Hatziiossif, ibid. 

Yet, the Greek textile industry never specialized in specific or high quality products. The emphasis was, from the very beginning, on mass production of cheap (and rough) products, to be consumed by the country's peasant and labour strata. The cost of production was thus crucial. Greek industrialists resorted to technology, the extension of the working day, the reorganization of labour, the verticalization of production and the reduction of labour costs in order to reduce the total cost of production.

Technology has always been a considerable factor of economic growth. During the 19th and the first half of the 20th century the process of Greek industrialization was based on a wide technological transfer and diffusion. The paper examines the mechanisms and the networks that generated, disseminated and adapted the technology transfer in the Greek textile industry.
An essential issue that the Greek cotton industry had to cope with from the very beginning was that of technology transfer and know-how. The introduction and diffusion of technological innovations consequent on the industrial revolution was a crucial issue for all the countries that sought industrialization. Since the economic growth was indissolubly connected with the mechanisation of production and the technological innovations, the technology transfer from the “industrialized” european countries, Britain above all, to countries of the periphery, such as Greece, was a prerequisite.   
In these cases the technology transfer is achieved through the movement of qualified persons men possessing the know-how: British engineers and craftsmen travel in order to set up and operate the new machines, while local craftsmen are trained by them.
 Britain systematically exported not only the mechanical equipment, but also the know-how and “packets” of technical support to the regions as well.

In Greece, as in other countries, the initial contract of spinning and weaving mill equipment purchase provided also for a technician responsible for assembling and operating the purchased equipment. In the Piraeus spinning mills, where the entire equipment had been purchased from Great Britain in 19th century, British technicians install it and train local technicians to operate it.   It is about organized delegations of technicians sent for the said purpose from Manchester by the machine manufacturers. 

“The machinery used in these [cotton] factories [of Piraeus] was manufactured in England and put up by skilled workmen, brought for that purpose from Manchester, who remained here until they had taught the native workmen, when their services were dispensed with”.
 

A similar phenomenon of organized delegations of engineers takes place in the cotton manufacturing factories in Syros, where the equipment “is all of  British make”  and British engineers and supervisors are employed.
 
The British engineers and skilled workers cost expensively: engineer Henry Riley for example worked in the Ladopoulos textile mill in Syros from 1910 to 1913 for a monthly salary of 20 pounds.
 Following the installation and operation of the machines, Greek technicians trained by the British counterparts are employed in the cotton manufacturing industry. Such engineers in the Piraeus spinning mills are Dimitrios Koumantaros, who worked at the Dimokas spinning mill in the decade  1870, and Anastassios Diamantidis. Both of them developed business activity seeking to obtain their own factories. Dimitrios Koumantaros founded in 1880 in Piraeus a small spinning-mill of 2.000 spindles that went bankrupt in the crisis 1885-1886.
 Anastassios Diamantidis (1830-1893), a self taught engineer, who had not even completed the secondary education, worked in the Vassiliadis machine works in 1860 and became active in business by establishing a hosiery, a Viennese chair factory and a steam driven pottery factory. He worked as an engineer in the Lyginos spinning mill in Piraeus, in the Retsinas textile industry (1875-1891), in the Agathoklis spinning mill in Stylida and in the Giannopoulos steam driven wheat mill in Velestino (1891-1893). Around 1874 he was involved together with other bourgeois in a movement for the recruitment of manpower in Piraeus, as well as in establishing an orphanage for children in need.
 

Next to the self-taught engineers a new professional social group of academically educated engineers, who worked in the relevant industry was gradually created. The features of this new social group were later in the 20th century definitely shaped. By means of specialized studies at Institutes of Higher Education throughout Europe, Greek engineers acquired a codified technique and transferred the new technology to Greece.
Engineer N. Sorokiadis (1845-1914) is a typical example of the kind. He studied around 1870 cotton textile engineering in England on the expense of the industrialist Ioannis Dimokas. After returning to Greece he worked in the spinning mill of his “protector”, I. Dimokas. He worked first as an interpreter of the two English engineers, who had traveled to Greece to set up and operate the mechanical equipment of the newly-built Dimokas spinning mill. Following setting up, Sorokiadis was in charge of the mechanical operation, but the first attempts to produce cotton thread were not successful, fact that shows the limits of the Greek industrial experiment. Sorokiadis worked as technical manager in the Retsinas textile mill in Piraeus for some 20 years (1872 until 1890’s). At the same time he taught at the Commercial and Industrial Academy established by Othon Roussopoulos and wrote many articles on the perspectives of industrial development in Greece and the consequent profit for the industrialists or analyzed technical matters of the textile industry.

Sorokiadis presents himself as an expert and argues on matters of his domain proudly, declaring his professional qualifications. Gradually, he creates a culture of technical mastery unusual for the era and in contrast to the prevailing notion of the general “businessman”, who needs to have mainly commercial and banking experience in order to be successful.
Sorokiadis became a businessman himself: since 1890 he was the exclusive representative of the spinning machines manufacturers “Howard-Bullough” for Greece and Turkey. He undertakes as an engineer the provision, setting up and operation of the mechanical equipment for various spinning factories in Piraeus (Lyginos, Sellas), in Athens (Pyrris), in Syros and in Turkey. This activity is the forbear of the type of services that would be provided during the interwar period by technical companies to the industry with regard to the technology transfer. For the period 1902 - 1907 Sorokiadis settled in Syros, where he worked as manager of the “Foustanos-Karellas-Velissaropoulos & Co” textile mill and became chairman of the “Hermoupolis” Commercial Employees Association.
      
In the Piraeus spinning mills the machinery used until the beginning of the 20th century was a combination of an old, though not obsolete technology (throstle spindles) and self actors. This technological choice is connected to the cost of the mechanical equipment and the cost of labor.
 The throstle spindles produced thick and rough thread suitable for the warp, while the self actors produced thinner thread suitable for the weft. The operation of the throstle spindle was relatively simple and did not require much time to be learned or arduously acquired skills (like the mule spindles or the self actors). The labor required for the throstle spindle was simpler and “unskilled”. The throstle spindle were, therefore, (at least theoretically) suitable for the 1870s local labor market, which lacked skilled workers and had to subordinate men and women to industrial rhythms. Their main disadvantage was low productivity. In the 1890s Sorokiadis – after a travel to Britain promoted to the Greek market the technological evolution of the throstle spindles, the rings spinning frames, which decreased the cost of labor and the cost of raw material.
 The “Retsinas” and “Lyginos” spinning mills in Piraeus, the “Foustanos-Karellas-Velissaropoulos & Co” spinning mill in Hermoupolis, the “Minas Kapsanis” in Kallithea and “Hatjinikolaou-Levi & Co” in Volos purchased until 1907 rings spinning frames through the agency of Sorokiadis.
 The spinning mills that were established in the beginning of the 20th century had to be entirely equipped with rings spinning frames, the modern technology that was in use in continental Europe and in the U.S.A. However, the long-standing enterprises replaced the old machinery with new one at a slower pace. The old equipment was not put out of use; it was used often at a loss.

During the interwar period the Greek textile industry was marked by quantitative expansion and rapid development (in the 1920s) and by slackening in the productive expansion, capital concentration tendencies and structural changes (in the 1930s).
 The rapid expansion of the sector materialized through the establishment of numerous small enterprises all over the country, was favored mainly by the overwhelming labor offer after the arrival of refugees from Minor Asia in 1922.
Despite the interwar expansion, the biggest part of the textile industries equipment was old, low efficient and cost expensive. Most of the enterprises did not have the suitable machinery to manufacture thin thread and textiles of high quality; a few factories are equipped with modern machines.
 A lot of the spinning machines used are second hand, brought from European factories that had renewed their equipment. In 1928 in the Karellas spinning mill (Syros) both second-hand and new machines are used: a) one single Buckley opener and lap machine made by Howard & Bullough, 1904, second hand, b) one beater scutscher and lap machine second hand of Lord Brothers, c) one drawing frame second hand by Hetherington with 3 heads, d) one drawing frame second hand by Howard & Bullough with 3 heads, e) one slubbing frame by Platt Brothers, f) intermediate frames by Platt, g) three roving frames each 172 spindles by Platt Brothers second hand. Also a) ten new flat cards by Tweedale and Smalley, 1921, b) two ring frames new by Tweedale and Smalley, 1921 c) six new ring frames by Tweedale and Smalley.

The Greek weaving mills have simple mechanically-driven looms, a limited number of double-sized looms and finishing machines. Automatic looms are spare in the decade 1930 in Greece. The International Labour Office estimates that out of 3.500 looms in Greece only 79 are automatic in 1930-31, and 133 in 1933-34.
 Indeed, in the case of automatic looms, the Greek technological “retardation” cannot be considered an isolated phenomenon; with the exemption of USA, Italy and Germany, automatic looms were not widely used during the interwar period in the rest of the world, because of the high cost.

Since mid 1920s a change has occurred as it regards the country providing equipment. Apart from Britain, the country that “traditionally” provided with mechanical equipment the Greek cotton industry, Germany exports similar equipment to a great extent. “Patraiki Commercial-Industrial Company, SA” imports equipment for the spinning and weaving mills in Patras from Germany, and what is more, in deferred terms.
 German technology is also used in another small-scale enterprise, the Sinanoglou weaving mill, SA in Nea Ionia, which has 75 new looms of British made and 3.000 spindles of the “latest German type Hartmann with automatic motors”.
 Due to the overproduction of rough goods and domestic competition , the making of finer yarn and cloth was a pressing need during the interwar period and the major cotton manufacturers made an attempt to improve their equipment and to produce goods of finer quality. In 1930-31 the textile industries “Karellas”, “Velissaropoulos”, “VELKA”, “Sykiaridis”, the “Helleniki Eriourgia [“Greek Wool Industry”] and “Anonymi Piraiki Etaireia Epicheiriseon” [“Piraiki Business Corporation, SA”] are provided with finishing and bleaching machines from Germany.
 In the following years until the Second World War, the penetration of German technology in Greek textile industry advances further and cover the sector of yarn and cloth mechanical dyeing.

In general, as it regards the introduction of technology, Greece is among the “main” countries that import textile equipment for the period 1911-1929 from the primary manufacturing countries (G. Britain, Germany, Switzerland and USA), and this gives evidence of the weaknesses of the Greek machinery manufacturing sector. It was not until 1930 that ordinary mechanically-driven looms were manufactured in Greek machine-works factories, as a result of the imports limitations set because of the economic crisis of 1929.
 On the other hand, the purchase of cheap, second-hand equipment from English and German factories that took place in Balkan countries during the interwar period widened rather than bridged the gap between Western and Southeastern Europe, as it regards the use of technology.
           

Since the beginning of 20th century equipment is imported by means of technical offices which became the indispensable agents for orders of electrical-mechanical equipment for the textile industries. It seems that the main activity of these offices is that of agent at the expense of scientific research. Later on, they undertake machinery installation: The “Papakonstantinou & Laganas Company” install transform and electrification station Brown Boveri Co in the Piraeus textile factories “Melissa” of Elias Manoussos and “Vamvax”, and are assigned the task of electric lighting in various factories.
 The Karellas textile industry in Piraeus is equipped with electric motors of German make via the technical office run by A. Zahariou Co.
 The textile industry Velissaropoulos in Faliro (Piraeus) is equipped with new looms Butterworth & Dickinson Ltd, via the technical office G. Grigoriadis Bros.

There are cases that the installation, assembly and operation of new mechanical equipment is carried out by specialist engineers who work for the machine-manufacturing companies. In this way, the established in 19th century practice of technology transfer by means of foreign engineers is carried on. The German diesel engine firm “Sulzer” employs J. Pfenninger, an engineer settled in Greece, for assembling diesel engines in factories.
 In some cases specialist workmen are called in from England to mount and fix scutschers and cards machines in the Retsinas textile industry.
 Foreign engineers continue to work for a short period of time in certain big factories. In the textile mill of “Patraiki Commercial-Industrial Company SA” in Patras, the German weaver Queisser is employed, who is in charge of training unskilled staff.
 For Retsinas factories till 1929, Swiss George Buss and German Otto Ardler worked as a factory engineer in plant A’ and a weaver respectively.
 However, the attempts for technological modernization in this particular business enterprise are inconsistent: while a great part of factory equipment and engines is being renewed, the supervision of machinery operation and maintenance is taken away from Gullielmo Zohios, a qualified mechanical engineer, graduate from Technical University and son-in-law in Retsina family and this task is assigned to George Tassoglou, a practical engineer, who is a refugee from Asia Minor.
 What are the implications of such a replacement? Is it related to the finances of the business or it reflects an overall attitude towards the role of qualified scientist engineers in industry?

As mentioned before, the representatives of foreign firms function mainly as agents of the new technology; seldom they intervene in scientific matters of production and labor organization. These agents sometimes extend the range of their business activities to the textile industry and establish relationships and connections with industrial and banking cycles: Georgios Souvatzoglou, importer of textile machinery from the British firm Platt is also a cotton trader in the time of imports restrictions. Electrical engineer Konstantin Gertsos, representative in Greece of German textile machinery and color factories, participates in the Board of “Greek  General Electric Company, SA”, which was established in 1925 by British enterprises and the National Bank of Greece to undertake the production of electric power for Athens and the city transport. In 1929, K. Gertsos, with the financial backing of the National Bank, took over “Piraiki Business Enterprises Company SA ” by purchasing  the majority of shares.
 This company in 1933 merges with “Patraiki Trade Company SA” of the industrialists Katsabas- Stratos- Zafeiropoulos thus creating the “Piraiki-Patraiki Cotton Industry SA” group.       

Since the interwar period, certain textile industrialists obtain technical knowledge in Europe and are qualified -to some extent- to supervise the manufacturing process. Second-generation textile industrialists from Syros (Velissaropoulos, Foustanos) did specialized studies in Britain.
  In the “Sinanoglou” textile industry, Theologos Sinanoglou, a specialist in textile manufacturing, is the technical manager.
 George I. Gavriil (born in Piraeus, in 1916) having studied textile chemical engineering in France, runs the textile industry “Gavriil SA” in Faliro.
 Dimitris Pierrakos (born in Athens, in 1910) did textile studies in Vienna and worked in the “Spinning and Weaving Factory of Thessaloniki, SA” from 1933 and in the “Pierrakos Textile Industry SA” from 1949.
 Aristotle Chr. Platsoukas (born in Naoussa, in 1907), son of Christodoulos Platsoukas, who is a stockholder in the textile industry “G.Tsitsi” in Naoussa, completes textile studies in Ecole Superieure des Textiles de Verviers (Belgique) and in Höhere Fachschule für Textilindustrie (Sorau, Germany) and works as a textile manufacturer in “Sefertzis-Kokkinos & Co, SA” (Naoussa) enterprises. Later he establishes in Athens the mill “Platsouka Bros” and becomes the technical director of it.
 Peter Th. Sefertzis (born in Naoussa, in 1915) having studied in Prenfsichse Höhere Fachschule für Textilindustrie (Germany) worked in textile mills of Naoussa “Sefertzis-Kokkinos”, “Lanaras SA”, and “Sefertzis Bros”.

Chemical engineer Christos Zalokostas (Athens, 1896-1975), son of Petros Zalokostas, who is the director of the State Chemistry Department, and Th. Retsina’s  brother-in-law, having studied in the Polytechnic School of Munich, is a special example of a technical executive. Zalokostas worked as a technical advisor for Retsinas enterprises. He proposed measures for a rationalized organization of production and scientific organization of work.
 This program of rationalization of production and distribution was never implemented in the Retsinas business enterprises, since the rating of priorities did not allow the full study and application of this version of taylorism in the  Retsinas factories. Since then Zalokostas confined himself to a non planned, offhand and fragmentary application of the taylorism principles, which lead to the expansion of piece-work job.

Technology transfer and diffusion is accomplished not only through the movement of staff and machine installation but also through the financial and technical press, which informs the industrialists and engineers of the latest technological developments. Historiography so far has made known the flow and innovation of technological innovation through the relevant technical literature (editions, publications etc.), and through the professional unions of engineers ( the Greek Polytechnic Association and the Technical Chamber). The question is to which extent this diffusion of technology innovation is implemented with regard to industrial production. A possible answer would be probably negative.            

In conclusion, one could say that the development of technology did not affect the Greek textile industry to a great extent. The presence of engineers in the industrial production was weak and was rather directed to the supply of “packets” of technical services through the placement of orders with European firms for mechanical equipment and technical support than the organization of production and labor, the scientific research or the decrease in the production cost.
The small size of the Greek textile enterprises hindered them from keeping up with the modern technological developments and restricted to a great extent – when it did not frustrate- the technical division of labor among the executive personnel. The complaints expressed by  engineer N. Sorokiadis in the beginning of the 20th century about the interfering of the Greek industrialists and  their intervention in the technical management of the factories and  labor relations,  remained almost the same thirty years later.

The technological modernization attempted by certain industries was of small range and rest incomplete. The low technological level of the Greek textile industry offered only one alternative: the exploitation of the redundant workforce through squeezing the cost of labor and prolonging the working hours. In the end of the 19th and in the beginning of the 20th century the main competitive advantage of the Greek textile industry was cheap labor and not technology.   
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