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Technological Encounters: Locating 

Experts in the History of Globalisation

David Pretel and Lino Camprubí

This collection of essays was conceived at a conference in Cambridge in 
April 2016. Since then, the editors, authors and publisher have worked on 
the book from a distance. We, the editors, coordinated it from our comput-
ers in Mexico City, Berlin and Barcelona. We used WhatsApp to discuss the 
most urgent questions and Dropbox to organise the workflow. The authors, 
representing ten different nationalities, wrote from cities across Asia, 
Europe and the Americas. The publishing house editor was in London. We 
attended conferences in Chicago, Florence and Madrid to discuss chapters 
and commissioned new contributors at workshops in Lisbon, Xalapa and 
Saint Petersburg. Authors, working on topics spanning four continents, 
sent their abstracts, drafts and eventually their final corrected chapters via 
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email. They kept moving, for personal as well as professional reasons. They 
communicated from Havana, Shanghai, Philadelphia, Buenos Aires and 
Taipei. We hope readers and libraries from Delhi to Paris, from Buenos 
Aires to Luanda will be requesting copies of this book.

The book itself is proof of the globalised world we live in. Transnational 
lives and international connectivity are, however, only globalisation’s 
most visible faces. Today’s world is more than a virtual multicultural cos-
mopolis or an immaterial information society. It is a planet wired by 
transoceanic fibre-optic cables, digital storage facilities and satellites. It is 
a world made of global commodity networks, continental infrastructures 
and transnational migrant workers. It is not, however, a borderless world 
of unconstrained and uninterrupted flows and free movements. The tech-
nology and materials that support globalisation have paradoxical conse-
quences. The same knowledge and technologies that promote globalisation 
often create new barriers, gaps or borders. Moreover, the complex tech-
nological scaffolding that supports modern globalisation and de- 
globalisation are built, designed and installed in specific parts of the 
planet. And what of the social actors who put technologies in place? This 
book aims to locate them and bring them back into the history of the 
making of the global economy.

 Globalisation(s) and the World Economy

Historian Jeremy Adelman pointed out in a 2017 article that the rising 
wave of anti-globalisation and nationalist politics might be threatening 
global history.1 This field, which has made it possible to overcome the 
excessive provincialisation of national histories and has brought histori-
ans back to the centre of current debates, was itself restored by the prac-
tices and ideologies of late twentieth-century globalisation. It might be 
too easily concluded that the current challenges posed to globalisation by 
protectionism, economic crisis, inequality and climate change will bring 
that young field to a premature dismissal. We believe instead that it is 
more rewarding to recognise that while the current contestation of glo-
balisation exposes the contradictions of the global history paradigm, it 
also represents an opportunity to develop more nuanced, complex and 
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plural world histories. The global view does not imply looking at the 
entire planet as an homogeneous historical entity, but instead rewrites 
local and regional histories with an emphasis on global connections. It 
accepts that globalising processes are neither homogeneous nor incom-
patible with state and imperial interests. This approach allows us to talk 
about globalisations in the plural and to explore the role of individual 
actors in various globalising enterprises.2

The distinctive feature of the new global approach to history has been 
the study of connections between societies, particularly the transnational 
movements of people, ideas, capital and things. This perspective has 
brought to light the areas of encounter and conflict among societies, 
showing the interplay between the local and the global. Less emphasis has 
been placed on how capitalism functions at local and global levels. In this 
respect, the intersection between two fields, global history and the history 
of capitalism, is of particular interest for this volume. We would like to 
suggest that the history of the capitalist world economy can provide a 
context to local, national and regional narratives. Perhaps the most criti-
cal task facing the social sciences is to identify the underlying local and 
global conditions that have determined the metamorphosis of the capi-
talist world economy over the past five centuries.

While the global turn is a relatively recent trend, globalisation itself is 
not new. As Jerry Bentley observes, long-distance cross-cultural interac-
tions, such as maritime trade, were already commonplace in ancient civil-
isations throughout Eurasia and northern Africa.3 It is precisely this 
conception of globalisation as a process independent of the rise of the 
West that leads Hopkins to speak of an ‘archaic-globalisation’ (until 
1600) and a ‘proto-globalisation’ (1600–1800), predating ‘modern- 
globalisation’ (1800–1950) and ‘post-colonial globalisation’ (1950s 
onwards).4 The integration of the Atlantic world economy from the six-
teenth century onwards extended material interactions  to an ever- 
increasing planetary scale.5 This volume, however, focuses on the last two 
centuries. The industrial era transformed the scale and scope of interna-
tional flows of money, artefacts and people. From that moment, local and 
national histories were increasingly affected by supranational dynamics. 
National industrialisation processes facilitated specific technological and 
economic globalising structures.6 Not only national histories, but also the 
histories of empires transformed from the nineteenth century onwards.7

 Technological Encounters: Locating Experts in the History… 
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The acceleration of globalisation during the last third of the nineteenth 
century was again strongly linked to the technological transformations of 
the so-called Second Industrial Revolution, as well as to the expansion of 
multinational corporations, which were the cornerstones of a progressive 
globalism. We would not want to incur the technological determinism 
locked in the phrase ‘the annihilation of space and time’, with which Karl 
Marx and others characterised global industrial modernity.8 But the role 
of technology in modern globalisation should not be underestimated. 
Through the mobilisation of experts and the production of capital- 
intensive technologies for mass production, the new industrial paradigm 
of the age of ‘machinofacture’ took global capitalism to hitherto unimagi-
nable extremes.9

Speaking about globalisation and capitalism in the plural does not 
make this volume immune to the problems that face much of global 
 history from its restoration. A global approach has frequently meant the 
study of European and North American roles in world history, neglecting 
national histories, tales of resistance and alternative types of connections 
in vast parts of the world. Post-independence Latin America, for exam-
ple, is barely incorporated into the global histories of the nineteenth and 
twentieth centuries, and when it does appear it is often in a marginal and 
peripheral position.10 Moreover, academics from universities in Europe 
or the United States remain the dominant narrators of global history, 
with some remarkable exceptions.11 Our volume certainly aims to incor-
porate these and other often neglected views, but its focus on networks of 
technical experts and professionals, which were considered essentially 
modern and Western, makes it difficult to escape from the narrative of 
the economic success and industrial leadership of some nations since the 
nineteenth century. Many of the chapters, however, explore failed plans 
and unintended consequences, while others give voice to opposing views, 
appropriations and confrontations. The volume covers Africa, Latin 
America and the Caribbean, and Asia, in an effort to go beyond Europe 
and the United States.

Global history has faced other related problems, some shared with 
comparative history and historical sociology. Studying broad areas, with 
disparate cultures and languages, creates new difficulties. The global shift 
has made it necessary for historians to rethink some of their theoretical 
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perspectives and to introduce new analytical categories, such as networks, 
borders and cosmopolitanism, to name just a few. This expansion of top-
ics, in turn, has led to an expansion of sources, requiring contact with 
specialists from various disciplines in the excessively compartmentalised 
realm of academia. One major challenge has to do with scale: combining 
case-specific detailed studies with broad or long-term approaches and 
global analysis with local histories. The need for a balance between 
abstraction and particularism seems clear, and it frequently involves the 
conciliation of macro-historical narratives with postmodern and post- 
colonial critiques.12 Creating a local history of the global has also been 
one of the main problems of epistemology. We believe that cross- 
fertilisation of methods between economic history and the history of sci-
ence and technology, as well as a sustained attention to precise networks 
and actors, can provide answers to some of the main challenges faced by 
historians of modern economic globalisation.13

 Expert Networks, Global Technologies

When focusing on world economic integration, multinational compa-
nies, international trade and multilateral institutions come to mind. 
Most historical studies have therefore focused on the most visible figures 
in modern globalisation, such as traders, regulators, diplomats and com-
mercial brokers. Engineers and scientists, as well as other social actors 
with expertise in technology and science, are often neglected. Take for 
example the pioneering book History and Globalisation by Kevin 
O’Rourke and Jeffrey Williamson.14 Only once in the entire text do the 
authors mention engineering, and then without any explicit reference to 
the role of technical experts in the making of the Atlantic economy dur-
ing the nineteenth century.

If Antoine Picon and David Cannadine argue for ‘engineering history’, 
we would like to make the case for ‘engineering’ both global history and 
the history of political economy.15 In a very general sense, technology has 
provided societies with the material structures necessary for world inte-
gration. But calling attention to the globalising role of technologies does 
not exclude a range of other factors and does not suppose that  technologies 
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always favour connectivity. First, although national histories are usually 
insufficient in accounting for the production, circulation and use of tech-
nical artefacts, a techno-globalist approach to the history of technology 
would be equally misguided.16 Nation-states continue to be the leading 
investors in science and technology, as well as in infrastructures and war 
machines.17 Second, industrial research and technological developments 
often promote de-globalisation; for example through physical barriers 
such as concrete walls, barbed wire or satellite-demarcated territories.18

The difficulty, then, is in finding multiple ways of discussing the place 
of technology in histories of globalisation that integrate heterogeneous 
and eclectic methodologies and concepts. Economic historians, some-
times drawing from economic theory, have been mainly concerned with 
the technological determinants of the ‘Great Divergence’ and the so- 
called First and Second Industrial Revolutions.19 Especially interesting 
for our purposes has been the examination of the shifting patterns of 
technological progress through the analysis of specific institutions, sites 
of innovation and aggregated data over the long term.20 By contrast, 
 historians of science and technology have, as has much of cultural history, 
provided detailed case studies and ‘thick’ descriptions that preserve his-
torical specificity. Productive as it is, this approach has the twofold dan-
ger of obscuring long-term secular trends as well as global connections. 
For the last decade, there have been several proposals to go beyond case- 
studies without losing the richness of local studies.21 For our purposes, 
the most promising are studies of systems, networks and circulation.

Thomas Hughes proposes historians and sociologists of technology 
turn to ‘technological systems’, an approach that  integrates material 
artefacts, institutional settings and actors—particularly ‘system build-
ers’ such as engineers and scientists.22 His study of electrical networks 
in the United States and Europe has been an inspiration for accounts of 
railways and worldwide systems of data gathering and climate model-
ling—see particularly Paul Edwards’s notion of ‘infrastructural global-
ism’.23 In their turn, Bruno Latour and Michael Callon also insist that 
networks include material and cultural aspects as well as a variety of 
actors.24

While systems are associated with the structures built by engineers and 
scientists, the looser concept of network allows for more informal and 
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fluid interactions. For our study, this flexibility is particularly interesting 
when discussing the creation of networks of experts, which become 
agents of globalisation and de-globalisation across the world. While some 
professional networks are explicitly created for a particular purpose, many 
emerge through long spans of time in contexts that range from imperial 
endeavours to transnational corporations.25 For instance, British engi-
neers formed worldwide formal and informal networks through several 
waves of diasporas, imperial politics, professional associations and shared 
infrastructural projects.26

For the purpose of this volume, what is important is not simply the 
network conception of expertise, but how networks of experts were 
reconfiguring the global economy. We can think of networks as spaces for 
socialisation and transnational lives that have reconfigured expert prac-
tices. Networks of professional and bureaucratic elites favour the exchange 
of knowledge and espouse transnational professional ideals beyond 
national traditions. Experts often communicate among themselves in a 
particular jargon or a lingua franca that separates them from users of the 
vernacular.27 They create and participate in international organisations 
and institutions that spread their ideas and techniques and reinforce their 
image of detached objectivity. International reputation and social con-
nections, in turn, have been powerful tools for technical experts to gain 
political and professional legitimacy back at the nation-state.28 And, back 
in the international arena, the authority, prestige and connections enjoyed 
by experts have invested them with power to shape international rela-
tions, trade and resource management. As many of the chapters in this 
volume show, experts have often acted as what we would like to call tech-
nical diplomats. They have been agents of empire, of international trusts, 
of modernisation and of global flows. Engineers, in particular, have been 
able to draw on internationalised values of objectivity, technical neutral-
ity and quantitative rigour to gain leverage for their political and profes-
sional decisions in local, national, regional and international contexts.

The professionalisation of engineers since the nineteenth century 
onwards was usually pegged to national politics, technological traditions 
and models of industrialisation, and as such national engineering styles 
manifest themselves in distinct training requirements, legal attributions 
and social status.29 But in most cases and beyond these national  identities, 
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engineers have largely built their authority on symbolic capital topping 
their substantive knowledge.30 As such, the study of transnational expert 
networks poses interesting questions about scale and agency that can be 
illuminated through an attention to local and particular globalising 
endeavours. For this, it is especially promising to explore how experts 
moved across different institutional and geographical settings establish-
ing the nodes of resources and knowledge that constitute transnational 
networks.

Travelling and moving are hence of particular interest to this volume. 
Again, material connections are as significant as personal ones. The 
encounter of distinct technological systems also raises many questions for 
historians. The terminology used by the authors in their chapters to con-
vey movements and encounters is as eclectic as their disciplinary back-
grounds. The concept of technology transfer, still preferred by economic 
historians, concentrates on the patterns of technological dependence and 
the blockages to technological assimilation. From this perspective, the 
notion of transfer helps bring attention to the political economy of tech-
nology and issues such as technological capacities, gaps, sovereignty and 
learning.

On the other hand, authors who want to emphasise the flows of tech-
nological knowledge and artefacts recur to a metaphor taken first from 
physiology and electricity and then from political economy: circuits and 
circulation.31 Technological circuits have historically overlapped with for-
mal and informal social networks, from commercial to migratory ones. 
Circulation always entails transformation.32 Users, from workers to con-
sumers, make material adaptations and cultural appropriations of objects 
designed elsewhere. The process of technology transfer also implies the 
relocation of technologies previously established in a given place. 
Technologies originally from elsewhere combine in original ways with 
local technologies, often forming hybrids and creole artefacts. Adaptation, 
appropriation and use are as central to the history of global technologies 
as invention, innovation and diffusion of new technologies.33

Historians of science have long been interested in reinterpreting uni-
versal truths as partly the product of the circulation of material particu-
lars that ensure experimental reproducibility.34 This approach is 
particularly useful for questions related to the making of global political 
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economies, which depend on the circulation of standardised materials, 
numbers and formulas.35 Producing and regulating standards is a power-
ful tool for those seeking to increase the scale and scope of their economic 
enterprises.36 On a transnational scale, standards become a matter not 
only of science, technology and political economy, but also of military 
strategy, geopolitics and diplomacy.37

 Technology and Globalisation: Four 
Connections

We would like to highlight four transnational processes that are central in 
investigating globalisation since the nineteenth century: international 
trade; empires, imperialism and economic hegemony; hidden integration 
in peace and in war; and the globalisation of models of political economy. 
In all these transnational connections, technology and expertise have 
played central roles.

First, international trade is one of the most visible features of globalisa-
tion since the mid-nineteenth century, with trade in technology provid-
ing opportunities for interactions among technical experts and encounters 
between technological cultures. The reorganisation of international eco-
nomic relations and world markets has often led to the persistent move-
ments of machinery and technical experts. A good example is the rail 
construction boom that occurred during the second half of the nine-
teenth century, linked to a global expansion of trade and global commod-
ity networks, which entailed a constant transnational movement of 
engineers, and other skilled workers, into the global South.38 Similarly, 
although today’s financial markets have become a symbol of virtual world 
economies, they rest on expert networks and material connections con-
stantly expanded and maintained.39

International technology transfer intensified in the world of the Second 
Industrial Revolution. While profound economic and technological dis-
parities put constraints on the successful adoption of foreign technologies, 
industrial inequalities simultaneously encouraged the movement of tech-
nologies among nations. While clashes among different technological cul-
tures and traditions of know-how hindered the assimilation of technological 
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knowledge, such clashes also created opportunities for late industrial 
development. In this context, as observed by Ian Inkster and Joel Mokyr 
from a range of global historical material, institutional change could pro-
mote over the long term the successful transfer of technological systems 
and the overcoming of patterns of dependency. However, institutional 
changes could be inhibited or blocked by a variety of factors, ranging from 
political instability to colonial rule.40

The interplay between two different technological systems, resulting 
from, for example, the importation of foreign technology, reveals the cru-
cial role of engineers in adapting technologies to local conditions.41 For 
imported technology to function successfully in a new economic envi-
ronment, it often needs to be accompanied by the transfer of know-how, 
either through expert migration or the assimilation of specialised skills 
and knowledge.42 The successful adoption of foreign technologies relies 
on the presence of technical experts who could operate and adapt new 
machinery to specific industries and institutional environments. Of 
course, the creation of domestic expertise is costly and requires invest-
ment in education and training for long periods. Often high levels of 
machinery importation by a given country coincided with low levels of 
assimilation of technological capabilities. For example, Edward Beatty 
observes that the Mexican technology gap during the period 1870–1910 
is explained mostly by Mexico’s dependence on foreign skilled personnel 
and the lack of domestic engineers.43

Second, globalisation has also resulted from empires and imperialism. 
Slavery and the cotton industry during the Industrial Revolution or 
growing exports by imperial Japan are just two examples.44 The role of 
technology and technical experts in the expansion of empires has aroused 
considerable interest, with scholars emphasising the need to place the his-
tory of technology at the centre of the historical narrative of imperialism. 
Technology has not only been a means of controlling nature but also an 
instrument of imperial domination and control. For instance, Daniel 
Headrick shows how steam navigation, firearms and tropical medicine 
were cornerstones of the new imperialism.45 For him, technology and 
technical experts are tools rather than active agents of empire. Headrick 
thus follows an instrumentalist approach, to use Bennett and Hodge’s 
expression.46 Michael Adas injects another element into the debate when 
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he reveals the ideals and technocratic ambitions of colonial engineers, 
showing how technical experts in imperial contexts were missionaries of 
modern civilisation and technological progress.47

Alternatively, scholarship has portray technical experts as active agents 
for the consolidation of economic and political imperial power. This view 
favours an approach to imperial history that focuses on interconnections 
in the imperial space beyond the metropolis–colony distinction. From 
this perspective, what matters are areas of encounter, mutually reinforced 
relations, imperial practices and the movements of experts throughout 
the imperial space. For example, Ben Marsden and Crosbie Smith high-
light the role of engineers in the construction of imperial economies. To 
these authors, ‘engineers are empire-builders: active agents of political 
and economic empire’.48 The administration of the colonies enabled 
resource exploitation and the development of an imperial economy. Even 
if colonial experts were at times viewed as second-class professionals, 
colonial projects opened up lucrative opportunities to technical experts as 
well as new possibilities to develop their professional careers and status.49 
Colonies also provided them with real-live laboratories for technical 
experimentation and trials.50 As a result, colonialism is at the root of 
much formal and informal modern expertise. The relevance of colonial 
expertise is well captured in the 1962 jewel of orientalist cinema Lawrence 
of Arabia. In it, Lawrence warns his Bedouin allies after throwing the 
Ottomans out of Damascus: ‘take English engineers and you take English 
government’ —and recall also that the actions of British and Arab demo-
lition teams were directed mainly against Ottoman railways.51

The history of globalisation is also intimately linked to the notion of 
economic hegemony.52 While not necessarily through land-grabbing or 
territorial control, other forms of imperialism, from informal empire to 
soft power, are no less important to the history of the world economy. 
Technical experts have also been critical players in designing and imple-
menting less formal types of economic imperialism. Economic imperial-
ism emerged on a global scale at the end of the nineteenth century as a 
consequence of profound changes in the capitalist mode of production, 
which was now nominated by large corporations and finance capital.53 
Technical experts accompanied foreign investment and moved to new 
sites of production, engaging with local expertise for the establishment 
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and maintenance of infrastructures and industries. A good example is the 
European and American machinists and engineers who worked in planta-
tions, economic enclaves and company towns in Asia, Africa and Latin 
America.54

Foreign trade and investment are central means to exert what diplo-
matic historians call soft power.55 But the role of technology and experts 
in that domain has been even wider. The spread of American-inspired 
institutions for scientific research and education in Europe or India dur-
ing the Cold War, for instance, points at ways in which technology has 
aided in the cultural and institutional wars which are crucial to economic 
globalisation.56 This also seems to have been true for the continuous 
movements of American engineers abroad between the 1870s and the 
Great Depression, when many of them served as agents of Americanisation 
in other countries’ technical schools, business cultures and labour 
relations.

Third, we are interested in the creation, sustenance, transformations 
and meanings of global material infrastructures, from steel bridges to 
water supply systems and to railways. Economic globalisation is surely the 
result of institutions, flows of capital and international relations.57 But it 
is also based on an often invisible technological layer of infrastructure, 
transport networks, telecommunications and technical standards. Europe 
has been a particularly well-researched example. Little more than a decade 
ago, Thomas Misa and Johan Schot set out to reconstruct the history of 
European integration through ‘hidden technological integration’.58 Since 
then, six volumes have appeared under the general title Making Europe 
which offer a rich account of the kinds of webs that lie below the eco-
nomic and political landmarks that constitute more familiar approaches 
to the history of Europe. In the third of these volumes, Europe’s 
Infrastructure Transition, Per Högselius, Arne Kajser and Erik van der 
Vleuten provide convincing accounts of various systems connecting parts 
of (mostly northern) Europe amongst themselves and to global infrastruc-
tural webs from Australia to Canada.59 It does not seem hard to imagine 
the extrapolation of a similar approach to other continents and regions.60

Sometimes, technological integration runs counter to more visible 
economic or political barriers. For instance, iron gas pipelines traversed 
the Iron Curtain and set the stage for European energy dependency.61 On 
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other occasions, however, integration occurred alongside political barri-
ers. For instance, European countries are creating a common border to 
the south through the integration of national surveillance systems. 
Furthermore, the violence of war is also a driver for technical integration, 
which often survives into times of peace. Examples include food canning 
in the nineteenth century, heavy industries during war efforts in the 
twentieth century and NATO surveillance systems during the Cold 
War.62 The twenty-five-year-long war for the Western Sahara between 
Morocco and the Polisario Front, which resulted in what is today consid-
ered the last African colony, was a way of ensuring the increasing integra-
tion of the world market for fertilisers.63

While we discuss the effects of technical integration on economic glo-
balisation, the chapters in this volume highlight integrations that go 
beyond the economic sphere into the political, the cultural and the envi-
ronmental. Environmental global integration happens in ways directly 
related to the history of technology. The first is the standardisation of 
landscapes, for instance through the techniques, know-how and techno- 
scientific objects spread during the Green Revolution.64 The second is by 
providing the means for the coming into being of the global environment 
as an object of analysis.65 The economic significance of the global 
 environment is evident today in discussions about world climate change. 
During the Cold War, the new notion of an interdependent planetary 
environment informed decisions about allocation of resources and dis-
cussions on development and the limits to growth.66

Fourth, and finally, technocratic experts have joined state bureaucrats 
and economists in globalising political economy models, from laissez- 
faire to autarky and to current neoliberalism. Engineers with a strong 
scientific education became a political elite in the nineteenth century in 
France and elsewhere.67 They consciously disseminated new ideas on 
political economy, which then accompanied new infrastructural net-
works or industrialising engines. This pattern continued into the twenti-
eth century, and it should come as no surprise that economic nationalism 
during the 1930s was a rather international movement.68 Similarly, scien-
tists and engineers exported centrally planned economies to socialist 
regimes in the Soviet era.69
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Decolonisation processes in Africa, Asia and Latin America led to new 
economic geographies. According to Timothy Mitchell, it was this transi-
tion which led to the emergence of no less an entity than ‘the national 
economy’ as an abstract magnitude of monetary circulation accounted in 
terms of gross domestic product (GDP) and commodity exchanges rather 
than resource availability.70 Continuities between colonial and post- 
colonial periods are a topic of particular interest to this volume. As histo-
rians have shown, post-Second World War economic international 
institutions and international developmental programmes were often 
means of articulating post-colonial hierarchies through technology trans-
fers built on world asymmetries.71 As such, after political independence 
technocrats of all sorts became a key link between the former metropolis, 
or the new global powers such as the United States, and the newly inde-
pendent countries. From these new positions of authority, experts, from 
engineers to economists, were strategic in economic planning and gov-
ernment intervention.72 They were active agents in the making of the 
post-Second World War world economic order and in its de-regulation 
from the 1980s with the triumph of neoliberalism. As Wendy Larner and 
Nina Laurie demonstrate, a series of travelling technocrats such as water 
and telecommunications engineers, have been instrumental since then in 
the privatisation of public services on a global scale.73

Networks of Experts in World History

This book examines the role of experts and expertise in the shifting 
dynamics of globalisation since the mid-nineteenth century. It shows 
how techno-scientific experts have acted as agents of globalisation, pro-
viding many of the material and institutional means for world integra-
tion. By placing engineers and scientists, among other experts, at the 
centre of its historical narrative, this volume provides original insights 
into the relationship between technology and globalisation. Focusing on 
the study of international connections, it illustrates how expert practices 
have shaped the political economies of interacting countries, entire 
regions and the world economy.

As the body of literature cited throughout this chapter makes clear, 
there is a growing interest in the international history of expertise. While 
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the available studies in the field of history of science and technology are 
intellectually strong and have served as an inspiration for this volume, 
they generally focus on a specific process, region or period rather than on 
the general issue of the role of techno-scientific experts in the making of 
the global economy. Moreover, few of them are explicitly connected to a 
second body of literature, the one addressing the history of economic 
globalism. Just as these books are best considered in the context of eco-
nomic history, important studies of economic history would benefit from 
a sustained attention to the knowledge structures and the active agents 
behind the processes they describe. We hope to contribute to bringing 
experts and expertise into economic histories of globalisation and 
de-globalisation.

To highlight the global dimension of technology, the present volume 
brings together a range of approaches and topics across diverse geographi-
cal regions, transcending nationally bounded historical narratives. The 
contributors to this volume focus as well on diverse historical periods 
from the mid-nineteenth century to the Cold War. Each chapter deals 
with a particular topic that places expert networks at the centre of the 
history of globalisation. Their studies combine the micro-histories of 
experts with the study of their impacts on local, national and global pro-
cesses. Through different case studies, authors trace local, national, 
regional and worldwide connections, providing an alternative map of the 
modern world. Admittedly, this map is no mappa mundi: it is profoundly 
incomplete. But it does put forward new frames to think about globalisa-
tion, technology and experts in world history.

The interdisciplinary contributors to this volume concentrate on 
central themes including intellectual property rights, technology trans-
fer, tropical science, energy production, large technological projects, 
technical standards and colonial infrastructures. Most of the chapters in 
this volume explore the links that have developed since the late nine-
teenth century between the globalisation of the engineering profession 
and the worldwide rise of statist political economic projects and tech-
nocratic institutions. Many of the chapters also consider methodologi-
cal,  theoretical and conceptual issues that speak to current theories of 
globalisation.
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Dagmar Schaffer’s opening chapter asks what it means to be an engi-
neer today and how that shapes our histories of engineering. Its longue 
durée reflection provides a clear picture of material and cultural continu-
ities and ruptures of the ethos of ‘building bridges’ in China, at once 
related to state building and to globalising understood as building a 
civilised world. More generally, it provides a conceptual entry point to 
the questions examined by the rest of the chapters as well as a background 
for understanding the shifting notions of technical expertise throughout 
history.

Networks of technology and experts yielded both connections and 
confrontations among far-flung places in the world. Ian Inkster examines 
the global connectivity that played out between urban England and rural 
Taiwan from the 1860s to the First World War. He argues that chemical 
advancements and the development of the celluloid industry in 
Birmingham directly impacted colonial dynamics and the politics of war-
fare in Taiwan. This is explained by European and American chemical 
industries’ need for camphor obtained in Taiwan. Inkster’s chapter 
reminds us of the technological imperatives, linkages and impacts of the 
Second Industrial Revolution. Technological breakthroughs and the 
resort to patents were a pervasive source of marginalisation and conflict. 
However, this is not only a story of destruction but at the same time of 
unintended consequences and resistance.

Global circuits of production and trade have provided career opportu-
nities for technical experts, for instance in commodity production and in 
the establishment and maintenance of infrastructures. As Darina 
Martykanova shows, during the late nineteenth and early twentieth cen-
turies an elite group of engineers enjoyed truly transnational professional 
lives. Through a biographic study of the graduates of the École Centrale des 
Arts et Manufactures, she reconstructs the work, projects and varied 
activities of certain engineers born in the Ottoman empire, Spain and 
Latin America. Several factors shaped the engineers’ global trajectories, 
ranging from geopolitical questions to increasing transnational invest-
ments, and from friendship to ethno-religious affinity.

At least since the mid-nineteenth century, European empires embraced 
a ‘civilising mission’ embodied by and realised through technology. Maria 
Paula Diogo and Bruno Navarro show how engineers are not just tools of 
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empire, but active participants in the shaping of colonial rule and of global 
infrastructures. Through a study of failed plans for railway construction in 
Angola and Mozambique for more than seventy years, colonial Portugal 
provides a new entry point into the role of technical experts in the European 
scramble for Africa. Intercolonial cooperation and competition appears as 
a major player shaping what the authors call techno-diplomacy.

Intellectual and industrial rights regulate production, distribution and 
access to new technologies. As David Pretel shows, patent experts became 
globalising agents by creating and coordinating national institutions and 
legislation from the late nineteenth century onwards. In his chapter, 
attorneys, brokers, technical consultants, lawyers and investors emerge as 
the creators of international networks of diffusion, dependency and con-
trol. By tracking patent agents in a variety of global contexts, Pretel pro-
vides new tools for understanding modern multinational companies and 
the role of research laboratories in securing their expansion across the 
world. The real game was not just inventing but featuring as the patentee. 
Economic globalisation occurred in the frame of these transnational legal 
and technical networks.

Technical experts were not only an expanding and highly regarded 
professional group in the United States during the early twentieth cen-
tury but were essential in the rise of American power abroad. Leida 
Fernández-Prieto concentrates on the networks of American scientists, 
botanists and agronomists working at Harvard Botanic Station for 
Tropical Research and Sugar Cane Investigation in Cienfuegos, Cuba. 
This chapter makes it clear that most American experts abroad, except 
perhaps for military engineers, were not mere marionettes following 
American policy. The flow of American scientists and engineers resulted 
not from their willingness to serve as a tool of foreign political interven-
tion but from their desire to build careers abroad. American technical 
experts played key roles in the globalisation of American institutions and 
capital, for example through their collaboration with local experts in agri-
cultural research and commodity production in the tropics.

Nobody symbolised American technological progress and promise bet-
ter than the engineer. Hector Vera shows that American engineers were 
central in the regulation of standards and institutions in the American 
technological system. He looks at a specific group of mechanical engineers 
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and how they mobilised opinion against an apparently more rational and 
superior solution to the question of how to standardise weights and mea-
sures: the metric system. Economic and commercial rationales under-
pinned their contestation of a system that would eventually became a 
truly global language of measurement. The American rejection of this sys-
tem would have enduring consequences until today.

Tiago Saraiva and Amy Slaton concentrate on the circulation of knowl-
edge from local into transnational settings. Their case in point is statistics 
for agriculture and their actors are well known to historians of economics 
and of science alike. The chapter’s major innovation is the simultaneous 
exploration of scientific identity (class, gender, service) and disciplinary 
history. The pivotal ground is the role that experts crafted for themselves 
as champions of new ideas and practices of political economy and of 
(limited) democracy. From the New Deal to the Food and Agriculture 
Organization of the United Nations international programmes, the cold 
work of statistics was invested with politics, notions of citizenship and 
strategies for the world economy.

Business is among the realms most affected by global connectivity. 
Carles Brasó examines the business strategy of a transnational engineer-
ing company with a headquarters in Shanghai and its collaboration with 
Chinese textile industrialists during wartime (1937–1945). His chapter 
lies at the interface of several disciplines, offering multiple avenues for 
interdisciplinary discussion, in particular in the history of technology 
and economic and business history. It reveals how engineering networks 
have been key in transnational machinery trade and the globalisation of 
technological companies. Difficult times, including war and periods of 
restricted trade, can be very productive, generating business opportuni-
ties and transforming companies’ strategies.

Maurits Ertsen’s biographical approach takes us through the meanders 
of colonial, international and post-colonial Dutch engineering and 
reminds us of the historical significance of education and hierarchy as 
well as of individual motivations and choices. Attention to technicalities 
shows technology transfer as necessarily two-directional, as technologi-
cal devices adapted to new environments, where new local cultures were 
coproduced. Knowledge and expertise themselves appear as mutable 
mobiles in their movement from colonial to post-colonial settings. 
Dutch irrigation engineering became global through developmental 
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programmes, and that globality subsisted through very specific interac-
tions of local settings.

Joseba de la Torre, María del Mar Rubio Vargas and Gloria Sanz 
Lafuente put nuclear science and technology at the centre of American 
hegemony in Cold War Europe. It starts with a surprising fact: in the 
complex world market for nuclear fuels and reactors of the early 1970s, 
Spain was the major market for American nuclear materials, a position 
well above what its GDP would have indicated. To understand this anom-
aly the authors turn to the diplomatic functions of American, German 
and Spanish nuclear scientists and industrial engineers. The combination 
of business history, strategic and diplomatic studies and the history of sci-
ence and technology illuminates this economic conundrum.

Wartime is also a dynamic time for institutional transformations. 
María Cecilia Zuleta shows how oil rationing during the Second World 
War set the stage for the establishment and development of the South 
American Petroleum Institute, a regional association consisting of a 
diverse community of scientists, technicians and engineers as well as state 
and multinational oil companies. In line with recent historiography, she 
recognises that engineers’ mutual associations favoured transnational 
exchanges of knowledge and information in Latin America. More inno-
vatively, Zuleta’s chapter makes clear that engineers’ associations have 
been far more central in geopolitics than previous studies have recog-
nised. That said, South American engineers failed to consolidate their 
diplomatic achievements during the post-war period owing to their 
opposing interest and ideologies.

Finally, Ian Inkster’s epilogue provides a conclusion for the volume, 
bringing us back to the question that opened this book: what forces and 
agents have created the globalised capitalist modernity we live in?
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The Historical Roots of Modern Bridges: 

China’s Engineers as Global Actors

Dagmar Schäfer

 ‘Engineering’ in China

Like many other concepts, the idea of an engineering profession entered 
China from Europe in the nineteenth century.1 However, ‘master of 
work processes’ (gongcheng shi 工程師), as the term engineer was trans-
lated, was in no way a novel role, as the railway engineer Cheng Qingguo 
and Tang Youcheng, then Head of the Geophysics Research Group at the 
Institute of Remote Sensoring Application, Chinese Academy of Science, 
emphasise in their 1984 study on bridges.2 They explain that China’s 
past had included numerous architectural and hydraulic masterminds 
who knew how to mobilise masses of workers, materials and land, and 
were technically adept. They assert that every type of modern bridge 
construction can be ‘found in embryonic form in the ancient Chinese 
bridges, whose designers made such great progress and achieved such 
distinctive features in structure and construction so long ago’.3 In their 
rendering of the past, artefacts verify technical expertise, while textual 
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records illustrate these individuals’ learnedness and altruism, as well as 
the political importance of their efforts and manifold deeds.

The historical continuity of both an engineer’s technical prowess and 
his/her political responsibility were important aspects of China’s late nine-
teenth-century quest for modernity. Both issues continued throughout 
the twentieth-century nation-building and identity debates, although 
they were increasingly coupled with a Chinese concern about global polit-
ical recognition from ‘Western’ countries such as the USA and Europe as 
a modern, advanced and politically important actor. During the late Qing 
and Republican eras, we find scholars trained in the West, such as the 
geologist Ding Wenjiang 丁文江 (1888–1936), or practitioners such as 
the architect Zhu Qiqian 朱启钤 (1872–1964), who searched through 
China’s history for exemplars with scientific and technical skills.4 Others, 
such as the US-trained railway engineer Zhou Houkun周厚坤 (1889–?), 
attempted to make engineering responsible for preserving culture. In the 
1910s, Zhou urged engineers to invent a typewriter for ‘this wonderful 
language of ours’,5 instead of requesting a change in the language itself or 
assuming that engineers had reached the limits of their abilities. Republican 
and Communist politicians purposefully anchored modern ideals of sci-
ence and technology into state practice, continuing the ritualisation of 
mythological emperors such as the flood tamer, the Great Yu 大禹, 
rebuilding his temples and memorials in Shaoxing between 1930 and 
1939. Both Communist and Guomindang members politically promoted 
technocratic and expertocratic forms of leadership while, at the same 
time, historians such as Gu Jiegang 顧頡剛 (1893–1980) and the writer-
politician Guo Moruo 郭沫若 (1892–1978) debunked the historical 
constructivism and social purpose of such mythological approaches.6

 The Past in the Present

If Chinese actors saw historical continuity in technical prowess and an 
engineer’s leading political role from the premodern to the modern age, 
how then, did this era explain the early modern-to-modern change? Many 
modern historical accounts distinguish these periods by referring to the 
growing scale of operations or the upsurge in mechanisation.7 Cheng and 
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Tang pinpoint the increasingly globalised knowledge culture of the con-
temporary engineering trade. They assert that engineers of the modern age 
were able to cope with previously insurmountable difficulties such as the 
construction of a permanent bridge over the Yangtze River near its delta, 
because they could draw on ‘not only the intelligence of the Chinese people 
but also the experience of other countries’.8 Unlike classic scholars of the 
Song, Yuan, Ming or Qing dynasties (i.e. between the ninth and eighteenth 
centuries),9 engineers after the nineteenth century thought beyond the 
nation-state and, by sharing their knowledge and expertise, were ‘propagat-
ing friendship and association between peoples throughout the world’.10

In their 1984 article, Cheng and Tang articulated an aspiration that 
the new millennium would see expansion—in more than rhetorical 
terms—to countries in the Association of Southeastern Asian Nations 
(ASEAN) and diverse communities on the continents of Africa and Latin 
America.11 Trained in technologies, architecture, economics and sociol-
ogy, Chinese engineers in the twenty-first century envisage and realise the 
biggest, most costly and most technically challenging projects, such as a 
water pipeline from China’s south to north, new railway lines with wide- 
spanning bridges, sports arenas or expansive highways across African des-
erts—or even entire continents. When other countries talk politics, 
China’s political elite often remain silent in global discourses—and 
instead let engineering projects do the job. Another factor is that since 
the 1950s engineers increasingly moved from the back seat to the fore-
front of political, economic and social decision-making.

Of course, as Cheng and Tang anticipated, the methods and means of 
engineering have changed substantially. Bridges are higher, span wider and 
are lighter than their historical precedents. What concerns me in this 
chapter, though, is Cheng and Tang’s claim that premodern engineers were 
more bound to political territories and regimes (that is, empires) and did 
not share their knowledge as easily as today. Is the political boundedness of 
knowledge, its identification within empires and nations, an important 
characteristic explaining/identifying the premodern/modern divide?

Although, prior to the eighteenth century, Chinese ‘masters of work 
processes’ did not see the world defined in terms of a globe, they—like 
their modern successors—believed themselves to be operating on a scale 
relevant to ‘all under heaven’ (tian xia 天下). In this political framework, 
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we can indeed see that they defined their skills and knowledge in terms of 
how their efforts to regulate natural forces were important for ordering 
(zhi 治, i.e. governing) the world, thus making it a habitable and ‘cul-
tured’ (wen 文) place. As such, engineering projects to control water, land 
and society were mainly pursued by the cultured inhabitants of China’s 
various dynasties, whereas the barbarians outside China were believed to 
be unaware of such means. Cheng and Tang indeed assert that histori-
cally Chinese bridge-building expertise was exported to places such as 
Edo-Japan, whereas they do not name any cases of foreign influx into 
China before the nineteenth century.

 Cultures and Bridges

In fact, Cheng and Tang are right to assume that in the Chinese historical 
context, sharing knowledge meant civilising the world. The Chinese lite-
rati considered this shared knowledge to include more than just the sci-
entific and technical proficiency and skills admired by twentieth-century 
Chinese engineers. The civilising influence of engineering know-how lay 
in its benefits for both the state and its common people, being dependent 
on the moral application of knowledge, defined in terms of 
commensurability.

The numerous historical accounts of hydraulic and construction proj-
ects are one example of this. These projects often achieved an order of 
magnitude that required attention from emperors, and thus became 
memorised in dynastic historiography. Substantial investment in resources 
was only justifiable because, once accomplished, such projects would 
benefit the community long into the future, far exceeding any single indi-
vidual’s vision, or even a whole generation’s desire.

Rhetorically, scholars approached the state’s responsibility for a longue 
durée view and issues of scale by adopting the mythologised account of 
ancient sage-kings. As the assigned Minister of Work (gongbu 工部) in 
the court of (the equally mythological) emperor Shun 舜, the figure of 
the Great Yu exemplified the imperial role in water management projects. 
Yu is recounted to have successfully channelled water into the major 
Chinese rivers. In this way, as Mark Lewis suggests, Yu accomplished ‘the 
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structuring of the world through a process of [spatial] division’.12 This 
enabled people to travel throughout the country on rivers and roads and 
determined which lands were suitable for agricultural cultivation. 
Following Yu’s lead, court elites and scholar-officials took on the same 
tasks in the dynastic state. By the time of the Song Dynasty (964–1279), 
the emperor’s legitimacy depended, to a large extent, on his ability to 
keep the capital Kaifeng free from floods and, after the dynasty withdrew 
to the south, to tame the water there to cultivate new land. Over the 
longue-durée, concepts as broad as Wittfogel’s problematic hydraulic 
states as well as modern environmental history perspectives are employed.

In this legitimising role, the Great Yu appears, with short interrup-
tions, in Chinese historiography at least since the Northern Song. While 
the task remained largely the same, the intervention strategies varied con-
siderably, with emperors such as Huizong attempting to get to the root of 
the problem and redirect the waters of the Yangtze from its source.13 
Most imperial rulers settled on dealing with the outcomes or following a 
rhetoric of imperial tasks. However, Hongwu 洪武 (1328–1398, reigned 
from 1368), the founding emperor of the Ming, reinstalled the rituals of 
the Great Yu in the seventh year of his reign, 1374.14 In addition, when 
he was a young prince, the later Yongle 永樂 emperor (1360–1424, 
reigned from 1402) was continuously reminded of the hardworking (qin-
lao 勤勞) exemplar, the Great Yu.15

 Water, Politics and the Engineer Hero Yu

While emperors may have controlled these projects, they relied on water 
management experts to actually implement them. ‘Hydraulic engineers’ 
populate China’s dynastic and private histories. In addition to their tech-
nical ability, they had to be able to negotiate the suitable means and plan-
ning strategies to ensure the successful completion of such projects. They 
were granted moral judgement, yet they were frequently subjected to 
criticism and were blamed for the causes and results of any mishap.

A case that illustrates engineers’ ambiguous moral role is that of the 
Song Dynasty civil servant and relative of the contemporary prime min-
ister, Tang Zhongyou 唐仲友 (1136–1188). On visiting Tiantai district, 
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Tang designed a bridge that could withstand the difficult tides at that 
particular juncture. Even though Tang is shown in this context as a 
 quintessential manager-engineer with exceptional technical abilities, the 
story’s purpose is to depict Tang as a quintessential immoral villain. Tang 
initiated a huge, financially demanding and technically complex con-
struction project to build a bridge comprising twenty-five connecting 
sections, with harbour wings for fifty boats, and embankments against 
the tides 115 li (5832 metres). towards the south—because he had felt 
forced to share a ferry with some drunken, ill-behaved passengers who 
had lost their moral standards.16 His contemporary colleague and the 
originator of Song-orthodox Neo-Confucian philosophy Zhu Xi 朱熹 
(1130–1200) accused Tang of having used inappropriate means—a tech-
nical solution—for a trivial social problem. He alleged that Tang had 
strained the wealth of the commoners and the imperial treasure trove, 
instead of simply educating his fellow travellers. Or, expressed in modern 
terms, Zhu Xi accused Tang of choosing technical over social 
engineering.

This incident showcases a disagreement over cost–demand efficiency 
and the adequacy of resources, as much as over the technical scale and 
scope of human planning. In a ritual tract that was published at around 
the same time, Zhu Xi stated that he favoured a method of minor inter-
ventions. In this work, he described how the social order of the state 
depended substantially on the proper placing of an ancestral shrine in 
each individual’s home.17 Proper action meant understanding that major 
outcomes could be achieved by taking care of rudimentary concerns.

Li Cho-ying’s comparative research on hydraulic engineering during 
the Song and Ming period shows that debates about appropriateness also 
concerned the specific level at which decisions should be made. Whereas 
Song rulers centralised structures and took preventive and affirmative 
action, Ming rulers increasingly withdrew from such projects and left 
these matters in the hands of local officials and gentry.18

In a more recent study of hydraulics, Li draws particular attention to 
the third Ming emperor, Yongle, who abandoned hydraulic management 
and replaced it with tax exemptions and aid relief in around 1404. Li’s 
research elucidates that the reasons for such political shifts, and the effect 
they had on the actors who were in charge of social, political and technical 
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decisions, were complex. Resource management—such as the availability 
of wood or labour—as well as straightforward financial considerations 
may have played an important role in Yongle’s rash  withdrawal from a 
redesign of water management practices in the Lower Yangtze region, in 
the same year that he moved the capital from Nanjing to Beijing. This 
spatial relocation of political power meant a need to renovate and rebuild 
the Yuan palace structures in Beijing, as well as carry out infrastructure 
projects such as constructing canals and roads. Furthermore, between 
1403 and 1420 Yongle sponsored projects such the expansion of the 
Daoist complex of the Wudang shan pathway, which contained over sixty 
bridges, to open up routes through a sacred landscape for pilgrims.19 
Various temples and resting sites were included, spread across an area of 
140 li (67200 metres). Yongle may not have envisioned the long-term 
financial and social implications of such large-scale projects in 1403, 
when he promoted the civil service examinee Xia Yuanji 夏原吉 
(1366–1430) into ever-higher civil servant positions (up to the role of 
Minister of Finance), thus enabling XiaYuanji to develop a technical solu-
tion for dredging the waterways of the Lower Yangtze River. But he cer-
tainly had to deal with the various financial and social repercussions of 
these projects.

But clearly, as Li has also shown, the definition of an ‘appropriate’ 
mode and scope of intervention depended on its actual aims, which did 
not always involve an urgent environmental issue, an agricultural or even 
a social purpose. Yongle’s redesign of the Lower Yangtze did not fill any 
immediate need such as extensive flooding, drought or famine. Rather, 
Yongle magnified small incidents ‘to the degree that the entire region had 
to engage in water management…’. Hence, he initiated a huge project ‘to 
legitimise his reign, without saying so explicitly’.20 He politicised the flow 
of water, so as to justify an empire-wide—and in this sense for his world 
‘global’—technical intervention.

Two technical innovations are attributed to the historical engineer Xia 
Yuanji: a ‘pedal pump rescue’ and his specific ‘polder dyke construction’. 
The nature of Xia’s innovations were, however, systemic rather than tech-
nical, because Xia made sure that his ‘machines’ enabled local officials to 
control floods themselves—thus alleviating the central state of this cen-
tral responsibility. However, he also made sure that the government could 
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still reach local homes, by implementing a tax for state management of 
the pumps.21

Historians of science have dedicated special attention to China’s rich 
and resourceful history of engineers. But only lately have historical  studies 
such as Li’s started to look beyond innovative technologies and connected 
the dots between social, economic, environmental, scientific and techno-
logical change. Thus also the long-term implications that such projects 
had on knowledge standards and ideals as well as for hydraulic practices 
more generally. In fact the imperial context authorised technical solu-
tions for succeeding generations. Scholar-officials in the late Ming and 
Qing emulated Xia’s systemic choices over the next two centuries. 
Similarly consistent was Pan Jixun’s 潘季馴 (1521–1595, jinshi 1550) 
later solution to channel the waters more narrowly into a torrential 
stream, in order to ‘use water to attack water and regulate the river with 
the river’ (借水攻水,以河治河).22 Engineers in the 1950s consulted 
Pan’s work carefully before attempting to speed up the water flow, so that 
it would flush the silt alongside the embanked riverbed.23 Thus, certain 
ideas prevailed across the premodern and modern divide, serving as inspi-
ration for new technical solutions or, in some cases, a reconstitution of 
the old ones.

 Tensions, Compressions and Torsion: Political 
Arches

As central as ideas of nation-building are in contemporary China’s engi-
neering cultures, they also often address ideological continuities of a 
larger, less territorially bounded identity discourse, addressing the mul-
tiple concerns brought about by large-scale engineering interventions 
such as the remodelling of rivers, mountains or urbanised space. And 
here we can find another continuity. Like emperors, early Republican 
scientists, historians and politicians managed the public image of such 
projects and the public’s concerns about them by employing state rituals 
and propaganda. While Song emperors financed dykes and canals, they 
commissioned paintings of rituals around the Great Yu and water mills as 
Liu Heping shows.24 Sun Yatsen 孫中山 (1856–1925) worshipped the 

 D. Schäfer



 35

mythological flood and river conqueror, the Great Yu in 1919 in a state 
ritual, as did Zhou Enlai 周恩來 (1898–1976), who, in 1939, suggested 
that China’s political elites had not adequately studied ‘Yu’s lessons about 
flood control. They know restraint, but nothing about effective guidance 
and hence create a despotic tyranny…’.25 The Guomindang regime con-
tinued legitimising rituals, whereas the Communists broke with such 
feudal practices.

As Mizuni, di Moia and Moore have recently argued, the limits of a 
nation-state-based historiography of economic development and engi-
neering traditions lie ‘in its neglect of the continuity between colonial 
Asia from Cold War Asia, and empires from post-WWII international 
development’.26 In fact, a closer look clearly reveals such continuities 
within China’s national engineering debates too. As recent research has 
shown, Communist politicians and state actors between the Great Leap 
Forward (1958–1962) and the Four Modernisations (since 1972) never 
entirely cut ties with the past in their joint aims to foster progress within 
nation- and identity-building. Following a policy of employing ‘red and 
expert’ (i.e. both politically conscious and professionally competent) civil 
servants and party members in the 1960s, the state still promoted the 
publication of classical tracts on agriculture for utilitarian means, such as 
Nongshu農書 (Book of agriculture) and Song Yingxing’s Tiangong kaiwu 
天工開物 (The works of heaven and the inception of things). Officials 
held that such classic literature would be a suitable guide to innovation 
after the Soviets had cut their technical and financial aid during the Great 
Leap Forward. Such examples of ancient wisdom also legitimised histori-
cal empiricism—that is, learning from the past—and enabled politicians 
to invoke former technical visions as important and now feasible project 
ideas in the changing political context. Along these lines, the idea of 
channelling the abundant waters of the south up to the drylands of the 
north (xibu da kaifa 西部大開發), developed in the 1950s by Ministry 
of Water personnel, was put into effect in 2000. In between proposal and 
implementation, a new ruling class of engineers such as Jiang Zemin 江
澤民 (b. 1926) emerged and ascended to the highest positions of politi-
cal power. Jiang, who was state president from 1993 until 2003, received 
a technical education at one of China’s elite universities (Shanghai) before 
the Cultural Revolution of 1964 (before the term ‘red engineer’ fell out 
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of favour). He was an advocate of the Three Gorges Dam, and he actively 
reinvigorated the cult of the Great Yu in Shaoxing in 1995, supporting 
the state financing of temples and memorials.27

In contrast to Jiang Zemin’s rise, engineers such as Cheng and Tang 
anchored their social responsibility in a Henri de Saint-Simon-type ideal 
of economic planning based on scientific principles, which mobilised the 
Communist ideals of common production means and public property 
within a capitalist market economy in a seemingly paradoxical, yet very 
efficient, combination.28

 Conclusion

Engineering traditions in Asia did not develop out of a void. Bridges 
existed or were built where ferry passages had previously crossed rivers, 
and irrigation is constantly updated but still continues flowing in its old 
beds and grids even today. Overlooking the desired and unwanted conti-
nuities of Chinese engineering history and historiography beyond the 
modern age means dismissing, all too easily, another cultural means that 
helped to shape identity and promote an engineering modernity within 
changing political climates and new economic ideals. The political instru-
mentalisation of past state mythologies within a revived modern Neo- 
Confucianism philosophy since the 1990s shows that such references had 
important social and moral implications as well as technical conse-
quences. When Jiang Zemin attended a ritual and left a plate in his own 
handwriting on the Great Yu’s tomb (Da Yu Ling 大禹陵), he was delib-
erately promoting technical solutions for both social and environmental 
challenges. His successors have taken similar viewpoints since the 1990s, 
and increasingly on a global scale.

The state remains a major actor in both the small- and large-scale 
endeavours of China’s engineers today. The people of Shaoxing city cele-
brate the Great Yu by offering a small sacrificial ritual each year, a public 
sacrifice every five years and a grand sacrifice every ten years (with the 
exception of 2003). This event has even turned into a modest tourist 
attraction, and with the economic benefit, and globalisation debates, the 
public increasingly embraces the political messaging as a sign of culture 
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and identity. In 2007 the ritual achieved national status not unlike previ-
ously in imperial times. Jointly promulgated by the city, regional and 
state organisations, the stakeholders revived an imperial format (dili 禘
禮) of thirteen sacrificial steps. At the same time, international represen-
tatives, including several groups from Taipei, Japan, Korea, Poland, India, 
Iran and France, attended the celebration. From a Chinese perspective, 
therefore, it is not so important that China takes a front row seat in 
worldwide politics as long as Chinese engineers can confidently hold 
major agency in the very political nature of an engineered, globalising 
world.
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 Introduction

This chapter will consider two main themes.1 The first of these is how it 
was that an urban-based chemical programme spread at a global level 
under the force of a conjuncture of specific sites of local knowledge, aca-
demic research and intellectual property into the heart of a series of new 
industries associated with Europe and the USA in the later nineteenth 
century—from photography and artificial silk manufacture to gunpow-
der, craft and art nouveau products (in the latter case chemistry substi-
tuted for such expensive material as ivory or marble or mother-of-pearl), 
underground electrical cables and the even more important broad emer-
gence of celluloid and plastic manufactures. Secondly, it will analyse how 
this new chemistry directly impacted on the politicisation of frontier 
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warfare in Formosa (Taiwan) from the 1860s, escalating with the colonial 
invasion of Japan in the mid-1890s. This second task is designed to show 
how high-tech chemistry could, unbeknown to any of its commercial or 
expert agents in the ‘West’, and at the behest of no one evil-doer, radically 
upset the frontiers and checks and balances of non-Western ethnicities in 
relatively isolated locations of the world. Colonialism was a matter of 
commerce and useful knowledge in alliance with a process of cultural 
‘othering’, which in the hands of Anglophone interests and Japanese 
colonial imperatives altered forever the entire history of a crucial part of 
maritime China at a time of its cultural degradation and commercial 
dismemberment. Finally, and ironically, it will be shown that such global 
connectivities or impacts might have been rendered either insignificant 
or turned to more positive account by the very chemistry that had created 
them in the first place. Chemical work from the First World War allowed 
the production of plastic material and product to be freed from its depen-
dency upon several raw materials, including camphor. If such work had 
come earlier, cultural and political disaster in Formosa might well have 
been avoided.

The conclusion argues that older work on colonialism that visualises 
networks of technology and expertise as predominantly benign connec-
tivities beyond or contra-cyclical to political colonialism cannot in itself 
replace the more basic forces at work in the global economy of the second 
industrial revolution—the technological imperatives of industrial capi-
talism served also to drive new frictions into old civilisations and in that 
process marginalised long-established indigenous communities. Many of 
these were spatially and culturally located on the very frontiers of colo-
nialism, and at times persisted in their existence beyond colonialism 
itself.

 Connectivities in a New Globalism

This chapter covers a period that witnessed a second industrial revolution 
based on a great surge of technological change, a massive growth in the 
international trade, investment and migration of the so-called Atlantic 
Economy, an almost world-wide entrenchment of colonialism and  formal 
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imperialism led by a small group of industrial powers who wielded those 
advancements in technology as tools of aggressive expansion. However 
much it is dressed up or nuanced by theories of cultural advancement or 
new cognitions, these basic elements interacted closely and cumulatively 
to form a dualism of winners and losers in the world system.2 It is true 
that one nation broached this stark division—Meiji Japan from 1868 
managed to react and industrialise just sufficiently to put her last amongst 
the dozen or so success cases. A few others appeared to benefit for a while 
from some supply advantage but then failed to sustain their trajectories 
(Argentina was an outstanding example), and a few lucky areas of recent 
settlement combined good natural resources, small census populations,3 
cultural proximity and frontier ingenuities to ensure their place amongst 
the suppliers of key natural or semi-processed commodities to the second 
industrial revolution (Australia and Canada leading this process). But for 
the huge populations of our planet, the years between the Great Exhibition 
of 1851 and the outbreak of world war in 1914 saw prosperity and opti-
mism residing in winners, depression and resentment in all others. The 
two demarcation years used in my last sentence illustrate the absolute 
dominance of one side of this dualism, the terminal dates being defined 
entirely by events conjured up within the winner group. Of no other 
period in world history, including that of the classic industrial revolution, 
could this be said with the same sort of confidence.

Within winner nations the working classes began to share in some 
benefits of industrialism (a new urbanism, holidays, greater religious and 
political freedoms and in some cases even civil voice) whilst industrialists, 
bankers, insurers and shippers became the new projectors, employing in 
aid of their social comforts, their legal protection, good health and psy-
chic well-being a new host of qualified professionals and experts. Most of 
the latter wielded income and status through their claims to expert 
knowledge and the civil application of that knowledge. Within many 
loser nations, especially in colonies, emerged in contrast an alienated 
elite, members of which moved their wealth from the land or from new 
commerce into the enterprises and exchanges of the second industrial 
revolution, often living in and sharing the cultural trappings of elite 
urban environs in Europe and the USA, whilst a host of millions became 
increasingly dependent on forms of lowly employment in agriculture, 
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industry and commerce in their own countries that were irreversibly 
entwined with the dictates of industrial capitalism elsewhere.

Bearing in mind all such interrelationships we may speak clearly of a 
new globalism, and in this contribution we illustrate how technology was 
central to its connectivities, the densities of its networks and the character 
of its associations and institutions. We begin in Birmingham, in the 
heartland of that fusion of natural resources (minerals and energy densely 
arrayed) with the earned resources of skill, knowledge, technique and 
institutional felicity that in all represented both the formative ingredients 
of the first industrial revolution and the major building blocks of the 
second. In this later period the linkages between industrial growth, tacit 
knowledge in specific skill environs and systematic advancements of nat-
ural and experimental sciences became more formalised and identifiable, 
but still benefited decisively from continuing elements of spatial, social 
and cognitive proximity inherited from the earlier period of industrial 
enlightenment and artisanal skill.4 Out of the knowledge networks of 
urbanism came Birmingham’s lead in new processes of celluloid produc-
tion, chains of experiment, skill and expert knowledge that in the period 
spawned major breakthroughs across the range of new industries.

In a world of machinofacture,5 where overall economic growth in win-
ners was spearheaded with a startling acceleration in both the output and 
range of manufacturing production centrally located in innovations in 
metal and chemical production processes, such urban locational advan-
tages also created Birmingham’s technological and commercial lead in the 
starkly contrasting fields of toy-making and arms manufacture. The arms 
manufacture that was integral to industrialism was central to the resulting 
global dualism. Chinese defeat by Great Britain in the so-called Opium 
Wars of 1839–1860 was not merely part and parcel of British industrial-
ism’s need to find a simple export product to China that would relieve the 
burden on the balance of trade of importing a valuable array of Chinese 
products, it was also an early aggressive expression of the technological 
synergies forged by Napoleonic warfare and the consequent great advance 
in British armaments and naval technologies.6 Such combined commer-
cial and technological imperatives ensured that industrial dominance was 
military dominance in the 150 or so years between the Napoleonic Wars 
and the Vietnam War. In the case of our study here, it was British com-
mercial and territorial aggression after 1815 that eventually led a group of 
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now Great Powers to undermine Chinese governance and commerce 
through a series of threats and wars, treaties and arrangements, which 
culminated in China’s loss of commercial sovereignty, territorial erosions 
and failure of central authority. By the 1860s Chinese authority had been 
severely undermined along most of its land and sea borders, and in 1895 
the loss in warfare to industrialising Japan and the resulting Treaty of 
Shimonoseki was exemplary of the global reach of the second industrial 
revolution.7

Similarly, the central importance of military and naval technologies 
and their frequent applications in the convoluted processes of expansive 
threat (e.g. to Japan after 1854), colonial formalisation and intensifica-
tion (e.g. in India), or systematic partitions and dismemberment of nom-
inally independent states (e.g. China) arose—in the felicitous terms of 
our two volume editors—ultimately from those energetic engineers 
defined ‘as social actors with expertise and social authority in technology 
and science’.8 We shall see how in Birmingham urban space and associa-
tion yielded both expertise and authority just as it also broke down any 
stylised distinctions between ‘technology’ on one hand and ‘science’ on 
the other. But then, our case quite dramatically exemplifies how the pre-
vailing civil society and urbanism of the second industrial revolution in 
England directly impinged upon the entirely contrasting political econ-
omy of the small island of Formosa, so many miles away, into forest and 
mountain regions and established indigenous communities that in all 
obvious respects inhabited an entirely different planet. That urban 
England and forest Taiwan were not in fact on effectively separate planets 
was because of the institutions and commercial competitions of late 
nineteenth- century capitalist expansionism, a central dynamic of which 
lay in the global networking of engineers, experts and their expertise.

Our case study embraces both sides of the resulting connectivity and 
confrontation. However benignly created, the celluloid and plastics tech-
nologies first generated in Birmingham had a direct and profound impact 
on the ethnic and economic history of Taiwan (Formosa), the small island 
situated on the Chinese southern coast, always marginal to mainland 
interests and entirely separated from them when Japanese colonial author-
ities took over in 1895. The global connection was complex, involving 
movements of knowledge and expertise, transfers through the expanding 
intellectual property systems (in this case patenting), encroachments by 
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Chinese settlers on the central and eastern territories of Taiwan, hitherto 
under the sway of non-Chinese indigenous groups, and the gunboat 
diplomacies of the Great Powers. Finally, we argue that just as this global 
confrontation was created in the process of technological advancement, 
so too it was to be relieved not by diplomatic or political solutions, but by 
further technological innovations stemming from the West.

 Bustling Proximities: Out of Birmingham

By the 1850s, the city of James Watt and Matthew Boulton, of the Soho 
Works and the steam economy had become a central place of industrial 
capitalism. Birmingham, in the English West Midlands, was the strong-
hold of nineteenth-century industrial innovation. More intensively than 
anywhere else in the world at that time, Birmingham was crammed with 
artisans, workshop owners and small businessmen who competed avidly 
for the innovation guinea. A principal mechanism was cut-throat compe-
tition, but increasingly an improved system of intellectual property rights 
(the reformed patent system of 1851) was giving sufficient information 
and protection to allow for the emergence of what might be called tech-
nology research programmes, often as not dominated by one individual. 
As the engineer John Farey put it in 1835, the patented incremental 
improvements of the time were ‘the origin of a number of considerable 
trades in Birmingham, Sheffield and in London’. A few years earlier he 
had emphasised ‘the very expressive nature of the technical language that 
is used among all our artisans; also the established habit that the English 
have, more than any other people, of associating themselves into bodies 
and societies to act in concert to effect a common object’.9 Here, then, 
was a fairly clear statement of the linkages between workshop culture, 
urban associative activities surrounding the diffusion and discussion of 
reliable knowledge, and the process of technological change.

Birmingham seems to illustrate the pertinent generalisations of this 
chapter. The city even at this time was predominantly a place of unmecha-
nised workshops, whose toy and gun manufactures, brass and  ironmongery, 
remained dominated by craftsmen benefiting from the fundamental Black 
Country technological advances of an earlier era—mineral fuel, puddling 
and rolling, and steam power.10 In Birmingham during the 1830s and 
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1840s some 28% of patents were for metalworking processes, 11% were 
for machinery and motive power improvements, 14% for clothing and 
accessories, but a very large 43% belonged to a wide range of small metal 
products, and were related to advances in design, materials or use of 
equipment of such items as decanters and other glassware, firearms, lamps 
and gas-burners, wood-working and furniture-making, inkstands and 
ornamental items, and so on, the very stuff of small-scale Birmingham 
manufacturing until the early years of the twentieth century. Some 66% 
of patented inventions came from skilled tradesmen and manufacturers, 
and much of this was focused on product innovation, whereas improve-
ments in metalworking, textile machinery, railway and other general 
machinery tended to come from self-styled engineers, often in partner-
ships—12% of over 400 patents were through partnerships, but this rep-
resented 24% of all Birmingham patentees, most of whom were small 
manufacturers, millwrights, machinists and skilled tradesmen engaged in 
a self-help industrial culture.11

As can be seen from Fig. 3.1, by the 1860s patenting was predomi-
nantly in the hands of a vast number of skilled tradesmen and small 
manufacturers, most of the latter of whom were upwardly mobile as they 
exploited the tacit skills and knowledge of their own earlier trade appren-
ticeships. There can be little doubt that the general and more formalised 
engineering skills of mechanical and civil engineers, mechanists and 
wrights created the advances in grain milling, steam motive-power, rail-
way equipment, metal-cutting tools, metallic alloys and so on, whilst the 
brass founders, button manufacturers, Britannia-ware manufacturers, 
draftsmen, gunsmiths, japanners, tanners, stove-makers and silver opera-
tors devoted themselves to product improvements in their own fields.

The high technology that emerged from this crowded urban workshop 
milieu was clearly not any direct result of learned English university 
experimentation or of government interference or funding within Britain. 
Elite Britain had no impress on urban Birmingham.12 We would claim 
the contrary. The camphor wars that would from this point escalate in 
Formosa were a far distant outcome of a culture of machinofacture that 
was absolutely inherent within the social processes of British industriali-
sation and which involved subtle informal linkages with many produc-
tive sites in Europe. Through such networks knowledge and intellect were 
brought to bear on technique in a myriad of ways. Of course, elite 
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bureaucracy and colonial technocrats, experts in diplomacy, foreign lan-
guages and commercial stealth would soon enough take ownership of the 
expansion and application of such technologies during the following 
years, those of what is now often called the second industrial revolution.13 
As we shall see further, it was no coincidence that they were also the years 
of the New Imperialism.

One Birmingham inventor who was to know nothing of Taiwan was 
Alexander Parkes (1813–1890), who presented, on 12 December 1865, a 
lecture and exhibition to the members of the Royal Society of Arts in 
London concerning a series of objects made from plasticised cellulose 
nitrate utilising camphor as a key ingredient. Between 1841 and 1852 
Parkes had successfully applied for several patents across the range of 
electro-depositing and metallic alloys, metal extraction and smelting, 
preparing gutta-percha and India-rubber solutions, and described him-
self variously as artist, experimental chemist, chemist and engineer.14 
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Fig. 3.1 The city of invention: occupations of patentees in Birmingham 1855–1870 
(total for the years 1855, 1860, 1865 and 1870)
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Inspection of trade directories shows that he was indeed moving upwards 
from the artistic use or decorative applications of new electrolytic pro-
cesses to larger scale manufacturing as a metallurgist and chemist. From 
the perspective of world history, Parkes’s inventive activity in Birmingham 
in and around 1865 was to have significant impact on the character of the 
second industrial revolution on the one hand and the social history of the 
small island of Formosa on the other.

Parkes styled himself both chemist and inventor during the long years 
in which he developed his practical experimental programme in 
Birmingham, issuing over eighty patents in the three main fields of 
electro- deposition of metals, desilverisation of lead and the series of var-
ied inventions leading to the discovery and application of celluloid to a 
huge variety of industrial uses. After serving his articles as an art metal 
worker he entered and became head of the casting department of 
Elkington Mason and Company, a technological partnership focused on 
development of electroplating, and so at the heart of that Birmingham 
small company high-tech that was then directed mostly to design and art 
products.15 During 1862–1865 he shifted to experiments on the applica-
tion of camphor in the production of what was later to be called cellu-
loid. This required the nitrating of cellulose fibres by soaking of cotton or 
wood or other cellulose sources in nitric acid with the addition of one of 
a number of feasible solvents.16 From the 1830s European chemists had 
established most of the chemical framework.17 In particular, 
C.F. Schönbein at the University of Basel reported to Michael Faraday at 
the Royal Institution in London in early 1846 that he had obtained cel-
lulose nitrate [guncotton], this in turn encouraging T.J. Pelouze of Paris 
to return to his own earlier experiments on cotton and nitric acid, leading 
to his formulation of pyroxylin as a variety of cellulose.18 In about 1847 
or 1848 John Taylor, Schönbein’s British patent agent, mentioned 
 production of cellulose nitrate to Alexander Parkes and presumably 
directed him to Schönbein’s British patent of 1846.

The link of this to Birmingham electroplating was through the increas-
ing need for more efficient insulation, but an outstanding problem was 
that cellulose nitrate was dangerously inflammable, at times explosive. 
Parkes reported his experimental programme between 1855 and 1868 as 
made up of ‘thousands of experiments’ with plastic masses of nitrocellu-
lose. In 1856 he had patented in England and France ‘Parkesine’, the first 
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thermoplastic, a celluloid based upon nitrocellulose treated with a variety 
of solvents that could be moulded or pressed, turned, carved and rolled 
into sheets. On his own evidence given in 1878 he used camphor as a 
solvent and stabiliser from the outset, achieving real success in 1865.19 In 
that year he presented to the Royal Society of Arts in London a huge 
range of objects made from plasticised cellulose nitrate using the new key 
ingredient—as both solvent and stabiliser—of camphor (Fig. 3.2).20

Fig. 3.2 An exemplary case: the camphor high-tech global pattern from 1846
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 Expert Networks and Technology Capture

Daniel Spill (1832–1887) was a factory general manager in his late twen-
ties when he saw exhibits of Parkesine at the London Exhibition in 1862, 
the earliest public demonstration of the product capability of the new 
processes. He was not slow in coming forward, and wrote to Parkes 
enquiring if his brother’s firm producing waterproofed fabrics, George 
Spill and Company, could use the patents under licence in their water-
proofing processes. In 1864 Parkes travelled to Gloucestershire and 
entered into an agreement for the manufacture of Parkesine, which 
remained in force only until August 1866, when it was extended through 
to the new company, The Parkesine Company, with a subscribed capital 
of £9500. Alexander Parkes became its managing director and Daniel 
Spill its works manager, this lasting only until liquidation in 1868. 
Initially, in these early years Spill had no knowledge of nitrocellulose pro-
cessing so he worked under Parkes’s instructions throughout 1864–1868 
and thereby received very specific tacit knowledge of how to manufac-
ture. Very importantly, as works manager in the two Parkesine companies 
he was handling the bleached nitrocellulose, camphor, alcohol and other 
solvents that appeared in his own patents on xyloidine during 1867–1870, 
and that involved him in an extended patent litigation in the USA against 
the Celluloid Manufacturing Company and others during 1876–1888 
that without doubt stimulated the wholesale global invention industry 
that developed around the new plastic materials. Much global patenting 
then emerged in order either to extend the basic applications or to cir-
cumnavigate possible challenges from aggressive patentees such as Spill.

The British xyloidine patents substituted alcohol as a solvent and 
developed compound solvents including camphor oil or ‘liquid cam-
phor’, boiled or oxidised to produce soluble xyloidine (BPs 3984, 1868; 
3102, 1869).21 In particular Spill’s British and US patents of 1869 and 
1870 made a batch of claims for solvents, including those for alcohol and 
camphor, camphor and hydrocarbons, castor oil and camphor, carbon 
bisulphide and camphor as well as the bleaching of xyloidine ‘after the 
removal of the nitration acids, with chloride of lime or a solution of chlo-
rine, sulphurous acid or a soluble sulphite’ (BPs 3102, 1869; 180, 1870: 
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USPs 97,454, 1869; 101,175, 1870), The Spill patents from 1868 have 
been identified as the invention of synthetic plastic, trademarked as 
xylonite, in effect a mixture of pyroxylin (a lower nitrated cellulose 
nitrate), alcohol and ether as a precursor to the similar plastic trade-
marked celluloid that emerged at around this time.

Spill’s most important contribution was in bringing forward camphor 
as the principal solvent, but his early work was in effect a repatenting of 
several of Parkes’s registered inventions, something that Parkes eventually 
addressed when he testified against his former manager during the very 
lengthy American legal proceedings.22 When Daniel Spill brought a pat-
ent infringement lawsuit—ultimately unsuccessful—against John Wesley 
Hyatt, developer of celluloid in the USA in 1870, the judge ruled that it 
was in fact Parkes who was the true inventor owing to his original experi-
ments.23 As the USA became the centre for celluloid development, most 
new patents or court cases referred directly to the key Parkes patents as 
the true precursors.24

It was the inventive activity in the USA that created a camphor-based 
industrial regime. The British had not solved problems of volatility and 
the temporary character of many materials produced, so most success had 
been with minor trade products which together made an impact but dis-
guised the future industrial potentials so proclaimed by Parkes; the 
American celluloid project created a composition which was at once dec-
orative and hard at ordinary temperature but retaining indefinitely the 
property of plasticity at moderate heat. As Goldsmith summarised from 
his intimate knowledge of the chemistry, the industry and the persons 
concerned, although ‘nitrocellulose, camphor and alcohol has been rec-
ognized as the essential ingredients of this composition, its correct 
mechanical and thermal treatment was not understood until Hyatt’s 
inventions and years of experience had established the manufacture on a 
satisfactory basis’.25 In 1869 John Wesley Hyatt (1837–1920) of New York 
developed the substance trademarked in the USA as celluloid, probably 
not independently of Parkes; a marked difference was that with his claim 
Hyatt won himself a $10,000 prize offered for a substitute for ivory in 
billiard balls, and later in 1888 developed thin films of celluloid as a 
replacement for glass as a base for plates in photography.26 In a speech 
delivered much later, in 1914, J.W. Hyatt reported that he first learnt 
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about the use of camphor when he was referred to ‘some patents’ which 
added a small amount of camphor to liquid solvents. When Hyatt added 
camphor to nitrocellulose with an alcoholic solvent this led him directly 
to celluloid.27 But he, like several others, had little notion of the poten-
tial, many regarding the effects as temporary (USP2101, 1870). It was 
the focus on camphor as the solvent that was to lead to a whole range of 
celluloid-based products and industries, from photography to artificial 
silk to new materials of warfare.

Also important was a focus on plastic masses, as in Parkes’s patents 
throughout the years 1843–1881, which as we have indicated ranged 
from vulcanised India-rubber to production of a compressed hydrate or 
‘fibre’, and which to different degrees involved the use of camphor.28 But 
in his 1856 patent he clearly anticipated the use of nitrocellulose films in 
photography either substituting for glass or layering the glass, in both 
cases with collodion. By 1865 it had become clear to him that production 
of large masses required volatile nitrobenzole or aniline as solvents, but 
that these could be rendered more suitable ‘for use by the addition of 
camphor, by this means I obtain to some extent the same advantage as by 
the use of a less volatile solvent’. Although at that time in his English pat-
ent (1638 of 1854) J. Cutting had added camphor to ether and alcohol 
in the production of photographic collodion, Parkes’s 1865 patent was 
the earliest to use nitrocellulose and camphor in the manufacture of a 
specifically plastic mass. In the same year, he used camphor for the pro-
duction of electric telegraph insulation. Parkes repeated the same claims 
in a pamphlet for distribution at the Paris Exhibition of 1867, where he 
stated that a principal use of camphor was ‘to assist in rolling sheets and 
in various mechanical arrangements, for the production of Parkesine in a 
cheap and more rapid manner’.

We should note that the decisive period for the rise of camphor as a 
crucial ingredient does seem to have been 1862–1872, moving from Parkes 
in Birmingham to Hyatt in Albany as the serious contenders, but that this 
was occurring within a very close international machinofacture environ. 
After the Journal of the Royal Society of Arts publication in 1865 (see 
above) of what was Parkesian celluloid, C.D. Abel and other British patent 
agents began releasing a clutch of related advances from other British 
investigators, involving the refining of camphor using temperatures up to 
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412 degrees Fahrenheit (BPs 2816, 1867; 1124, 1868). William McCartney 
was utilising camphor to dissolve India-rubber using alcohol to exhaust 
the surplus camphor, and a very large number of products under the titles 
of ‘plastic compositions’ as well as under ‘India- rubber’ began to appear in 
the patent literature, a major thrust being attempts to substitute for India-
rubber with nitrocellulose compounds (Abridgements to Patents class 70, 
1855–1896). Patentees throughout Britain were now using the term cel-
luloid in their nitrocellulose advances, at times mixing pyroxylin with a 
great variety of substances using alcohol to thin, creating a huge number of 
products and embellishments, including insulation of telegraph wires. 
Attempts were being made to use nitrocellulose plastic compositions of 
semi-fluid collodion, with cotton and castor oil to manufacture textile-like 
fabrics at an early stage. (BPs 2775, 1860; 2675, 1864).

We have seen that amongst a host of new processes and structures, the 
second industrial revolution might be marked as strongly associated with 
plastics. Popularly, plastic is any material that may be moulded or shaped 
into different forms under pressure and/or heat. Chemically, plastics are 
polymers—substances composed of long chains of repeating molecules 
(monomers) made up predominantly of carbon and hydrogen atoms 
which, under the right conditions, join up into chain structures. What is 
very interesting from our account is how informed and systematic experi-
ment stemming first from the industrial city of Birmingham then spread 
to other inventive centres, yet these early plastic pioneers could not yet be 
in a theoretical or instrumental position to fully understand the structure 
of their materials. More importantly, men such as Parkes clearly realised 
the basic working principles and the truly enormous potential technical 
and economic importance of their inventive work.

It is remarkable how many of the products and processes that were to 
be produced from camphor as a solvent were anticipated by Parkes prior 
to 1869. In 1856 the patents for collodion, waterproofing and its use in 
photography (BP1856, 1123: 1125) were covering a potentially huge 
industrial range. By 1865 he could add the production of electric tele-
graph conductors (BP1865, 2733), and in 1866 the manufacturing use 
of Parkesine for imitation of ivory and pearl (BP1866, 2709); followed 
by those in 1867 for coating metal tubes and ‘rendering them suitable for 
ornamental purposes’ and ornamenting paper, fabric and other surfaces 
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for book binding (BP1867, 865, 1695); and in 1868 two for manufac-
ture of varnishes and for billiard balls (BP1868, 1366, 1614). The work 
of Daniel Spill and his own continuing experimentation then led to new 
possibilities for Parkes in both product and process innovation. In 1879 
the new nitrocellulose meant patents for billiard balls, combs and han-
dles, varnishes, the coating and embellishing of surfaces, and in 1882 a 
composition of India-rubber for insulating electrical conductors (1879, 
BPs1865, 1866; 1882, BP5388) In 1884 a batch of patents covered com-
positions for the protection and insulation of wiring and compounds for 
coating surfaces (BPs for 1884; 10,054, 11,365, 12,280). Finally in 1885 
Parkes completed his chain of institutional and technological logic with 
a patent for cartridge cases (BP1885, 6512). As his patent registration 
numbers indicate, Parkes was as heavily opportunistic as before, with vis-
its to the patent office resulting in chains of near consecutive registrations 
as he presumably economised on the immediate costs of his travel and 
hotels to London.

The word ‘celluloid’ was coined by I.S. Hyatt in about 1868 or 1869 
as a label for the substance that he and his brother J.W. Hyatt developed 
in Albany, New  York and registered as a trademark in the US Patent 
Office on 14 January 1873.29 As with Parkes and his customers before 
him, Hyatt had found that the substances he was experimenting with 
were dangerously flammable. He later wrote of his billiard balls that 
‘occasionally the violent contact of the balls would produce a mild explo-
sion like a percussion gun-cap. We had a letter from a billiard saloon 
proprietor in Colorado, mentioning this fact and saying that he did not 
care so much about it but that instantly every man in the room pulled a 
gun.’30 This is funny and entirely American, but also a good motive for 
further work. For Hyatt, a breakthrough came in about 1870 when he 
discovered that camphor was not merely an excellent plasticiser or a 
chemical that minimised shrinkage (generally Parkes’s position) but made 
an optimum solvent for cellulose nitrate, producing a far more usable 
product. Stability was still a problem, this solved by Hyatt when he intro-
duced ethyl alcohol as a solvent for camphor and dissolved the cellulose 
nitrate under pressure in the resulting solution.31 It was this he christened 
celluloid, and it brought him the greatest commercial success of any of 
the early experimenters. Celluloid could more clearly and reliably be used 
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to make decorative items such as dressing table sets, bags and low-cost 
collars and cuffs.

Although the term has now long replaced Spill’s ‘xylonite’, in fact 
Hyatt’s celluloid was all but identical to the collodion and Parkesine that 
Parkes was showing at the 1862 Exhibition. Writing as a contemporary 
celluloid expert, Goldsmith concluded that although not all authorities 
agreed ‘that the Parkesine of 1862 is celluloid, yet the name cannot be 
denied to the Parkesine of 1865 which is fully specified as a rolled sheet 
prepared from nitrocellulose, wood naptha, castor oil, and camphor’, 
which could be forced into rods or tubes or moulded into a grand variety 
of articles.32 At the time that Goldsmith was writing, some eighty years 
ago, the Science Museum in South Kensington, London had mounted a 
permanent exhibition of the 1862–1865 Parkesine, which upon close 
observation Goldsmith argued should be accepted as ‘celluloid’ products. 
Certainly, the tubes and rods pressed out in the Parkes method were sub-
jected to the same process as in the 1930s; and if not in strictly the terms 
of colloid physics, then in those of global industrial history and its prod-
ucts, the celluloid world does seem to have stemmed from the initial 
work of the artisans of Birmingham.33

It seems clear that in this period camphor was brought centrally into 
the world of the second industrial revolution by a complex and tortuous 
agency, at once highly individualised and dependent on key institutions, 
from the associations of European scientific investigators (themselves at 
times benefiting from pure accident),34 to the patent networks and 
 competitions of the USA.  Standing well outside all this competitive 
humanity grew the noble camphor tree.

 Indigenous Resistance. Camphor Wars 
in Formosa, 1860s–1914

The work of Parkes, competitively elaborated upon by an international 
band of patentees, had demonstrated that treating pyroxyline with cam-
phor as the solvent yielded the greatest plasticity and stability, all other 
solvents being volatile. In the process, where pressure-rolling and steam- 
heating (to around 150 degrees Centigrade) yielded a basic paste, the 
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product quality depended principally on the quantity of the camphor. By 
dry weight this was as high as one part camphor to two parts pyroxyline, 
where increased camphor afforded increased plasticity. It was this techni-
cal relationship that quite quickly raised the price of camphor on world 
markets, led by the demands of the fast-industrialising nations across sev-
eral industries.

Until this technological change camphor had been a valuable and 
beautiful wood used for special ceremonies, perfumes and in parts of the 
world as an incense, preservative, or medicine.35 By the 1920s, 80% of 
the vastly increased world supply of camphor was consumed by celluloid 
and film manufacturers, much of the remaining proportion for gunpow-
der or medicines. Celluloid was a major input to the manufacture of 
essential industries of the second industrial revolution, spreading initially 
from photography, paints and varnishes to mouldings and coverings and 
art products, electrical insulations, cementing for metals, artificial silk 
and electric light fittings, as well as providing a substitute for pearl, ivory 
and marble in the new middle-class art nouveau and crafts products of 
the industrial and capital cities.

The globally untested assumption was that the only worthwhile supply 
of camphor lay in the north-eastern region of Taiwan, as illustrated in the 
accompanying map. Until the early twentieth century Taiwan supplied 
between 80% and 90% of the world demand for camphor. Even prior to 
the colonisation of Taiwan in 1895, commercial expansion—especially 
that of Britain—ensured that the island was already linked to the Atlantic 
world through its exports of tea and sugar, as well as its growing import 
of opium, obtained both through the local junk trade via China as well as 
through British and other foreign suppliers. During the 1880s interest 
began to focus increasingly on the rich camphor supplies of Taiwan. The 
map shows clearly that the camphor trees were entirely located within the 
traditional lands of the Tayal people, one of several groups of indigenous 
peoples who in relatively small numbers thrived in the mountainous and 
forested regions, occupying over 50% of the total area of the island.36 The 
much more populous Chinese settlers dominated the agriculture, com-
merce, industry and communications of the Western part of the island, 
in which Westerners (the British from the beginning of the 1860s) were 
settled as traders, missionaries, consul officials and adventurers of all 
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kinds. The identification of Formosa as properly under Chinese gover-
nance tended to occur within the Empire only when danger loomed, as 
in the 1870s with the initial challenge of the Japanese, the 1880s with the 
wars against the French and in the 1890s with the full-scale war against 
Japan that resulted in its colonisation in 1895. Even then, China tended 
to see Taiwan only as its Western half, seldom pretending any sovereign 
control over the indigenous peoples of the East (Fig. 3.3).

Although the Formosan indigenous were small in number, they were 
large in fighting capability, and by the 1880s had secured through vio-
lence and frontier trading a supply of modern arms that amounted to 
little less than a veritable military revolution.37 All the evidence is that by 
the time of the escalation in demand for camphor, around the 1870s or 
early 1880s, the Tayal people in particular, with strong hunting and head- 
hunting traditions, could and would resist forest encroachment. Earlier 
moves of the Chinese settlers eastwards, over a 200 year period, had been 
periodically repelled at great cost of life; guns were used more effectively 
by the indigenous than by the Chinese and later the Japanese. Hitherto, 
Western interests had honed in on the commercial and trading western 
portion of the island: the mountains were difficult, the eastern sea cliffs 
were amongst the most formidable in the world, the coastal seas were 
(and remain) violent and unpredictable. This was a setting for a sudden 
acceleration of violence directly linked to the technological imperatives 
of the second industrial revolution.

Late in 1863 a novelty of Western interest in the forests stimulated the 
Chinese imperial authorities to declare that the mountain forests, that is 
the camphor areas, were to be henceforth the property of the navy and 
that only government officials (not Chinese civilian settlers) could deal 
commercially in such regions. Camphor was now a monopoly in the 
hands of Chinese officialdom, and this prompted the British in 1868 to 
put direct naval pressure on the Chinese, with a brief skirmish (at times 
referred to as the Camphor War) resulting in the removal of the new regu-
lations, whereby camphor prices fell, and in the hands of British and other 
foreign firms exports to Europe boomed.38 With native Chinese forest 
producers selling on the free market there was an approximately twenty-
five-fold increase in the volume of camphor exports in just the one year 
1867–1868, with the local forest price halving.39 But the longer- term 
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Fig. 3.3 Taiwanese camphor ecology during the 1880s
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result was much-increased pressure on indigenous lands, compounded by 
the corrupt and illegal sales of forest land and the destruction of entire 
trees, which resulted from the mistaken belief that the crystalline cam-
phor needed for global manufacturing could only be obtained by chip-
ping of entire trunks in the forest itself. The result was the speedy 
emergence of forest Taiwan as an armed camp. By 1875, ‘savage’ opposi-
tion had stopped trade to the extent of a civil war in Formosa, so from 
around this time the global output of camphor was becoming condi-
tioned—perhaps determined—by the cost of overcoming the ‘savage 
wars’.

Between 1885 and 1891 the government monopoly was reestablished 
as a fund-raiser for the Chinese to meet expenses of the French war of 
1884–1885, with officials now buying camphor in the east and selling it 
on the western coast at around three times the price.40 In order to allay 
the direct French naval threat on the island itself, the Chinese were taking 
the risk of upsetting Western commercial interests generally. In 1887 the 
talented but somewhat extreme Liu Ming-Chuan was appointed gover-
nor of Formosa as a now independent province of China. He marched 
1500 trained men against the tribes, with hundreds of lives lost, but the 
same forces ensured that the camphor wars continued spasmodically and 
broke out again more fully in 1891, this leading to the reestablishment of 
a camphor monopoly, but now with Reuter, Brockelmann and Co. of 
Hong Kong as official agents, this in complete contradiction to the 1869 
agreement that had resulted from British gunboat diplomacy.41 The 
Chinese now argued, reasonably enough, that the modernising 
 programme together with the huge cost of fighting the indigenous groups 
meant they both deserved and needed a trade and production camphor 
monopoly. The official attempts during 1891–1895 to institute a tax of 
13.5 cents per lb ‘to defray the expenses of military protection provided 
at the border of the forest against the savages’ met with massive protests 
from both foreign and island interests. It was replaced by an $8 tax per 
stove erected together with a 0.5 cent tax per lb transported from the for-
est.42 Buyers of camphor were then compelled to buy at the ports, not in 
the forest. It is clear that violence together with confusions of changing 
regimes hampered the supply of camphor to global industry at a time 
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when Taiwan had a virtual supply monopoly, and raised prices further 
through taxes, insecurity and other costs.

Figure 3.4 shows the impact of all this on camphor prices and volume 
of production between the 1850s and 1890s.43 Prior to the new celluloid 
technologies both prices and volume fluctuated around a low level. From 
the mid-1880s both rose rapidly in roughly the same manner, the increase 
in production being matched by even larger increases in demand 
 internationally and constrained by the high costs, delays and dangers of 
camphor forest expropriation.

With ethnically based civil unrest and warfare constraining supply, the 
entry of Japanese colonisation in 1895 politicised and internationalised 
the situation immediately. Indigenous groups had joined with bandits 
and with renegade Chinese soldiers after the defeat of the brief resistance 
of the Taiwanese Republican movement of 1895, which had been abetted 
by the imperial Chinese authorities in the face of the Treaty of Shimonoseki 
that had supposedly closed the Sino-Japanese War.44 Determined to make 
their first colony pay its way, the Japanese had multiple reasons both to 
insist on civil obedience and to raise funds through monopolies over 
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basic staple products, in particular camphor, tea, sugar and rice. The 
Japanese saw Taiwan as a test of the superiority of Japanese industrialising 
civilization over the moribund and fading culture of the Chinese empire. 
Where the Chinese had failed to govern their distant island, and where its 
Chinese settlers had equally been culpable in both mistreating the indig-
enous minorities of the island whilst failing to control the resulting unrest 
and warfare, the Japanese would firmly stamp clear marks of progress, 
stability and commerce. At least that was the plan.

The Japanese had shown more than passing interest in Taiwanese cam-
phor even before they colonised the island. In the previous year, 1894, 
Japanese camphor-men set up a small community in Taiwan near Taiko 
to introduce new technology in the forest itself, using newly designed 
stoves for crystallisation of camphor chips at a time when the sheer 
demand in Europe had raised prices to $50 gold per cwt.45 But the 
Japanese forces had little more control over frontier events than the 
Chinese: in 1898 ‘savages’ attacked camphor men over 300 times during 
the year, killing 635 camphor workers and Japanese soldiers according to 
official Japanese figures. At that point, the Japanese were using some 
2000 armed Chinese to protect border camphor workers. During 1900, 
indigenous groups attacked the camphor stills and cottages of camphor 
workers, with several hundred killed and more than 1000 driven from 
the camphor areas, captured the wealthier camphor manufacturers and 
demanded ransoms for their return. At the peak period of conflict, 
1898–1901, deaths were averaging around 650 per annum, another high 
in 1907 producing a further 630 deaths.46 From 1900 the guard-line that 
separated indigenous camphor areas from Chinese settlement was con-
tinually extended, fortified with Japanese guards and Chinese (and even 
indigenous) police, electrified and overlooked with modern field guns, 
the combination of which hardly altered the degree of resistance.47 The 
rising costs of camphor extraction and processing to the Japanese govern-
ment may well have made the enterprise less profitable, but two global 
forces counteracted this: the Japanese were determined to make colonies 
pay in terms of staple exploitation (as seen clearly in Hokkaido, Korea/
Chosen and Manchuria/Manchukuo from the 1890s to the 1930s), and 
individual local and Western producers and traders could obtain a very 
high rate of return from such high-value product. Thus, the case became 
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exemplary of the distinction between the return on colonialism for colo-
nial governments (and their taxpayers), which could be modest, and the 
return on colonialism for individual traders, investors and projectors, 
which could be enormous given that most costs of transaction and gover-
nance were paid for by colonial authority and by taxpayers in the colonis-
ing nations rather than by individual enterprise.48

 Technology and the Window of Destruction

Technology both opened and closed the window of destruction. The case 
abounds in sad ironies. The technologically determined global rush to 
camphor was met by the Japanese government’s variable attempts into 
the 1920s to fix a monopoly price for camphor by starving the global 
market through dictating the price paid to producers by government, 
controlling the quantities of camphor produced per year or the quantities 
of camphor allotted to foreign sale, as against supplying the growing 
chemical manufacturing demands of Japan proper.49 But in the mean-
time the chemical technology continued to set new parameters for 
commerce.

Three organisational changes began to close the window of destruction 
in Taiwan. First, new technologies of the forest, especially, allowed the 
obtaining of camphor without destroying the tree.50 Felling and chipping 
were replaced by obtaining rich supplies from leaves and from bark- 
stripping, this representing directly a technological/ecological  formulation 
to solve an ecological problem.51 The camphor of Formosa could now be 
derived from the whole tree not just the trunk, this allowing coppicing 
and other protective measures. The Taiwan frontier was relieved also by 
Japanese reforestation activity both in Taiwan and in Japan, as well as 
through their own research programmes on camphor forestry. Secondly, 
there was a global move for the acclimatisation of camphor elsewhere. 
The earliest example, introducing camphor into Ceylon via the British 
Royal Botanic Gardens in 1852, was now emulated wherever possible, 
and from the beginning of the 1900s Japan was securing major supplies 
from Tosa.52 Thirdly, technicians were increasingly saving on the use of 
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camphor in the overall celluloid process, by making it generally more 
efficient (e.g. in the steeping process).

Three high-tech chemical advances further closed the window of 
destruction, opening opportunities elsewhere for profit across a range of 
products and industries. The USA was foremost in developing artificial 
camphor using turpentine (oxidation). Again, especially in Germany, 
camphor substitutes were formulated using a range of esters and naph-
thyls and products of petroleum distillation especially in the early 1900s. 
Finally, celluloid substitutes for imitating natural products such as horn 
and wood emerged with viscose and bakelite, especially led by innovation 
in France and Britain. Patents again captured most of such technological 
advance. This was especially true for developments in artificial camphor 
using terpenes, with major patents on camphoric ethers in 1898–1900 
lodged from Germany and Britain.53 Patents for camphor substitutes as 
an offshoot of petroleum distillation were initiated in the USA, followed 
by Germany.54

 Conclusions

On the small island of Taiwan, as Western commercial invasions trans-
formed into Japanese colonialism during the 1890s, high-tech advance-
ments in new product areas provided the leading parameters of a new 
social, cultural and economic history. Table  3.1 shows how Taiwanese 
trade reflected the mix of traditions and modernities.

Despite the violence on the frontier of exchange, camphor exports 
under the Japanese were of strategic commercial importance, paying for 

Table 3.1 Under the Japanese: camphor exports and opium imports 1896–1904 
(Japanese sources, 000s yen)

Year / Product 1896 1897 1898 1899 1900 1901 1902 1903 1904

War 
peak War War War

War 
peak

Camphor 
export

2248 1329 962 1733 1386 789 2849 2518 2199

Opium import 1165 1570 2044 2776 3393 2310 1477 1121 2866
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the continued imports of opium that Taiwan inherited from British 
aggression in China via the Japanese after 1895.55 Politically they demon-
strated to other powers (rather poorly as it turned out) the command that 
Japan had over its new colony and linked that to new technological 
imperatives central to the flourishing of a second industrial revolution.56 
Colonialising modernity penetrated beyond hilltops into the mountain 
and forest ‘fastnesses’ eastwards, where tea and sugar did not go. In par-
ticular the pressure on the eastern lands of the Tayal politicised a resis-
tance that had escalated during the brief Republican period in 1895, 
scaling up anarchic frontier tensions between dissidents, indigenous set-
tlements, the Japanese colonists and the foreign traders and commercial 
agents. The increased demand for camphor, stemming from technologi-
cal innovations of the Western world, initiated a ‘colonial’ problem for 
the Japanese in 1895 that had not arisen with their previous colonization 
of Hokkaido—how to exploit empire for basic raw materials without los-
ing control on their own constructed ‘frontiers of civilization’.

Notes

1. This chapter owes everything to my employment and my colleagues and 
friends in Taiwan since 1994, when I first took up a visiting Professorship 
at Foguang University in the graduate Institute of European Studies, 
Dalin, Chiayi. My subsequent research on several aspects of Taiwanese 
history was encouraged both by students and colleagues there and in the 
Department of International Studies, Wenzao Ursuline University of 
Languages, Kaohsiung, and by my doctoral students who have since 
become colleagues, especially Liu Chun-Yu Jerry 劉俊裕, and Pei-Hsi 
Lin Susan 林姵希. Earlier approaches to this subject were delivered as 
17 November 2012, ‘High Tech Europe and the Formosan Civilization 
Wars circa 1865–1900. A Study in Global Connectivity’, School of 
Oriental and African Studies, University of London. November 2012, 
and as the Plenary Public Lecture ‘Global Commodities as Connectivities. 
High Tech Chemistry in Birmingham and the Camphor Wars in 
Formosa, circa 1861–1914’, Cain Conference, Chemical Heritage 
Foundation, Philadelphia, April 2014.
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2. For further information see Inkster, I.: Science and Technology in History, 
An Approach to Industrialisation, London and Rutgers: Macmillan, 1991, 
and Princeton University Press, 1992, pp. 167–183.

3. This needs explanation. Especially in areas of recent white settlement, 
the subsequent years of rapid agricultural, commercial and (at times) 
industrial development were primarily centred in the émigré economy 
itself. It was the settlers that were counted. The seeming high rates of 
economic growth, and especially of per capita income growth, were 
predicated on an accounting process that basically excluded all indige-
nous elements. The growth centres in areas such as Australia or Canada 
would have had little or no impact on the measures of ‘economic devel-
opment’ of India, China or Indonesia, areas of huge and dense popula-
tion. Reversing this, if we measured the performance of China or India 
in terms only of their commercial and export/processing centres—often 
places crammed by and by with expatriate Western engineers and other 
‘experts’—then their ‘growth’ rates would have been amongst the highest 
in the world. As a final vision: what would have been the positive impact 
on the measured growth rate of India if Birmingham had been located 
there?

4. For the general and critical analysis of the earlier period of industrial 
enlightenment see Mokyr, J.: The Enlightened Economy. Britain and the 
Industrial Revolution, London: Penguin, 2011; For artisanal skills see 
Inkster, I.: ‘Finding Artisans. British and International Patterns of 
Technological Innovation 1790–1914’, Cahiers d’Histoire et de Philosophie 
des Sciences, No. 52, (2004), pp. 69–92, and the other papers in that 
volume by Pfister, Mottu-Weber, Soler, Chuan-Hui, and Woronoff.

5. A term used widely enough at that time, associated with both Marxist 
critique and engineering expertise, the establishment of mills, workshops 
and factories dominated by machinery and power based on metal and 
chemical manipulations and engineering. It is used here to focus analysis 
on the manufactures that were dominant in the world capitalist econ-
omy prior to the 1970s, strongly emerging in a small core from the 
1830s. Most smartly and finely depicted by Joseph Whitworth in his 
Miscellaneous Papers on Mechanical Subjects, of 1858: the notion provides 
a backbone to my forthcoming work, Prometheus Chained. Technology 
and the Victory of the Western World circa 1400–2017.

6. In the years 1839–1842 and 1857–1860, whether the cause was primar-
ily related to Britain’s need to pursue imperial importing of opium into 
China in order to exchange for the great variety of high-value products 
imported into Britain from China is not of central concern here. Of 
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more importance is the resulting devastation of the Chinese economy, 
which had grown throughout the years of Europe’s early economic 
expansion—fourfold between 1600 and 1820—but then ceased growth 
until 1913, falling more drastically by 1950; fuller recovery awaited the 
late 1970s. See Madison, A.: Chinese Economic Performance in the Long 
Run, 960–2030, Paris: OECD, 2007.

7. From the Meiji Restoration of 1868 Japan had benefited enormously 
from trading into the echoes of the first industrial revolution whilst also 
gaining industrially and militarily from the substantial technological 
advances of the second. Whilst several of the industrial Great Powers 
were apprehensive (and Tsarist Russia rightfully fearful), the commercial 
giant of the East, Great Britain, readily enough saw an openly trading 
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The professional field of engineers was becoming truly worldwide in the 
period between the 1880s and 1920s. While some engineers accessed this 
global arena via nationally based companies or public institutions, others 
were required to mobilise their transnational networks and provide interna-
tionally recognisable credentials, such as a degree from an engineering 
school in a country that scored reasonably well on the international hierar-
chy of prestige. This chapter compares two heterogeneous groups of gradu-
ates from the prestigious Parisian engineering school, École centrale des arts 
et manufactures: alumni born in the Ottoman Empire and those born in 
Spain and Latin America, that is, coming from peripheral, but not colonial 
contexts.1 These men were of different national, ethnic and religious origins 
and their life trajectories varied greatly. I pay special attention to the rela-
tively small number of those who displayed a high degree of international 
mobility and developed a truly global career. Reconstructing their biogra-
phies allows me to ascertain the importance of different factors that shaped 
their professional mobility, such as ethno-religious networks, the links of 
friendship and expertise created during studies at the École centrale or the 
connection between the school and specific French companies operating 
beyond the frontiers of metropolitan France. Moreover, I discuss the 
hypothesis that these engineers played an important role in the creation of 
a globally recognisable figure of engineer and in the configuration of a 
transnational professional culture that made it possible to successfully carry 
out engineering works in different geographical and cultural settings.

École Centrale des Arts et Manufactures: 
A Global Engineering School

École centrale des arts et manufactures was founded in Paris in the late 
1820s by a group of private investors who admired the dynamism of 
British industry and thought that, alongside with its prestigious schools 
for state engineers such as the École polytechnique, École des ponts et 
chaussées and École des mines, France needed a school that would train 
engineers for industry. While focusing on subjects related to construction 
and industrial production, the school did not actually adopt the most 
common kind of education among British engineers at that period, the 
one based on hands-on workshop training. Following the French tradition 
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as it had come to existence during the eighteenth and early nineteenth 
centuries, sciences constituted a key part of the education of future engi-
neers and manual work was cautiously framed as projects, fieldwork or 
labwork.2 This standardised education that included sciences, contributed 
to making the school into a magnet for foreign students, accommodating 
their well-off family background and elite aspirations in a way workshop 
training could not. The British workshop model of engineering education, 
while praised all around the world and linked to the unparalleled British 
industrial development, proved much harder to export and was—in prac-
tice—less attractive for those whose families could afford to send their 
sons abroad to study engineering.

Unlike the French schools for state engineers that depended on the 
Ministry of War and where the access of foreigners depended on special 
permission, the École centrale was, in principle, open to all those who 
could pass the exams and pay the fee.3 This policy continued once the 
school became public, after its founders transferred it to the French state 
in 1857, and shaped the students’ profile: while at the schools for state 
engineers foreign students entered mostly thanks to the mediation of the 
French and/or foreign government, the École centrale was an attractive 
option for well-off families from all around the world that sought presti-
gious education for their children, but could not or did not wish to 
engage the authorities in providing access to it.

In order to enrol, the young men (and, from the beginning of the twen-
tieth century, also women) had to pass an examination that required a 
thorough preparation. The studies lasted three years and the students were 
constantly evaluated. Besides dropping out (those who did not finish their 
studies were called fruit sec in the school’s jargon), the less successful could 
also graduate receiving a mere certificate instead of a proper engineer’s 
diploma. During the first year, the studies focused on general subjects 
such as descriptive geometry, geometrical analysis, general mechanics, 
general chemistry, natural history and movement transmission, but, fol-
lowing the ethos of the founders, practice-oriented subjects were also 
included, such as experiments in physics and chemistry, construction, 
machine design and drawing. The emphasis on ‘application’ increased 
during the second year: applied mechanics, machine construction, ana-
lytical chemistry, metallurgy, ‘industrial physics’, geology and exploita-
tion, and public works and architecture. Furthermore, the students carried 
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out practical exercises and projects, including special tasks for holidays. 
The last, third year, specialisation determined an important part of the 
curriculum: the students chose from mechanics, construction or metal-
lurgy and their projects and practical tasks mostly fell within the chosen 
branch. New subjects such as steam engine machines or railways were 
added to applied mechanics, machine construction, analytical chemistry, 
metallurgy, geology and mineral exploitation, public works and architec-
ture.4 The final concours determined whether the student would receive a 
certificate or a full diploma, as well as the order in the yearly promotion.

 Students from Spain and Latin America

Men from Spain and Latin America appear among the students soon after 
the École centrale was established, and their presence, though slightly 
diminishing, remains noteworthy until the end of the period analysed here. 
Between 1836 and 1921, approximately 220 students born in Spanish-
speaking countries graduated from the school.5 The great part of these stu-
dents came from the domains of the Spanish Crown, both peninsular Spain 
(88) and the Spanish Antilles, Cuba (30) and Puerto Rico (6), that remained 
Spanish colonial possessions until 1898. Among the American republics, 
Mexico (25), Chile (14), Peru (12), Argentina (19), Uruguay (12) and New 
Granada/Colombia (6) feature prominently. The interpretation of the data 
is complex, because a student’s nationality is mentioned neither in the reg-
ister nor in the annuaires of the school’s alumni association, only place of 
birth. Many students may not be citizens of the country in which they were 
born. In fact, the names and biographic information of some of the men 
included in the list strongly indicate that they were French. However, these 
indicators are not enough to ascertain this: foreigners often had their first 
names translated to French when in France and many French people were 
migrating to Latin America. Caution is encouraged by the fact that some of 
these men bearing French surnames later worked in Spain and Latin 
America. Vice versa, several graduates with Spanish surnames who lived 
and worked in a Spanish-speaking country are registered as born in Paris, 
Rome and so on.

Except for a few exceptions, we have little information on how these 
men got to study at the school. Was it their families that sponsored them or 

 D. Martykánová



 79

were some of them sent by their respective governments? The latter could 
be the case of some of the Latin American students. It is indeed the case of 
the first Spanish graduates, who were sent in early 1830s by the Spanish 
Crown to study at the École and help found a similar institution in Madrid 
when they returned.6 Regarding the second half of the nineteenth century, 
though, it is highly improbable that the government of Spain would spon-
sor complete studies at the École centrale, as it founded and funded several 
schools for state and civil engineers in Spain.7 Taking into consideration 
that graduating from a Spanish state engineering school was a precondition 
of becoming a state engineer in Spain, we may presume that the Spaniards 
who studied at the École centrale were supported by their families and 
planned for a career in the private sector, in Spain or elsewhere.

Though students came from all four corners of peninsular Spain, sev-
eral cities and regions stand out: Madrid (15), Catalonia and the Balearics 
(14), the three Basque provinces (Vascongadas) and Navarra (13) and 
Malaga (12). This may indicate the economic dynamism of these regions, 
as men coming from well-off families willing and able to support them 
during their studies in Paris surely had expectations to make a good living 
as civil engineers or running technology-related businesses once they 
returned. While economic dynamism and successful industrialisation 
have traditionally been associated with Catalonia and the Vascongadas of 
the second half of the nineteenth and the beginning of the twentieth 
century, and Madrid, being the country’s capital, is a priori in a privileged 
position, let us focus on the less-known case of Malaga.8 In the mid-
nineteenth century the city and the region of Malaga experienced a period 
of prosperity, based on commerce and booming industry (iron and steel, 
textile and food industries), competing with Catalonia in industrial pro-
duction. Its further development was stymied by the difficulties in obtain-
ing cheap and easy access to mineral coal, which gave comparative 
advantage to competing regions such as the Vascongadas. Several of the 
prominent families that featured in the industrial development of Malaga 
sent their members to study at the École centrale. This is the case of the 
Larios family. Richard (Ricardo) Larios, born in Gibraltar where one 
branch of the family settled in the first third of the nineteenth century, 
graduated in 1841. Though he died in Gibraltar in 1892, he had run his 
sugar industry business in Malaga. In 1857, two Malaga-born Larios 
brothers, sons of the influential businessman and politician Martín Larios 
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Herreros and his wife (and niece) Margarita, graduated from the École 
centrale.9 Both went on to have remarkable careers in Spain. Their busi-
ness activities ranged from sugar and textile industries to banking. Besides 
expanding his family business, Martín (1838–1889) was a Conservative 
deputy in the Spanish Parliament (Cortes) and shortly before his death 
was subject of a cause célèbre, an attempt by his mother and brother to 
declare him insane in order to take over the management of his prop-
erty.10 His brother and business partner, Manuel Domingo (1836–1895), 
who inherited the title of marquis that their father had achieved for the 
family, was also deputy and lifetime senator, active in the Moderate and 
later the Conservative Party.11 The following generation is represented by 
Enrique Crooke-Larios (grad. 1877).12 Product of a marriage between 
two prominent local families, Crooke (whose ancestor came from 
England in the mid-eighteenth century) and Larios, Enrique worked in 
the family businesses of banking, textile and sugar industry, and he was 
also a politician and deputy of the Cortes for the Conservative Party. 
Gibraltar-born Auguste Larios (grad. 1899), who was living in France in 
1920, probably came from the Gibraltar branch of the family, though we 
may only speculate about the connection to the Spanish Larioses of 
Fernando Larios (grad. 1893), born in Belin, Nicaragua, who is probably 
the ‘expert engineer’ who built a dam in the Nicaraguan city of León in 
1922 and appears as one of the nationalist leaders sympathising with the 
Sandinist movement in a document from 1931.13

Malaga-born graduates include two men bearing the surname of 
another prominent local family, the Heredia.14 Ricardo Heredia (grad. 
1852), whose grandfather Thomas Livermore Page was an English mer-
chant settled in the region, worked as civil engineer in Malaga, while his 
sister Amalia, married to a local entrepreneur, engineer and Liberal politi-
cian Jorge Loring Oyarzábal (marquis de Casa-Loring), was a patroness 
of arts, philanthropist and woman of science, one of the founding mem-
bers of the Spanish Royal Society of Natural History (1871).15 Agustín 
Heredia (grad. 1874) was a master ironworker and owner of iron and 
lead mines in the region. Malaga-born Joaquín Almellones (grad. 1856) 
worked for the Sons of A. Heredia for thirty years, later establishing him-
self as engineer-counsellor. The city offered career opportunities for other 
centraliens, too. French-born Léon Polet (grad.1909) was working there 
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in 1920 for the Unión española de fábricas de abonos, de productos 
químicos y de superfosfatos. David Veneziani, born in Constantinople 
into a distinguished Jewish family, was living in Malaga in 1897, working 
as a railroad and works inspector at the Compañía de ferrocarriles anda-
luces, a company whose general manager at that time was another cen-
tralien, Anatole Maegherman, born near the French town of Dunkirk, 
who graduated in 1861, just one year before Veneziani obtained his cer-
tificate. Before settling in Malaga, Maegherman had worked in Portugal 
for the Companhia Real dos Caminhos de Ferro Portugueses.

The following cases of centraliens with links to Andalusia illustrate the 
difficulty to establish the graduates’ nationality. Antoine Germain (grad. 
1920) was born in Malaga, though his name and surname are French. 
His links to the city were clearly stable and long lasting, as in 1930 we 
find him there working as engineer for the local railway company 
Ferrocarriles andaluces. 1876 graduate Charles Cuadra’s surname is 
Spanish, but he was born in Paris. His career is closely linked to Andalusia: 
he managed the Colonia de San Pedro de Alcántara, an ambitious project 
of local industrial and agricultural development. He might be related to 
Luis Manuel de la Cuadra, marquis de Guadalmina, a well-known indus-
trial and agricultural entrepreneur and banker with strong links to France, 
who bought the ‘colony’ in 1874. Later in his life, Charles/Carlos become 
the manager of the Casa López, Janer, Cuadra y cía, and worked as a civil 
engineer in Ronda. Eugène Poisson (grad. 1884), born in Valparaíso, 
Chile, is also linked to the colonia: in the 1890s, he was in Andalusia, 
working as engineer-representative of the Compagnie de Fives-Lille and 
managing the Compañía azucarera y agrícola de San Pedro Alcántara. 
Not all graduates with ties to Andalusia ended up contributing to indus-
trial development. The professional career of Malaga-born Thomas Bryan 
(grad. 1849) took the most unusual turn: in the 1890s, he was the Bishop 
of Murcia and Cartagena.16

The Larios and the Heredia were not the only distinguished Spanish 
centraliens. Several of the  graduates from the 1830s, who had come on 
goverment fellowship,  had major impact on the institutionalisation of 
Spanish science and technology. Juan Cortázar (1809–1873) went on to be 
a mathematician and university  professor. Eduardo  Rodríguez  (1815– 
1881)  taught  at the University in Madrid and at the Conservatorio de 
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Artes and when the Spanish Society of Industrial Engineers was founded 
in the early 1860s, he was its first president.17  Joaquín Alfonso y Martí 
(1805–1868) became a director of the Conservatorio de Artes, founding 
member of the Academy of Exact Sciences in Madrid and he was put in 
charge of organising the Real Instituto Industrial, where he also taught. 
Deputy for Valencia at the Cortes Constituyentes (Constituent Assembly) 
in 1854, Alfonso  was a radical democrat, blanquist and atheist, who 
chose to be buried under an olive tree in the countryside, instead of a cem-
etery.18 Cipriano Segundo Montesino (1817–1901, grad. in 1837), from 
Valencia de Alcántara, went on to be a senator, member of the academies 
of science of Madrid and Lisbon as well as manager of the MZA (Compañía 
de los ferrocarriles de Madrid a Zaragoza y Alicante) railway company, 
linked to the French capital, particularly to the Rothschilds. Mobility, 
forced and voluntary, was part of his life. He came from a prominent 
Spanish liberal family. His father, a physician, had been deputy in the 
Cortes of 1812, the parliament responsible for the first Spanish constitu-
tion, and his family had to leave Spain for exile in London after the fall in 
1823 of the constitutional regime known as the Trienio liberal (1820–1823). 
Montesino married Eladia, niece of Baldomero Espartero (1793–1879), 
Spanish liberal general and Progressive strongman (who was regent of 
Spain in 1840–1843). Montesino supported Espartero’s rule, for which he 
had to spend another period of exile in London after Espartero’s fall in 
1843. When in Spain, he combined political activity with engineering. 
Taking into consideration that in the mid-nineteenth century Spanish 
engineers fought to limit access to public employment to Spanish males 
who held a diploma from Spanish engineering schools, Montesino revali-
dated his French title in the Spanish Real Instituto Industrial, so there 
would be no doubt that he could be officially acknowledged as ingeniero 
industrial.19 He taught machine construction at the Conservatorio de Artes 
and later at the Real Instituto Industrial and compiled a textbook on this 
subject. He held the influential post of the Director of Public Works dur-
ing the Bienio Progresista (1854–1856), when the Progressive Party he sup-
ported came to power. The Spanish Royal Academy of Sciences appointed 
him to the International Commission for piercing of the Isthmus of Suez, 
and he published a book on this subject in 1857. His lifelong commitment 
to progressive branch of Spanish liberalism led him to become one of the 
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shareholders of the Institución Libre de Enseñanza, an ambitious project 
for education reform inspired by the values of German philosopher Karl 
Krause, whose teachings were highly influential among Spanish reformist 
intellectuals linked to the so-called liberalismo avanzado.20 His son Luis 
Montesino y Fernández-Espartero (marquis de Morella, 1868–1957) fol-
lowed in his father’s steps, graduating from the École centrale in 1890. In 
1891, Spanish engineers succeeded in banning those who graduated abroad 
from using their title in Spain, so Luis went on to study at the Escuela de 
ingenieros industriales in Barcelona. Like his father, he combined political 
activity with engineering. He was deputy and senator as well as municipal 
councillor of Madrid. He worked as engineer for the MZA railway com-
pany, he was director of the Escuela superior de artes e industrias in Madrid, 
vice-president of the Board for the Tramways of Granada, and held other 
posts in the public and private sector. He founded and directed the Escuela 
Nacional de Aviación (ENA, 1913).21 During his life, he constantly 
renewed his links to France: working for the MZA, buying planes in France 
for the ENA, flying together with French pilots, representing the Societé 
des lignes Latécoère (Compagnie générale aéropostale) in Spain and living 
in Neuilly in 1920.

Spain offered plenty of opportunities for engineering graduates. Many 
Spanish-born centraliens went back to settle in their hometown and have 
a career in their field of expertise. Claudio Gil (grad. 1849), from a well- 
off family of Catalan entrepreneurs, worked as engineer for the Compañía 
catalana de gas in his hometown of Barcelona and he invested in several 
businesses linked to technological innovations.22 Pamplona-born Aniceto 
Lagarde (grad. 1856) was engineer and director- in- chief of the roads of 
Navarra, while Mariano Planas (grad. 1863), born in Girona, established 
himself there as a machine-builder. Granada-born Francisco de Castro 
(grad. 1902) also earned his living in the private sector, working in his 
hometown as engineering consultant (electricity and hydraulics) and 
manager of industrial companies. Although his surname points to French 
origins, Louis Commeaux (grad. 1890) was born in the mining town of 
Mieres del Camino in Asturias, and he went back to work as an engineer 
at the Mieres Factory.

Few centraliens born in peninsular Spain had global careers. Those who 
worked abroad did so mostly in French-speaking Europe: Tolosa-born 
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Benigno Yrazusta (grad. 1878) became manufacturing manager at the 
paper mills of M. de Naeyet and Company in Willebroeck, Belgium; 
Charles de Tienda (grad. 1907), born in Santander, had a successful 
career in France, working as engineer at the Société Lorraine-Dietrich in 
Lunéville and at the Glassworks of Bousquet d’Orb (Hérault), and as 
manager of the Glassworks of Carmaux (Tarn). Some of the Spanish- 
born engineers with French surnames worked in Spain and France. 
François Saunier (grad. 1900), born in Santiago de Compostela, had 
worked as engineer specialising in gas and electricity in the Galician cities 
of La Coruña and Vigo, before moving to Paris where he ran a factory on 
polishing and abrasive material and presided over a business association 
of the producers of grinders and polishing products.

The surnames of the few Spanish-born centraliens who went to work 
beyond Europe indicate that they were probably French nationals. 
Charles Barbière (grad. 1885), born in the Basque city of San Sebastián, 
represented the French Société de construction des Batignolles in Cairo 
in the last years of the nineteenth century, when Egypt was de facto under 
British colonial rule. Madrid-born Léopold Collier de la Marlière (grad. 
1895) was general manager of the Andrada Mines Ltd in Portuguese East 
Africa and engineering consultant at the Mines de la Falémé, iron mines 
in East Senegal. His experience enabled him to settle in Paris by 1920, 
working as consultant for mines and metallurgy. Galician-born Victor 
Meric (grad. 1903) worked as engineer on the railways in Syria and 
Yemen as well as on the construction of the railway line from Huelva to 
Ayamonte in Spain. In 1920, he lived in Paris, working as engineer for 
the Entreprise Dufour ‘Constructions générales’ that carried out works at 
the canal connecting Rhône to Rhine. Madrid-born Lucien Cocagne 
(grad. 1908) crossed the Atlantic to work as assistant engineer at the 
headquarters of the Compañía general de ferrocarriles en la provincia de 
Buenos Aires, in Argentina. The death on the battlefield in 1914 of 
Madrid-born Marcel Suss (grad. 1910), indicates that he was a French 
citizen, as Spain did not participate in the First World War. Before his 
untimely death, Suss had worked on the construction of a dry dock in 
Toulon and was commissioned to examine the possibilities of the exploi-
tation of waterfalls in Finland. He also worked as engineer for the 
Sociedad española de ferrocarriles secundarios.
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Peninsular Spain sometimes was a stop on the European or global 
career paths of other centraliens. This was the case of the French engineer 
Félix Ragon (grad. 1884), born in Curçay, Vienne. In the last decades of 
the nineteenth century, he worked in coal mines in the Silesian town of 
Dąbrowa Górnicza/Dombrowa (then controlled by Russia), together 
with his classmate from the École centrale, another Frenchman called 
Ferdinand Steenman. Later, Félix became engineer-director of the mines 
of Matallana in Spain, before moving back to the region of his birth. 
Even more global was the trajectory of Joseph Bastide (grad.1859), born 
in Rodez, Aveyron, France. He started relatively close to home, running 
a company specialising on public works in Bugeat, Corrèze. He then 
moved to Spain to manage the Company for the Construction of the 
Port of Santander. Afterwards, he was engineer-in-chief at the Compañía 
de minas y del ferrocarril Bacares—Almería. Crossing the Atlantic, he 
worked as a railway engineer for the government of Chile. In 1897, he 
was back in Europe, working as engineer-in-chief at the works of the port 
of Burgas, Bulgaria.

The relatively low mobility of the centraliens born in Spain becomes 
clear when we compare them to Latin Americans. Cubans and Puerto 
Ricans, who were subjects of the Spanish Crown until 1898, attended the 
École in great numbers. Men born in the Antilles could and did attend 
Spanish schools for state engineers, and some of them then went on to 
work for the Spanish state both in the Antilles and in peninsular Spain.23 
Nonetheless, it is clear that in the mid-nineteenth century, enterprising 
Antillean families that wished to sponsor their sons’ technical education 
saw in the French École centrale a good option for an engineer heading 
to the private sector, maybe more prestigious and easier to access than the 
Spanish Escuela de ingenieros industriales in Barcelona. It seems that 
there was some coordination in sending out young men to the school, 
either based on family networks or municipal initiative. In the 1850 pro-
motion, there are three Cubans from the city of Matanzas. Cuban gradu-
ates display a high return rate to the island, which indicates plenty of 
opportunities in Cuba for qualified engineers with high expectations in 
terms of monetary gain, either working for others or in family businesses 
(considering that only well-off families could fund their sons’ studies at 
the Parisian school). My analysis confirms that Cuban graduates from 
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foreign engineering schools either used their knowledge in family busi-
nesses or worked as managers or in ‘prestigious’ branches of engineering, 
such as railways and urban infrastructures. As others have pointed out, 
few Cuban or Spanish engineers worked as mechanics or machinery 
operators in Cuba in the mid-nineteenth century.24 One of the 1850 
graduates from Matanzas, Eugenio Pimienta, managed a sugar refinery in 
Cárdenas, Cuba. Manuel Montejo (grad. 1853), born in the Cuban town 
of Puerto Príncipe (Camagüey), managed the gas company of his home-
town. Havana-born Charles Theye (grad. 1875) was chemistry teacher 
and manager of the Santísima Trinidad sugar factory in San Marcos 
(Cuba), while his fellow countryman Luis de Arozarena (grad. 1877) 
worked as an engineer at the Havana railway, was associate professor at 
the Faculty of Sciences in Havana and general manager of the salt mines 
of Cayo-Romano in Nuevitas. Puerto Ricans, too, had a high return rate. 
German Mooyer (grad. 1896), born in Mayaguez, was engineer at the 
railway company of Puerto Rico and in 1920, after Puerto Rico had been 
taken by the USA, he worked as assistant engineer of public works in his 
home town. The number of Antillean students decreased towards the end 
of the nineteenth century. We may only speculate that by then ambitious 
young men headed to the engineering schools in the USA.

Some of the Cubans and Puerto Ricans settled in peninsular Spain: 
Matanzas-born Juan de la Torriente (grad. 1862) lived in Santander in 
1897, Henry Berrocal (grad. 1886) in Barcelona. 1872 graduate Julio 
Apezteguía y Tarafa (1843–1902), born in Trinidad, Cuba, moved across 
the Atlantic several times. Member of a slave-owning family that owned 
a sugar plantation, he modernised it, turning it into one of the biggest 
and most productive ingenios on the island, even in the world.25 He was 
a deputy for Santa Clara and for Havana in the Spanish Cortes for six 
terms (1879–1890, 1893, 1896–1898), representing the Unión 
Constitucional. After Cuban independence, he lost his Spanish citizen-
ship (although he tried to get it back), and he died in 1902 in New York, 
struggling with financial difficulties, as he had lost great part of his pos-
sessions and wealth to his US business partners and creditors.26

Other Antillean centraliens (from less privileged families?) had interna-
tional careers. Havana-born John Knight (grad. 1857) was a manager in 
the French Compagnie des chemins de fer Bône-Guelma, before dying in 
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Paris in 1884. This company was founded in 1875 to build railways in 
Algeria and Tunis (Algeria having been a French colony since 1830; Tunis 
was to become a French protectorate in 1881) and was a daughter com-
pany of the French Société de construction des Batignolles that employed 
many centraliens. Matanzas-born Emilio del Monte (grad. 1874) worked 
as an engineer at the railways in Girardot and Antioquia, Colombia. 
Later, he returned to Cuba to work as assistant engineer at the railway in 
Matanzas, as engineer-in-chief of the Havana railway and of the railway 
between Cienfuegos and Villa-Clara. Others settled in France. Cuban- 
born centralien with a French surname Ernest Raoulx-Jay co-owned the 
Compagnie de navigation E. Roaulx-Fournier et Cie and was the head of 
technical services of La Rochelle municipality, France, while Frédéric 
Henrique, born in Havana, was an engineer of the electrical substation of 
the Cité Bergère, engineer-director of the electric lighting of Perpignan 
(Entreprise Bartissol), engineer at the Société pour la transmission de la 
force par l’éléctricité and at the Société du gaz de l’électricité of Marseille, 
where he lived. Blas Batanero de Montenegro from Cuba worked as 
examiner for physical sciences at the Parisian establishment Collège 
Stanislas, before dying in Switzerland in 1917.

In a sense, professional trajectories of the graduates born in Latin 
American republics were global from the instant they crossed the Atlantic 
to study engineering in France. Nonetheless, many of them simply went 
back to their country of birth and developed a career there, in the public 
and/or private sector (unlike in Spain, engineers who studied abroad 
could work for the government in most Latin American republics). The 
very first centralien from a Spanish-speaking country, Juan Cano (grad. 
1836), born in Mérida, Mexico, became coronel of the Mexican corps of 
engineers, which indicates that his studies might have been sponsored by 
the Mexican government. Manuel Echegaray (grad. 1855), born in 
Cuzco, Peru, worked as a civil engineer in Lima. Another Peruvian, 
Francisco Paz Soldan (grad. 1861), worked as an engineer for the Peruvian 
government and managed private companies in Lima. Alfred Puelma 
Tup(p)er (grad. 1882) from Santiago de Chile became sub-chief of the 
section of architecture at the Direction of Public Works of Chile  and 
authored a treatise on the Chilean sugar industry.27 Jorge Hayton (grad. 
1887) from Buenos Aires worked as electrical engineer for the Maison 
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Sautter-Harlé et Cie, but also for the Argentinian government. Juan 
González (grad. 1860) from Bogotá, New Granada, went back to work as 
civil engineer in his hometown, now the capital of the United States of 
Colombia. His classmate Ignacio Pedralbes y Capúa from Montevideo, 
son of a mathematics professor, went on to have a prolific career as engi-
neer–architect in his country, while he also taught at and served as dean 
of the Faculty of Mathematics of Montevideo. He was director general of 
the Uruguayan public works administration and one of the founders of 
the Ateneo.28 Another Uruguayan, Juan Lamolle, worked at the design 
office of the Northern Railways to later become engineer-in-chief of the 
Montevideo Municipality. Born in the Argentinian capital, Jules Lacroze 
(grad. 1863) founded the Tramway Company of Buenos Aires. His com-
pany employed a French centralien (grad. 1896) with strong family links 
to the Ibero-American world, Charles d’Ornellas (1874–1961), born in 
Paris. In the early twentieth century, d’Ornellas was general manager of 
the Lacroze Tramway Company and of the Central Railways of Buenos 
Aires, also representing the interests of MM. J. G. Withe et Cie in South 
America.29

The most outstanding of those Latin American centraliens who estab-
lished themselves successfully in their country of birth is probably Ernesto 
Madero Farías (1872–1958), born in Parras de la Fuente, Mexico. Before 
studying at the École centrale (grad. 1893), he had graduated from the 
Johns Hopkins University in the USA. He was minister of finance of the 
Mexican government in 1911–1913, in the tumultuous period when the 
revolution broke out. Coming from a rich family involved in politics and 
in diverse industries and agriculture, he expanded the family business and 
founded new companies (Compañía metalúrgica de Torreón, Compañía 
carbonífera de Sabinas, Compañía Harinera del Golfo Nuevo-León, 
etc.). He spent some time in exile in Cuba and the USA.30

Other Latin American centraliens had international careers. Some 
moved within Latin America. Felipe Victora (grad. 1875), born in 
Montevideo, taught at the Escuela nacional de Ingenieros in San Juan de 
la Frontera, Argentina, before becoming director general of the Uruguayan 
public works administration. Marie de Lapeyrouse, was born in Piura, 
Peru, but after he graduated in 1877, he set up business in public works 
in Iquique  (a province that switched hands from Peru to Chile  in the 
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Pacific War, 1879–1884), where he later managed sodium nitrate factory 
San Donato. Several of the graduates settled and worked in France or 
Spain. Some of them might have been French citizens. Louis Mosès 
(grad. 1893), born in Lima, was living in Paris in 1920, working as an 
engineering consultant specialising in patenting inventions. Maxime 
Heurtematte, born in Panama, graduated in 1892; in 1920 we find him 
in Paris as a partner in the Maison Raguet et Heurtematte, entrepreneurs 
in public works, but the Heurtematte family is still present in Panama 
nowadays.31 Mexico-born Emile Pinson (grad. 1895) moved between 
Mexico and France. He had been director general of the Compañía de 
San Ildefonso, chief executive of the Compañía hidroeléctrica del 
Chapala; vice-president of the Compañía de papel San Rafael. In 1920, 
he was living in Paris, working as engineer for the Compagnie générale de 
la électricité, and partner of the Mexico-based Maison E.  Pinson et 
L. Matty. Gabriel Foullioux (grad. 1921), born in Rauquén in Chile, was 
working in 1930 as engineer for the Cristalería Española, in Arija, Línea 
de la Robla, Spain. Joseph Lopes-Dias (grad. 1878), born in Vallenar, 
Chile, had a successful career in France.

While some moved between two countries, others had a truly global 
career. Juan Caubios (grad. 1897), born in Montevideo, worked, as sev-
eral other centraliens of different origins, for the French Société de con-
struction des Batignolles (involved in railway construction in the 
Mediterranean) and for the Maison Hennebique (trading in reinforced 
concrete), another French company linked to several centraliens. He had 
been director of the company that managed the port of his Uruguayan 
hometown, before becoming director of the port of Mar del Plata, 
Argentina, where he lived in 1920. Léopold Cassou (grad. 1885), born in 
Guanajuato, Mexico, had worked at the construction of steel mills and at 
the headquarters of the Creusot factories (a company that employed 
many centraliens), before he settled in 1890s in Bilbao, Spain, working as 
engineer at the Talleres de Deusto. Eugène Renaud (grad. 1885), born in 
Mexico, worked as engineer for Argentinian government and managed 
the distillery L. Poiron et compagnie in Saint-André.32 In 1897, he was 
back in Mexico as subdirector of the silver mines of Quintera, in Álamos, 
Sonora. Félix Courras (grad. 1880), born in Montevideo, was working in 
the Ottoman Syria for the Compagnie des chemins de fer de Beyrouth- 
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Damas- Hauran et Biredjik sur l’Euphrate in 1897. Marcel Landormy 
(grad. 1910), born in Gatun, Colombia, had worked in the French col-
ony of Algeria and in metropolitan France; in 1930 he managed 
Gelatinous White Co. Ltd in Great Britain.

Mobility sometimes hints at social disadvantage and instability (less 
well-off family, recent migrants, ethno-religious minority, etc.); in other 
cases, it may be attributed to individual choice or unknown circum-
stances. The case of two brothers born in Santiago de Chile who gradu-
ated together in 1874 is telling. Between 1874 and 1897, Charles (Carlos) 
Robert de la Mahotière developed his career in Chile. He worked as engi-
neer at a foundry and mining company of Chañaral, as chemical engineer 
of a saltpetre company of Antofagasta, as engineer-in-chief of the railway 
from Talca to Constitución, and he ran a family business, Maison 
Mahotière fr. et Sainte-Anne, a carpentry workshop and mechanical saw-
mill, in Temuco.33 His brother Louis (Luis) also worked in Chile, produc-
ing soap, working as engineer-in-chief at the construction of the railway 
from Victoria to Temuco and as Charles’s partner in the family firm. 
Nonetheless, he also worked as engineer in the silver mines of Huanchaca, 
Bolivia, and by 1897 he was working as a civil engineer in Paris.

Several of the centraliens born in Latin America died in battle. Cornelio 
Borda (grad. 1854) from Bogotá, New Granada, died in the service of 
Peruvian government in the Battle of Callao (1866), during the Chincha 
Islands War between Peru and Spain. The other two fallen, Edouard 
Challé (born in Santiago de Chile, grad. 1912) and his Mexican-born 
classmate Albert Huguenin, died in the First World War (1915), which 
indicates they were French citizens.34

The centraliens born in Spanish-speaking countries are a highly diverse 
group. Some of them were French citizens born abroad. Others held the 
citizenship of or had strong links to their country of birth and developed 
their career there. The École centrale clearly enjoyed great prestige among 
the Spanish (and Cuban) enterprising bourgeoisie in the 1850s–1870s. 
For many, their studies at this Parisian school led to more than just 
acquiring a polish of French-style modernity: several high-profile gradu-
ates undertook technological modernisation of their family businesses. 
The fact that hardly any centraliens from Spain worked for the Spanish 
public sector proves the efficiency with which the engineers trained in 
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Spanish state engineering schools established exclusive access to public 
employment. In Latin America, the governments tended to be willing to 
employ not only their citizens who graduated abroad but also foreign 
nationals. The engineers who did develop their career abroad, entirely or 
partially, tended to work in other Latin American countries, in Spain, in 
France or for a French company anywhere in the world (mostly North 
Africa and Middle East). A diploma from the École centrale and the con-
tacts they established there helped them fashion themselves as representa-
tives of French engineering knowledge and skills, and get acknowledged 
as such by French companies in France and abroad and by potential busi-
ness partners and clients.

 Students Born in the Ottoman Empire

The Ottoman Empire was a vast, highly heterogeneous monarchy that 
extended over three continents. During the period covered in this chap-
ter, it experienced more or less successful separatist movements as well 
imperial/colonial predation by European powers, and, eventually, its dis-
integration in the aftermath of the First World War. Facing growing 
internal and external challenges, Ottoman governing elites reacted by 
enacting a long series of reforms, but the growing interconnection 
between ‘Europe’ and the Ottoman Empire led to the deepening of 
Ottoman economic, technological, even political dependence on foreign 
powers.35 The first Ottoman-born students appear at the École centrale 
later than the Spanish and Latin American ones, in the early 1850s. 
Between 1853 and 1923, approximately one hundred students born in 
the Ottoman domains graduated from this school. Their names indicate 
great diversity in terms of nationality, ethnicity and religion. There is an 
additional complication because the Empire was losing territory through-
out the period and even if some regions were officially considered as the 
domains of the Ottoman sultan, they had their own policies regarding 
public works, sending students abroad, management of religious diver-
sity and so on. Previously, I analysed two groups of Ottoman centraliens: 
Armenians and Jews. Particularly the latter were disproportionately rep-
resented, constituting approximately 20% of Ottoman-born graduates.36 
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Here I summarise the information on the students’ backgrounds, before 
focusing on return rates and mobility patterns.

The Ottoman-born centraliens were an extremely diverse group in terms 
of regional and ethno-religious origin. First, several were probably French, 
taking to consideration their name(s), surname and career patterns. We 
have to bear in mind that ‘Western Christian’ communities had lived in 
the Ottoman Empire for centuries or had settled there recently.37 Thus it 
is hard to ascertain who could be a member of such family and who was 
just born in the sultan’s domains because of his father’s temporary employ-
ment there, for instance working for the French government or a French 
company. The place of residence of the student’s ‘head-of- the-family’, 
noted in the register, provides hints, though we need to consider that a 
family that had been in the Ottoman Empire for centuries or decades 
could have moved to France sometime between the future student’s birth 
and his enrolment in the École (this was the case of several Ottoman Jews).

Some students were born in regions that had a great degree of auton-
omy and were separated de facto or de jure from the Ottoman Empire 
during the period covered in this chapter. This would be of particular 
concern when examining the careers of the large number of students 
born in Moldavia and Wallachia (later Romania) and in Egypt. Ottoman 
students of Greek ethnicity display specific mobility patterns: besides 
staying abroad or heading home, a few settled and worked in the inde-
pendent Greece; in some cases, their Ottoman hometown (i.e. Salonica) 
actually became part of Greece during their studies or later in their life. 
Another complex issue is classifying the Ottoman-born students bearing 
Italian surnames. They could be Levantines, that is Western Christians or 
Jews settled in the Ottoman Empire, or children of men from the Italian 
lands working in the Empire.38 In the former case, there would be a 
remarkable difference between those Christians and Jews living in the 
Empire for centuries and those whose families had settled there more 
recently, for instance as merchants, without ever interrupting their links 
with Italian cities and states. Ottoman Armenians (about a dozen) and 
Muslims (besides the Egyptians, there were only two Ottoman Muslim 
graduates) are easy to identify owing to their naming patterns.

Analysing the mobility patterns of the Ottoman-born students, it soon 
becomes obvious that Egypt and particularly Romania were lands of suc-
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cessful returns. The great part of the students born in the Ottoman 
Wallachia and Moldavia returned to their homeland, which was a de jure 
Ottoman vassal state of United Principalities in 1859–1877, before 
becoming fully independent. It is clear that the École centrale was popu-
lar among the people from Moldavia and Wallachia, lands whose elites 
cherished cultural and political links to France, which, in turn, was happy 
to patronise them and their project of an independent Romania. In an 
article that shows the impact that the École centrale, its staff and its grad-
uates had on engineering and science in Romania, Horia Colan outlines 
the careers of the most successful centraliens of Romanian origin, includ-
ing those born under the Ottoman rule.39 They enjoyed great opportuni-
ties in the expanding public works administration of an independent 
country in the making that was in the midst of a state-building process. 
The 1869-graduate Gheorghe Duca (1847–1899), born in the Moldavian 
town of Galati, directed and reformed the Scoala Nationala de Poduri si 
Sosele in Bucharest, the Romanian version of the French École des ponts 
et chaussées, was general manager of the Romanian Railways and directed 
construction works of the port of Constanta. Several of these centraliens 
engaged in politics: 1839 graduate Alexandru G. Golescu (1819–1881) 
fought in the revolution of Walachia in 1848, went to France to gather 
support against the Ottomans and Russians and later served as minister 
(once as prime minister) in several governments of the United 
Principalities. The 1870 graduate Constantin P. Olănescu (1844–1928) 
was minister of public works and shaped the legislation on public employ-
ment of technicians.

Egypt, an Ottoman territory with a highly autonomous government 
that became a de facto British colony in 1882, was another land of fruit-
ful returns, for Muslim and non-Muslim graduates. Furthermore, it pro-
vided opportunities for French and foreign centraliens. Muslims from 
Egypt were the only noteworthy group of Muslim students at the École 
centrale. Two Egyptian Armenians who graduated before the British 
occupation had prominent careers after their return. Cairo-born Joseph 
Manouk Bey (grad. 1855) was general subinspector of the Egyptian 
Telegraphs in 1897. Coming from a prominent Egyptian Armenian fam-
ily (his father was Egypt’s prime minister), Boghos Nubar, though born 
in Constantinople, developed his professional career in Egypt, where he 
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managed the Société anonyme d’irrigation in the Behera and was execu-
tive manager of the Egyptian Railways in Cairo. He moved between 
Egypt and the core regions of the Ottoman Empire, becoming a promi-
nent voice for the Ottoman Armenians. Until the Armenian genocide 
during the First World War, he understood that the future of Ottoman 
Armenians lay within the Empire, where he tried to improve their legal 
standing, education and life conditions (founding the still-existent 
Armenian General Benevolent Union in 1905 in Cairo). After the war, 
he protested at the lack of interest of the victorious powers in helping the 
Armenians in their dire situation, in promoting their national interests 
and in rewarding them for their support of the war efforts.40

Jewish Egyptians could also go on to have a successful career in their 
homeland. From a Sephardim family, 1882 graduate Joseph Aslan Cattaui 
(1861–1942) served in the public works administration and ran busi-
nesses linked to technological innovation, including a prosperous sugar 
refinery in Hawandiah, near Cairo. He was a member of the Egyptian 
delegation sent to London in 1905 to negotiate the independence of the 
country. Later, Cattaui served as minister and senator, and was active in 
the Egyptian Jewish community.41 Two Egyptian Muslims who gradu-
ated together in 1883, Farid Abdelaziz of Alexandria and Ismail Sirri of 
Menia, went on to work as engineers, the first of the Egyptian railways, 
the second for the administration of irrigations. Interestingly enough, 
their classmate Auguste Souter, born in the French Val-et-Chatillon, 
worked as an engineer for the Egyptian state in Korachia. Another 
Egyptian Muslim, Mahmud Fayed (grad. 1904), born in Cairo, worked 
as engineer-in-chief at the Ministry of Public Works of Egypt, but in 
1920 he was living in Constantinople, where he established himself as a 
private engineer, specialising in surveys and concessions of public works, 
agriculture, mines and industry. He might have left the Egyptian civil 
service for political reasons. Egyptian institutions employed French cen-
traliens, too, as was the case of Eugène Villard, born in Vallon, Ardèche. 
Until his death in 1890, he worked as engineer at the engineering school 
in Bulaq in Cairo.

Regarding the graduates born in the core regions of the Ottoman 
Empire, particularly in Constantinople, Adrianople and Salonica, many 
stayed in France or went on to work elsewhere in the world, but others 
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went back and a few had successful careers. The Armenians who studied 
together at the École centrale in the late 1870s were elite young men with 
family links to the Ottoman civil service. Gabriel Servicen (grad.1880) 
was the son of a distinguished physician who had studied in Pisa and 
Paris and worked at the Hospital of the [Ottoman] Ministry of War. 
Gabriel spent some time working as an engineer in colonial Algeria, 
before moving back to Constantinople when he had a successful career at 
the Ministry of Public Works. Grégoire (Kirkor) Humruzian (grad. 1878) 
rose to be imperial commissioner of the Oriental Railways at Salonica. 
Others did well in business, such as the sugar merchant Manouk Aslan or 
the famous architect Sarkis Balyan (1831–1899) from a prominent 
Armenian family of architects and builders, who dropped out of the 
École in the early 1850s. Ottoman Jews who returned tended to work in 
the private sector. Salonica-born Isaac Fernandez lived in Constantinople 
during the first two decades of the twentieth century, managing several 
mining companies operating in Macedonia and Asia Minor. Gabriel 
Tedeschi (grad. 1872), born in the Ottoman town of Varna (today’s 
Bulgaria), managed a brick factory in Constantinople, owned by the 
Camondos, a prominent family of Ottoman Jewish bankers that had 
recently settled in Paris.42 Few Ottoman Greek centraliens had a career in 
the Ottoman lands. Alexandre Antoniades (grad. 1893), born in 
Adrianople, managed chrome mines in Dağardı (Fethiye region of Asia 
Minor) and a charcoal furnace in Kolzu (Zonguldak region of Asia 
Minor), before he established himself in Constantinople as representative 
of MM. Hersent, Schneider et cie.

Despite these stories of successful returns, migration was a sharply 
growing trend among the Ottoman-born graduates, particularly Greeks 
and Armenians, but also among the Jews. While many settled in France, 
set up businesses or worked for local companies, several Ottoman-born 
Jewish and Greek centraliens display a high degree of mobility. The 1900 
promotion is striking: all three graduates born in the Ottoman domains 
engaged in international mobility. Salonica-born Ernest Farraggi-Vitalis 
worked as manager of the mines in Ticapampa, Peru, before establishing 
himself in Paris as a construction engineer. Demosthenes Lykiardopoulo, 
born in the Anatolian town of Mersin, worked as an engineer for the 
Metallurgical Society of Taganrog, in the Russian town of the same name, 
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before returning to his hometown. Maurice de Toledo, born in Adrianople, 
was secretary general of the Société ottomane d’Héraclée, a mining com-
pany operating in the Zonguldak basin, exploited mostly by the French. 
Later, he moved to France, where he worked as a chief engineer of the 
Société Tréport-Terasse Ltd (most probably the company operating the 
famous local funicular) in Normandy and then at the Bureau Technique 
Hispano-Français in Paris.

Occasionally, friendship ties created in the school led to international 
business partnerships: Démétrius Papa (grad. 1895), born in 
Constantinople, set up a business with his classmate André Richaud from 
Basse-Terre in Guadeloupe. Démétrius was executive manager of their 
Société cochinchinoise de béton armé in Paris, while André ran the com-
pany branch in Saigon, in the French colony Cochinchina (in today’s 
Vietnam). They dealt in reinforced concrete, being agents of one of the 
most important companies in the sector, the Maison Hennebique pour 
les travaux de béton armé, founded by the French–Belgian inventor and 
entrepreneur François Hennebique.

Transnational mobility was stimulated and mediated by French com-
panies or companies owned partially by French investors. Thus Samuel 
Léon (grad. 1892) from Smyrna worked as an engineer for MM. Schneider 
et Cie in Transvaal, before settling in Paris as executive manager of the 
Société des Forces motrices d’Auvergne. It worked the other way round 
for Émile Foucart (grad. 1879), born in Oiron, France, who ended up 
managing a factory on ceramic products near Constantinople, owned by 
the Camondo family. The pattern of studies in France, high professional 
mobility and settling in Paris was not displayed exclusively by Jewish 
engineers from the Ottoman Empire. Miron Goldberg (grad. 1887) was 
born in Pruzhany (Russian Empire, today in Belarus), a town with an 
important Jewish community. He worked as an engineer in oil explora-
tions of Kertch and Crimea, and later in Romania, Galicia (most proba-
bly the Eastern European region), Peru, Egypt, Italy and Algeria. By 
1920, he had established himself in Paris as a consultant-engineer special-
ising in oil fields, geology and exploitations.

The Ottoman-born centraliens who tried their luck on the other side of 
the Atlantic all seem to have been Jewish. The above-mentioned Ernest 
Farraggi-Vitalis managed mines in Peru; Constantinople-born Leon Lévy 
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(grad. 1888) ran a business in port works in Chile; and Richard Viterbo 
from the same city (grad.1872) was general manager of the Tramways de 
Constantinople, chief engineer in New York, Texas and Mexican Railways 
and head manager of a refinery in the USA, before going back to the 
Ottoman Empire in the late nineteenth century to be general manager of 
the Mersina-Tarsus-Adana Railway Company Ltd in the Anatolian city 
of Mersin. Thirty years after Richard, another Constantinople-born 
Viterbo, Lionel, graduated from the school. If Lionel, who was living in 
Chicago in 1920, was Richard’s son, the Viterbo family probably settled 
in the USA, while still keeping their ties to France.

Career patterns of the Ottoman graduates were heavily shaped by 
ethno-religious origins and political circumstances. The Ottoman Empire 
was indeed a land of opportunity for the centraliens, in terms of doing 
business and finding public or private employment; their links to France 
often played in their favour. At the same time, however, the core lands of 
the Empire proved less and less welcoming for many of those who were 
born there.43

I do not wish to argue that global mobility was particularly typical of 
foreign centraliens; there were striking cases of highly mobile French grad-
uates too. Parisian Louis Cugnin (grad. 1891) worked as a railroad engi-
neer in Tunis, Madagascar and China. He managed mines in Brazil, 
worked as an irrigation expert in Baghdad; and was en missions (appointed 
by the French government or a French company?) in Turkey, Morocco, 
Russia (in Turkestan and Caucasus), before settling in France by 1920. 
Joseph Volay (grad.1897) from Lyon worked as railway engineer in 
China, Ottoman Empire (the Soma–Bandırma railway employed several 
centraliens), Spain, Cuba, Syria and France, before becoming (by 1920) 
the engineer-in-chief of the Régie général de chemins de fer et travaux 
publics in Beirut. While the Ottoman Empire was sometimes a stop on a 
mobile career of French and other foreign centraliens, some settled there 
for a long period of time. Louis Chenut (grad. 1879), born in Choisy-le- 
Roi, France, worked as an engineer of the Serbian state railways and later 
as subdirector of the works at the railway connection from Salonica to 
Constantinople. By the end of the nineteenth century, he was a represen-
tative of the Société ottomane du chemin de fer de Smyrne–Cassaba in 
Smyrna. Paris-born Ernest Michot (grad. 1891) worked as a mining 
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 engineer in the Ottoman Empire, including the company managed by 
the Ottoman Jewish centralien Isaac Fernandez. By 1920, Michot lived in 
Paris, where he was general manager of the Compagnie du Boléo, French 
mining company founded in 1885 by the bank Mirabaud et Cie to 
explore the rich mines of Boleo, in Baja California, Mexico.

 Conclusions

The École centrale des arts et manufactures was a school that acted both 
as a French and as a global institution of education. Its global dimension 
was underlined by the sheer number of students from different corners of 
the world who sought a diploma from this engineering school and thus 
helped perpetuate its international standing and worldwide renown. At 
the same time, the École centrale was deeply rooted in France and linked 
to French companies. Besides being a magnet for young Frenchmen from 
families linked to industry and commerce, it attracted important num-
bers of foreign-born French students; it fostered links among future engi-
neers of different origins; and, through its graduates, it served to expand 
and strengthen French economic interests in many regions of the globe 
during a period of intensive capitalist expansion, sometimes called the 
First Age of Economic Globalisation. It also supported French colonial 
enterprise by supplying qualified men, French and foreign (who often 
had additional useful knowledge, skills and contacts), for companies 
operating in colonies, in the areas envisioned for colonial expansion and 
in the regions where intense competition among global powers for direct 
and indirect domination was taking place.

To its foreign students, the school offered the quality and prestige of 
French engineering education as well as useful contacts, all of which 
helped their professional careers in their countries of origin, in France 
itself and in many regions of the globe, particularly—but not exclu-
sively—in regions where French capital and companies were active. 
While foreign students generally came from well-off families that could 
afford to fund their trip to and costly stay in Paris, it provided them the 
possibility to reproduce (or improve) their social status not only in their 
country of origin, but also elsewhere, which became particularly impor-
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tant for those whose origins limited their professional options or/and 
exposed them to persecution. In the turmoil in the first three decades of 
the twentieth century, the school might have played a life-saving role for 
some men, in particular the Armenian (and other Christian) students of 
Ottoman birth.

The school was part and parcel of global capitalism and it fuelled it, 
supplying companies that did business on a transnational basis with 
highly qualified technical staff and management, fostering the creation of 
new business partnerships and companies. Its graduates were engaged in 
enterprises that were innovative at the levels of technology, business and 
workforce management. It might be too bold to affirm that they also 
participated in the configuration of a truly global engineering culture, 
but the analysis of their trajectories does indeed indicate that the combi-
nation of the graduates’ education, mobility and professional practice 
promoted the mutual acknowledgement of men as engineers across 
national, ethnoreligious and to a certain degree racial boundaries (gender 
boundaries resisted until much later). The centraliens did not limit their 
activities to industry, infrastructures, agriculture and commerce; many 
became involved in politics, either directly or contributing to public 
debate. Beyond their words and deeds, their very presence as engineering 
graduates in the public sphere legitimised all kinds of political action via 
implicit and explicit references to progress, to expert knowledge and to 
specifically French claims to modernity and universal civilisation.
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 Crafting New Anthropogenic Landscapes 
in Africa: Colonial Infrastructure and Territorial 
Management1

The Berlin Conference (1884–1885) consecrated a new colonial order 
that fitted perfectly the imperial agendas of Great Britain, Belgium, 
France, and Germany.2 As historical rights over colonial territories 
gave place to the policy of effective occupation of African territories, 
the rivalries among European colonizing powers became increasingly 
critical. Portugal, a peripheral country in Europe, responded to this 
new international framework by launching a set of “civilizing out-
posts,”3 to secure Portuguese sovereignty over the hinterland of both 
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Angola and Mozambique and ideally linking the western and the east-
ern African coasts.

Colonial strategies, however, echoed European political balance, thus 
limiting the way countries were able to enact their specific agendas. 
Diplomatic and military events often disguise clashes between opposing 
technological projects, and technological superiority often acts a soft 
power, influencing diplomatic negotiations and shaping international 
treaties. Concepts such as techno-diplomacy, techno-politics and techno- 
economics helpfully portray the complex entanglements between tech-
nology and society at large.4

The centerpiece of the Portuguese strategy was, however, not different 
from the British, the French, or the German ones. Building railways was 
the most efficient way to “domesticate” and exploit the African natural 
and human landscape in situ and, at the same time, to establish an eco-
nomic hierarchy among geographical spaces both within the colonies and 
in a world-wide context.

As with all colonial agendas, the Portuguese one was designed to 
exploit the colonies, imposing a European world view that implied alter-
ing the physical, social, and economic structure of the colonized territory 
under the label of the “civilizing mission.”5 Railways and other infrastruc-
ture—roads, harbors, dams—designed by engineers transformed both 
the African landscape per se, by molding it to the needs of building the 
railway lines (earthmoving, changes in river beds, tunnels), and its use, by 
carving the way to plantations, mining, and trade outposts in the land 
formerly used by indigenous as pastures or hunting territories, and by 
establishing white settlements.

Under the banner of progress, Portuguese engineers crafted techno-
logical anthropogenic landscapes in Angola and Mozambique based 
on the European concept of “resource” and “commodity,” displacing 
and dispossessing native people of their land, changing their represen-
tations and uses of the territory, and imposing a new rationale of 
development. This active intrusion disrupted the native human and 
natural landscapes, forcing them to integrate the capitalist economic 
world system.
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 Portuguese Survival Manual in Africa: Building 
Railways to Secure the Colonies

In 1877, already in the context of the Scramble for Africa, Portugal 
mounted two public works expeditions to its African colonies.6 Headed 
by two engineers, Rafael Gorjão (Angola) and Joaquim Machado 
(Mozambique), their purpose was to assess the viability of building two 
railway lines, one in Angola linking Luanda to Ambaca and the other in 
Mozambique linking Lourenço Marques (now Maputo) to the Transvaal. 
By putting forward the South Portuguese Africa project (the so-called 
Pink Map), which aimed at linking by train the two coasts of the major 
Portuguese African colonies (western coast of Angola to the eastern coast 
of Mozambique) and claiming sovereignty over this land corridor, the 
Portuguese government tried to recover its status as a colonial power and 
to resist the expansionist imperial policies of other European countries.7

Although the Portuguese west–east railway axis never came to life, as it 
collided with Cecil Rhodes’s railway project of connecting Cairo to Cape 
Town,8 the building of the African railway system remained critical to the 
Portuguese colonial agenda and was perceived as the main landmark of 
the country’s presence in Angola and Mozambique.

These two expeditions—which ran in parallel with two much more 
publicized expeditions led by the Lisbon Geographical Society (Sociedade 
de Geografia de Lisboa) to secure Portuguese sovereignty across the ter-
ritories of Zambezi, Bié (Angola), Niassa (Mozambique), and the area 
today known as Shire River—were the first of various surveys associated 
with the construction of the railway network both in Angola and 
Mozambique.9

Coal, copper, iron, cobalt, gold, diamonds, timber, rubber, coffee, and 
cocoa were valuable commodities that demanded strict management 
rules across the territory, thus granting infrastructure a vital role. Railways 
played a strategic role in the promotion of commerce, industry, and agri-
culture, bringing Africa to the heart of the nineteenth-century world 
economy. Decisions on which route to choose were, therefore, extremely 
important as they should balance, on the one hand, the economic status 
quo and, on the other, the leading economic areas of the future.
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The detailed reports carried out by engineers reveal how their expertise 
shaped the Portuguese techno-political agenda and legitimized the gov-
ernmental elites’ political action. Their work established the guidelines 
for roads, railways, and harbors, the backbone of an integrated economic 
flow of raw materials, commodities, industrial goods, and labor force. As 
experts, engineers were responsible for designing the economic geogra-
phy of the colonies, building an intelligible representation of the space, 
and decisively influencing central and local governance, the development 
of an administrative network, the creation of new political and economic 
centers, and the consolidation or depletion of existing ones.

The absence of basic colonial structures in the Portuguese colonies 
worried politicians and engineers. As stated by the engineer Joaquim 
Machado, “to bring civilisation to the natives” was an ideological impera-
tive,10 and the best way to enhance their desire for progress was to dazzle 
them with technological devices.11 However, building a railroad in Africa 
was a difficult task for Portugal. The effective implementation of railway 
lines resulted in major political, economic, and diplomatic constraints.

Portugal was a small country unable to assert its sovereignty unilater-
ally in the concert of nations, often tangled in economic and financial 
crises, and with few entrepreneurs willing to invest in projects of uncer-
tain profitability and without sound governmental guarantees. The alter-
native of using private and frequently foreign funds was perhaps inevitable, 
but it went hand in hand with conflicts concerning different interests and 
tensions among stakeholders. Even in such a difficult financial context, 
the Portuguese government was quite committed to build a railway net-
work in Angola and Mozambique. Two examples make this clear. In 
1877, from the total national budget for building infrastructure, 41% 
was allocated to the preliminary studies concerning the railway line 
Luanda–Ambaca.12 And in 1878 engineer Joaquim José Machado was 
shipped off to Lourenço Marques in order to study the railway line link-
ing Lourenço Marques to the Transvaal border, in spite of the fact that he 
would have to work during “the worse period of the year […] The season 
of heavy rain, of strong heat and dangerous fevers.”13

The year 1878 marked the beginning of railways in African territories 
under Portuguese administration. The railway from Lourenço Marques 
to the Transvaal border was the first ordered by the government (Royal 

 M. P. Diogo and B. J. Navarro



 109

Decree 144, August 10, 1878). The engineer Joaquim Machado was in 
charge of this project. Four years later, he published in the Journal of 
Mines and Public Works (Revista de Obras Públicas e Minas), the official 
journal of the Portuguese Association of Civil Engineers (Associação dos 
Engenheiros Civis Portugueses),14 a memoir about the project titled 
“Memoir on the Railways from Lourenço Marques to the Transvaal 
Border” (“Memória ácerca do caminho de ferro de Lourenço Marques à 
fronteira do Transvaal”). The first chapter was named “The need to build 
up the railway to civilise Africa.” Its subtitle is a quite clear statement of 
the author’s view of the role to be played by railways in Africa. In addi-
tion to a technical assessment, four main problems are raised in this 
memoir: the potential profits of the coveted and extensive African colo-
nies; the backwardness and slavery of the native peoples; new destina-
tions for the Portuguese emigration; and the effective occupation of the 
territories. After analyzing all four topics, Machado advocates replacing 
the slave-trader with the entrepreneur, the missionary with the technician 
(that is, the engineer), and to build up fast means of communication, 
such as railways, roads, and seaports.

The memoir on the railway from Lourenço Marques to Transvaal and 
the memoir on the railway from Mossamedes to Bié (1889),15 both by 
Joaquim Machado, show a deep concern for the absence of basic colonial 
structures on which the new project of colonization stemming from the 
Berlin Conference should be built. The international context, namely the 
growing interests of England and Germany in the Portuguese African 
colonies, forced the Portuguese government to reassess its priorities. The 
main concern was to occupy the inland regions of Angola and Mozambique 
and to link the two colonies by railways and roads. The presence of 
Portugal in its African territories had to be made visible to the European 
great powers.

It is in this context that Joaquim Machado presented his sketch of the 
first part of the railway from Mossamedes to Bihé, linking Mossamedes 
to Alto da Chela along 178 km, which provided the necessary starting 
point for the effective occupation of Angola and was the first step to 
attain prosperity in Angola and Mozambique. The engineer argued that 
the prosperity of the English territories of Cape and Natal and of the 
states of Transvaal and Orange, inhabited by Dutch descendants, vis-à-vis 
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the poverty of Angola and Mozambique, was due to the lack of commu-
nication with the good inner plains, especially those of the district of 
Mossamedes where the climate was similar to that of southern Europe 
and, therefore, able to welcome countless settlers.16

Although some doubts were raised concerning the railway connecting 
Mossamedes to Bihé—namely concerning the profits of the investment, 
the appropriateness of its configuration (with considerable slopes, tight 
curves, and the use of reversions), as well as the appropriateness of the 
alternative Benguela route—the Portuguese government supported the 
project.

 In the Field: Building the Railways in Angola 
and in Mozambique17

In Angola, the building of the first railway line was a long-time cherished 
project, postponed for approximately forty years. The aim of the Luanda 
line was to overcome the constraints of navigation on the Quanza River, 
establishing a link between the coast and the hinterland, where “the most 
productive lands and the most valuable elements of wealth” were believed 
to lie.18 Portuguese engineers such as Ângelo Sárrea de Sousa Prado and 
Arnaldo de Novais Guedes Rebelo dealt with the guidelines of the railway 
line that first connected Luanda to Ambaca, continued deep into the 
African unexploited wealthy wilderness, and finally reached the 
Mozambican coast, and particularly its harbors also under construction. 
The project was commissioned to a Portuguese business consortium, led 
by Alexandre Peres, who, even with a state subsidy in 1885, was unable 
to find Portuguese investors and had to call upon the intervention of 
English trustees to secure the investment using mortgage bonds.

On September 7, 1899, twelve years after the launch of the project, the 
first 364 km of the railway line was inaugurated. The difficulties of the 
building site, the African climate, and the 1892 bankruptcy justified the 
long delay. The dubious financial contours of the venture and the fear 
that in case of default by the company the English trustees would take 
over the mortgage and assume ownership and management of the line, 
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thus leading to international diplomatic conflicts, also contributed to this 
very slow pace. In fact, secret negotiations between England and Germany 
for the division of the Portuguese empire into spheres of influence 
between 1898 and 1899 revealed the German desire to control this rail-
way line, a centerpiece of its great colonial design of Mittelafrika.19

Initially designed to be a trans-African railway, rivaling Cecil Rhodes’s 
Cape to Cairo dream,20 the Ambaca line turned into a political, finan-
cial, economic, and judicial imbroglio—dubious financial contours con-
cerning investments and allegations of promiscuity between political and 
economic interests. It was only solved in the 1930s, in a completely dif-
ferent world context. The first railway project to be launched in 
Mozambique linked Lourenço Marques (now Maputo) to the border of 
the South African Republic of the Transvaal. It was a project discussed 
and negotiated over several decades. Designed by Portuguese, South 
African, and British engineers, the Lourenço Marques–Transvaal line 
had to face several political and diplomatic disputes, such as the judicial 
suit opposing Portugal and Great Britain on the property at the Lourenço 
Marques bay or the Anglo-Boer wars (1880–1881, 1899–1902) that sig-
nificantly altered the international political balance in the area, mostly 
by limiting the British ambition of dominion over the southern part of 
Africa.

The concession contract was signed on December 14, 1883 by the 
Portuguese government with a private company, led by Eduard McMurdo, 
a colonel in the US Army, known for his interest in speculative business 
but with the advantage of being neutral as far as European interests in the 
South African region were concerned. As in Angola, an endless series of 
misunderstandings compromised the viability of the entire venture, lead-
ing to political tensions between Portugal, Great Britain, and the USA 
that resulted in delays in the construction of the line.

It was an African gauge line (106.7 cm wide) of extraordinary geo- and 
techno-political relevance to South Africa, a “landlocked country,” for 
securing access to the sea without passing through British-influenced ter-
ritory.21 McMurdo saw the economic potential of the line and therefore 
agreed to settle the route without any public aid. However, he was not 
able to secure a tariff agreement with British South Africa—and conse-
quently the traffic to the Lourenço Marques harbor—and left the line 
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unfinished 8 km from the border with the Transvaal. The rest of the rail-
road was completed in 1888 by the Portuguese state, which ensured its 
exploitation until the 1970s.

The Portuguese grand plan to build a trans-African line from coast to 
coast, which already faced huge opposition by Cecil Rhodes, had yet 
another technical obstacle to overcome—the diversity of gauges. 
Portuguese engineers, most probably because of their French training and 
interest in the French African lines, favored the meter gauge (100 cm), 
which was used in the Ambaca line in Angola; on the contrary, the 
Lourenço Marques railroad used the 106.7  cm distance between rails, 
which became the standard as English colonial engineering became the 
leading reference in the African continent.

As political tensions grew in Africa, mostly after the British ultimatum 
to Portugal and the Fachoda incident between Great Britain and France, 
both caused by railroad rivalries, railways became increasingly more 
important as a visible symbol of imperial dominance.22 Despite financial 
difficulties—Portugal went bankrupt in 1892—the Portuguese govern-
ment commissioned in 1891 the Beira railroad (in Mozambique), to 
Henry Theodore Van Laun, who later passed on the project to the Beira 
Railway Company Limited. Open in 1898, this line was one of the 
English impositions on Portugal, following the ultimatum of the 1890s. 
It was indeed a techno-diplomatic decision that nevertheless served Cecil 
Rhodes’s interests; through his British South African Company he was 
one of the main shareholders of the Beira Railway Company.

 Engineers, Colonial Expertise, and Professional 
Empowerment

The discussion on the railway system in the Portuguese African territories 
continued to fill the pages of the Journal of Mines and Public Works as one 
of the major subjects of discussion among Portuguese engineers until the 
1930s. The paper by João Pereira Dias on a global plan for the Portuguese 
railway network in Africa and on the line from Mossamedes to Alto da 
Chela (1891),23 the lecture by Henrique Lima e Cunha on the Lobito 
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line (1897),24 and the paper by Manuel Costa Serrão on the Angola line 
(1898),25 are excellent examples of this long-lasting interest.

A general overview of the articles on public works in Africa published 
in the Journal of Mines and Public Works shows a sustained increase in this 
topic only disturbed during the period of the First World War, when the 
periodicity of the journal itself is irregular (Fig. 5.1).

In thematic terms, the railways are clearly the majority, reaching 75% 
of all articles on African topics. The depth of these articles is, of course, 
variable, from simple enumerative news to articles presenting interven-
tion projects in Africa (Fig. 5.2).

As we have seen, since the mid-nineteenth century the Portuguese 
colonial agenda placed technology at its core. Technology and engineer-
ing provided the metrics of development and progress, and technical 
objects and systems became the visible face of modernity. The relation-
ship established with non-industrial cultures was shaped by a technologi-
cal matrix. The civilizing mission was, above all, the integration of 
Africans into the techno-scientific European rationality and, by exten-
sion, in the worldwide economy. Technology and engineers were funda-
mental pillars of Portuguese colonizing ideology and politics.

Portuguese engineers were quick to realize this new status. The archi-
tecture of the African empire was in fact in their hands: communication 
infrastructure (railways, roads, ports) was the instrument for the  economic 
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homogenization of Angola and Mozambique, overcoming the gap 
between coast and the hinterland, linking the agricultural and mining 
areas to the neuralgic centers of commerce. Engineers knew they were an 
indispensable and unavoidable part of the intervention in Africa: they 
designed the infrastructure that ensured the flux of raw materials, com-
modities, goods, and people, critical to the Portuguese colonial project, 
and were thus active actors in the decision-making process concerning 
Africa’s economic geography.

The role of engineers in the African colonies also provided a seductive 
job market for young engineers, who easily had the chance to work on 
major infrastructure and to acquire specific and valuable training that 
later on could be reinvested in their careers back home.26 In 1899, the 
Journal of Public Works and Mining published an important document 
known as the Alvitres (Suggestions),27 in which Portuguese engineers dis-
cuss the main topics concerning their profession and propose to the gov-
ernment a set of measures that should be undertaken. Concerning the 
problems of employment (suggestions 9 and 10), the document empha-
sizes both the importance of the African territories as a promising job 
market and the role played by engineers as the artisans of progress and 
sentinels of national pride in the overseas territories.

Railways
64%

Railways, road and 
harbours

11%

Harbours
22%

Sewage, water and 
electric supply

3%

Fig. 5.2 Articles on public works in Africa in the Journal of Mines and Public 
Works by topic (1869–1930)
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Prestige was, undoubtedly, a commodity that was available in the colo-
nial territories; both individual prestige and professional status. Engineers 
as a professional group were changing the face of the Portuguese African 
territories by building infrastructure that secured the empire. Conscious 
that their intervention in the colonies had a translatable value in terms of 
know-how, prestige, and capacity for political intervention, Portuguese 
engineers remained extremely active in this market, constituting one of 
the fundamental tools of the colonial agenda. One of the many articles 
published in the pages of the Journal of Mines and Public Works stated that 
“When colonial nations want to take real possession of their territories 
they send their engineers overseas.”28

 “Portugal Is Not a Small Country”: Building 
Portuguese Landscapes in Africa

In 1934, Henrique Galvão, an army officer and supporter of the 
Portuguese dictatorship,29 prepared the map Portugal não é um país 
pequeno (Portugal is not a small country) to be presented at the Portuguese 
Colonial Exhibition, held in Porto in 1934. As general commissioner of 
the exhibition, Galvão wanted to showcase Portugal as a strong colonial 
power (Fig. 5.3).

The English and the French versions of the map are slightly but signifi-
cantly different: while in the Portuguese version Portugal is painted in 
yellow, as all other European countries (image a), thus bringing to the 
forefront its position as colonizer, the international versions present 
Portugal and the colonies both in red (image b), highlighting the message 
of an unified strong and large country. These two different messages 
embodied the Portuguese colonial agenda: the overseas territories were 
used as a strategic asset when Portugal had to negotiate its place in the 
new worldwide economy and as territories to be exploited and used in a 
typical colonizer/colonized relationship. The success of both these strate-
gies heavily depended on the efficient management of the territory, both 
concerning its natural and human landscapes. Technology, and particu-
larly the building of infrastructure that secured the flows of raw materials, 
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commodities, goods, and people, was at the core of the colonial agenda, 
carrying with it the profound change of local traditional appropriation 
and use of the territory.

In fact, Portuguese colonial engineers played a decisive role in map-
ping and changing the landscape of overseas territories. The reports and 
projects on public works, particularly the technical and management 
guidelines and procedures for building railways, are critical to under-
standing the scale of changes introduced both in urban and rural land-
scapes in the African colonies. The Portuguese colonial policy of “material 
improvements” shaped the territory in order to mirror the European 
mainland, thus creating a new geography and hierarchy of spaces that was 
imposed on the traditional and local ways of appropriating and using the 
land.

Moreover, the creation of European-driven anthropogenic landscapes 
in Africa was at the core of the colonial mythology, which was largely 
based on the building of infrastructure. An important part of that mythol-
ogy was to present Africa as a terra nullius, as if African landscapes had 
not already been transformed by human populations for millennia but 
were “virgin” for the Europeans to turn them into human landscapes. 
Engineers such as Joaquim José Machado pioneered the building of the 
Portuguese colonial imaginary, namely by keeping a systematic recording 
of detailed observations, which went far beyond the immediate purposes 
of engineering as a science. Both in journals and in conferences address-
ing audiences engaged in Portuguese colonial policy, he portrayed the 
territory, the life of the indigenous peoples, and, mostly, the difficulties 
white men experienced when trying to transplant the European techno-
logical framework to the African context.30 During the building of the 
Lourenço Marques–Transvaal railway, he witnessed the precarious work-
ing conditions, owing to the limitations imposed by the wilderness and 
the adverse climate. The thick bush—virtually unknown to national and 
international cartography—was a recurrent obstacle that compromised 
the rigor and reliability of technical studies, as perceived by European 
engineers; the climate, particularly during the season of rains, forced fre-
quent stops and hosted dangerous insects that caused disease outbreaks 
(sleeping sickness, marsh fevers).31 These difficult and insalubrious condi-
tions, which Machado tried to soften in his descriptions, gave rise to a 
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regional black legend, widely exploited by the neighboring British colo-
nies eager to reduce the geographical and hydrographical potential of the 
Lourenço Marques harbor and its most advantageous tariffs. By encour-
aging these rumors, Great Britain defended its own interests in the south-
ern part of Africa, by inhibiting the hiring of workers for the Portuguese 
railway and enforcing a change in local commercial routes.

In 1924, Francisco Pinto Teixeira, a colonial engineer who would play 
a decisive role in the reorganization of the railways in Mozambique, also 
recorded crucial information for a better understanding of the difficulties 
that Portuguese engineers faced in their missions in Africa. At a confer-
ence held at the Association of Portuguese Civil Engineers, Teixeira 
reminded the audience of the new axiom established in the Treaty of 
Versailles: it was only worth the countries that had the resources to rap-
idly develop colonies having them.32 Having been commissioned to 
scout the area around the Bay of Tigers, he argued that despite the public 
work missions in Africa being already a long tradition, working condi-
tions had not changed significantly. At the end of the day, and as Machado 
also mentioned, engineers were forced to dismiss their traditional train-
ing and often improvise to solve unexpected challenges that were not 
listed in their French textbooks. As in the Heart of Darkness by Joseph 
Conrad, it is clear in these accounts that there was a deep gap between 
the triumphalist colonial rhetoric and the conditions in the field to truly 
implement it.

Two years later, in 1926, Alfredo Augusto de Lima addressed the ques-
tion of colonial engineers as a specific group within the civil service 
demanding an urgent requalification of the overseas engineering career, 
not only in terms of professional promotions, but also concerning exper-
tise. To assert this specificity within the colonial administration frame-
work, Lima proposed the creation of a specific course on colonial 
engineering in the curriculum of the Colonial Higher Education School, 
drawing government and public attention to the well-known difficulties 
and complexity of exercising the profession of engineer in an unpredict-
able and dangerous environment (torrential rains, floods, cyclones, corro-
sion of building materials, instability of river flows, severe drought in 
some regions, absence of technical and scientific instruments, and inac-
curacy of cartographic and meteorological information).
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The fourteenth course on Notions of Civil Constructions, Colonial 
Constructions and Roads responded to this need for a specific training 
and career. Alfredo Augusto de Lima was responsible for the course and 
in its presentation to academia he stressed again the heavy responsibilities 
of colonial engineers and the difficulties they had to face every time they 
had to work in wild regions that were not yet domesticated by European 
infrastructure.

Engineers were in fact the eyes of the state in Africa: their reports 
showed how their expertise was critical to carry forward the Portuguese 
colonial agenda.33 Political power, as well as members of the intellectual 
elite, gathered around the Geographical Society of Lisbon and the 
Association of Portuguese Civil Engineers to praise enthusiastically the 
work of these experts as active builders of new landscapes that allowed 
Portugal to take possession of its colonies. Their specialized opinion, 
regarded as politically independent, was regularly used to legitimize colo-
nial development policies, namely supporting laws and diplomatic nego-
tiations for the delimitation of overseas borders and participation in 
ministerial and parliamentary decisions.34 It was their work in the field 
that allowed Portugal to claim its vast African empire as portrayed in 
Galvão’s maps.

 Heroism and Criticism

The colonial engineer was thus part of a powerful imagery, playing the 
role of an adventurous explorer with an aura of heroism and patriotism, 
quickly matching and replacing the missionary as the centerpiece of colo-
nization. Colonial engineers nourished this image by consolidating a col-
lective memory of engagement in the service of Portugal, which would 
have positive repercussions in terms of professional careers. Lopes Galvão 
was one of the most outstanding champions of the merits of Portuguese 
engineering and its “brilliant action towards the development of our 
overseas lands,” which was at the core of the economic resurgence of the 
colonial empire after the First World War.35

António Vicente Ferreira, professor at the Technical Institute of Lisbon, 
the main engineering school in Portugal at the time, went even further in 
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considering colonial engineers as “social leaders” in the process of coloni-
zation of the African provinces. Being “first rate personalities” in the con-
text of the white minority, given their “real or presumed” capacities as 
organizers, one should consider them as naturally fitted to lead the eco-
nomic and social policy in emerging countries. Technical leadership was 
also relevant concerning their privileged contact with the natives, with 
whom they often interacted, thus embodying “the prestige of the white 
race” by affirming its qualities of leadership, “steadiness of character, 
human sympathy and ability to understand the indigenous mentality.”36

He emphasized that engineers were an important piece of a larger elite 
of “agents of civilization,” which also encompassed doctors, missionaries, 
and administrative authorities, who carried the heavy burden of “civiliz-
ing” both nature and humans in the African continent by building 
anthropogenic landscapes. They created large-scale infrastructure that 
made a new territorial order to which the old local ways had to adapt. 
Although this idea was not original (Joaquim José Machado had already 
mentioned it in several of his reports, writings, and presentations), 
Vicente Ferreira used it as an instrumental concept to assign engineers 
the task of promoting the “human geography of the colony for the ben-
efit of all who inhabited it.”37 Vicente Ferreira considered that colonial 
engineers had the moral and professional duty of knowing extensively the 
“physical, biological and human environment” upon which they acted in 
order to change it through scientific and technological approaches and 
interventions.

After years of investment in infrastructure, the balance of the Portuguese 
colonizing effort was, however, ambivalent. On the one hand, it was clear 
that “progress” had made its way through the wilderness, particularly by 
domesticating the territory and exploiting its resources within the new 
imperial post-Berlin Conference agenda. This clearly utilitarian-driven 
agenda was designed specifically to counteract the British (and in some 
extend the German) predatory agendas that looked at the large Portuguese 
colonial empire as easy prey.

The official triumphalist narrative admittedly shared by many engi-
neers was clearly part of a motivational discourse based on the concept of 
“moral victories”—for instance the transcontinental railway linking the 
west coast of Angola to the eastern coast of Mozambique—in which 
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Portuguese engineering, although in the vanguard of African coloniza-
tion, was prevented from assuming a leading role because Portugal was a 
small country in the European arena.

At the same time, however, this patriotic rhetoric was seasoned by a 
much more critical assessment of the real limitations of the Portuguese 
colonial action. In this parallel approach engineers pointed out the 
entropy of developmental projects, which were set in sparsely populated 
overseas territories, subject to the inclement climate of the tropics and 
deprived of the immense mineral wealth that had triggered the economic 
development of the neighboring colonies. Pressured by the urgent need 
to affirm their rights of sovereignty and with limited possibilities con-
cerning the economic use of the territory—agriculture was the only via-
ble option available and only possible in the most fertile lands—dependent 
on the migratory flows from Portugal to Africa and facing a slow process 
of “civilization” of the indigenous peoples, Portugal anchored its colonial 
and imperial hopes in railways. Railroad lines supported new commercial 
dynamics by linking the rich agricultural and mining hinterland to the 
seaports and decisively influencing the attractiveness of new settlers, 
which in turn would give rise to new colonialized lands.

Soon it became clear that the rational of this agenda was compromised 
both by the clash of international imperial interests and by the impotence 
of Portugal to play the game on equal terms. Being a peripheral country 
with little international agency and a subaltern status concerning diplo-
matic relationships and marked by political instability, economic and 
financial crisis, Portugal was not able to cement its presence in Africa 
through a coherent and credible plan of colonization. On a regular basis 
and particularly in Africanist forums, colonial engineers addressed the 
erratic profile of the Portuguese colonial administration, regretting the 
lack of a clear long-term plan, previously discussed and agreed between 
experts and politicians that would allow for a continuous implementa-
tion regardless of partisan rivalries.

Portuguese foreign policy, and particularly colonial policy, was thus 
subordinated to opportunities and not to a previously set plan, most dif-
ficulties being solved case by case and not as part of a more global picture 
based on a rigorous assessment of the consequences of both political and 
technical decisions. It was this drifting approach that explains, for 
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instance, the policy of granting royalties or the construction and exploita-
tion of strategic railways to foreign companies that, more or less dis-
guisedly, were at the service of other nations’ deliberate and systematic 
imperialist agendas, It was this same case-by-case appraisal that explains 
the choice of transnational railways, much more in the service of the 
interests of the neighboring colonies than of the real needs of the 
Portuguese colonization agenda, and the chaotic multiplication of gauges. 
The lack of coordination and scattering of responsibilities and compe-
tences—often disguised as autonomy—was particularly striking in 
Mozambique’s railway management structure, where for 656 km of rail-
road there were four general directions and several commissions for 
improvements, in stark contrast to the centralizing administrative profile 
that had already been adopted in South Africa.

After the military coup of 1926 that eventually led to the Estado Novo 
dictatorship,38 Portuguese colonial engineers and administrators demanded 
urgent reforms that, respecting the nationalist criteria in vogue, would 
centralize the railroad administration of the colonies and enforce unity of 
action by putting an end to a desolate scenario of total inertia and slouch. 
Despite the “highly qualified” Portuguese engineering corps, the truth is 
that Portuguese railways in Africa and mostly in Mozambique were still 
insignificant in relation to the area they covered. In the words of one of 
these critics, wittily summarizing the situation despite its seriousness, 
“When there are engineers to make the required technical studies, there is 
no money to pay them; when there is money there are no engineers avail-
able and when there is money and engineers there is no material. And 
when you open a tender to purchase the material in need, there are protests 
that take years to solve.”39 No wonder, then, that in the early 1930s the 
colonization of Portuguese Africa was still incipient and considered by a 
large part of the ruling elite as a marginal topic. The colonial question was 
thus a niche for colonial experts—engineers, scientists, and physicians— 
and very few politicians. The Lisbon Geographical Society, together with 
the Portuguese Association of Civil Engineers, continued to champion the 
colonial agenda although poorly supported by the public authorities. 
During the 1930s, reclaiming the Portuguese colonial tradition, new pub-
lic works brigades were formed and sent to Angola and Mozambique. 
Although these expeditions presented a large set of studies concerning 
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colonial infrastructure, most of them were forgotten on the shelves of the 
ministry. The only result of this last breath was the construction of the Tete 
railroad, which began in 1938 and was completed in 1949, connecting the 
Moatize coal region to the port of Beira. This was served, as we saw, by the 
Transzambian railway, owned by foreign capital.

 Conclusion

Portuguese engineers perceived their work in colonial settings as a way of 
developing technical expertise and acquiring prestige, both in national 
and professional contexts, and as a new labor market for professionals 
who could use their African experience as a trampoline to their future 
European careers. One should not take their corporate ideology at face 
value, and we have pointed to several instances in which their plans failed 
or produced unintended consequences. However, we do take seriously 
their status as agents of empire. The technological landscape of the 
Portuguese empire in Africa was decisive in keeping Portugal as an active, 
even if fragile, actor in the European and international scene, engineering 
ways to translate colonial power into power in the European arena, and 
thus avoiding being completely overrun by the English, French, and 
German colonial agendas.

On the other hand, as in all other imperial agendas, this process of 
domestication of overseas territories—which accounts for the asymmetri-
cal relationship between colonizers and colonized, built on domination 
and coercive forms of disciplining the territory and its inhabitants—is 
critical to understanding and discussing the complex entanglements 
between land management and ecological, social, cultural, and economic 
systems. Engineers were at the heart of the technologies of the land and 
of the technologies of the state,40 which redesigned the African landscape 
and affirmed Portuguese power in Africa. Large technological systems—
railways, roads, dams, urbanization, sanitation—allowed for the success-
ful implementation of new agricultural, commercial, and demographic 
maps in colonial settings, thus designing unbalanced landscapes of 
 prosperity and poverty on a global scale that are still visible (and main-
tained) today in post-colonial contexts.
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Notes

1. Anthropogenic Landscapes or “Human Landscapes” are areas where 
direct human alteration of  ecological patterns and processes is signifi-
cant. We use this concept to stress that European colonial infrastructures 
are not just instrumental in  managing the  territory, but they create 
and support specific entanglements between ecological, social, cultural, 
and economic systems.

2. The Berlin Conference (1884–1885) rewove the fabric of the traditional 
colonial order. The principle of the “effective occupation” of colonial ter-
ritories displaced the traditional historical rights, clearly favoring the 
British, Belgian, and German colonial agendas that aimed at securing 
African new sources of raw materials and markets.

3. The term was very much in use during the nineteenth century to identify 
niches of European civilization that contrasted with the “primitivism” of 
local traditional ways of life. These outposts were perceived as strong-
holds of civilization in hostile territories and acted as a basis for future 
military actions. In the context of European rivalries over imperial 
spaces, these outposts were national signs of dominance.

4. The concept of techno-diplomacy was first used by Der Derian, J.: On 
Diplomacy: A Genealogy of Western Estrangement, Oxford: Basil Blackwell, 
1987. It accommodates a cascade of other terms such as digital diplo-
macy and railways diplomacy. The term techno-politics was used by 
Hecht, G.: The Radiance of France: Nuclear Power and National Identity, 
Cambridge (MA): MIT Press, 1998; the term techno-economics is 
largely used by economists and historians of technology.

5. The civilizing mission, also known as the mission civilisatrice, is the nine-
teenth- and twentieth-century colonial rationale that considers Europe 
has the moral duty to spread civilization by Westernizing indigenous 
peoples in accordance with the colonial ideology of assimilation. The 
“white man’s burden” was, thus, to bring European civilization to what 
were perceived as backward peoples. This rationale is particularly rele-
vant for the French and the Portuguese colonial agendas.

6. The Scramble for Africa was the occupation, division, and colonization 
of Africa by European powers between 1881 and 1914.

7. Portugal lost a lot with the Berlin Conference: the effective occupation 
rule was imposed against the historical rights defended by Portugal, the 
free navigation of the African rivers was also imposed (Portugal lost its 
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rights concerning the rivers Congo, Zambezi, and Rovuma), and 
Portugal lost the territories of the estuary of the Congo.

8. Cecil Rhodes’s Cape to Cairo railway project and his concept of an “all 
red” (only British) railway line is a classic of colonial historiography. 
Conflicting Portuguese and French railway projects are much less known. 
Portugal proposed the so-called Pink Map project that aimed at linking 
the west coast colony of Angola with its east coast colony of Mozambique, 
more specifically at connecting Luanda and Lourenço Marques. France 
planned to build a railway line across its colonies from west to east across 
the continent, from Senegal to Djibouti. See Diogo, M. P. and van Laak, 
D.: Europeans Globalizing: Mapping, Exploiting, Exchanging, London 
and New York: Palgrave Macmillan, 2016.

9. It is the expedition to the river Shire, headed by Serpa Pinto, that was the 
pretext for the British Ultimatum, a critical event in Portuguese history 
that eventually led to the Republican Revolution in 1910. The British 
government claimed that the Portuguese explorer had lowered the British 
flag and taken over by force the territory of the pro-English tribe of the 
Makololos.

10. Letter of the Chief Engineer of the Companhia Real dos Caminhos de 
Ferro atravez d’Africa (Royal Railway Company across Africa), 1888. 
AHU, 2678, Room 3, Bookxase16, Shelf 17, n.13420.

11. Machado, Joaquim José: ‘Memória ácerca do caminho de ferro de 
Lourenço Marques à fronteira do Transvaal’, Revista de Obras Públicas e 
Minas, No. 12 (1882), pp. 1–57; David Nye’s concept of technological 
sublime fully applies to this case. See Nye, D.: American Technological 
Sublime, Cambridge (Mass.): MIT Press,1996.

12. AHU, 866, DGU, 3ªRep. 1874–78.
13. Letter of J.J. Machado, AHU, 2678, Room 3, Bookcase 16, Shelf 17, 

n.119.
14. The Portuguese Association of Civil Engineers (Associação dos 

Engenheiros Civis Portugueses) was created in 1869. It was the first pro-
fessional association of engineers in Portugal and aimed at bringing 
together all engineers that although having a military training (the only 
one existing in Portugal at the time) worked as civil engineers following 
the Ponts et Chaussées’ spirit. See Diogo, Maria Paula: ‘In search of a 
professional identity  – The Associação dos Engenheiros Civis 
Portuguezes’, ICON, No. 2 (1996), pp. 123–137.

15. Machado, Joaquim José: ‘Caminho de ferro de Mossamedes ao Bihé’, 
Revista de Obras Públicas e Minas, No. 21 (1890), pp. 219–296.
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16. Between 1879 and 1889, 100,000 Portuguese from mainland Portugal, 
the Azores, and Madeira left Portugal for Brazil. Machado, Caminho de 
Ferro, pp. 236–7.

17. For a detailed account on the building of Portuguese African railways see 
Navarro, B. J.: Um império projéctado pelo “silvo da locomotiva” O papel 
da engenharia portuguesa na apropriação do espaço colonial africano. 
Angola e Moçambique (1869–1930), Lisboa: CIUHCT/Colibri, 2018; 
See also Pereira, Hugo Silveira: ‘Especulação, tecnodiplomacia e os 
caminhos de ferro coloniais entre 1857 e 1881’, História. Revista da 
FLUP, IV, No. 7 (2017), pp. 137–162.

18. Legislação e disposições regulamentares sobre caminhos-de-ferro ultramari-
nos, Vol. 1 (1857–1894), p. 17.

19. Mittelafrika was the name of the German project to build a continuous 
strip of German dominions in Africa, from the Atlantic to the Indian 
Ocean, by annexing the Portuguese territories of Angola and Mozambique 
to the German colonies of East Africa (Rwanda, Burundi, and Tanzania), 
South-West Africa (Namibia), and Cameroon.

20. Diogo and van Laak, Europeans Globalizing, pp. 148–165.
21. Faye, Michael L. et  al.: ‘The challenges facing landlocked developing 

countries’, Journal of Human Development Vol. 5, No.1 (2004), 
pp. 31–69.

22. Both incidents result from the conflict between Portuguese and French 
railways and the Cairo to Cape railway of Cecil Rhodes. See Diogo and 
van Laak, Europeans Globalizing, pp. 148–165.

23. Dias, João José Pereira: ‘O Caminho de Ferro de Mossamedes’, Revista de 
Obras Públicas e Minas, Vol. XXII, 255–256 (1891), pp. 62–75.

24. Cunha, Henrique Lima: ‘Caminhos de Ferro de Benguella a Mossamedes’, 
Revista de Obras Públicas e Minas, Vol. XXVIII, 329–330 (1897), 
pp. 257–273.

25. Serrão Manuel Costa: ‘Systema Ferro-Viário de Penetração em África – 
Linha do Sul de Angola’, Revista de Obras Públicas e Minas, Vol. XXXI, 
367–369 (1900), pp. 211–351.

26. This pattern continued throughout the twentieth century (until 1974) 
during the Portuguese dictatorship (Estado Novo). See Saraiva, Tiago 
(eds.): ‘Science, Technology and Fascism’ (special issue), HoST, Journal of 
History of Science and Technology, Vol. 3 (2003).

27. Diogo, Maria Paula: ‘Industria e engenheiros no Portugal de fins do 
século XIX: o caso de uma relação difícil’, Scripta Nova, Vol. 69, No. 6 
(2000).
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28. “Exposição” Revista de Obras Públicas e Minas, 1899, pp.  353–354, 
382–383.

29. Portugal was ruled by a dictatorship from 1926 until the Carnation 
Revolution in 1974: first by the military National Dictatorship (1926–
1933) and afterwards by the Estado Novo, an authoritarian, autocratic 
and corporatist regime led by Oliveira Salazar (1933–1974). Henrique 
Galvão participated in the military coup of 1926 and was a fierce sup-
porter of Salazar until the 1950s, when he became critical of the regime. 
Accused of conspiring against Salazar, he was imprisoned and expelled 
from the army but he managed to escape in1959, taking refuge in the 
embassy of Argentina and having obtained political exile in Venezuela. It 
was during the exile that Galvão performed a spectacular action against 
the Portuguese dictator—Operation Dulcineia—hijacking the 
Portuguese ship Santa Maria, full of passengers.

30. Actas das Sessões da Sociedade de Geografia de Lisboa, Vol. I (1876–
1881), p. 274.

31. Machado, J.J.: Relatório acerca dos trabalhos para a fixação da directriz do 
caminho-de-ferro projectado entre Lourenço Marques e a fronteira do 
Transvaal, Lisboa: Imprensa Nacional, 1884.

32. Francisco Pinto Teixeira: ‘Gazeta dos Caminhos de Ferro’, No. 1 
(February to July 16, 1925). The Treaty of Versailles ended the state of 
war between Germany and the Allied Powers; Article 119 of the treaty 
required Germany to renounce sovereignty over former colonies.

33. Diogo, M. P.: ‘Um olhar introspectivo: a Revista de Obras Públicas e 
Minas e a Engenharia Colonial’ in Diogo, M. P. and Amaral, I. (eds.): A 
outra face do Império, pp. 81–82.

34. Cardoso de Matos, A.; Santos, M. L.; Diogo, M. P.: ‘Obra, engenho e 
arte nas raízes da engenharia em Portugal’ in Heitor, M., Brito, J. M. B. 
and Rollo, M. F. (eds.): Momentos de Inovação em Engenharia em Portugal 
no Século XX, Lisboa: Dom Quixote, 2004, pp. 25–27.

35. Galvão, J. A. L.: A engenharia portuguesa na moderna obra de colonização, 
Lisboa: Agência Geral das Colónias, 1940.
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37. Ferreira, Estudos Ultramarinos, pp. 181–203.
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the Estado Novo, an authoritarian dictatorship led by Oliveira Salazar, 
that lasted until the Carnation Revolution in 1974.
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6
The Global Rise of Patent Expertise 
During the Late Nineteenth Century

David Pretel

 Introduction

Ever since the institutionalisation of modern innovation systems in 
industrial and industrialising countries, diverse social actors—from law-
yers to engineers, from intermediaries to consultants—have been active 
participants in the regulation and operation of patent institutions. The 
period from about the 1870s to the early twentieth century marked a 
pivotal moment in the nature and level of participation of specialised 
experts in patent rights in several national systems. Since then, these 
‘invisible’ agents have shaped the direction and transmission of technical 
innovation worldwide. Their particular kind of expertise has consistently 
contributed to the making of new technologies and the management of 
property rights over such technologies. It has also, however, been a source 
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of controversy insofar as patent experts have been regarded as actors that 
support an excessive concentration of power over technologies, a problem 
that remains endemic in modern societies.

The diffusion of science and technology is, as Steven Shapin observes, 
‘an active process that is undertaken by specifiable social groups for their 
particular purposes’.1 This is especially true for the production and trans-
mission of patent rights and patented technologies within and among 
societies. Patenting and patent management are complex activities in 
which a varied range of experts participate. This expertise is a central 
component of the modern institutional arrangements by which patents 
are granted. An array of social actors are active mediators in the process 
of transforming an idea or a material device into a piece of tradable pri-
vate property in the form of a patent.

Most of the studies on patent professionals hitherto available have 
adopted a national perspective that rarely examines the rise of patent 
agents beyond the country of study.2 The historiography has tended to 
focus on case studies of agents assisting specific inventors or firms. The 
question of the international extension of this professional activity has 
not been thoroughly analysed thus far. The role of agents in international 
dynamics, such as international patenting, has likewise been 
overlooked.

This chapter adopts an international perspective. The interplay between 
patenting activity and globalisation is a subject of growing interest.3 With 
the late nineteenth-century wave of globalisation, industrial property 
regimes achieved an international reach. Patenting turned out to be 
increasingly transnational, although patent systems remained nation- 
state institutions. In this context, the active role of patent experts and 
their expertise during a period of accelerating globalisation is not well 
understood. Nor does the historiography tell us much about the globali-
sation of the patent profession.

The purpose of the first section of this chapter is to shed light on the 
global institutionalisation of patent agents during the late nineteenth 
century. This section takes a broad comparative perspective, offering 
some generalisations about the growing centrality of patent experts in 
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several national systems. Here I reflect on the diverse forms of patent 
expertise in industrial and industrialising countries. The essential 
insight of this section is that patent professionals of the late nineteenth 
century had varied roles, reflecting heterogeneous innovation cultures, 
institutional environments and degrees of industrialisation across 
countries.

The second section considers patent practitioners as links among 
national systems. The question here is whether these specialists contrib-
uted to international technology transfer and, if so, how? I argue that 
patent experts should be seen not only as system-builders but also as 
agents of globalisation. Beginning in the 1870s, not only was patent 
expertise becoming globalised, but patent experts were acting as globalis-
ing agents. In other words, experts became central to the burgeoning 
connections among diverse patent institutions worldwide. The question 
of which actors legitimised patent institutions is another concern of this 
second section. Did these professionals participate in the making, regula-
tion and legal shaping of the international patent system from the 1870s? 
To address all these questions, I examine the activities of professional 
associations, international institutions and transnational networks of pat-
ent agents. Particularly relevant to this discussion are agents’ publications 
and international directories.

Much of the research analysing patent expertise has concentrated on 
the business strategies of multinational corporations. Scholars have 
focused on patent management in high-technological industries and on 
the in-house agents of European and American companies. Building on 
this work, I discuss in the third section the controversial role of patent 
experts as agents of corporate globalism. Neither the problematic aspects 
of the rise of corporate patenting nor the expansion of agents to periph-
eral economies should go uncritiqued. Multinational activities in the 
outer and distant peripheries—that is, Latin America, South Africa and 
Australia—remain much less well understood. Corporate patent  strategies 
connected to global networks of commodity production, such as in agro-
industry and mining, reflect the limits and contradictions of late nine-
teenth-century technological globalisation.
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 A Global Profession

Because of the multiple roles of patent practitioners in various historical 
contexts, the concept of ‘patent expert’ can be both vague and highly 
complex. There is no standard definition for patent expertise valid for all 
countries during the late nineteenth century. Patent expertise was, in 
Anna Guagnini’s words, a ‘hybrid occupational activity’ at the interface 
of legal, economic and technological realms.4 In spite of the ambiguity 
that characterised their profession, patent practitioners at the turn of the 
twentieth century had already gained professional ‘jurisdiction’, to use 
the term coined by sociologist Andrew Abbott.5 By the 1880s, so-called 
patent agents in most European countries and the United States as well 
as peripheral and colonised countries began to be recognised as a profes-
sional body with expertise in legal procedures and technical issues. This 
professional expansion was not uniform across nations. In many coun-
tries, especially those that were less industrialised, patent agencies were 
less developed. Sizeable professional communities of patent experts were 
concentrated in just a few countries, with the United States, France and 
Britain hosting the overwhelming majority. The number of agents in each 
national system correlated with their level of patent activity. Early indus-
trial countries, such as Britain and France, had more informal agencies, 
whereas latecomers such as Germany and the United States had larger 
numbers of formal agencies.

Studying the institutional organisation of national patent systems dur-
ing the late nineteenth century means going beyond the narrow defini-
tion of the present-day profession of ‘patent agent’; it means investigating 
all the social actors who, as Ian Inkster puts it, ‘organised relationships 
and information flows within systems’.6 In this chapter, the term ‘patent 
expert’ refers to the work of patent attorneys (the American term) and 
patent agents (the British, French and Spanish term), as well as other 
actors who occupied some intermediate position between inventors, 
manufacturers, investors and patent officers. I use the terms ‘patent prac-
titioner’ and ‘patent professional’ as synonyms for ‘patent expert’ through-
out this chapter. The definition used here is thus broad in scope and 
transhistorical so as to encompass the various kinds of professionals who 
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operated in different national patent systems and their relationships to 
these systems. In short, I use ‘patent experts’ to refer to the professionals 
who assisted patentees—whether as solicitors, attorneys, intermediaries, 
legal advisers, property rights merchants or technical consultants within 
or through intellectual property institutions.

From the early nineteenth century, patent practitioners could be found 
in Britain, France and the United States. During these foundational 
years, members of this diffuse community began describing themselves as 
‘patent agents’, although there is little evidence of their early activities.7 It 
was not until the expansion of the specialised patent business in the sec-
ond half of the nineteenth century that agents became a community of 
full-time professionals, with their own regulations and associations. In 
both early industrial countries and latecomers, a larger market for patent-
ing services emerged in the second half of the nineteenth century. During 
the final decades of the century, professional patent agents also developed 
in industrial latecomers, including Japan, India, Sweden, Germany, Spain 
and Australia.8

The activities of patent practitioners varied geographically, in line with 
the industrial and institutional disparities from country to country, even 
region to region. Likewise, the training and background of these practi-
tioners, their influence on governmental regulations and their degree of 
participation in international patenting differed significantly. The degrees 
of specialisation, as well as the legal and technical standards required of 
agents, differed across countries. What is significant here is not so much 
the national variations themselves but what these variations tell us about 
the heterogeneity of patent cultures and legal structures during these 
years.

From the mid-nineteenth century, there was an increasing division of 
labour between inventors and those who registered and commercialised 
patents. Professional patent practitioners in both core and peripheral sys-
tems participated in various related activities and offered clients a range 
of services. The primary role of agents was to support patentees in the 
application process with regard to administrative procedures, patent writ-
ing and the preparation of models and drawings. The writing of patent 
specifications was the core endeavour of this process.9 The presentation of 
claims had to be accurate enough to secure a patent, yet vague enough to 
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preclude imitation. It was through the process of writing or translating 
patent specifications that inventors effectively became owners of their 
own practical knowledge in different national jurisdictions.

Only the inventive idea embodied in a text could generate rights.10 The 
patent specification did not just convey the inventive idea, but it trans-
lated and transformed its essence. After being granted a patent, not only 
did the inventor become the owner of a property right but also the author 
of the text that embodied the idea. In 1882, A.V. Newton, professional 
patent agent and fellow of the British Institute of Patent Agents, made 
this point, stating that a main agent’s duties were:

To collect the inventor’s ideas, to arrange them in an intelligible form, and 
ultimately to embody them in a specification, which will not only stand the 
scrutiny of the Law Court, but which will effectually prevent any rival 
manufacturer from doing anything in the direction of the patent […] At 
the same time, he must be careful that the boundary is not so indefinitely 
drawn as to overlap existing rights, or to interfere with rights of 
new-comers.11

Marconi’s patent on wireless telegraphy, granted in 1897 in Britain, is a 
particularly telling example of the central importance of patent lawyers 
and agents in the making of a patent at the turn of the nineteenth cen-
tury. In a groundbreaking article, Anna Guagnini showed how depen-
dent the Nobel Prize-winning Italian inventor and industrialist was on 
London-trained agents for the successful writing of the patent specifica-
tion of his famous invention.12 Given Marconi’s scant formal scientific 
background and ignorance of British patent application procedures, he 
could not have succeeded in obtaining the patent on his own. With the 
help of expert professionals, however, Marconi’s specification resulted in 
a model of patent-writing and subsequent commercial success. The pat-
ent experts with whom Marconi was associated included the prestigious 
London firm of patent agents Carpmael & Co. and the barrister and 
technical advisor Sir John Fletcher Moulton, a distinguished lawyer with 
outstanding scientific training. Interestingly, Marconi’s agents, especially 
Moulton, wrote the final specification of the patent. Moulton’s contribu-
tion was more than a simple adaptation of the text; he introduced real 
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changes in the new technology—he was making technical knowledge—
and, more importantly, he transformed a scientific idea into a valuable 
piece of property. In short, Marconi’s agents were connecting different 
fields and transforming the status of technical knowledge.

One important issue to consider is how specialised patent lawyers pro-
vided inventors with vital legal support, negotiating authorship, power 
and authority in the background.13 As experts on patent legislation, pat-
ent lawyers, attorneys and barristers guided patentees in the preparation 
of their applications so as to avoid litigation trials, and represented them 
in courts of law in the event of infringement proceedings. The increase in 
litigation that occurred during the late nineteenth century reflected the 
need for patentees to enforce their patents in court in order to ensure the 
successful commercial exploitation of their inventions.14 The rise of legal 
assistants and expert witnesses in patent disputes, meanwhile, indicated 
that the capitalist appropriation of invention was a collaborative process 
in which various actors were interacting. This argument connects to a 
long-running debate in technology studies. Indeed, the legal process of 
making a patent largely negates the traditional heroic accounts of techno-
logical progress.15 The participation of lawyers and expert witnesses in 
patent appropriation has serious implications that continue to threaten 
the very foundations of intellectual property institutions.16

Primarily in core industrial countries, some experts acted as patent 
brokers, assisting inventors in the commercial exploitation of their pat-
ented technologies. These intermediaries helped patentees to assign and 
license their property rights and to facilitate external investment. These 
professionals connected two realms, invention and the market, that were 
already becoming closely linked by the mid-nineteenth century. Being a 
valuable commercial asset, a patent—or the prospect of one—could be 
sold and licensed. Finding some commercial sponsor or partnership 
could be an essential way of minimising manufacturing risks as well as 
attracting resources to finance the invention process.17 Several large 
firms, such as the ‘hub company’ Brush Electric, and professional inven-
tors such as Thomas Edison, Lord Kelvin and George Westinghouse, 
participated intensively in the American and British markets for tech-
nology through patent rights licensing and partnerships. The practice of 
collecting patent royalties as an alternative to monopoly made agents 
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indispensable in the market for invention. It was, however, in the United 
States where expertise in the patent trade, systematic licensing and part-
nerships developed most rapidly.18 In countries with less-developed mar-
kets for patents, such as Spain and Mexico, the occupational activity of 
brokerages was less professionalised than in the United States.19

In the period 1870–1900, agents placed themselves at the centre of 
patent systems; as a result their services became indispensable for success-
ful patent application. They monopolised the process of obtaining pat-
ents in European countries such as Britain, Spain, Sweden and France. A 
small number of high-priced agents with technical and legal backgrounds, 
concentrated in European capital cities (such as London, Paris and 
Madrid), dominated the management of economically valuable patents 
through influence and close personal contact with patent officials.20 By 
contrast, in the United States, patent agencies were not concentrated in a 
single city but distributed among several commercial and industrial cit-
ies, namely New  York, Boston, Washington DC and Philadelphia. 
American agents were more involved in the commercialisation of intel-
lectual property rights and the financing of inventions, owing to the 
larger size and diversified structure of that country’s market for 
 technologies. The higher rate of patent litigation in the United States 
necessitated a higher number of agents who specialised in patent trials.

British, Spanish and French agents focused primarily on the patent 
application process owing to the highly bureaucratic, costly and complex 
administrative processing of patent applications. The British and French 
systems, in contrast to the American one, have been accused of concen-
trating patent applications among a restricted elite community of paten-
tees and agents, thereby making access to intellectual protection less 
democratic. The American patent system appears to have encouraged 
patent applications across a wider range of individuals and regions.21 
During the 1880s and 1890s, patent intermediaries in industrial late-
comers and colonised countries acted mainly as agents of technology dif-
fusion, working throughout patent systems designed not only to protect 
invention but also to promote industrial emulation. In countries with 
reduced markets for patents, such as Spain, agents’ activities overlapped 
with other occupations, for example engineering consultancy or com-
mercial endeavours. Even during the 1890s, many Spanish lawyers and 
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engineers were still not yet professionally engaged as full-time patent pro-
fessionals and did not recognise themselves as such.22

During the second half of the nineteenth century, patent agents pub-
lished their own specialised technical and trade journals that provided 
detailed information about patent procedures and descriptions of pat-
ented technology. The most relevant examples of patent journals include 
the weekly Scientific American, edited by the leading American patent 
agency Munn & Co., the Patent Journal and Inventors’ Magazine, edited 
by the London patent business of Barlow, Payne and Parker, and the 
monthly publication Le Génie Industrielle, published by the French 
ingénieur- conseils from the Armengaud family.23 For Latin America and 
the Caribbean, the agency Munn & Co. published, from 1890, its first 
international edition, La América Científica e Industrial, a mechanical 
magazine written in Spanish. These widely circulated agents’ journals 
contained lists of patents, reports about patent issues and information on 
the necessary specialised training that agents required. Meanwhile, patent 
agents published manuals, pamphlets and doctrinal treatises on how to 
invent and patent, national and international patent laws, practical 
mechanics and draught, and other issues of interest for the development 
of the patent profession.24 An early example of a patent agent’s manual is 
Armengaud’s Practical Draughtsman’s Book of Industrial Design (1853), 
translated into English by the British agent William Johnson.25

Another critical dimension of patent experts’ activity throughout the 
late nineteenth century was their participation in the regulation of pat-
enting activity.26 In Europe and the United States, patent lawyers and 
patent practitioners in general were, alongside judges, the most highly 
regarded specialists in the interpretation and drafting of legislation. Their 
body of expertise gave agents the authority not only to shape the interpre-
tation of industrial patent law but also to influence legal reforms. For 
instance, agents participated in parliamentary debates leading to the 
reform of national patent laws in countries such as France, Britain and 
Spain.

The major technical journals edited by agents were an important 
instrument by which to demand reforms in patent laws and to advance 
the interests of agents, inventors and patentees. For example, London- 
based agents such as Moses Poole, Alfred Carpmael and William 
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Johnson—the latter the editor of the Practical Mechanics’ Journal—were 
major players in the British patent system reform of 1852. In Spain, the 
weekly journal Industria e Invenciones, edited by the engineer and agent 
Gerónimo Bolivar, lobbied for the legal recognition of the patent profes-
sion that was eventually attained through a 1902 law.

After the patent controversy that swept Europe between 1850 and 
1875, agents emerged as an empowered group that actively pushed for 
national reforms and the international sanctioning of intellectual prop-
erty rights. Agents were among those who campaigned for worldwide 
patent protection and were active in drafting multilateral agreements in 
patent law in the 1880s. As I will discuss in the next section, professional 
associations were critical to patent agents’ international lobbying efforts 
and an instrument that promoted the development of an international 
network of agents.

 International Expert Networks

Despite the increasing incentives for international patenting in the sec-
ond half of the nineteenth century, there remained important barriers 
that inhibited or retarded the flow of applications beyond national bor-
ders. The variations in national patent laws and the lack of reliable infor-
mation about market opportunities for patent rights in different countries 
were seen by inventors, firms and agents as significant constraints in their 
efforts to extend their property rights to multiple national jurisdictions. 
In the 1870s, after two decades of controversy on patents, inventors and 
industrialists became increasingly interested in establishing a set of inter-
national regulations that would protect patents globally.27 As the leading 
British mathematical physicist and engineer Lord Kelvin pointed out in 
an 1869 letter to the Glasgow Philosophical Society, inventors had ‘the 
grand object of obtaining a common patent law among all civilised 
nations’.28 Similarly, some years later, in a public address delivered in 
November 1882, the vice-president of the British Institute of Patent 
Agents, the renowned engineer John Imray, called for ‘something like an 
International Patent Law’, describing the current situation as ‘a horrible 
abuse’ for inventors patenting in foreign countries’.29 Demands for an 
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international patent law, or at least a greater degree of uniformity among 
national models, came as well from free-trade supporters who saw frag-
mented national regulations as constraints to the liberalisation of interna-
tional trade.30

The growing trend toward transnational patenting, along with the 
pressures of large companies and agents, set in motion a process of rela-
tive institutional convergence during the 1880s. Yet this process had its 
direct origin in the special international Congress on Industrial Property 
held in 1873 on the occasion of the Vienna World’s Fair.31 The Vienna 
Congress served mostly to resolve the patent controversy. Patent experts, 
such as the civil engineer Carl Pieper, a German who served as secretary 
of the event, played a prominent role in the conference.32 The patent 
lawyer George Haseltine, a British representative, declared that if a pre-
liminary international agreement on patent protection was attained, del-
egates ‘shall have contributed more to the material interests of mankind 
than any congress of modern times’.33

The discussions initiated in Vienna continued in 1878 in Paris with a 
second International Congress on the Protection of Industrial Property, 
once again coinciding with a world’s fair.34 At this conference, with 
French civil engineer and agent Charles Thirion acting as conference 
secretary, industrialists and patent experts enthusiastically supported the 
international harmonisation of industrial property rights.35 Finally, in 
1883, at the International Convention for the Protection of Industrial 
Property in Paris, a formalised international patent system was estab-
lished. The result was an early intergovernmental treaty for the gradual 
convergence of national patent laws signed by, among others, France, 
Spain, Portugal, Italy, Belgium and Brazil. The United Kingdom joined 
in 1884, the United States in 1887, Japan in 1899 and Germany and 
Mexico in 1903.36 Regulations were established for a range of funda-
mental issues, such as priority rights, compulsory working and tempo-
rary protection in international expositions.37 However, the impact of 
the agreement on international legal convergence was limited and, as 
Sam Ricketson notes, ‘institutionally the new Union was quite unsta-
ble’.38 The Paris Union implicitly accepted international institutional 
diversity and consequently had the effect of reinforcing national patent 
models.
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This progressive process of legal convergence contributed to the emer-
gence of an international patent system, or in the words of Peter Stearns, 
a ‘global political institution’.39 There remained, however, significant 
institutional and bureaucratic differences among national systems, a 
diversity that presented difficulties for patentees who wished to register 
their inventions in several countries. The international patent system was 
more than a group of patentees engaging in transactions across national 
borders. International patenting continued to be unfeasible without 
agents, who facilitated the global exchange and registration of property 
rights of invention by writing and translating patent specifications.

Patent experts likewise were essential in the establishment of the 
International Association for the Protection of Industrial Property 
(AIPPI), a non-governmental association established in 1897.40 Under 
the auspices of this interest group, industrialists, lawyers and engineers 
pursued the advancement of international agreements on patent protec-
tion and the effective implementation of the provisions of Paris 
Convention. Agents such as the British Edward Carpmael, the French 
Armengaud Jeune and the Spanish Francisco Elzaburu were part of the 
association’s first executive committee.41 In 1902 AIPPI had 530 mem-
bers, mostly from European countries, with Germany (111), France 
(110) and Britain (110) with the largest number of affiliates. Countries 
from the European periphery, such as Italy (26), Russia (4) Spain (5) and 
Sweden (2), were less represented. The United States had nine members 
and Canada only one.42 In 1906 came the founding of another non- 
governmental professional association, the International Federation of 
Patent Agents (FICPI), which consisted of patent lawyers and attorneys.

Experts were essential actors in the global race for patents. 
Heterogeneous patent bureaucracies and the complexity of science-based 
industrial technologies led patentees to seek out specialised professionals 
who could mediate in the international arena. In a context of growing 
interconnectedness among national systems, experts helped build an 
international network in which knowledge, practices and information 
were exchanged. We can think of the international patent system as a 
series of interlocking and overlapping networks of national offices, com-
panies, engineers, capitalists and inventors that transcended the boundar-
ies of Western Europe and the United States. In these networks, agents 
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were linkers or networkers. The relationships between patentees and their 
agents transcended the borders of national jurisdictions long before the 
emergence of international agreements on patent law in the 1880s. 
However, it was during the 1880s that these patenting networks became 
truly cross-national, to the extent that they began to include the extra- 
European and colonial worlds.

The various actors who operated across national patent systems consti-
tuted a social and informational network mediated by intermediaries. 
Networks of late nineteenth-century patent experts were not merely 
social networks; they were socio-technical networks intertwined with 
material circuits. Patent experts were mediators between different realms. 
These experts were not only networked with other social actors but also 
with texts (patent specifications in different languages) and artefacts (spe-
cific technical devices).43

Agents networks had hubs in New  York, Washington, London and 
Paris, cities where the central offices of both larger international patent 
agencies and professional associations of agents were located. These cities, 
which received information from all over the world, were the centres that 
oversaw the patenting occurring in many diverse countries. In the indus-
trial periphery, professional patent experts worked primarily as corre-
spondents or representatives of foreign firms and inventors, acting as 
subagents of agencies based in core industrial nations. From this perspec-
tive, agents could be considered consultants in international patenting. 
When the services provided by agents were limited to the administrative 
communication of property rights, these specialists could be considered 
interactional experts insofar as they were performing an activity of an 
inherently bureaucratic nature. Most often, however, the communication 
services performed by agents involved the translation of specifications 
and the adaptation of drawings, in which case their activity was not 
merely administrative but substantially influential in the international 
making and circulation of technological knowledge on a global scale.44

The international interconnectedness of the various national systems is 
best understood if we look at the professional associations of patent agents 
established during the last decades of the century.45 These organisations, 
which first appeared in industrial countries in the 1880s and then in 
peripheral ones, created a space of transnational socialisation that gave rise 
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to an international community of experts. Good examples of this trend 
are the creation of the French Syndicat des Ingenieurs-Conseils en Matiére 
de Proprieté Industrielle (1884), Chicago’s American Patent Law 
Association (1884), London’s Chartered Institute of Patent Agents (1882), 
the Australasian Institute of Patent Agents (1890) and the Spanish 
Association of Commercial and Industrial Property Agents (1907). 
Agents’ associations in major industrial nations had foreign as well as local 
members, thus facilitating the activities of international networks of 
agents in the periphery. These associations served the twofold mission of 
connecting professionals and circulating information about patent laws, 
markets for inventions and professional practices worldwide. As an article 
in the London Journal of the Society of Patent Agents put it: ‘No other pro-
fession has so constantly to deal with legal matters in all countries, or 
needs the co-operation of its members in so many and so distant cities.’46

During its first decade of existence, one of these associations, the 
Chartered Institute of Patent Agents (CIPA),47 was described by its secre-
tary Henry Howgrave Graham as being ‘of the most cosmopolitan and 
international character’.48 One of the earliest committees appointed by 
the CIPA, in 1882, was for foreign laws. This committee read and dis-
cussed papers concerning foreign and colonial legislation with the objec-
tive of promoting improvements in patent laws and regulations for 
foreign patents. In 1890, this professional association had fifty-seven 
 foreign members and sixty-nine fellows practising in Britain. Foreign fel-
lows were based in twenty-six cities—mostly in Western Europe (Paris, 
Vienna) and North America (New York, Washington DC, Montreal, 
Toronto) but also in the European periphery (Barcelona, Lisbon, Madrid, 
Milan, St. Petersburg, Turin) and colonial or post-colonial settings 
(Mexico City, Jamaica, Rio de Janeiro, Cape Town, Hong Kong, Calcutta, 
Melbourne, Sydney). Fellows based in Asia and Latin America were often 
British or American citizens working primarily for foreign companies. 
These included the American Richard E. Chism, a lawyer based in Mexico 
City with expertise in the mining sector, and the solicitor Henry 
L. Dennys, born in England and from 1874 based in Hong Kong.

The criteria for the selection of qualified local professionals by foreign 
patentees included not just past records and accomplishments but also 
membership in one or more associations of patent agents. Agents’ associa-
tions were, in short, instruments for establishing long-term collaborations 
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based on mutual trust. Owing to the lack of official registration or exams 
in many countries, patent experts garnered international reputations 
through their participation in professional associations in a variety of 
countries. For example, in 1901 the civil engineer Louis Bordes, based in 
Buenos Aires, was a member of professional associations in Britain, 
France and Australia. Bordes had in 1870 established the International 
South American Patent and Trade Mark Agency, which specialised in pat-
ent matters for all of Latin America. In Calcutta, Henry H. Remfry and 
Maurice Remfry, of the agency Remfry & Son (which exists to this day), 
were members of professional associations in Britain, France and Australia. 
Remfry & Son was also active in Borneo, Ceylon, Hong Kong and Japan, 
where it had correspondents. Henry Remfry was the author of several 
treatises and pamphlets on intellectual property, including Inventions 
likely to ‘take’ and ‘pay’ in India and the East (1892).49

International networks of agents grew rapidly during the 1890s. One 
indicator of this trend was the number of agents registered in the 
International Directory of Patent Agents, published in London from 1893. 
This directory, organised by countries, provided information about 
agents’ locations and in some cases their credentials, services, costs, 
 educational backgrounds and memberships in professional bodies. The 
number of agents registered in this directory increased from about 
2200 in 1893 to more than 4000 in 1901.50 In other words, there was an 
increase in the nodes connecting the agents’ networks. The 1893 edition 
of the directory lists patent agents in fifty-nine countries and reveals that 
more than 70% of the world patent agent offices were located in France, 
Britain and the United States.51 There were also dozens of agents in places 
as diverse and far-flung as Japan, India, Mexico, South Africa, Argentina, 
Australia and Hong Kong. Interestingly, in the preface of the 1893 edi-
tion, the editor explained the reason for its publication:

The enormous growth of patent agencies (more particularly what may be 
termed its international developments) has suggested the publication of 
this volume, which will enable patent agents to find readily the addresses of 
members of their profession with whom they may wish to communicate, 
or to ascertain as regards any particular country or colony, whether patent 
agency is there practised, and by whom and at what address.
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Despite international agreements, professional associations and directo-
ries, agents still faced uncertainty in international patenting and by the 
turn of the century would continue to be advocating for a more inte-
grated international patent system. This was made clear in a 1902 edito-
rial in the British Journal of the Society of Patent Agents, where agents 
demanded more uniformity among national laws so as to reduce ‘the 
great risks an agent runs through the negligence or inability on the part 
of foreign agents employed by him’.52

 Agents of Corporate Globalisation

During the late nineteenth century, American and European companies 
began a movement towards international patenting.53 Through the man-
agement of intellectual property rights in various national jurisdictions, 
large firms acquired valuable patents in countries not only in the fast lane 
of industrial development (countries such as France, Germany, Britain 
and the United States), but also in latecomers (such as Australia, Spain, 
Italy and Mexico). The transition to a modern corporate business model 
and the growing demand for trained experts in patent issues were closely 
related.

The industrial enterprise described by the business historian Alfred 
Chandler was a prototype of the kind of company that would go on to 
develop a professional management of patent rights.54 Patents became 
the foundation of a new business model.55 For the research industry, pat-
ent rights served as an indispensable means of controlling the market and 
preserving its commercial interests—often through patent pools and 
patent- based cartels—as well as a source of considerable capital amassed 
through royalties and assignments.56 The professional bureaucratisation 
of innovation within German and American science-based oligopolistic 
industries became commonplace from the 1870s. The research laborato-
ries of large industrial firms were directed to develop inventions that 
could be patented.57 In Joseph Schumpeter’s words, ‘technological prog-
ress (was) increasingly becoming the business of teams of trained special-
ists who turn out what is required and make it work in predictable 
ways’.58
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This tendency was particularly apparent in firms created around the 
consolidation of patent rights, including the Bell Company, Babcock & 
Wilcox and the various Edison firms, just to name a few.59 In these com-
panies, research laboratories worked primarily to ensure that patent rights 
were protected. Sometimes, as Leonard Reich has shown in the cases of 
General Electric, Bell and AT&T, these enterprise laboratories became a 
means of identifying and purchasing patent rights.60 As Kristine Bruland’s 
study on Babcock & Wilcox reveals, multinational corporations fre-
quently resorted to the recourse of aggressive litigation in the manage-
ment of patents and trademarks in different countries.61

The patent trials on telephone technology in Britain and the United 
States from 1870 to 1900 are a telling example. Bell, United Telephone 
and AT&T developed an economic monopoly in the early electrical 
industries through an intense and aggressive patent litigation strategy.62 
These companies controlled the telephone market by securing legal rights 
over the relevant technology in court. The market structure of this indus-
try thus largely grew out of litigation and the advice of lawyers. Expert 
witnesses and scientific consultants were, likewise, pivotal in resolving 
patent disputes involving key late nineteenth-century electrical inven-
tions (such as wireless telegraphy) and chemical inventions (celluloid, 
aniline red and the incandescent lamp).63

High-technology industrial companies used patents as a prime instru-
ment for international competition in foreign markets.64 These firms 
followed a common pattern. Their primary strategy was to block imita-
tion, creating barriers to domestic companies. Persistent patenting, 
along with other mechanisms, served to preserve the potential market 
positions of industrial firms in the international arena. These companies 
tended to register patents in as many national jurisdictions as possible 
before disseminating the content of their inventions. Once their patents 
were protected abroad, industrial firms could set up factories and sub-
sidiaries in multiple countries. More frequently, these companies pro-
ceeded to export their technology or license their patent rights in a given 
country.65

By the beginning of the twentieth century a number of companies had 
established some distinct unit or department for the management of pat-
ent rights. Large British, French, American and German companies 
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began to employ full-time lawyers, engineers and scientists for the man-
agement of innovations inside the firm.66 This tendency reflects a broader 
transition from individual to corporate inventive activity. In the same 
way as specialised personnel or marketing departments were created, legal 
departments (and in some cases centralised patent departments) were 
introduced with the goal of reducing corporations’ transaction- and 
information-related costs. The hiring of in-house patent agents followed 
the creation of research laboratories. Good examples of companies with 
in-house departments for the management of inventive activity are 
Westinghouse, Schneider, Edison and General Electric.67 In contrast to 
what we might expect, the hiring of human resources with patent exper-
tise did not imply a reduction in the number of external intermediaries, 
given the difficulties that companies faced in coordinating information 
and securing patents in several national jurisdictions.68

In-house corporate agents became an instrument by which large firms 
could exert their power in the international market for technology and 
accumulate patents through assignments, pools and litigation. Foreign 
multinational firms often retained both in-house patent agents and cor-
responding subagents in countries at the periphery of industrial develop-
ment. These local intermediaries assisted multinational corporations in 
patenting, diffusing and commercialising their property rights globally. 
The various companies set up by Thomas A. Edison in the 1880s and 
1890s serve as a good example of the ways in which agents assisted mul-
tinational firms. Edison’s firms sent, in 1888, powers of attorney to agents 
in twenty-four countries (including several Latin American countries 
such as Peru, Mexico, Brazil and Argentina). The New York patent firm 
Dyer and Seeley, which represented Edison, coordinated transnational 
patenting with agents in the various countries. The differences among the 
foreign agents’ fees were huge. Interestingly, the fees in Mexico, Portugal, 
Brazil and India were the most expensive among the experts working for 
Edison.69

Corporate patent management in the agricultural and mining sectors 
has been less explored in the historiography. An interesting case study is 
provided by European and American engineering firms that specialised in 
the mass production of machinery. These companies supplied patented 
equipment to sugar plantations in Asia and the Americas. Good examples 
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would be Duncan Stewart (Glasgow), McOnie (Glasgow) and Fives-Lille 
(France), all of which provided plantations with the most advanced tech-
nologies for the construction of large-scale central sugar factories through-
out the Caribbean, the Indian Ocean and Southeast Asia during the last 
third of the nineteenth century.70 These companies built their interna-
tional expansion on global networks of patent counsels, chemists and 
machinists.

Similarly, the Cassel Company, founded in 1884 in Glasgow, devel-
oped technological improvements to be used in distant peripheries. This 
firm exploited patents for new mining techniques, among them the 
Macarthur-Forrest process of gold extraction using cyanide, patented in 
1887 by the Glasgow chemist John Stewart Macarthur and physicians 
Robert and William Forrest and assigned in 1888 to the Cassel Company. 
This company set up subsidiaries in New Zealand, South Africa, Mexico 
and Australia during the 1890s to exploit and license their patented min-
ing techniques, thereby bringing patent rights to these four countries as 
well as Britain and the United States.71 Apart from exploiting its patents, 
the Cassel company commercialised its techniques in other major min-
ing centres, including India, Chile and Russia. The Cassel techniques 
were a commercial success, despite the fact that the company charged 
royalties that were considered exorbitant by some governments. Lawyers 
and mining engineers were key to the company’s management of its 
inventions far afield from its headquarters in Scotland. The Cassel 
Company’s patent attorneys, meanwhile, were instrumental in resolving 
questions of ownership pertaining to originality and technical knowl-
edge, given the large number of cases of patent infringements and law-
suits this company faced in countries such as South Africa and New 
Zealand, where some of its patents were deemed as invalid by local gov-
ernments and mining communities.

 Conclusion

This chapter has shed light on the rise of specialised patent agents and law-
yers over the course of the second industrialisation. The objective has been 
to broaden the study of the innovative community by analysing different 
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forms of expertise. Historical accounts of patent institutions have almost 
invariably concentrated on inventors and entrepreneurs while overlooking 
the activities of intermediate experts. Inventors and entrepreneurs may 
have changed world history through their diffusion of innovative technolo-
gies, but they have done so hand in hand with other actors, from lawyers to 
consultant engineers.

This discussion of the various forms of patent expertise has gone 
beyond national histories of patenting, instead reconstructing the inter-
nationalisation of professional expertise on intellectual property issues. 
The pressures of a globalising economy and multilateral agreements stim-
ulated the internationalisation of the patent profession during the 1880s 
and 1890s. During these two decades, national patent institutions grew 
more interdependent while continuing to maintain their diversity. In this 
context, the variations in the evolution of patent expertise among differ-
ent countries depended on the level of industrialisation and the overall 
institutional environment. The globalisation of patenting likewise became 
associated with the development of engineering and legal expertise 
throughout various countries. This expertise was embedded in specific 
national technological and legal cultures.

Patent agents emerged in the international arena in order to make pos-
sible the transnational transfer of inventions and rights that had been 
created, and would otherwise have remained institutionally embedded, 
in specific national or local sites. From this perspective, patent experts 
were necessary mediators in knowledge transfer. They served as channels 
in the realm of international patenting, communicating knowledge and 
property rights globally. Networks of agents reduced the risks and uncer-
tainty that foreign inventors encountered in international technology 
transfer. Indeed, the circulation of technologies and rights depended on 
overlapping long-term networks. In these networks, patent experts linked 
inventors, firms, patent offices, markets and technical consultancies.

The expansion of international networks of intermediary agents 
reflected the changing imperatives for intellectual property manage-
ment during the years of the second industrial revolution. The crucial 
role of patent agents in the transnational transmission of patent rights 
immediately raises, then, the question of whether these experts were a 
constraint for international technology transfer. Unfortunately, the 
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existing historiography on the history of patents does not go very far in 
answering this question. It seems that patent expertise was supporting 
and reinforcing an asymmetric international patent system that exposed 
the imbalances of world industrial capitalism. Skilled and elite expert 
agents remained concentrated in a small group of industrial countries 
with advanced technological capabilities. That said, this is not just a his-
tory of core and peripheral agents, but a history of the global interde-
pendence that existed among experts and of the long-term constraints 
to technological development that encouraged this interdependence.

Studies often present patent agents as driving actors in the growth of 
efficient markets for technology. From this perspective, the presence of 
expert agents removed constraints in international patenting. However, 
during the late nineteenth century agents in many countries were accused 
of carrying out rent-seeking activities and maintained privileged relation-
ships with officials and commissioners. A question can thus be raised as 
to whether intellectual property institutions at the close of the nineteenth 
century were actually open to a broad segment of the population or were 
instead primarily accessible only to powerful social classes and corpora-
tions with a large amount of capital.

Networks of patent experts as mechanisms of international knowledge 
transfer posed significant limitations. Given that agents were a tacit 
requirement for entry into foreign markets, patenting was effectively 
restricted across national boundaries. While agents increased the security 
of patentees in transnational operations, they also limited registration to 
those who could afford agents’ fees for moving patent rights across these 
boundaries. In latecomers, the chain of intermediaries necessary for for-
eign patentees to register their patents drove costs much higher. Even 
when transaction and information costs were relatively reduced by agents 
during the last decades of the nineteenth century, the majority of foreign 
inventors in advanced industrial countries remained reluctant to extend 
their rights to peripheral countries. The transactions costs of international 
patenting remained high.

The rapid expansion of networks of patent experts during the late nine-
teenth century reflected the need for large companies to exercise interna-
tional control over valuable inventions. The scholarship has emphasised 
the competitive advantages created by control over intellectual property 
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rights and the resort to experts to maximise corporate profits. The out-
comes of corporate patent management deserve further historical research. 
Indeed, while the historiography deals forcefully with successful business 
models, it tends to ignore the contentious consequences of patent man-
agement, such as lower degrees of knowledge diffusion, limited competi-
tion and predatory strategies. Similarly, alternative and sometimes highly 
successful strategies, such as secrecy or the eschewing of patents altogether, 
are overlooked. The most important point remains that agents’ powers, 
and their many services to multinational corporations, had enduring con-
sequences on the structure of knowledge property worldwide.
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7
Networks of American Experts 

in the Caribbean: The Harvard Botanic 
Station in Cuba (1898–1930)

Leida Fernandez-Prieto

 Introduction

In 1899, Edwin F. Atkins, a Boston-born businessman with properties 
and sugar concerns in Cienfuegos, Cuba, founded a botanical and agro-
nomic station on his Soledad del Muerto sugar estate. Harvard University 
provided the station with its scientific design and staff of experts, and by 
the early twentieth century the Harvard Botanic Station for Tropical 
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Research and Sugar Cane Investigation was the premier tropical research 
centre in the western hemisphere. After the 1959 Cuban Revolution, the 
Harvard Botanic Station became the Cienfuegos Botanical Garden, and 
still functions today within the Cuban Science and Environment 
Ministry. The Soledad estate however, now named Pepito Tey, closed 
down as the sugar sector fell deep into crisis.

The history of the Botanic Station is a compelling case study in exam-
ining the role and activities of US scientists, botanists and agronomists in 
the context of economic practices globally, regionally in the Hispanic 
Caribbean and more locally and specifically, on the island of Cuba 
between 1898 and 1930. The period is often qualified as the second eco-
nomic and environmental conquest of Latin America and the Caribbean. 
In its time, the Station supplied a training space for US experts in tropical 
science in a setting of scientific, imperial, nationalist and capitalist ten-
sions. It became a tropical laboratory, a place of research destination and 
a source of samples for scientists coming mostly from Harvard, but also 
Europeans, Latin Americans and Cubans. Above all, it provided a venue 
for innovative summer classes on the tropics intended for Harvard biol-
ogy students.

This chapter examines the Harvard Botanic Station’s contribution to 
producing agricultural and botanical knowledge on the tropics, in con-
texts of hegemonic imperial expansion and subsequent decolonisation 
and economic globalisation. It shows how networks of knowledge and 
US experts worked in the Caribbean in the early twentieth century in 
tune with global processes of imperial expansion and the development of 
capitalism. The Harvard Botanic Station for Tropical Research and Sugar 
Cane Investigation was created in Cuba in 1899, against the background 
of the Spanish–Cuban–American war and rising US imperialism. I argue 
that knowledge creation is like a two-sided coin. The scientists involved 
in fields of knowledge such as agriculture and horticulture wanted to cre-
ate pure science, but also had to accept the commercial use of their 
knowledge. Field sciences are a paradigmatic example in examining the 
porous frontier between laboratory and field practices, and in highlight-
ing participation both by expert and amateur knowledge.1 I underline the 
ambivalent nature of the process of producing knowledge on the tropical 
world, with complex dynamics involving power, science and capitalism, 
and multiple actors and source of knowledge and money.
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Among others, the historian Stuart McCook has examined the role of 
the United States in creating global networks of botanists and a network 
of agronomic stations in the Greater Caribbean.2 He describes the history 
of the Harvard Botanic Station in his analysis of the role of science and 
the new field of economic botany in the context of US imperialism and 
the modernisation of commercial agriculture in Latin America and the 
Caribbean in the early twentieth century. More recently, Megan Raby has 
pointed out transnational links between Harvard, the Botanic Station 
and the work of Thomas Barbour in Cuba and Panama, to show the 
Caribbean’s importance in the construction of tropical botany, and inter-
relations of national, academic and business interests that became tighter 
in the twentieth century.3 Barbour was a naturalist, herpetologist and 
director of the Museum of Comparative Zoology at Harvard who headed 
the Garden between 1920 and 1940. The Botanic Station has also been 
of interest to studies on global transfers of the biological science of sugar-
cane hybridisation.4

I have taken inspiration from histories of field sciences and com-
modities and the Actor–Network Theory (ANT),5 to focus on the 
mediating role of the main agents at the Harvard Botanic Station 
(Edwin F. Atkins and his wife Katherine W., George L. Goodale, Oakes 
Ames and Thomas Barbour, Harvard University staff at Cambridge, 
Massachusetts, Garden staff, scientists and agronomists, the Cuban 
government and others) in negotiations and interactions between vari-
ous scientific, political, commercial and knowledge networks to resolve 
problems of the global and local economies through tropical agricul-
tural science. These networks followed particular rules and codes of 
practice that allow me to explore what I term the ‘negotiation zone’, 
and reveal the ambivalent and porous dimensions of the tropical scien-
tific knowledge produced after 1898. Atkins was a businessman and 
botanists Goodale, Ames and Barbour were fired by scientific ambition. 
Yet their collaboration allowed the Botanic Station to flourish and 
become one of the world’s richest tropical gardens. Atkins provided 
land and resources, and financed the work of the Harvard scientists who 
developed a cane variety resistant to disease. The Harvard botanists 
turned the Garden into a tropical laboratory wherein they planted trees 
from across the world.
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 Negotiating US Tropical Research on a Cuban 
Sugar Plantation

Sugar was the predominant crop in Cuba, which had become the world’s 
leading cane producer in the nineteenth century. This feat forced the 
Creole elites to adopt a strategy of joining transatlantic commercial, 
industrial and slave trading flows. The Creole ‘art of sugar production’ 
exploited Cuba’s natural productive conditions, but also relied on the 
consolidation of a regional economy of slave-run plantations fed by 
global and regional transfers of slave labour, on specialist expertise, tech-
nologies imported from industrial centres such as the United States and 
Europe, and the introduction of productive cane varieties.6

From 1838, Elisha Atkins connected Boston with Atlantic sugar and 
slave circuits.7 His son, Edwin F. Atkins, arrived at Cienfuegos, Cuba, 
aged sixteen years, to take charge of regional sugar businesses while learn-
ing Spanish and local know-how from Hispano-Cuban traders and estate 
owners. This was in a context Dale Tomich terms a second period of 
slavery and a time of technological revolution.8 In 1883, Edwin F. Atkins 
bought the Soledad estate from the Sarria family, who were from the 
Trinidad region, and eventually made it one of the most important pro-
duction centres of its time.9 Atkins actively took part in processes to reor-
ganise the Cuban sugar industry’s productive capacities. In the late 
nineteenth century, competition from cane’s international rival, sugar 
beet, led estate owners to introduce crucial organisational changes to 
sugar cultivation and the industry. On the industrial level, plantations 
became sugar processing and production mills (Centrales), and with the 
abolition of slavery in 1886, the slave workforce gave way to owner or 
tenant contractors (Colonos). At the cultivation level, the environmental 
crisis resulting from pressure exerted on western Cuba’s ecosystem caused 
a degradation of the cane and decline in productivity. Estate owners were 
using more and more fertilisers, trying out new cultivation systems and 
introducing new varieties such as the Crystalline cane, which came to 
dominate the countryside as it adapted so well to so-called exhausted ter-
rains.10 Cuba produced in 1894 more than a million tonnes of sugar, 
91.71% of which was exported to the United States.11 In 1895, Cubans 
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began the last phase of their war of independence against Spain, which 
led to US intervention.

Spain lost the last colonies of its once vast American empire in 1898, 
having to cede tropical territories to the United States, including the 
islands of Cuba, Puerto Rico, the Philippines and Guam. The tropics 
became a military occupation zone and zone of US economic, political, 
scientific and cultural influence. The Caribbean witnessed then the 
expansion of US capital with the arrival of transnational farming and 
sugar companies, the best known of which was the United Fruit Company. 
Many Americans also settled in the region to work in the recently 
refounded farming colonies. The United States intervened militarily in 
Cuba in 1898–1902, and in 1906–1909. The Cuban Republic was itself 
born in 1902 under US tutelage, manifest in legal terms in the Platt 
Amendment to the new Cuban constitution.

US imperial expansion automatically converted its overseas territories 
into reconnaissance points for the environmental and economic conquest 
of the tropics’ resources. The year 1898 saw an explosion of related scien-
tific production with two aspects. On the one hand there was knowledge 
produced by universities, botanical gardens and experimental stations 
and on the other its connection to the large food and farming companies 
expanding across the empire. Agricultural knowledge thus had practical 
utility in this context and knowledge creation was, potentially, profitable. 
In the case of Cuba, private sugar companies made up for the absence of 
an experimental station owned by the government and devoted exclu-
sively to the scientific modernisation of sugar cultivation and production. 
On their lands, they trained and employed experts who made a contribu-
tion to the sum of scientific knowledge on tropical sugar.12 At the same 
time, occupation authorities and Cuban governments forged alliances 
with foreign sugar companies. In 1899, for example, the Chaparra Sugar 
Company was founded; its chief administrator was Mario García 
Menocal, a former general of Cuban independence and president of 
Cuba in the years 1913–1921. People were involved in different aspects 
of knowledge creation on the tropical world. These were scientific endeav-
ours, certainly, but remained linked to occupation plans and the Cuban 
government’s farming policies. That gave knowledge creation after 1898 
an ambivalent quality.

 Networks of American Experts in the Caribbean: The Harvard… 



164 

Science applied to medicine and agriculture remained in the newly 
acquired territories, a perfect instrument of administration and domina-
tion in the informal colonialism of the United States after 1898.13 Cuba 
turned into a centre of knowledge on tropical medicine to eradicate yel-
low fever, while the island’s sanitisation was a symbol of what Marial 
Iglesias terms American-style modernity.14 The United States was also 
involved in producing agricultural knowledge to control Cuba’s natural 
resources. Literature relating to US hegemonic expansionism established 
the idyllic narrative of a tropical landscape to be explored, but also 
civilised in scientific and economic terms.15 The first interventionist US 
government inventoried Cuba’s natural and productive resources through 
an agricultural and population census organised in 1899. Research on the 
island’s plant life and agriculture attracted the attention of several US 
institutions, both public and private, which undertook taxonomic stud-
ies and collected botanical species of commercial, medical and scientific 
value to the United States. American scientists, botanists and agrono-
mists engaged in internal debates to understand the tropics and the 
dynamics of global and US domestic markets, and how economic botany 
could help modernise US farming. Many of these ideas were exported to 
the technical and scientific institutions being founded in recently won 
territories. The New  York Botanical Garden (NYBG), for example, 
undertook several exploratory trips financed by wealthy patrons in 
New  York, which produced botanical and scientific inventories of the 
Caribbean.16 A participant of one of the expeditions was Franklin S. Earle, 
a collaborator of the United States Department of Agriculture (USDA) 
and former micologist at the New York garden. The USDA was creating 
a network of agricultural stations in the tropics then and Earle became, 
on USDA and NYBG recommendation, the expert the Cuban govern-
ment appointed to lead and create a scientific design for the Experimental 
Agronomical Station.17

Cienfuegos was the epicentre of the sugar industry in Cuba when the 
Americans arrived. The region was the physical and symbolic frontier 
between the old sugar industry based on slaves and plantations in western 
Cuba and the business’s expansion into eastern Cuba. Atkins’s lands suf-
fered from the degeneration of the western sector’s naturally productive 
conditions and especially the decline of more than 40% in cane yields. 
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The debates of the local scientific and agronomical community centred 
around sugar degeneration, but more so on the erosion of soils due to 
intensive and prolonged cultivation. Many estate owners used fertilisers 
to restore fertility, but Atkins emphasised natural factors in the plant’s 
decline. He echoed the botanical revolution in sugar happening in 
Barbados and Java following the discovery that cane was fertile, and that 
varieties could be crossed to obtain hybrids that were more productive 
and resistant to disease.18 There were no such investigations in Cuba nor 
was there an agronomic station working on improving sugar cultivation. 
Atkins tasked the manager of the Soledad estate, the Briton L.H. Hughes, 
with experimenting with certain cane varieties that had failed to flourish 
in Cuba’s climate and were susceptible to disease.19 Their failure had con-
vinced Atkins of the need for domestic sugar cane breeding, and he was a 
pioneer in realising that such experiments must be done on site to obtain 
varieties suited to the Cuban environment. In 1899, during the first US 
occupation of Cuba, Atkins had enough political influence with the gov-
ernment to ask James Wilson, the US Secretary of Agriculture, for per-
mission to found an experimental sugar station in Cuba.20 Wilson rejected 
the idea as he backed diversifying Cuban agriculture to meet the needs of 
the US home market, which for Cuba would also mean breaking with 
sugar monoculture.

Atkins sought out another valid interlocutor, in a closer and more 
familiar ambit, which brought Harvard University into his Boston busi-
ness circles, but also effectively tied it to the legacy of slavery and the 
Caribbean plantation economy. Harvard was the world centre of botany 
in the late nineteenth century, and its inclusion would bestow scientific 
authority on Atkins’s enterprise and a place for him among the American 
benefactors of applied research at Harvard. In 1899, he met George 
Lincoln Goodale, head of the Harvard Botanical Museum and Professor 
of Economic Botany, seeking the cooperation of botanists to improve 
sugar cane yields and disease resistance through hybridisation. Goodale 
accepted the offer, which linked Harvard, initially informally, with the 
sugar industry.21 Connecting this international centre of knowledge and 
research with a mill built on a former slave plantation is certainly contro-
versial, but the participation of Harvard botanists in Atkins’s sugar busi-
ness did mean the introduction of hybridisation techniques to Cuba. 
That helped modernise tropical sugar science (Fig. 7.1).

 Networks of American Experts in the Caribbean: The Harvard… 
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The application of economic botany to farming problems and the 
search for “useful” plants became, from the mid-nineteenth century, the 
fields of research with the widest scope and impact around the world. 
Selection of varieties through cross-breeding intended to improve yields 
and resistance to disease, and the role of horticulture, were the focus of 
debates among international scientists and agronomists who would often 
invoke Charles Darwin’s theories, among others. The production of 
knowledge among them to revitalise the agricultural economies of tropi-
cal colonies highlighted the role of botanical gardens and museums and 
of agronomic stations as centres for research and the global distribution 
of plants.22 Harvard botanists defended the idea of applying research in 
the new economic botany to the tropics. At a meeting of the American 
Association for the Advancement of Science held in Washington, Goodale 
promoted the contribution of botanical research to obtaining new sources 
of wealth for the United States, and defended the need for America to 
have its own international research centres such as the Royal Kew 
Botanical Gardens for British colonies or the Buitenzorg Garden in 
Java.23 Likewise, the tropics and the great diversity of island species fit for 
study in a botanical garden were an attractive part of Atkins’s offer. In this 
way, Harvard was inserted into imperial networks of botanical research 
through Cuba’s sugar industry and, specifically, an enclave founded on 
slavery.

Atkins paid an initial deposit of US $2500 ($2000 for a travelling fel-
lowship in economic botany and $500 to create a sugarcane bibliogra-
phy). 24 The entomologist Edwin Mead Wilcox, a student of economic 
botany specialising in the East and recent Harvard alumnus, was the first 
to benefit from the travelling fellowship in economic botany. Goodale 
wanted Wilcox to run the station in Cuba after returning from a trip to 
Java where he would collect information on obtaining hybrids and a set 
of samples as primary testing material. Wilcox accepted, but then declined 
the position. Goodale then turned to Oakes Ames, another recent 
Harvard graduate appointed Assistant Director of the Harvard University 
Botanic Garden. Ames was the only one with ample experience of hybrid-
isation, though only of orchids.

On 4 January 1900, Atkins, Goodale and Ames met at the Soledad 
sugar plant, ‘that colossal institution which grinds grass and makes 
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money’, in Cuba.25 This meeting reflected some early tensions between 
the businessman and scientists. Atkins wanted a cane hybrid but the bot-
anists did not know how to attain his ideal, and this prompted doubts 
among the botanists who saw in Cuba a wider ranging tropical labora-
tory. What then was the common ground between sugar production and 
tropical research, or science and business? Ames defined the comfort zone 
as ‘created interests’ between Atkins and the botanists based on introduc-
ing plants of commercial and decorative value, diversifying Atkins’s agri-
cultural businesses and expanding the agronomic station into a botanical 
station useful to agriculture. I believe it is only by seeing the revolution of 
varieties as the paradigm of the new field of economic botany that one 
can explain the foundation of the Harvard station in Cuba.26 I would say 
that scientific plant-breeding or hybridisation, besides being a novelty in 
Cuba, was the preeminent investigative link between sugar production 
and botanical research as it was essentially a botanical practice. The bota-
nists sensed that the garden would become a leading place of tropical 
research, at a time when the tropics were unknown territory for American 
investigators and when the US government was keen to learn about exist-
ing natural resources as part of a process of conquering the tropics. This 
was the setting for the creation of the Harvard Botanical Station for 
Tropical Research and Sugar Cane Investigations, the first successful zone 
of negotiations between research projects in tropical botany and sugar 
business, between the scientist and a businessman, and a place to train 
experts at a time of US imperial expansion.

Harvard became a precursor among university institutions with out-
posts to study tropical agriculture and biology within global and local 
sugar economy circuits originally tied to slavery.27 Edwin F.  Atkins 
entered into Harvard academic circles as a member of the Botanic Garden 
Committee and representing the active patronage of field research, while 
Ames justified the decision to Harvard staff by presenting him as a Boston 
businessman who had created a small, experimental garden in Cuba, 
 supplying its land, local workforce and enough funds to begin experi-
ments on eight of the most important species cultivated to improve exist-
ing sugar varieties in Cuba.28 The professors of botany would in turn take 
part in the garden’s scientific design while experts would pursue research 
there. The garden would be a part of the Botanic Gardens of Cambridge, 
Massachusetts.
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The Garden’s early activities and investigations reveal the roles of many 
agents and knowledge sources in producing agricultural and tropical 
botanical science, amid the tensions of scientific, production, nationalist 
and imperial interests. The choice of experts reflected for example differ-
ences between the Harvard botanists and Atkins’s staff at the sugar plant, 
or between expert and amateur knowledge. Ames chose the horticulturist 
Robert Grey who could create hybrid varieties and had worked in 
America, but was not a scientist. L.H. Hughes, the plant manager previ-
ously in charge of research, obstructed the initial experiments by Hugo 
Bolnhoff, a gardener at the Botanic Gardens at Cambridge, and Grey. Yet 
it was Grey who found the right spot for creating the experimental gar-
den and obtained the ideal hybrid cane Atkins wanted. The place was the 
Colonia Limones, a position suited to tropical botanical research thanks 
to its natural woodland habitats near the Escambray mountain range, 
and for being over areas already deforested to cultivate sugar.29

The Harvard Botanic Station shows the collaboration of networks of 
imperial gardens and experimental stations throughout the tropics, the 
interactions of botanists inside transatlantic knowledge circuits in both 
practical and formal terms, and exchanges between commercial and sci-
entific groups at different levels (global, regional and local). These global 
networks of botanists exchanged professional knowledge and informa-
tion applied to the economy, research models, plans and material, or 
practical projects. For example the material for sugar hybridisation exper-
iments came from British colonies in the Greater Caribbean, Java, Mexico 
and elsewhere. Plants with a commercial and ornamental value were 
introduced initially from Florida and later, from several parts of the 
world.

With the Station’s scientific design, Goodale and Ames followed the 
successful imperial model of botanical gardens in British and Dutch trop-
ical colonies. The two academics were in the global community of 
 practices and knowledge networks of botanists created by Kew Gardens. 
Ames travelled to Cuba with John C. Willis, a reputed British botanist 
and head of the Royal Botanical Garden of Peradeniya in Ceylon (now 
Sri Lanka), who would help the Harvard Botanic Station earn interna-
tional renown.30 As expert witness, Willis suggested introducing eco-
nomic plants, though his considerable ignorance of cross-breeding and 
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sugar production irked Ames, as Willis was unable to advise the garden 
about certain initial problems.

Goodale and Ames focused on Barbados and Java, which were leaders 
in sugar hybrid research and experimentation. Goodale contacted the 
British botanist and horticulturist Daniel Morris, Commissioner at the 
Imperial Department of Agriculture for the West Indies, to pay for the 
dispatch of material from Cuba.31 Morris sent hybrids from Barbados 
and Demerara, which were supervised in Cuba by the manager of the 
Soledad estate, L.H. Hughes. The results were not good. Correspondence 
between Goodale and Morris reflected global exchanges of knowledge 
apparently typical of agronomists, botanists and scientists, and Goodale 
informed Morris of trials undertaken in Cuba on pollinating sugarcane. 
Morris pointed out that J.P. d’Albuquerque, a chemist heading the 
botanic station in Barbados, had done similar experiments consisting of 
cross-fertilising two varieties of flowers to produce 3000 seedlings. 
Paradoxically, Goodale and Ames never invited local cross-breeding 
experts such as John R. Bovell, the father of the botanical revolution in 
Barbados, to the Garden.

Goodale also wrote to the botanist Melchior Treub, director of the 
Buitenzorg Botanical Garden in Java. Their correspondence, however, 
sheds light on tensions among scientists, agronomists and producers over 
sharing information. In July 1902, Treub replied that cultivators in Java 
were reluctant to send planted cane material to Cuba, fearing Cuba could 
soon steal some of their share of the world sugar market.32 But the scien-
tists decided to send a set of eleven of the best varieties cultivated in Java, 
and experiments in Cuba with those varieties did yield good results. 
Treub also travelled to Harvard to exchange ideas with Goodale. The 
exchange of seedlings between Java and Cuba illustrated how pathogens 
could travel the world, and scientists warned Goodale that sending seeds 
could spread mosaic disease.33 There were precedents to the collaboration 
between Cuba and Java. Crystalline cane, the main commercial variety on 
the island, had come from Java, while Cuba had given Java an intensive 
cultivation system created by the chemist Álvaro Reynoso. The search for 
material connected networks of Harvard botanists throughout the 
Americas. For example, Goodale sent C.G. Pringle, a US botanist and 
collector, to the garden with six sugar varieties Pringle had gathered on 
research trips to Mexico.34
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The Harvard Botanic Station shows the value of the tropical country-
side as a space for tropical knowledge-building on site, and to train the 
US expert to solve economic problems. The botanists’ unfamiliarity with 
sugar research was initially resolved with information on orchid hybridi-
sation available to Ames and Grey. In fact Ames felt he was not so much 
an expert as a work coach for Grey and Bolnhoff.35 He complained that 
the humidity in Cuba did not favour work on sugar cane, as humid flow-
ers and anthers did not release pollen. Such problems were solved with a 
greenhouse built in 1902 for sugar experiments.36 The panicles were cov-
ered with gauze fabrics and flowers were pollinated manually with nee-
dles. The abundant sugarcane pollen known locally as Black Fiji offered 
the best results for pollination when crossed with Crystalline cane. During 
1904–1905, Grey obtained 810 seedlings of twenty-one different hybrids 
that were named Harvard and numbered.

In 1919, Atkins added more land and offered funding worth $100,000 
to officially seal the ties with Harvard University. The donation’s scientific 
objective caused frictions between Ames and Harvard staff, and between 
the tropical research project and the sugar business. The corporation 
wanted to use the fund for research generally, not just on tropical botany 
and sugar. Ames opposed this. He was the one who had sealed the ties 
between Atkins’s garden and the Harvard Botanical Department through 
the Atkins Fund for Tropical Research in Economic Botany. In 1920, 
Atkins made it clear to the president of Harvard that the fund was to 
finance the work of the Harvard station in Cuba. Its research included all 
studies to benefit tropical agriculture and horticulture but especially sug-
arcane and forage cultivation. The Atkins Institute for Tropical Research 
formalised the Garden’s ties with Harvard.

International recognition of the Harvard Botanic Station was consoli-
dated under Thomas Barbour between 1920 and 1940. His figure and 
those of other American scientists, reflect the ambivalent dimension of 
tropical knowledge generation, as explored in Paul Sutter’s research on 
the role of scientists as ‘agents of imperialism’ in the early twentieth cen-
tury.37 Barbour first visited the Garden in 1908, and documents show 
him working in the First World War as a secret agent reporting on Cuba 
for the United States.38 Barbour expanded the links within the Botanic 
Station between tropical medicine and agriculture, and basic research. 
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This interest led to the Botanic Station contributing to publications by 
the Institute for Tropical Biology and Medicine, which Barbour and the 
physician Richard P. Strong founded at Harvard.39 In the case of Cuba, 
all publications concerned research on sugar. Barbour also became a close 
friend of the Atkins family. In 1924, Atkins and especially his wife 
Katherine W. Atkins (Catalina to the Cubans), backed Barbour by creat-
ing the Harvard Biological Laboratory and Harvard House, two spaces 
intended to consolidate research and provide lodgings for scientists at the 
Garden. Barbour also inaugurated summer courses for Harvard biology 
students. In contrast with Goodale and Ames, Barbour kept in touch 
with Latin American naturalists and, above all, with scientists and Cubans 
such as the naturalist Carlos de la Torre, with whom he forged a lasting 
friendship, the agronomist Julián Acuña and botanist Juan Tomás Roig of 
the Cuban Experimental Station.40 Barbour began forestation studies for 
the Santa Clara sugar region at the Garden, planting native trees in the 
area known as Seboruco.

Atkins died in 1926. By then, the Harvard Botanic Station had become 
a reference in the realm of economic botany, and every year an increasing 
number of American and international scientists visited its collections. In 
fact the institution became a representative space for the community of 
American tropical experts, as shown in the meeting held at the garden 
between Thomas Barbour, Robert M. Grey, Wilson Popenoe and Franklin 
S. Earle, to review its work in the context of the Cuban sugar crisis. This 
again revealed tensions between sugar production and tropical research, 
or business and science.41 Each defended his ideas on the Botanic Station’s 
contribution to the economic development of the Caribbean and Cuba. 
Wilson Popenoe, a botanist and agronomist, worked with the USDA, 
was a director of the United Fruit Company and the first head of the 
Panamerican School of Tropical Agriculture in Honduras. Popenoe 
 supported the garden’s importance in tropical research and especially to 
the Caribbean, for being a “great open-air laboratory” for studying and 
disseminating useful plants, improved through selection and hybridisa-
tion and adapted to the Caribbean’s needs. Thomas Barbour saw the gar-
den as the jewel in Harvard’s crown, with benefits for both Cuba and the 
United States. Earle had become an expert in tropical sugar science for 
US sugar companies in the Caribbean after resigning as head of the 
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Experimental Station in Cuba.42 Earle had contacted Atkins through the 
Soledad estate manager L.H. Hughes to work with them on sugar experi-
ments.43 Atkins rejected Earle’s idea as he was already working with 
Harvard, but remained open to collaboration. Earle was the best qualified 
to evaluate the importance of Robert Grey’s investigations with the 
Harvard 12029 hybrid, and exclaimed, ‘Why, man, you don’t know what 
you’ve done. That can be worth millions to Cuba.’44 If true, the question 
is, why did this hybrid not come to dominate the Cuban countryside, as 
Atkins and Grey hoped?

 Networks of US Experts in Cuba: Diseases, 
Knowledge and Seedlings

The history of tropical sugar became after the late eighteenth century one 
of the introduction and distribution globally of sugar varieties. These 
introductions and exchanges of varieties and hybrids were related to 
problems of a deteriorating productive environment, such as the emer-
gence of pests and disease, and the quest for higher yielding sugar plants. 
Latin American governments and liberal local élites hastened the collapse 
of agricultural ecosystems by boosting the production of tropical com-
modities for world markets (causing deforestation, exhausted soils, 
increased infestations and disease, falling yields and so on). In the late 
nineteenth and first half of the twentieth centuries, these environmental 
and economic problems were the focus of efforts to create in situ new 
codes of practice and scientific know-how in farming and botanics, such 
as developing higher yielding and more resistant cane hybrids.

The work of the Harvard Botanic Station in Cuba illuminates other 
zones of resistance to the circulation of sugar knowledge and hybrids at 
different levels, beyond the global aspect. I focus here on the conduct of 
Edwin F. Atkins, Robert H. Grey, the Harvard botanists and other US 
and Cuban experts in studying the causes of sugarcane mosaic disease 
(SMV, sugarcane mosaic virus), which affected the global sugar industry 
and mainly Cuban production in the early twentieth century.45 Mosaic 
disease control and eradication provided Atkins, Grey and the Harvard 
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botanists with an opportunity to popularise and scientifically verify the 
tropical knowledge produced in Cuba on sugar and the hybrids created 
there. US cross-breeding experiments pursued locally at the Soledad 
estate were the centre of important theoretical debates on the mosaic 
disease’s aetiology, its origin and point of dispersion inside Cuba after the 
arrival of seedlings from Java, itself a process marked by political, eco-
nomic and scientific tensions. In 1915, at a time when Cuban sugar pro-
duction peaked thanks to the high prices and rising demands during the 
First World War, L.D. Marsen, a pathologist of the Experimental Station 
of the Hawaiian Sugar Planters’ Association, sounded the alarm on the 
mosaic disease’s presence at the Soledad estate, though it appeared then as 
isolated and relatively non-contagious.46 In fact Ames and Edward 
Murray East, a Harvard professor and one of the more prominent US 
plant geneticists of the early twentieth century, did not notice the disease 
when visiting the Botanic Station in 1918 to provide Grey with modern 
perspectives on plant breeding for sugar hybrids with greater industrial 
yields.47 Yet that year, the USDA had sent Franklin S. Earle to Puerto 
Rico to study the causes of the mosaic disease that threatened to destroy 
its industry. Earle recommended spreading the Uba cane variety for its 
resistance to mosaic.48

The presence of infection in the plantations of the Soledad mill meant 
that the Harvard botanists had to validate Atkins’s sugar business and 
Grey’s research, which provoked differences with the Cuban government 
and USDA.  In 1919, Harvard’s cross-breeding experiments at Soledad 
were back in the public eye when mosaic became of serious concern to 
the Cubans. E.W. Brandes, an entomologist and pathologist heading the 
USDA’s Sugar Plant Investigations, and John R.  Johnston, a Harvard 
botanical collector and then chief pathologist at the Cuba Experimental 
Agronomic Station, were asked by the government to isolate and study 
the disease. Brandes identified three possible points of dispersion for the 
infestation following various hybrid imports. The most virulent point 
was on the lands of the Experimental Station, which had seeds from Java, 
the US state of Louisiana and Tucumán in Argentina. The second infec-
tious point was the Mercedita mill in Matanzas, with imports from Java 
and Argentina, and the last focal point, the Soledad estate in Cienfuegos, 
with hybrids from Java.49 Brandes said the disease had existed in latent 
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form at the Atkins mill for some twenty years and that practically all the 
seedlings Harvard had obtained were infected. He claimed the infestation 
had not developed virulently because Hughes, the Soledad factor man-
ager, discarded seedlings in the fields both for selectivity and to ensure the 
absence of Aphis maiclis, the disease vector.

Correspondence between Ames and Johnston sheds light on the 
ambivalent aspects of the networks of biologists working with private and 
official institutions in Cuba. As a former Harvard staff member, Johnston 
wrote to Ames to exchange views on the possible gravity of mosaic disease 
at the Harvard Botanic Station in Soledad.50 Johnston understood that 
eliminating all infected seedlings meant throwing away the work of many 
years at the Botanic Station, even if replicating the disease was clearly a 
very serious problem. Thus he trusted Grey to find varieties that were 
highly resistant or immune to the disease. As a Cuban civil servant, how-
ever, Johnston reminded Ames that they were obliged to assist them at 
the Quarantine Inspection Service and respect the Cuban government’s 
orders banning cane importation and use of any infested canes as seed.

Ames’s reply was, as a scientist and the Garden director, equally ambig-
uous because of his interest in the mosaic pandemic and its spread in 
Cuba, though he doubted its presence in Soledad. Ames believed the dis-
ease remained largely unknown, since its only symptoms were for now the 
appearance of a nuanced green colour on leaves and the plant’s degrada-
tion. Ames had seen these signs in the plantations fifteen years previously, 
and attributed them to soil conditions or seasonal influences rather than 
the mosaic identified by the Cuban government’s two US scientists. Yet he 
admitted to Johnston that working together was a great deal for both, as 
he saw in him an ‘impartial investigator’ seeking ways to benefit the Cuban 
economy and because it was always a pleasure learning from the interests 
of a ‘Harvard man’. Atkins was more critical of Johnston who, as a Cuban 
government pathologist, was accusing his sugar estate of spreading the 
disease when writing in the Experimental Station bulletins. In 1920, dur-
ing the so-called Dance of the Millions in Cuba, Brandes, Johnston, Grey 
and Hughes convened at the Botanic Station to discuss Grey’s theory on 
what had caused the epidemic and how to eradicate it.51 Grey maintained 
that the disease had come from erroneous cultural practices and could be 
controlled and eradicated through scientific cultivation. Brandes and 
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Johnston observed that experiments showed that the infected plant died 
within three years. Hughes favoured checking Grey’s theory. A while later, 
seedlings obtained by Grey were tested by Harold L. Lyon, the US pathol-
ogist and botanist heading the Hawaii Agronomic Station, who saw no 
evidence of disease.

Ames took the opportunity of the disease’s outbreak in the Soledad 
lands to counsel Atkins to reassure himself with written opinion from an 
economic plant pathologist. The advice reflected tensions between ama-
teur and expert knowledge but also links between US and British sugar 
circuits in the Greater Caribbean, as Ames recommended Noël Deer, a 
prestigious British technologist, expert and sugar historian.52 Deer was 
hired both by the Cuban government and by transnational corporations 
to modernise Cuban sugar production. He represented the typical expert 
who was trained and who earned repute by working in private sugar com-
panies and by travelling throughout the tropics for sugar.53 Ames was 
confident of Grey’s abilities as an intelligent horticulturist and specialist 
of plant breeding, but Grey was no scientist and that could hamper study-
ing the disease mosaic. Nevertheless, Ames continued to back Grey’s 
theory before the opinion of the pathologists Brandes and Johnston, 
given the lack of evidence on the disease being more biological than phys-
iological. Deerr also backed Grey’s scientific work as being as legitimate 
as the work in any prestigious laboratory, but warned that as this was a 
private enterprise, it would probably be the only party to benefit from the 
knowledge created here, suggesting the Cuban government should keep 
an eye on these studies. He was in other words highlighting the identity 
of the owners of locally produced knowledge.

The tensions between Ames and Atkins show the porous borders 
between the public and private spheres, between professional and  amateur 
knowledge, and business and academia, when it came to certifying 
Harvard’s scientific work in Cuba. In contrast with private sugar compa-
nies that hired experts from various countries and with differing training 
or technical backgrounds (chemists, engineers and so on ), Atkins wanted 
Harvard University botanists to give the station its scientific authority. In 
exchange he would win prestige, power, credibility and recognition from 
this global centre of scientific knowledge par excellence. Yet Atkins was 
the one financing investigations, which gave him rights to the publication 
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of their results and to the backing of Robert Grey’s work even if he was 
not a professional scientist. Atkins insisted the reports be kept confiden-
tial, probably to safeguard his business’s comparative advantage over other 
plantation owners, but he also sensed that studying the mosaic disease 
was an opportunity to validate the Agronomic Station’s work, which he 
financed, and Grey’s work within the scientific world. Ames, however, 
maintained that a pathologist must run the station for Harvard to recog-
nise the Garden as a scientific enterprise. Differences between Ames and 
other Harvard professors also revealed doubts about the Botanic Station. 
For example, Roland Thaxter, a micologist, plant pathologist and ento-
mologist, questioned its scientific value and the pertinence of Grey’s 
knowledge.54 Ames referred to East, who believed Grey was the best plant 
breeder who had worked with them. Ames was also using the economic 
reasoning of a businessman who demanded practical results to consider 
the Botanic Station’s scientific worth, as he had been working with Atkins 
for twenty-five years and insisted on both the investigative lines of eco-
nomic botany at the garden: the agricultural side and the scientific aspect 
that examined particular problems.

In 1924, the Cuban Agriculture Ministry ordered another general 
inspection and the propagation of cane varieties immune to mosaic, espe-
cially Uba variety and different types of POJ (Proestation Oost Java) 
hybrids.55 This provoked another instance of friction between Atkins and 
the Experimental Agronomic Station, which had become an official cen-
tre of research and hybrid dissemination. Atkins complained to its direc-
tor, Gonzalo Martínez Fortún, about the Soledad plantations being cited 
as the chief focus of mosaic disease in Cuba, as they had records of its 
presence some forty years previously. Likewise, he and Harvard had stud-
ied the disease without finding any harm to tonnage or reduction of sugar 
production. He stated that Harvard botanists had inspected his fields and 
only found two canes with mosaic. For Atkins, the Uba variety was not 
suited to commercial purposes, but he hoped to obtain certain valuable 
hybrids with Crystalline cane that seemed immune to mosaic. Fortún 
asked him to send in the data from experiments with the Uba variety and 
the report by the two US pathologists.

Atkins was referring to research by Harvard botanists Edward M. East 
and William H. Weston Jr, an Assistant Professor of Botany, who had to 
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corroborate Grey’s experiments and declare on the gravity of the disease 
in the Soledad plantations. The two professors confirmed the theses 
defended by Brandes and other scientists, agronomists and botanists, that 
mosaic was viral and its vector was the Aphis maiclis.56 East and Weston 
explained that the disease was not as virulent on Atkins’s plantations 
owing to the equilibrium Crystalline cane and mosaic had attained after a 
long period of coexistence. They recommended Hughes’s method of 
selecting seeds in the countryside and endorsed Grey’s plant breeding 
capabilities as suited to the Harvard–Atkins combination. Some authors 
maintain that the participation of US botanists in studying the mosaic 
epidemic exemplified a new ecological thinking characteristic of biology 
in the early twentieth century, taking into consideration as it did for the 
first time the life of a plant and making a comprehensive analysis of all 
environmental and agricultural factors favouring or restricting the dis-
ease’s propagation.57 East and Weston represented this ideal and included 
other fields in their study of the mosaic (genetics, pathology, phytopa-
thology, entomology and so on). They saw a need for more studies on 
agents of transmission and agricultural and environmental factors (such 
as climate, cultivation practices or the role of other plants). In 1926, 
George Salt and J.G.  Myers, two economic entomologists, joined 
Harvard’s sugar investigations at the Botanic Station.58

The study of diseases and improvement of varieties through scientific 
breeding of sugarcane involved multiple socio-economic and political 
agents (landowners, transnational corporations, the Cuban government 
and other US institutions, both private and public) interested in mod-
ernising tropical agriculture. The transnational sugar companies likewise 
illustrate the link between science and economy, as creators and dissemi-
nators of global modernisation programmes, in using experts to head 
their agro-industrial research and by founding chemical laboratories and 
agricultural stations at production centres. For example, Willian 
Cornellius van Horne, president of the Cuba Company, hired Noël Deer 
and Paul Karutz, a German chemist, to create an experimental garden at 
the Jobabo estate. Its aim was to study different economic plants as part 
of plans to make Cuba the United States’s granary.59 Landowners gath-
ered in turn around the Cuba Sugar Club to defend the sector’s interests 
in the early twentieth century. In 1924, the US National Research 
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Council founded the Tropical Plant Research Foundation to undertake 
agricultural and biological research at temporary and permanent stations 
in the tropics, in response to the high demand in the United States and 
world markets for tropical products.60 The foundation also represented a 
meeting of business and science with its staff of five scientists and four 
businessmen, such as representatives of the United Fruit Company and 
the Cuba Railway Company. The Foundation and the Cuba Sugar Club 
established an experimental sugar station in the Baragua estate in eastern 
Cuba, linking up with other US experts employed by sugar corporations. 
The aforementioned Franklin S. Earle was the author of the foundation’s 
structural design and in charge of studying varieties at the Baragua mill.

The scientific investigation of the problems of tropical sugar cultiva-
tion provided a meeting point between the Foundation and Harvard 
botanists, which reflected other areas of negotiation between networks of 
US experts working in Cuba in the early twentieth century. In 1925, 
Thomas Barbour and W.  A. Orton of the USDA’s Bureau of Plant 
Industry and director of the Tropical Plant Research Foundation, signed 
a memorandum of collaboration between the two institutions.61 This was 
to authorise studies by James A. Faris, a pathologist of the Foundation, 
and James B. Weir, a pathologist of the USDA Bureau of Plant Industry, 
to use the Harvard Botanic Station laboratory without interfering in 
Harvard’s investigations. Like the Harvard botanists, the Foundation’s 
pathologists and entomologists understood that studying the disease 
mosaic encompassed agricultural and environmental factors (such as par-
asites, soils, conditions or adaptability of varieties). The Foundation 
understood the Soledad estate was an excellent field of studies for the 
prevalence of the disease at Cienfuegos, which prompted the logical idea 
of the Harvard Botanic Station becoming a centre to complement the 
research carried out in Baragua.

The exchange of information and hybrids between Harvard and the 
Tropical Plant Research Foundation raises questions about cooperation 
between networks of US scientists in the tropics, and between Harvard and 
the Cuban government. Robert Grey wrote to Thomas Barbour on 
Harvard’s request for hybrids from different places, including the Cuba 
Experimental Station. Grey suggested they write to D.L. Van Dine, the 
local director of the Baragua station, following his decision to collaborate 
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only with the Baragua station in studying varieties, to avoid confusion.62 At 
the same time, Grey complained that the Foundation, and in this case 
Earle, was giving priority to trials with the POJ types, to which Barbour 
replied that he was not surprised, suggesting tensions between the two labo-
ratories. The Foundation thanked Grey for the varieties sent, and confirmed 
that they only had a comparative field of experimentation, with priority 
given to POJ varieties for their resistance to mosaic. Even so, the Foundation 
wanted to keep Harvard’s seedlings for the purpose of comprehensive stud-
ies when possible, and as reproductive stocks for breeding adapted to Cuban 
conditions. These studies showed that the Harvard 12029, bred from the 
Barbados Sport Blanco and Crystalline varieties, yielded the greatest quanti-
ties but only on terrains rich in organic material. Private correspondence 
between Grey and Barbour sheds light on other tensions among Harvard 
botanists themselves and especially between Barbour and Edward M. East, 
whom Barbour did not wish to see at Soledad.

The Baragua station, however, became a bridge between scientists hired 
by Cuba and the Harvard Botanic Station. For example, S.C. Brunner, an 
American pathologist who worked at the Cuban Agronomic Experimental 
Station, and the Italian entomologist F. Sylvestri worked with the Baragua 
station and later with the Harvard Botanic Station as part of their studies 
on sugar infestations and hybrids.63 In 1932, the Foundation ended the 
investigations and debated whether to hand over its research and collec-
tion of seedlings to the Cuban Agronomic Station or the Harvard Botanic 
Station, which finally became the beneficiary.64 The star project of improv-
ing sugar cane through hybridisation declined at the Botanic Station as in 
the wake of the Cuban sugar crisis of 1929 the POJ 2878 hybrid from 
Java gradually imposed itself. By 1940, the Harvard 12029 hybrid had 
disappeared from Cuban plantations.65

 Conclusion: Networks in Tropical Botany 
and Agricultural Research in Cuba

The history of the Harvard Botanic Station illustrates the participation of 
American scientists as mediating agents in economic practices globally, 
regionally in the post-slavery Hispanic Caribbean and locally in Cuba. 
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They acted in a period of US expansion in the tropics and regional decol-
onisation. The Botanic Station’s long history confirms that a balance was 
reached between the respective aims of sugar research and tropical biol-
ogy in the new field of economic botany, and between science and busi-
ness, which was characteristic of scientific knowledge production in the 
early twentieth century. While the Harvard Botanic Station was an 
American institution designed to develop the needs of US cultivators, it 
had to deal with economic and environmental problems in Cuba such as 
deforestation, the mosaic disease and declining outputs in areas saturated 
by industrial-scale sugar production, such as Cienfuegos, a former nucleus 
of the slave-plantation economy. Likewise we can say that Harvard recre-
ated a tropical world on the biggest ‘sugar island’, which meant breaking 
the sugar monoculture in one of the principal tropical production 
enclaves in the region and the world. The study of mosaic disease itself 
brought into Cuba modern fields of study such as tropical genetics, 
pathology and entomology.

The Botanic Station placed Edwin F. Atkins and Harvard at the pro-
ductive epicentre of world tropical science, making them exponents of 
the geopolitics of knowledge, while also associating them with slavery 
and the plantation economy. This highlighted the complexity of building 
knowledge in settings of imperial and hegemonic expansion and subse-
quent decolonisation, but also of economic globalisation. The unfolding 
of political, scientific and economic controversies of their time played out 
by the chief actors of the Harvard Botanic Station sheds light on the 
ambivalent and porous aspects of tropical scientific knowledge. It also 
reveals certain failed negotiation zones in the circulation of knowledge 
involving power, science and money within global and local sugar econ-
omy circuits. Atkins and Harvard were pioneers in obtaining hybrids 
adapted to Cuba’s productive and environmental conditions, but could 
not displace Crystalline cane and other seedlings, which prompted ques-
tions such as: to whom did the knowledge belong, and which knowledge 
flowed with the financial means, economic and trading profits and global 
knowledge circuits?

The Experimental Station and transnational sugar companies reflected 
Cuba’s attraction as a source of knowledge generation for networks of 
American, European, Latin American and Cuban scientists concerned 
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with tropical agriculture and especially sugar cultivation. The Harvard 
Botanic Station, however, gave priority to participation by networks of 
scientists from Boston, Harvard and Great Britain.
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Breaking Global Standards: The Anti- 
metric Crusade of American Engineers

Hector Vera

 Introduction

During the Gilded Age and the Progressive Era in the United States, 
groups of scientists and exporters pushed for legislation that would make 
the decimal metric system of weights and measures the exclusive system 
of measurement in the country. As is well known, this—and further—
efforts to metricate America failed repeatedly (today the United States in 
one of the six countries in the world that have not adopted the metric 
system).

One of the key reasons to explain the failure of the US federal govern-
ment to secure metric adoption in this period was the forceful opposition 
mounted by mechanical engineers. This group of experts participated in 
mass media, scientific publications, and political debates against the 
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 convenience of adopting the metric system. Their well-executed cam-
paigns made the compulsory introduction of the metric system a highly 
contested political issue. Mechanical engineers joined forces with associa-
tions of manufacturers that gave their movement economic and political 
strength. The main objectives of this coalition were to allow for the con-
tinuous use of the English customary system of measurement and to pre-
vent government intervention in technical and economic matters.

The engineers’ tenacious opposition prevented the pro-metric front 
from presenting a unanimous support from experts in favour of the met-
ric system. Engineers were crucial to contest the widespread idea (pushed 
partly by exact scientists, such as physicists and mathematicians) that the 
metric system was the only scientific solution to standardise weights and 
measures, both nationally and globally. Engineers claimed a particular 
expertise—that of men who actually constructed and made things—that 
disputed the monopoly of scientists to define what was the most rational 
solution to the problem of measurement standardisation. Even though 
there was not a clear winner in the discursive debate on speculative versus 
practical knowledge, engineers and manufacturers achieved their ulti-
mate goals by undermining the scientific authority of metric proponents 
and by intimidating politicians not to pass an unpopular law.

This chapter follows key organisations and individual actors in this 
context. On the one hand are the American Society of Mechanical 
Engineers (ASME) and the National Association of Manufacturers 
(NAM), which represented the major organised opposition to metrica-
tion in the United States. On the other hand are Frederick A. Halsey (a 
mechanical engineer from New  York) and Samuel S.  Dale (a textile 
industrialist from Boston), who founded in 1916 the American Institute 
of Weights and Measures, an association that for two decades led the fight 
against metric adoption.

Measurement is one of the key cognitive operations in economic 
exchange. When different products and commodities are sold or bartered 
it is necessary to know how much of a product is being bought or 
exchanged. Commodities are sold using measures of weight, length, and 
volume. For these operations to be carried out smoothly, it is crucial to 
have standardised units of weights and measures. There is an important 
relationship between the standardisation of measures and economic 
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transactions, or more specifically to the issue of transaction costs (the 
costs ‘of specifying and enforcing the contracts that underline all 
exchange’),1 the problem of asymmetric information (that is ‘buyers and 
sellers [exchanging] goods on the basis of different amounts of informa-
tion about costly-to-measure attributes of goods or services’),2 and 
measurement.3

The reigning system of measurement that was able to standardise 
almost the whole globe is the metric system. Engineers have been, in 
almost every national case, instrumental in metric adoption. Their basic 
forms of operation and their world view are akin to the purpose of stan-
dardisation and simplification of practices and codes. In the words of 
Bruce Sinclair, ‘engineers usually found purposeful non-standard usage 
offensive to their sense of order’.4

Even in the United States, some of the most active metric proponents 
used to emulate engineering procedures to justify their own activities. For 
example, Melvin Dewey, who was named president of the National 
Efficiency Society as a result of his efforts to promote metrication, library 
classifications, and spelling reform, described the Society as part of ‘a 
nation-wide movement, not for promoting efficiency in the field where 
engineers have already done so much, but rather for extending the prin-
ciples of efficient engineering to all other relations of life’.5 Paradoxically, 
in the particular case of the United States, engineers were instrumental in 
impeding the adoption of the metric system.

 Engineers and the Establishment 
of Metrological Standards in the United States

In January 1898, during the Third Annual Convention of the National 
Association of Manufacturers (NAM), industrialist Albert Herbert read 
the report of the Committee on Language, Weights and Measures,6 a 
lengthy and spirited document that asked for Congress to make the met-
ric system of weights and measures the only legal system in the United 
States, starting in 1901. The report maintained that the metric system 
was an instrument to foster universality and compare it to other globally 
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accepted codes: ‘a very important part of the language of commerce is 
what is properly called the “language of quantity”, or the terms and divi-
sions employed in determining weight and measure. […] The Arabic 
numerals are a labor-saving, trade-extending tool, and as a language of 
commerce it is today the only language that is absolutely universal. These 
signs when written or printed are understood in all commerce every-
where on Earth.’

Herbert’s report finalised portraying an enthusiastic future of progress 
in which the metric system would be the norm of the day and old ideas—
as old systems of measurement—would be thrown away:

We live in an age of marvelous progress. We have now machines which 
annihilate space and enable us to see and hear and talk over the distance of 
half a continent, which reproduces the speech of yesterday in its exact 
tones, and transmit to us with the actual photograph of the speaker if it is 
desired. Man is entering the twentieth century, equipped with inventions 
which will compel him to overcome his present ultra conservatism. There 
is clearly no obligation to retain in our later and higher civilization any 
more of the past than is entirely suited to our altered condition. There is 
equally the necessity to find new tools for our new and greater needs—
eliminating all waste and discarding the old framework of past customs as 
we discard the skins and blankets of the patriarch for the modern clothes 
of the citizen.7

Attached to the report was a letter by Andrew Carnegie—member of 
NAM’s Language, Weights and Measures committee—who could not 
attend the session. Carnegie’s letter said, ‘that [the metric] system is one 
of the steps forward which the Anglo-Saxon race is bound to take sooner 
or later. Our present system inherited from Britain is unworthy of an 
intelligent nation of today. The advantage we possess over Britain in our 
decimal dollar system as compared with their pounds, shillings, and 
pence, would be fully equaled by the adoption of a metric system of 
weights and measures.’8

Despite some objections to the idea of industrialists binding them-
selves to a legal chain to the metric system and risking being forced to 
remake ‘every tool in the hands of American manufacturers’, the report 
was accepted by the convention and referred to the Committee on 
Resolutions.9
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On the government’s side, in 1901 the National Bureau of Standards 
was created, and his director, Samuel Stratton, was an open and unapolo-
getic supporter of the idea of the United States going metric. To this end 
he wrote articles, participated in congressional hearings, and collaborated 
with pro-metric organisations.10

That same year the National Board of Trade—an organisation inter-
ested, among other things, in securing uniform trade practices—passed a 
resolution backing a pro-metric bill before Congress, arguing that ‘The 
use of weights and measures is universal in all civilization, and uniformity 
in such matters is important in economizing time and in facility for 
adjustment of calculations in every branch and line of industry,’ adding 
that ‘the decimal plan, which is the basis of the metric system, has become 
the accepted and established form of notation throughout the entire civi-
lized world’.11

Early in 1902, in hearings on the subject of the metric system before 
the House Committee on Coinage, Weights, and Measures, the inventor 
Elihu Thomson, of General Electric, was one of many supporters of the 
metric system.12 And in a supplemental hearing the British physicist 
William Thomson (better known as Lord Kelvin), arguably the most cel-
ebrated scientist of the time, went to the United Stated Congress to plead 
American lawmakers to pass favourable metric legislation under discus-
sion—this after he had made several public interventions in England urg-
ing Parliament to take action in favour of the metric system.13

Besides these groups and individuals—scientists, inventors, public 
officials, legislators, and traders—educators had for a long while been in 
favour of metric adoption. Among them was Melvil Dewey (founder in 
1876 of the first pro-metric organisation in the United States, the 
American Metric Bureau), who championed the metric system as part of 
his efforts to improve public education (along with spelling reform and 
library efficiency, the field in which he became notorious for his decimal 
classification system), and who received generous donations from Andrew 
Carnegie to pursue these goals.14

In general terms, this loose coalition portrayed a vision of universality 
in which humanity, in a modern world, would share common codes and 
languages. In this world, the metric system was compared to Hindu- 
Arabic numerals, the alphabet, a universal calendar, musical notation, 
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and international auxiliary languages such as Esperanto (and sometimes 
even with a single universal language and a single currency). The more 
utilitarian interest of helping the international trade of the United States 
was married with that universalistic world view. To convey these ideas 
they frequently depict the metric system as a ‘universal language’.

At this point the pro-metric movement had considerable momentum 
in its favour and few people showed opposition to it. In newspapers, 
journals, and congressional hearings metric advocates visibly outnum-
bered their counterparts.

But in 1902 the tide started to turn. In the meeting of the ASME some 
members again raised alarm about a government-mandated change in the 
measurement system. Frederick Halsey (1856–1935) and Samuel Dale 
(1859–c. 1935) presented strong opinions warning about the dangers of 
adopting the metric system; and they become the voice of the anti-metric 
movement in America for decades to come.15

Halsey in particular was a critical actor owing to his reputation, gained 
in part for his inventions (such as the ‘slugger’ rock drill) and for the 
design of a premium plan of paying for labour in the 1890s, also known 
as the Halsey Premium Plan (a widely recognised method, contemporary 
of the work by Frederick Taylor—another mechanical engineer—on 
industrial efficiency).16 Significantly, Halsey started his anti-metric activi-
ties at the heart of the powerful ASME, with additional support from 
members of other organisations, such as the Society for the Promotion of 
Engineering Education. Halsey dedicated the rest of his life to the cause 
of opposing metrication in America, wrote profusely about the topic 
(both in technical journals and the popular press), and became the single 
most visible anti-metric figure in American history.17

A lesser-known figure, Dale was editor of the magazines Textile World 
and Textile World-Record, and from 1815 owner of Textiles. Like Halsey, 
Dale spent an astonishing amount of time, energy, and resources dur-
ing almost half of his life to the defence of customary weights and mea-
sures. He produced a deluge of articles, pamphlets, and letters, and was 
a constant presence in conferences, meetings, and public discussions 
(besides amassing a large collection of books on historical metrology 
that he later donated to Columbia University alongside his enormous 
correspondence).
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In a private letter to Charles H. Harding, President of the Bank of 
North America, Dale articulated his social and economic vision with a 
simplicity and cohesiveness that was not always present in his pamphlets, 
and that in many ways summarises the position of many other metric 
opponents:

the defense of our weights and measures has become part of that greater 
problem involved in the defense of all of our established institutions. That 
time has come for all of us to stand by the United States of America. That 
is a duty we owe to those who come after us in return for what others did 
for us before we saw the light of day. […] Protection for our form of gov-
ernment, our language, law, weights and measures and our right to con-
sume what we produce and produce what we consume. That protection is 
our first duty. We shall win if everyone does his or her duty.18

Following the ideas of the British sociologist Herbert Spencer (who in 
1896 sent to all members of the House of Commons, to some members 
of the House of Lords, and to all representatives in the United States 
Congress copies of his booklet Against the Metric System),19 Halsey and 
Dale elaborated their main arguments questioning the alleged advantages 
brought by metrication and the assumed technical superiority of metric 
over customary units. Certainly, Halsey and Dale employed nationalistic 
cries to attack the metric system (as was characteristic of metric oppo-
nents during the nineteenth century), but that was not at the core of their 
arguments. These were educated and intelligent ‘practical’ men who 
 possessed the intellectual resources to challenge scientists’ claims on their 
own terrain.

Spencer began what he called a ‘rational opposition’ to the metric sys-
tem and Halsey and Dale followed him in that path. They articulated 
their ideas in what became the single most influential book in the history 
of the metric system in America, The Metric Fallacy.20 The book revolved 
around the idea that based on practical and economic grounds the transi-
tion to the metric system was undesirable. More specifically, Halsey 
argued that changing a system of weights and measures was enormously 
difficult and the transition would never be fully completed; that the 
change of system represented the destruction of the existing mechanical 
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standards; that foreign commerce does not require the adoption of a new 
system in manufacture; that for industrial processes the metric system 
was not better suited than the English system; and that England and the 
United States have ‘the simplest and the most uniform system of weights 
and measures of any country in the world’.21

Finally, in the Metric Fallacy Halsey also questioned the mere possibil-
ity of implementing a universal system: ‘The experience of a century has 
shown that the idea of a universal system of weights and measures is an 
“iridescent dream”. We must make up our minds to get along with diverse 
systems of weights and measures in the world as we do with divers lan-
guages and systems of currency.’22

This opposition to the metric system, based on economic and techni-
cal arguments, was not restricted to mechanical engineers, and soon 
enough other groups and associations expressed similar beliefs. The 
National Machine Tool Builders Association passed, in 1902, a resolu-
tion protesting at the prospect of metrication in America, arguing that 
‘the adoption of the metric system would entail an enormous first cost of 
new equipment to conform to the new standards and a constant increased 
cost in the maintenance of a double standard for repairs and renewals, 
and a consequent increased cost of the product to the consumer’.23

That same year the NAM, forgetting its fervent endorsement of the 
metric system from four years previously, adopted a mildly negative reso-
lution that asked for a stop to any immediate change in the country’s 
weights and measures:

It appears to this association, first, that the compulsory adoption of the 
metric system would probably affect the manufacturers interests of this 
country as follows: One-third who are exporters to European countries and 
dependencies would be benefited; one third who do business in this coun-
try and all other countries would neither be benefited nor greatly injured; 
one third who do business in this country and in England and dependen-
cies would be seriously injured. For all this the expense and incontinence 
would be very great. In view of these conditions and of the further fact that 
the metric system is already legalized for the use of those who find it profit-
able, this association recommends that no further action can be taken on 
this matter at this time.24
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By 1904 the members of the National Association of Manufacturers 
completed the U-turn, from metric enthusiasts to hostile adversaries of 
metrication, and asked no other than Frederick Halsey to represent them 
in a Congressional hearing, in which he delivered a forceful testimony 
against any change in current metrological legislation.25

Overall, for the anti-metric movement at large, Halsey and Dale artic-
ulated the ideas to oppose metrication, and the National Association of 
Manufacturers provided the political muscle to stop metric initiatives in 
Congress. For example, correspondence from 1906 between Dale and the 
Secretary of the National Association of Manufacturers, Marshall 
Cushing, shows how the Association used its political influences to oust 
key pro-metric members of the Committee on Coinage, Weights and 
Measures in the House of Representatives, starting with its chairman, 
James Southard (who lost his nomination in the Republican Party). 
Lucius Littauer and Solomon Dresser, other active metric proponents in 
the committee, abandoned Congress as well. Referring to these events, 
Dale wrote to Cushing, ‘I think I see in these events the fine Italian hand 
of Marshall Cushing.’ To which Cushing responded: ‘It is, as I can say to 
you only in the strictest confidence, of course, that I am closely in touch 
with the [Republican] party managers, and I think that we have reason to 
fear nothing in the future if political pressure can be made to enter into 
the situation at all. In other words, we are entitled to feel good and yet to 
keep our ammunition dry.’26 Cushing was also in close contact with 
Halsey in organising the opposition against the metric movement; it 
looks as if he was instrumental in the anti-metric campaign, suggesting 
where, when, and against whom actions should be taken.

It is relatively easy to understand why manufacturers opposed manda-
tory metrication, as it was they who faced the financial burden of retool-
ing and acquiring new equipment if metric legislation was passed.27 Why 
mechanical engineers joined manufacturers in this battle is not as evi-
dent. Their position against the metric system can in part be explained by 
a long-standing tradition among ‘practical men’ in America. As Leo Marx 
notes, since the 1840s there was in the United States a vision in which 
inventors were depicted as intellectual heroes whose ingenuity and cre-
ativity was on an equal footing with high culture, and ‘mechanical arts’ 
were as worthy as ‘fine arts’. These celebrations of the machine and utility 
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had a defensive tone. Practical subjects and the creations of ‘men from the 
workshop’ were presented in opposition to classical education and theo-
retical science.28

Furthermore, even though this was a dispute among different kinds of 
experts who embodied divergent forms of specialised knowledge, there 
were some old elements of anti-intellectualism present in the criticisms 
made by Halsey and Dale against the ‘metricists’. These included attitudes 
such as a disdain for pure science, a certain aversion to university profes-
sors, and a conception of ‘pure’ intellectuals as pretentious and snobbish.29 
Mechanical engineers in general emphasised these traits in their debates 
regarding metrication. They underlined that theirs was a ‘plain, practical 
profession’, and the opinion on weights and measures expressed by ‘men 
who calculated eclipses’ was of little importance for them.30

As Monte Calvert pointed out, there was a confrontation, among the 
members of the ASME, between ‘school culture’ and ‘shop culture’, the 
former represented by engineering educators and the latter by individual 
shops and firms. Regarding the establishment of standards, school culture 
was inclined to the idea that they should be set by a centralised body, be 
that the government or an engineering body (as the ASME itself ). Shop 
culture, on the other hand, stood up for the idea that the logic of the 
open market should reign on these matters, any party could develop their 
own standards, and the best of them would eventually prevail over the 
others. Among the ASME members, the perspective of the shop culture 
won easily over the school culture.31

In the hands of Dale, that conjunction of free market and metrological 
laissez-faire was mixed with a touch of social Darwinism. Describing 
what he called the ‘natural selection’ of measures, he argued that

The simplicity of textile calculations in American mills is the more remark-
able because our standards of weight and measure on which they are based 
have apparently been adopted by chance. English speaking people have 
been left to use those standards they found most convenient. And as a 
result we find that textile operations are based on a very few convenient 
standards, which have been in use from the first English settlements on the 
Western Hemisphere and from time immemorial in the old world. The 
people have adopted the most convenient standards for their work, and the 
government has confined itself to keeping those standards uniform.32
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The opposition by engineers and manufacturers against compulsory 
metric legislation should also be framed in the larger context of the ada-
mant defence by American industries of their perceived right to set tech-
nical standards by themselves (without government intromission), and 
the reluctance by the federal government to intervene decisively into the 
matter, in one direction or the other—something it almost never did, not 
even in cases where national coordination seemed highly desirable, such 
as standard time zones and the daylight savings time.

In the long run, the opposition by the NAM and the mechanical engi-
neers to the metric legislations proposed during the first two decades of 
the twentieth century proved to be crucial in the ultimate failure by the 
United States to adopt the metric system, as it effectively halted the 
momentum in favour of metrication and successfully made the topic a 
contentious political issue, dissuading many politicians and public ser-
vants from showing any kind of support.

Then, midway through the first decade of the twentieth century, a 
landscape of forces battling this metric war was set, and this remained 
fairly stable for the next four decades or so. Favouring the metric system 
were exporters, scientists, and educators; opposing it were manufacturers 
and mechanical engineers. Congress—in general and in legislative com-
mittees—was divided and prone to inaction. The federal government was 
divided as well, with some (particularly in the National Bureau of 
Standards) supporting metric legislation, but with other key actors legiti-
mately interested in accomplishing standardisation (e.g. the Secretaries of 
Commerce and members of the military) but rather reluctant to support 
any compulsory measure. The general public was indifferent and rather 
uninformed about what the metric system was, what it was useful for, 
and what the implications of adopting it were.

As the experiences of other countries have shown, the mandatory 
adoption of the metric system is a daunting and prolonged enterprise 
even when governments are unified, determined, and resourceful. But 
conditions in the United States (where the government itself was torn 
apart on the issue) at this critical juncture only produced a long-lasting 
deadlock and failure to act.

During the 1910s and 1920s metric proponents made several new tries 
to advance numerous pieces of legislation, but every time their opposition 
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was strong, obstinate, and, ultimately, victorious. Eventually these camps 
coalesced into formal associations. Halsey and Dale—who had received 
financial backing from Brown & Sharpe Manufacturing Co.—organised 
in 1916 the American Institute of Weights and Measures, aimed to stop 
the metric advance and to ‘perfect’ English measures.

On the other hand, that same year during the annual meeting of the 
American Association for the Advancement of Science, a group of scien-
tists and educators held the first meeting of the American Metric 
Association—with Italian educator Maria Montessori as a special speaker 
for the occasion. The first president of the Association was the renowned 
mineralogist and vice-president of Tiffany and Co. George Kunz (who 
fruitfully mixed his knowledge on metrology and precious stones to 
invent the ‘metric carat’, that helped to standardise measurement in that 
field); Samuel Stratton (director of the NBS), was a member of the execu-
tive committee.

In 1919 Albert Herbert (the same who twenty years earlier had cham-
pioned the metric system with Andrew Carnegie in the Association of 
Manufacturers) hired Aubrey Drury, a professional advertiser, to operate 
the World Trade Club of San Francisco (later the All-American Standards 
Council) that promoted full national metrication—with special empha-
sis on facilitating commerce with countries from Latin America and the 
Pacific and to make American companies more competitive in those mar-
kets, vis-à-vis European industrial powers such as Germany. Herbert also 
paid for a full-time representative in Washington to lobby his cause.

Even though he could not claim any expertise on metrology, Aubrey 
Drury became a relentless worker for the metric cause. His activity from 
1920 to 1950 in several pro-metric civic organisations made him one of 
the key actors in the history of the metric movement in the United States 
(he served as director of the World Trade Club and its successor the All- 
American Standards Council; he also was vice-president of the Metric 
Association).

These groups wrestled in all imaginable settings (newspapers, popular 
magazines, technical journals, political campaigns, Congressional hearings, 
and, as we shall see, international conferences) and on all conceivable topics. 
One of their most animated subjects of controversy was the extent of metric 
diffusion in the world. Both camps conducted investigations to determine 
if the metric system was actually a worldwide metrological convention or 
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just a nominal legal requirement. They synthesised their results in world 
maps that portrayed the metrological state of the world from their respec-
tive standpoints. These were widely distributed in press briefings and other 
propagandistic materials.

The anti-metric map, made by Dale (Fig. 8.1), emphasised the ‘com-
manding position of the English system’. It was divided into five groups 
of countries. The United States, Canada, Great Britain, Ireland, Australia, 
New Zealand, South Africa, Kenya, and Nigeria were all described as 
countries where English weights and measures were ‘established and fun-
damental’. For Latin America, Dale considered that Mexico and Brazil 
were nations where the metric system was mixed with English and local 
units; the rest (Central America, Colombia, Peru, Chile, Argentina, etc.) 
were marked as ‘local and English prevail and are closely identical. Metric 
also used.’ Russia, India, and Thailand were marked as ‘English basis for 
linear measurements’. Finally, the only countries where ‘metric prevail 
with mixture of old and English’ existed in continental Europe, plus a 
couple of countries in Africa and Southeast Asia.

On the other hand, the pro-metric map, drawn by Drury (Fig. 8.2), 
was intended to show the ‘well-nigh worldwide use of metric units’. It 
was arranged in four categories. The United States and Canada were 
countries that used the metric system ‘in many important and practical 
fields’, such as science, medicine, coinage, education, trade, and industry. 
South Africa, India, Australia, and New Zealand were a group of  countries 
which ‘have officially petitioned the central British government to adopt 
the world metric units thruout Britannia’. Great Britain and Ireland were 
described as ‘countries in transition, now making a declaration of inde-
pendence against the obsolete German jumble of weights and measures’. 
The rest of the world was depicted as countries that ‘now use meter-liter-
kilogram more or less exclusively’.

Both maps were a mixture of facts and wishful thinking. Dale’s map 
was correct in emphasising that the traditional local measures were widely 
used in countries where the metric system had officially been adopted; 
but it underestimated the momentum that the metric system had already 
gained worldwide. Drury’s chart correctly pointed out that metric units 
were clearly conquering the globe, but greatly misjudged how entrenched 
the customary measures were rooted in countries such as the United 
States and England.
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 Battling for Pan-American Uniformity

The clash between pro- and anti-metric associations stepped quickly to 
the international arena, primarily around the question of the economic 
integration of the Americas. A long battle was fought with and about 
Latin America around the issues of what system of measurement was bet-
ter suited to bring unity to the ‘western hemisphere’, what measures were 
actually used in the Spanish- and Portuguese-speaking countries, and 
whether the metric system was a suitable instrument to bring those coun-
tries together.

Halsey, Dale, Kunz, Drury, and the rest of the American disputants 
brought their fight south of the Rio Grande River, pretty much reiter-
ating the same arguments but revamped and adjusted to the continen-
tal circumstances. In the numerous pan-American conferences 
dedicated to science, commerce, and standardisation during the 1910s 
and 1920s, the members of the Metric Association, the World Trade 
Club, and the American Institute of Weights and Measures made 
numerous  appearances to present papers and to lobby representatives 
from other countries.33

This confrontation was critical because there was a genuine interest in 
the United States to have a more sizeable influence in Latin America. 
Since the majority of the Latin American countries had adopted the met-
ric system during the second half of the nineteenth century, this was a 
perfect opportunity for the metric camp to score some points by showing 
how crucial the international arena was for the establishment of a system 
of weights and measures. In this they had the support of Americans work-
ing in the Pan-American Union itself, such as William Wells—chief stat-
istician of the Union—who insisted that the world was gradually 
becoming one big market where the sale of manufactured products was 
becoming increasingly more important than the sale of gross materials, 
and this required a common system of measures to produce standardised 
goods whose dimensions were the same in the manufacturer’s country as 
in the consumer’s. That system was the metric system.34

In this context the interest in pan-Americanism was a door to pass 
metric legislation in the United States, as Halsey quickly recognised.35 
Faithful to his arguments, Halsey questioned whether the metric system 
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was actually used by the people in Latin America and suggested that sev-
eral systems of measurement coexisted there. To back up this opinion he 
sent questionnaires to selected people in South American countries ask-
ing them about what units of measurement were used for international 
and domestic commerce in their place of residence. With that informa-
tion he prepared a report that allegedly demonstrated the failure to intro-
duce the metre, litre, and kilogram as exclusive units of measurement.36 
Another study, this time by the metric proponents, had to be prepared to 
counter this suggestion.37

In 1919, during the Second Pan-American Commercial Conference, 
the president of the American Metric Association presented a paper on 
‘The Metric System as a Factor in Pan American Unity’, in which he 
advocated for the metric system and for the introduction of a common 
continental currency. Kunz maintained there that ‘nothing can better 
pave the way for a good understanding among the American nations than 
uniformity of currency and of weights and measures, for this will obviate 
many causes of misunderstanding and dispute, and will aid powerfully in 
developing trade among these nations’.38

On that same occasion Halsey advocated for a plan to standardise the 
units of customary English measures with the Spanish colonial measures 
(with the former as standard to the latter, of course) and to use that sys-
tem in all the Americas as a real pan-American system of measurement 
(this plan was based on some similarities between some units in those 
systems). In an interesting historical and genealogical move, Halsey pro-
claimed: ‘Let us unify the weights and measures of the two Americas and 
the British Empire on the basis of the system which came to us from the 
mother of us all—the Roman Empire.’39

This movement served Halsey and Dale as a counterpunch to the 
internationalistic pretensions of the metric camp, and theoretically speak-
ing it sounded plausible. The three centuries of Spanish dominance in the 
New World created something close to a Hispanic-American system of 
measurement, with virtually all countries from Chile to Mexico sharing a 
considerable number of units (vara, carga, fanega, libra, onza, cuartillo 
among them)—even if this was an imperfect ‘system’ from the standpoint 
of uniformity and standardisation, owing to the high variability in the 
magnitudes of those units between and within countries.
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Halsey, Dale, and their anti-metric associates used the existence of this 
apparent Ibero-American unity, along with its similarities with the 
English system, to recommend an alternative pan-American system of 
measures—which basically meant the adoption in Latin America of the 
English units and calling them by the Spanish names: pound–libra, 
ounce–onza, yard–vara and so forth. But this plan was, for all practical 
matters, intended solely to influence the metrication debate in the United 
States. The actual situation in Latin America was never a serious concern 
for them: their objective was exclusively stopping the penetration of the 
metric system in the United States. Halsey and Dale never engaged in 
significant conversations with Latin American experts and govern-
ments—they were usually more enthusiastic to receive attention from 
other English-speaking countries than from people in Latin America.

Moreover, unfortunately for Halsey and Dale, their pan-American 
plan arrived too late. By the 1920s Latin American countries had already 
invested a lot of time and money to advance the introduction of the met-
ric system and to seriously consider starting a new plan of standardisa-
tion. New because Dale’s plan was not a simple ‘get back to where you 
once belonged’, as it may look. It implied rather a unification of all units 
of measures according to physical standards that besides the names were 
only randomly used. In the end it represented wasting all the efforts 
invested in the metric system and starting again from scratch. Not sur-
prisingly the plan was not taken seriously by any government or interest 
group in the continent. What Latin American representatives sought was 
metric continental unification, and they were much more interested in 
listening to the plans advanced by Drury and company.40

Thus, despite Dale and Halsey’s candour, Latin Americans did not 
receive well the idea of a non-metric basis for pan-American metrological 
unity. For example, in response to the paper ‘Uniformity or Confusion in 
Pan America?’ presented by Samuel Dale in the First Pan-American 
Standardization Conference in Lima, Peru (where he reinstated the argu-
ment that the metric system only introduced confusion in commercial 
transactions and that it would be better to standardise the different 
pounds and inches in the continent), a member of the Sociedad Nacional 
Agraria of Peru replied saying that Latin American countries were well on 
their way to metric uniformity and that it would be better for the United 
States to go metric.41
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The same message came again and again from Latin America, with key 
actors from different countries voicing their disappointment over the 
United States not making good on its pledge, made in 1890, to join the 
other American countries in the use of the metric system—something that 
hurt their common business interests. For example, in 1927 the Secretary 
of the Ministry of Industry of Colombia wrote to Aubrey Drury saying:

The United States are proud of the large amount of out-of-date machinery 
that they discard to be replaced with more efficient equipment as soon as a 
practical innovation appears—without considerations of expense. A scien-
tific and uniform system of weights and measures is a vital equipment for 
domestic and international commerce. Abandoning the antiquated and 
incoherent system inherited from colonial times is worth as much as throw-
ing away dated machinery. Adopting the French metric system would be a 
convenient and lucrative achievement, worth of such a great people; it 
would create a bridge to the other American republics and enhance their 
commerce with them.42

Regarding the case of Mexico, merchants, bankers, and diplomats all 
received information that contradicted Halsey’s and Dale’s claims on the 
prevalence of customary measures and metrological confusion. At least 
regarding foreign commerce, Mexico had become a metric nation. For 
example, this is what the US vice-consul at Ciudad Porfirio Díaz (today 
Piedras Negras), on the Mexican-American border, reported:

The metric system is the legal standard for weights and measures in the 
Republic of Mexico. Our English weights and measures are stumbling- 
blocks to the Latin countries whose trade we seek. The persistent use by 
our merchants in their catalogues, circulars, etc., of our old English 
weights and measures causes us to lose considerable trade with Mexico 
and other Latin-American countries, as they are unintelligible to many 
foreign buyers. It would be well for our merchants and manufacturers 
desiring to extend their trade to Mexico and other countries using the 
metric system to base descriptions of their goods and estimate prices 
upon this system.43

And this is what John Lind, personal representative of President 
Woodrow Wilson in Mexico, commented on the same topic:
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We must get into line with the commercial world in the matter of weights 
and measures. I asked an intelligent German merchant in Vera Cruz one 
day to explain to me how it had come about that Germany had absorbed 
so much of the trade that at one time went to England. He reached into a 
drawer, pulled out an invoice from England and said, ‘Do you see those 
denominations or yards, feet and inches, gallons and pints, two kinds of 
ounces, grains and pennyweights, the whole summed up in pounds, shil-
lings and pence? Well,’ he continued, ‘a Mexican, even if he can read a little 
English, needs an interpreter and an accountant to put this into the lan-
guage of civilization.’ […] We should be in accord not only with Latin 
America, but with all the rest of civilization, except England. The American 
manufacturer and merchant must learn to understand that a foreign mar-
ket is always a ‘buyers’ market.44

In 1926 a more emphatic call of attention to the necessity of using the 
metric system in Mexico came from within, when the Mexican 
Confederation of Chambers of Commerce, following an initiative by the 
Chamber of Commerce of the border state of Chihuahua, made a call for 
the ‘urgent necessity to use the metric system’. They expressed their disap-
pointment with the United States’ and England’s refusal to adopt the 
metric system, noting that the adoption ‘would help them tremendously 
in their domestic dealings, it would bring immensely positive results to 
improve their relationship with clients all over the world, and they would 
also collaborate with the establishment of universality in weights and 
measures’.45 The document recalled that the United States had partici-
pated in the 1890 agreement for pan-American metrication. Finally, the 
Confederation asked for its American and British counterparts to take 
steps towards metrication.

Overall, the reluctance by the United States to adopt the metric system 
generated shock and dissatisfaction in Mexico and other Latin American 
countries, where the United States was seen by many as an advanced 
nation and their hope-to-be future; its unwillingness to implement the 
metric system was considered as a weird anomaly—it was certainly some-
thing that did not match with their image of a prosperous nation. In the 
end, as we know, all exhortations—within and outside America—to per-
suade the government and major economic actors to embrace the metric 
system were not enough to prompt any substantial action.
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The American government recognised the importance of the metric 
system to enhance the commercial relations of the country, but that was 
insufficient to convince them of the necessity to pursue a drastic metrica-
tion policy. Illustrative of this is a letter by Lyman J.  Briggs (director 
NBS) to J.T. Johnson (president of the Metric Association) in 1943:

There is no question but that we should cooperate to the fullest extent with 
the Latin American countries and should promote trade with them. But 
there is a serious question as to whether it is either necessary or desirable for 
this country to adopt the metric system in order to use it in foreign trade. 
A knowledge and understanding of the metric system and a willingness to 
use it properly are essential. No one proposes that we should change our 
language to Spanish or Portuguese in order to promote trade relations with 
Latin America because in the matter of language it is recognized that 
knowledge and understanding are the essential items. Perhaps the analogy 
is not complete but the idea deserves consideration. If the metric system is 
a sufficient step forward, then its use in our trade with our neighbors to the 
South may give it the impulse for use among ourselves.46

That impulse never came about, and for the rest of the twentieth cen-
tury the obstacles in the road to metrication in the United States proved 
insurmountable—as they had been in the past.

 Final Comments

In the long run, the opposition orchestrated by engineers and manufac-
turers to the metric legislations during the first decades of the twentieth 
century proved to be crucial in the ultimate failure by the United States 
to adopt the metric system at a crucial juncture. Contrary to the predic-
tions of many of its detractors, the metric system became a truly global 
language of measurement, officially as the sole legal system of measure-
ment in countries that concentrate 95% of the world population. Today 
there are only six countries that have not committed to metrication: 
Liberia, Samoa, Micronesia, Marshall Islands, Palau, and the United 
States.
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What have been the consequences of not adopting the metric system 
for the United States economy? It is difficult to quantify. An estimate 
made at the beginning of the present century said that it represented 
more than $2 billion of lost opportunities for non-metric American 
industries.47 To this we have to add all the extra expenditure that metric 
American industries have by doubling some production processes (such 
as slight changes in what are basically the same car model, creating one 
for the United States and another with metric specifications for Europe). 
Is this a validation of the claims of pro-metric groups about the necessity 
for the United States to go metric? Just partially.

Frederick Halsey said at the dawn of the twentieth century that for-
eign commerce does not require the adoption of a new system of mea-
surement in manufacturing. Probably he was right—at least in the case 
of the United States. American industries have been a global force for 
more than a century now. Working from that position of power they 
were in the position to wait for the world to adopt their standards, 
instead of the other way around. But this was a luxury that only a very 
powerful country could afford (as England did in the nineteenth 
century).

Will a greatly globalised economy and a decline in American hege-
mony change this situation? Some think so.48 I am sceptical, though. 
The change to the metric system requires forceful intervention by the 
state—the absence of which has ultimately crippled all tries to metri-
cate the United States—but it does not look as if the American state 
now has the strength to muster such an effort. A radical change in the 
economic position of the United States in the world or a substantial 
transformation in the structure of the federal state appear to be neces-
sary for the metric system to have a realistic chance to set foot in this 
territory.
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Statistics as Service to Democracy: 

Experimental Design and the Dutiful 
American Scientist

Tiago Saraiva and Amy E. Slaton

 Introduction

This chapter recounts the twentieth-century use of statistical methods to 
make science serve American ideals of democracy on a global scale. It 
details how methods elaborated during the New Deal era at an American 
land-grant college, now Iowa State University, and at the United States 
Department of Agriculture (USDA) became after the Second World War 
a hallmark of American development initiatives through United Nations 
(UN) agencies and Harry S. Truman’s Point Four program.1 Deployments 
of randomization and analysis of variance not only established a new 
standard for the design of experiments and their interpretation but also 
widely signaled just how scientific an experimental statistical study might 
be.2 Iowa, although overlooked by historians of statistics, was one of the 
main entrance points in the USA of these techniques first developed in 
England by Ronald Aylmer Fisher, and that promised a new relation 
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between theory and practice in which the scientific description of a phe-
nomenon suggested ways of interfering with it.3 Statistical methods 
determined specifically how to tinker with different variables in order to 
reach a desired outcome (whether in the case of food supply, workforce 
preparation or the sustenance of developing economies), granting them a 
leading role in the design of science-based public policies. While statistics 
enlarged the political imagination and the realm of scientific intervention 
in the world, it also imposed constraints on what was considered a legiti-
mate object for democratic discussion and on who, and on what condi-
tion, was involved in such discussions.4

These statistical practices moved steadily outward from American uni-
versity departments and federal agencies through the 1940s and 1950s as 
increasing numbers of settings, both domestic and global, appeared to 
the statistical experts and their patrons to be in need of systematic eco-
nomic intervention. The racial unrest and poverty of the American south, 
and developing economies in South Asia, Africa and South America, all 
drew the statisticians’ scrutiny. Their inclinations towards service, express-
ing Protestant sensibilities that had sustained both the land-grant colleges 
and many “Social Gospel” projects in the United States since the late 
nineteenth century, included sharing their techniques with local person-
nel.5 Education and training of future statistical practitioners and the 
establishment of sustainable statistical agencies around the world were 
central to the Americans, including through their work in the nascent 
UN following the Second World War. But however generous in intent, 
this energetic dissemination of statistical methods represented a project 
of constrained democracy. The Iowans’ work of outreach demarcated 
identities of many kinds: expert and not; American and not; white, male 
and Protestant and not. In this chapter we follow a number of these 
demarcations to suggest how scientific knowledge initiated in American 
institutions carried knowledge abroad with the service-driven aim of 
improving human welfare, but with social hierarchies and differentia-
tions nonetheless integral to that mission.

Through the middle decades of the twentieth century statistical 
thought leaders trained at Iowa State worked through political offices and 
federal agencies, international academic organizations and the UN to 
expand globally the role of statistics in scientific research in general and 
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in economic planning in particular. These attributions configured the 
statisticians’ subjects—the agricultural and industrial communities, the 
groups of workers or students, under study—and statistical actors, includ-
ing both the experts and those in whom they hoped to instill their 
 experimental techniques. There existed, in other words, a continuity for 
American statisticians between the populations and traits awaiting study 
and their sense of themselves, and all others, as members of given human 
and cultural types, as knowable elements of knowable societies. White, 
American, Protestant, identifiably gendered and with knowable (hetero-
sexual) sexualities, the credentialed statistical experts moved around the 
globe to deliver what can be seen as a privileged empirical perspective. 
This is an understudied historical pattern that suggests how the evidently 
generous and discriminatory could so seamlessly combine in US social 
sciences of the post-colonial era. To explore this pattern we will focus on 
the statistical practices of Henry A. Wallace and Gertrude M. Cox, who 
carried these social visions outward from Iowa with tremendous influ-
ence from the 1930s onward.

Both are well-known characters among different historiographies. 
While Wallace is an obligatory reference in the recent revisionist litera-
ture on the New Deal and international development, Cox is known 
among historians of science as an exemplary case of overlooked women in 
science.6 Although from very different angles, both of those historio-
graphic traditions approach our characters similarly as historical actors to 
be reclaimed from the oblivion of main narratives of American history. 
This chapter is not, however, a matter of shedding light on “hidden fig-
ures,” as recuperative accounts of understudied scientists often attempt to 
do. That light is of course welcome: paying attention to Wallace and Cox 
points at paths not taken, at promises of inclusiveness of American 
democracy that could have been fulfilled but have not been. Wallace is a 
clear alternative to depictions of American science dominated by the mil-
itary industrial complex. He was a progressive politician and scientist 
committed to visions of science serving community empowerment, 
 people’s welfare and world peace. Instead of the hegemonic American 
Century he strived for a globally egalitarian “century of the common 
man.”7 As for Cox, she seems to confirm not only the many difficulties 
women had to face to assert their position as respected knowledge- makers 
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in American academia but also the particularity of the epistemic niches 
women have historically occupied.8 Recognition of women’s roles in sci-
ence is taken in most of this literature as a necessary condition for the 
future success of women and other minorities in science, technology, 
engineering and mathematics.

However, this chapter, while building on this literature, aims at com-
plicating the notions of democracy and gender at work in the worlds of 
Wallace and Cox, integrating their life experiences and epistemic com-
mitments as applied statisticians. The ordering of people by race, gender, 
sexuality, nationality and class was both an epistemic and ontological 
effort for the Iowans. We see their work as part of the globalizing reach 
for American science at mid-century, a kind of Western triumphalism 
that conflated prosperity and very particular kinds of modernity; here, 
statistical modernity made up of universalizing namings and orderings. 
Alistair  Bonnett makes the point that for many Eurocentric thinkers 
through the twentieth century it was not only military effort and direct 
domination that could bring a sense of white mastery. Working in an 
administrative or scientific capacity, one might also experience a sense of 
conquest as the rest of the world “‘opens up’ and begins to see things ‘our 
way’ and acts accordingly.”9 Transported from America to so-called devel-
oping nations after the Second World War, the use of statistics for agri-
cultural, economic, health and educational projects constituted an expert 
intervention that was to supply both means of uplift, via empirical study 
and intervention, and epistemic conversion experience.

Engaging with the detail of Wallace and Cox’s scientific practices sug-
gests the fruitfulness of understanding the statistics they performed as a 
form of both politics and service and, indeed, the inseparability of those 
two kinds of projects among US scientists at mid-century. Wallace imag-
ined how to serve communities of farmers by developing the first major 
econometric studies in the USA.  Only multiple correlation could, he 
believed, enable his Social Gospel- inspired millennial visions of democ-
racy in a modern world. In Cox’s case, her research in experimental design 
served other scientists’ endeavors, helping them conduct their research in 
a proper scientific manner. The gendered notion of social service she 
brought with her from her Methodist Episcopalian experience became 
integral to the new kind of statistics she performed. The gender and racial 
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implications of Cox’s positioning complicates the apparently inclusive 
nature of statistics as understood by Wallace. More than taking gender 
and democracy as stable characterizations, we explore how statistical 
practice and the statistician’s identity were coproduced. In carrying her 
educational and training initiatives to international forums, through con-
sulting and as an important member of multiple UN statistical units, 
Cox enacted highly structured visions of centralized epistemic infrastruc-
ture. From their institutional vantage points in academia, federal govern-
ment and international institutions, with great influence in the training 
of scientific experts, both Wallace and Cox redefined American scientists 
as dutiful servants of global democracy.

 Wallace’s Statistical Gospel

American pig farmers, for whom a hog was no more than the animal 
form of corn, had traditionally considered they were getting a fair deal 
when they sold their hogs for a value per hundredweight of the value of 
ten bushels of corn, or a ratio of ten. When the United States Food 
Administration, the agency responsible for mobilizing American farm 
production during the First World War, announced in November 1917 
that it would pay the equivalent of thirteen bushels of corn for a hundred 
pounds of hog flesh, farmers gladly fed more corn to hogs and increased 
the number of animals brought to market. This encouragement for trans-
forming a larger amount of corn into hog than usual (typically, hogs 
consumed 40% of the American corn crop) aimed at preventing the 
tragic shortage of fats available to the ally countries, namely France and 
the United Kingdom. Herbert Hoover, the Food Administration leader 
later to become president during the Great Depression, emphatically 
declared, “Every pound of fat is as sure of service as every bullet, and 
every hog is of greater value to the winning of this war than a shell.”10

The fixing of the ratio at the value of thirteen resulted from the calcula-
tions undertaken by the young Henry A. Wallace, a statistical enthusiast 
better known in the annals of history of science for his plant breeding 
work with hybrid corn and as founder of the Hi-Bred Corn Company.11 
Wallace was the grandson of Henry Wallace, popularly known as Uncle 
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Henry, the founder of Wallace’s Farmer, a newspaper mixing agricultural 
technical news and moral advice very popular among Corn Belt farmers. 
This Iowan Presbyterian preacher made the journal into a major mouth-
piece of the influential Social Gospel movement and its call for the “rejec-
tion of the divide between a private ethical realm and a competitive 
public order.”12 Social Gospellers were invested in bringing to an end the 
inequalities produced by the unbridled capitalism of the Gilded age pat-
ent in the 1890s crisis by applying Christian ethics to social issues abid-
ing by Matthew (6:10): “Thy kingdom come, Thy will be done on earth 
as it is in heaven.” Post-millennialists assembled in organizations such as 
the American Institute of Christian Sociology, a summer program held at 
Iowa College, asserted that Christ’s thousand-year reign had already 
arrived, and that their task was to build the Kingdom then and there.13 
Uncle Henry’s son, Henry C. Wallace, the father of Henry A. Wallace, 
would take over the publication of Wallace’s Farmer from 1916 to 1921 
and it was in this role as spokesperson for the interests of Midwest farm-
ers that he integrated a commission appointed by Hoover’s Food 
Administration to determine the right incentive for producing more hogs 
during the First World War and make American farmers contribute to 
the victory in Europe of the Allied forces. The commission recommended 
a thirteen ratio after Henry C. Wallace consulted with his son Henry 
A. Wallace.

The younger of the Wallaces had been busy producing long series of 
agriculture prices (from 1858 to 1914) from the data made available by 
USDA and by the Chicago Board of Trade, which, as he said, registered 
“prices of corn belt food staples … more promptly and more delicately 
than anywhere else in the world.”14 Wallace produced tables showing ten- 
year average values of the ratio based on prices of No. 2 Chicago corn and 
values of Chicago hog flesh. Using simple and multiple correlation, he 
investigated how hog prices varied with bank clearings (a proxy for busi-
ness activity) and hog receipts at Chicago, as well as domestic and for-
eign demand. To refine his method of ratio calculating he put forward a 
composite corn value to account for the fact that hogs had been made 
out of corn at varying values and that the amount of corn consumed 
also varied in function of the age of the animals. Wallace had produced 
what prominent statistician Mordecai Ezekiel, later Wallace’s main eco-
nomic adviser, characterized as “the first realistic econometric study ever 
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published.”15 More than that, however, through Wallace’s calculations 
knowledge of technicalities in the making of index numbers had far-
reaching political implications.

The problem was this. The Food Administration promised a thirteen 
ratio calculated from Chicago corn prices and Chicago hog prices. But 
when the ratio was put into effect, Hoover’s agency made use instead of 
farm corn prices, a value produced from USDA crop reports. This would 
not have been an issue in most years, since corn values on the farm and 
Chicago no. 2 corn tended to be similar in value. But for the winter of 
1917–1918 the quality of the crop was so poor that only a small amount 
of the crop was graded at no. 2, thus reducing the actual value of farm 
corn price. As vehemently denounced by Wallace, instead of a thirteen 
ratio, the government paid no more than 10.8. He thus spoke of “chica-
nery and deceit” and of a concerted effort of the British and American 
administrations to obtain cheap hogs on the back of American farmers, 
as more than 60% of these farmers raised hogs in this period.16

The lessons from this first experience in discussing state intervention in 
agricultural price formation would stick with Henry A.  Wallace. He 
acknowledged that lawmakers, although familiar with markets and prices, 
were not aware of the actual conditions of raising hogs on the farm, and 
it was thus only natural that they were not sensitive to the special condi-
tions of the winter of 1917–1918. In contrast, farmers knew a lot about 
how to feed hogs, but they were in general ignorant of markets and the 
making of index numbers and prices. Thus, for Wallace, those claiming 
to defend farmers’ positions had to be acquainted with both the realities 
of markets and the farm. Only a thorough knowledge of statistics could 
guarantee the informed participation of agricultural producers in public 
democratic debate. In other words, only statistics enabled farmers to 
become full American citizens.

While Henry C. Wallace would become Secretary of Agriculture under 
presidents Harding and Coolidge from 1921 to 1924, guaranteeing the 
support of the West and Midwest farm bloc for the Republican Party, 
Henry A. Wallace would continue in the pages of Wallace’s Farmer his cam-
paign for the importance of statistics in the design of fair policies in a 
democracy. His main challenge was preparing Midwest farmers for the war’s 
aftermath: overproduction, which was caused by the recovery of European 
farming output and the associated decrease in income of American rural 
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communities. He insisted that farmers had to arrange with packers for a 
price “representing the cost-of-production,” instead of relying on the unsta-
ble “supply and demand price”: “in the future more and more attention has 
to be paid to production and less to price  speculation,” thus making the 
corn/hog ratio the decisive number.17 A system of establishing hog prices on 
the basis of hog production costs would not allow for the large profits made 
at Chicago futures exchange pit, but it would avoid big losses among farm-
ers. The moral economy of the corn/hog ratio should, according to Wallace, 
be extended to every staple, leaving the rule of supply and demand only for 
non-basic things such as “theaters, luxuries, newspapers, etc.”18 Instead of 
the state imposing ratios to the different agents, he maintained that citizens 
in general, and farmers in particular, had to be educated in statistics in order 
to be able to make the case for a fair price. Here is his 1920 vision of such a 
statistical democracy:

Even in the grade schools and country schools, ratio methods of price judg-
ments should be taught … It is suggested that not only should the ratio 
method of price judging be taught in high school, but also the practical use 
of correlation coefficients and lines of regression in determining prices 
from business conditions and the supply. In college … students should 
have access to adding machines, calculating machines, rechentaffels, and 
other modern devices for making calculations easy and accurate. But the 
most important thing of all just now is adequate research by colleges, by 
experiment stations, and by governmental departments.19

Wallace’s vision of democratically deployed statistics, involving techni-
cally capacitated citizens empowered by the work of research experts, was 
both inclusive and stratified.

 Statistical Academics

In 1923, after seeing how statistical calculations were made in Washington 
at the Bureau of Agricultural Economics during his father’s tenure as secre-
tary of agriculture, Henry A. Wallace was quick to put his hands on a tabu-
lator from a Des Moines insurance firm. He taught himself how to use it 
to calculate correlations. He would punch data cards and bring them to the 
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insurance company for tabulation. As an alumnus of Iowa State College 
(now University), Wallace would also engage with the local faculty mem-
bers, namely with the professor of statistics, George W. Snedecor, in dis-
cussing applications of correlation and regression techniques. Never 
modest, Wallace himself describes how Snedecor was so impressed with 
his skills that in the spring of 1924 Snedecor invited him to present a 
Saturday afternoon seminar for the university faculty and graduate stu-
dents on multiple correlation and machine calculation. For these lectures 
Wallace would bring back and forth the borrowed card- handling equip-
ment from the insurance company and use it to exemplify calculation of 
correlations between land value in Iowa and different variables, such as 
corn yield, percentage of farm land in small grains or number of brood 
sows per 1000 acres.20

While some results had already been published by Wallace in the pages 
of the Wallace’s Farmer that he had directed since 1921, the course resulted 
in the joint publication in 1925 by Wallace and Snedecor of the bulletin 
“Correlation and Machine Calculation.”21 This pamphlet was a success 
for it offered “explicit directions for the use of the usual commercial 
forms of calculating machines, either key-driven, such as the Comptometer 
and Burroughs Calculator, or crank driven, such as the Monroe or 
Marchant, in finding correlation coefficients or related constants.”22 
Agricultural economists exploring the variables that affected commodity 
prices or breeders making experiments to distinguish between hereditary 
and environmental factors in animal performance or crop yielding did 
not need to understand the mathematical background of the methods. 
They just had to follow the algorithm detailed in “Correlation and 
Machine Calculation.”23 The algorithm was a tool that extended the use 
of statistics to different scientific fields, which pointed at a division of 
labor in which mathematical statisticians were the only ones who under-
stood the nature of the methods and the possibilities and conditions of 
their applications.

After the joint course with Wallace, Snedecor was increasingly looked 
for by fellow faculty at Iowa State, “especially those doing research with 
farm crops, genetics, and farm animals [who] were often uneasy about the 
differences in their results when they repeated an experiment.” By the fall 
of 1927, Snedecor was already able to justify the acquisition of IBM card 
sorting and tabulating machines for the university and the establishment 
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of a Statistical Service within the Department of Mathematics. During 
that first year the equipment would be, not surprisingly, used mostly for 
agriculture research such as inheritance of characteristics in corn, relations 
among factors affecting farm profits, farm mortgage studies or bank and 
credit conditions in Iowa.24 Snedecor thus took advantage of the presence 
of the multiple researchers in agricultural sciences typical of a Midwestern 
land-grant college committed to putting science at the service of a con-
stituency largely made of farmers. The other resources readily available to 
Snedecor were students themselves. In that first year, Snedecor and associ-
ates also used the machines of the new Service to calculate the “relation of 
college grades to high school averages, mental tests, physical condition 
and other characters,” as well as “correlation among mental test grades.” 
Agriculture (breeding and economics) and education would constitute in 
the upcoming years the two main fields in which statistics would prove its 
value.

To perform the tedious calculations demanded by statistical methods, 
Snedecor enrolled undergraduate students of calculus as computers of the 
Statistical Service. One of these students was Gertrude M. Cox, whom 
Snedecor enlisted for the work hoping that the “only woman in the class, 
would have more patience for detail work than men.”25 In 1931, under 
Snedecor’s mentorship, Cox received her MS degree, the first MS in sta-
tistics from Iowa State College. Two years later, while working at UC 
Berkeley toward her doctorate, she was invited to take responsibility at 
Iowa over the computing service of the now Statistical Laboratory. Here 
is Cox’s recollection of Snedecor’s invitation: “Our work is opening up 
rapidly … Are you interested? Immediately you would have charge of the 
girls, 140 calculating machines, and all the stray jobs that I can rustle for 
you.”26 Not only was Snedecor considerate of feminine attention to detail, 
he also assessed women as well adapted to “stray jobs.”

 The Dutiful Miss Cox

What are the implications of this naturalization of differing aptitudes 
among men and women, or persons of ascribed intellectual capacities? 
There are of course intimations of limits on individual opportunity and 
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achievement: not everyone will have the chance to become a statistical 
theoretician or analyst, or, by extension, achieve administrative stature. 
Some persons are simply suited to low- or mid-level occupational niches. 
But perhaps less obvious are the service-related implications of such a 
world view; these expand our sense of how social contributions func-
tioned for the Iowans as a factor in scientific productivity. In memorial-
izing Snedecor, Cox commended her mentor for being “impatient with 
people who did not strive to live up to their full potential.”27 What we 
begin to see are not just the limits on individuals’ productive possibilities 
envisioned by the statisticians, but concurrent demands for productivity. 
Productive activity is cast in the land-grant climate as a matter not only of 
self-fulfillment but also of sufferance and duty. This would become an 
ideal of stratified, and linked, competence and responsibility that, as we 
will see, also shaped UN statistical projects under Cox’s influence  following 
the war, as conceptions of statistical science as professionalized labor 
became embedded in international cooperation efforts under Western 
auspices. At all times, Cox’s own “potential” as white, female, American 
and Protestant established her position, just as did her protégés’ identities, 
relative to white men of intellectual or governmental influence.

A student of Snedecor’s at Iowa State, as a young woman Cox had 
become a Methodist deaconess and sought a bachelor’s degree to provide 
her with eligibility for the position of headmistress at a Montana orphan-
age. At Iowa she studied mathematics and instead committed to a career 
in statistics, becoming a widely praised protégée of Snedecor. Snedecor 
was certainly familiar with these transitions from religious service to sci-
entific service, since his father was a Presbyterian minister who had been 
superintendent of the American Bible Society and secretary of the 
Executive Committee of Colored Evangelization of the Southern 
Presbyterian Church and his mother the Dean of Women and head of the 
Bible Department of the University of Alabama, whom her husband 
described as “our Church’s missionary to the Negro par excellence, for she 
has served the race in a land where such service often brings a social ostra-
cism.”28 “Miss Cox,” as generations of correspondents referred to her, 
went from serving on the staff of Iowa’s Statistical Laboratory in 1940 to 
establishing the program in statistics at North Carolina State College 
(later University), became the first director of statistical research at 
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Research Triangle Institute and through the 1950s and 1960s created vast 
global networks through her work with international societies and gov-
ernment agencies in the USA and abroad.29 As member of the International 
Statistical Institute (ISI) from 1948 and later as chairman of its Education 
Committee, Cox helped to design elaborate coordinated statistical proj-
ects among UN member nations. She traveled widely and spent extended 
stays in Egypt, Thailand and elsewhere integrating existing institutions 
and new practitioners into educational and government statistical opera-
tions. In her work we see features of the US land-grant service ideology, 
including the clear coproduction of knowledge and identity that config-
ured her predecessors’ and colleagues’ work. The understanding of statis-
tics as fundamentally social (i.e. deriving from human relations and 
differences) is in Cox’s work as in Wallace’s and Snedecor’s revealing of 
how the field enacted a constrained democracy.

Through this lens, some of Cox’s encounters with sexism take on a new 
significance for our understanding of statistics as sociability. Service for 
the Iowan statisticians comprised both selflessness and individual initia-
tive, both suffering and reward. Adversity is in this social world made 
normal and desirable, including that perpetrated by men in regard to 
women, bosses in regard to staff, faculty in regard to students. Clearly 
through the decades of her career Cox faced in professional settings both 
overt discrimination and talk of female desirability or lack thereof. 
Accounts of Cox’s life written since the 1980s universally mention that 
Snedecor failed to recommend her for a job at North Carolina until she 
prompted him to do so.30 In Cox’s own memorialization, Snedecor “loved 
to tease” her and, we may recall, to spend time with the “prettiest girls” at 
any gathering. In that same account, we learn that Snedecor’s son James 
remembers meeting Wallace’s family; he doesn’t “remember much about 
the boys, but the daughter was impressive.” On at least one occasion 
recalled by Cox, Snedecor responded to a staff shortage by complaining 
to Cox that “All smart women get married.” Cox herself never married, 
and the derisive and heteronormative features of all these exchanges are 
hard to ignore.31

From the vantage point of 2017 we are readily offended by these objec-
tifying and demeaning episodes. But what does Cox’s experience indicate 
about statistics as a professional site, concertedly trying to expand on the 
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global stage? Cox is not best understood as working in defiance of the 
identity-steeped world of American science; rather she functioned within 
in and because of it. She is teased, intermittently disdained and conde-
scended to by her mentor, and described as working “behind the scenes” 
even by an organization in which she was instrumental.32 But she is also 
a necessary part of the establishment in which she is positioned. She is a 
woman working among men, and one who is necessarily both tolerant 
and dutiful. It is not inconsequential that she also fondly quotes Snedecor 
as having told her, “‘Nobody can hurt your feelings unless you let them’.”33 
Withstanding insult was a skill that both apparently thought Cox would 
do well to acquire.

How did notions of tolerance, dutifulness and service relate to Cox’s 
practices as a statistician? Immediately after joining the Statistical 
Laboratory at Iowa State, Cox systematically visited the different labora-
tories and experimental fields of the college to inquire how experiments 
were being conducted and how statistics might be of service. The follow-
ing year, in 1934, she started to teach “Design of Experiments,” which 
followed Snedecor’s introductory course on “Statistical Methods,” a 
sequence of classes required for graduate students in agriculture, most of 
whom were doing research into animal and plant breeding. Snedecor’s 
course would be first published as a book in 1937 and would become a 
bestseller in the field, selling more than 130,000 copies in the USA and 
reprinted in Portuguese, Spanish, French and Japanese.34 As in his previ-
ous publication with Wallace, the success of the book was ascribed to its 
usefulness to the researcher, who was now able to employ statistical meth-
ods without having to go through the painful mathematical work behind 
the methods. As Snedecor insisted, the only mathematics needed to fol-
low the argument was after all arithmetic.

Cox’s course was also made into a book, Experimental Designs, coau-
thored with W.G.  Cochran, but published only in 1950.35 While 
Snedecor’s book was explicitly based on Ronald A. Fisher’s Statistical 
Methods for Research Workers (1925), Cox was inspired by Fisher’s The 
Design of Experiments (1935). In the 1931 edition of “Correlation and 
Machine Calculation,” Wallace and Snedecor had already acknowl-
edged how they had “adapted some of the elegant methods devised by 
Dr. R. A. Fisher for testing the significance of the various correlation 
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statistics,”36 thanking Fisher’s British publishers for their gracious con-
sent for use of material drawn from “Statistical Methods for Research 
Works.” Historians of science have long recognized the overwhelming 
influence of Fisher in the field of statistics, not to say anything about 
his famous contributions to the evolutionary synthesis that finally 
brought together Darwinians and Mendelians.37 Nevertheless, it has 
been overlooked that Fisher’s methods, first developed at Rothamsted 
Experimental Station in England, achieved their influence on the way 
American scientists interpreted their data or performed their experi-
ments mainly through the joint work of Snedecor and Cox at Iowa 
State. In the summer of 1931 Snedecor invited Fisher to Ames for a 
three-week course on methods and on the general theory of natural 
selection; this was attended by Iowa State faculty from the departments 
of mathematics, genetics, agronomy and animal husbandry. Members 
of the Iowa Statistical Laboratory would study with Fisher in London, 
and in 1936 Fisher would return once more to Iowa to teach about his 
new book on experimental design.38

The indifference of historians to the activities and impact of the Iowan 
context is probably owing in part to the lack of pedigree granted to agri-
culture in the history of scientific ideas. Scientific work on agriculture is 
traditionally perceived as pertaining to the history of application and not 
as a relevant context for the emergence of groundbreaking theories. 
Importantly for our argument, the statistical practices developed by 
Fisher suggested a new way to think about the relation between theory 
and application, and one, as Snedecor and Cox quickly understood, par-
ticularly appropriate for a land-grant college such as Iowa State. The sta-
tistical canon Galton–Pearson–Fisher can be simplified in the history of 
statistical ideas as the evolution from regression to correlation and into 
analysis of variance, a path from identifying what variables were associ-
ated with one another (Pearson’s correlation coefficients) to evaluating 
the significance of such association (Fisher’s tests of significance).39 But in 
order to be applied, Fisher’s analysis of variance demanded also that 
experiments be performed in certain ways, that the statistician worked 
closely with researchers not only when analyzing data produced in an 
experiment but also at the time of designing the experiment. In order to 
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apply Fisher’s statistical analysis of experimental data in the manner 
explained by Snedecor in his course, one needed to perform experiments 
according to Fisher’s experimental design as explained by Cox in her 
course. Moreover, Fisherian statistics identified the significance of differ-
ent variables in explaining a certain phenomenon, thus suggesting a way 
of tinkering with them to produce a desired outcome. Agriculture statis-
ticians, such as Wallace, not only identified which variables affected hog 
prices. The model of explanation indicated also how variables should be 
tinkered with to produce significant results. The intimate relation implied 
by Fisher’s methods between theory and practice, between describing 
phenomena and the ability to tinker with them, was the perfect fit for the 
ethos of a land-grant college such as Iowa State whose motto was “Science 
with Practice.”

The service Cox performed through statistics to fellow faculty and to 
grad students at Iowa was to guide them through the steps in planning 
experiments that produced relevant and reliable knowledge. She particu-
larly emphasized randomization to avoid bias, replication to increase 
accuracy of comparison and estimating magnitude of experimental error, 
and experimental controls such as optimal size and shape of experimental 
unit or control over external influences to guarantee “every treatment 
operates under conditions as nearly the same as possible.”40 Her guid-
ance was central to making Iowa State one of the most productive 
research universities in the country. “Owing to the utility of the new 
designs, they have been readily adopted by research men in our 
Agricultural Experiment Station. Nowhere else are so many of these 
complex designs in use.”41 The deployment of statistical methods was at 
Iowa State as far from mere counting and sorting of data as the field had 
yet been. As scientific experimentation, it involved the demarcation of 
units of analysis and devising instruments of sorting, with all such con-
ceptualizations configured to best enact desired results. With these amal-
gamated commitments of scientific and technological work, Snedecor, 
Cox and their colleagues melded empiricism and application, knowl-
edge and impact, means and ends, in service to scientific productivity.42 
Wallace would be the key figure in expanding this service to science into 
service to democracy.
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 Experiments in Democracy

The interventions envisioned by the Iowans, with service to the public 
welfare paramount, could reach an enormous scale. With New Deal poli-
cies ambitiously casting entire economic sectors into reformist mindsets, 
the statisticians helped bring about huge changes to agricultural plan-
ning.43 In 1935 Cox was calculating and publishing index numbers of 
Iowa farm prices in support of New Deal’s Agriculture Adjustment Act, 
one of the signature policies of Franklin Delano Roosevelt’s administra-
tion to fight the Great Depression.44 Cox’s work was exemplary for the 
research cooperation agreement signed in 1938 between the Iowa 
Statistical Laboratory and the Bureau of Agricultural Economics of 
USDA.  As historiography has rightly emphasized, USDA, under the 
leadership of none other than Henry A. Wallace from 1933 to 1940, was 
the source of some of the most innovative and ambitious federal policies 
of the New Deal era.45 Wallace’s USDA, which gathered the largest con-
centration of scientists in the entire federal government and probably in 
the world, has been aptly described as an unprecedented case (in terms of 
scale) of science at the service of public policy design. What has been less 
noticed is that the science in question was not there waiting to be used by 
agency personnel. Wallace considered that American democracy needed 
not just more science but a different kind of science than previously 
known. American scientists had certainly demonstrated their ability to 
discover new medical cures, increase industrial production or breed more 
productive animals and plants. But what the Great Depression and the 
crisis of overproduction that Wallace had been announcing since the end 
of the First World War demanded was that science concentrate less on 
increasing economic output and more on making the American economy 
work for the whole of the American population: “The science of produc-
tion is useless when products can’t be distributed.”46 For Wallace, statis-
tics was the solution; not the traditional statistics of counting and 
amassing data, but the new statistics as practiced at Iowa, to which he had 
been an early contributor. A statistics that in its descriptions of reality 
also pointed at ways of how to tinker with it. In the cooperation agree-
ment, the Iowa State Statistical Laboratory promised to supply USDA 
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with “more efficient experiments, improved sampling techniques and 
appropriate statistical methods.”47

Let us look at the Agriculture Adjustment Act (AAA) for which Cox 
was calculating index numbers of farm prices to understand how it 
embodied those above-mentioned dreams of a statistical democracy as 
envisioned by the young Wallace. Before the inauguration of FDR’s pres-
idency in January 1933 agriculture prices had reached record lows. 
Mortgage foreclosures, unpaid taxes, bank failures and a rapid decline in 
land values all expressed the farm distress across the whole country. 
Urgent measures were necessary to “increase agriculture’s share in the 
national income,” not only to help farmers but to save “the agricultural 
assets supporting the national credit structure.”48 This was the justifica-
tion for the AAA, a large-scale experiment in public policy launched in 
May 1933 by Wallace’s USDA to increase agricultural commodities prices 
and save American farmers from bankruptcy, and with that the entire 
economy of the country. The act was applied to seven basic agricultural 
commodities: wheat, cotton, corn, hogs, rice, tobacco and milk. 
Government agencies were now authorized to experiment with adminis-
trative controls over both production and marketing, rewarding farmers 
through benefit payments for participating in public programs.

Wallace had nevertheless insisted in his previous advocacy for the use 
of statistics in the design of public policies that statistical expertise should 
not transfer decision-making from the people to the federal state, replac-
ing democracy with a centralized planning system. And in fact the AAA 
corn-hog program was from the beginning designed with such concerns 
in mind, taking a representative producer group into active partnership 
in its development. By mid-June 1933 the Iowa Federation of Farm 
Organizations had called a meeting of corn and hog producers from 
which a first state corn-hog committee was formed. By mid-July the 
Administration promoted a meeting in Des Moines with representatives 
of the ten Corn Belt states (Iowa, Illinois, Nebraska, Indiana, Missouri, 
Minnesota, Ohio, South Dakota, Kansas, Wisconsin), forming a National 
corn-hog committee of twenty-five members. It included farmers, leaders 
of farmers’ associations, agriculture journalists, directors of marketing 
associations and the president of the National Grange. When members of 
the Adjustment Administration met this National Committee, with the 
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presence of Wallace himself, a consensus was formed over the need for 
reducing simultaneously corn acreage and the number of hogs in the 
market as the only permanent solution to the problem.49

The hog reduction campaign started with a series of educational meet-
ings at county level in which local agents assisted by committee men and 
extension specialists explained with the help of a series of charts the aims 
and the expected results of the program. Two main pamphlets were pro-
duced to be used in these meetings: The corn-hog problem and Analysis of 
the corn-hog situation. This was no less than the materialization of Wallace’s 
dream of producing informed farmers in price formation. Community 
meetings were then organized to explain the contract forms to individual 
farmers followed by community sign-up meetings. Finally the campaign 
promoted the organization of permanent “county corn-hog control asso-
ciations,” making the control of corn-hog production a permanent fea-
ture of the daily lives of local communities. By March 1, 1934 Iowa had 
already signed 144,000 contracts, representing about 90% of the corn 
and hog producers in the state. Cox’s calculations of Iowa agriculture 
prices indexes performed at the Statistical Laboratory were made to guar-
antee the fairness of such contracts. And what was at stake was not only 
a final fair price for farmers, but also to reach consensus by involving 
hundreds of thousands of people in a democratic experience. As John 
Dewey, the most distinguished public philosopher of the New Deal era, 
reminded: “social advance depends as much upon the process through 
which it is secured as upon the result itself.”50

The delineation of communities relevant to or worthy of participation 
in the resolution of the corn-hog problem was not unproblematic. The 
apparently vast number of farmers enlisted to help shape and undertake 
this price reform effort did not include those without their own property; 
neither the statisticians nor their collaborators sought the participation of 
sharecroppers, many of whom were African American, in the reform.51 
This echoes other New Deal efforts in which black Americans were mar-
ginal participants at best and disadvantaged bystanders at worst; there is 
considerable literature on how New Deal cotton policies led to the  departure 
of black Southerners to Northern cities, for example.52 But we point this 
out to indicate not a racist proclivity among the statistical reformers, as 
such. Rather we emphasize both the taxonomic features of their work, 
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formulating differences and communities that reflect those differences. 
We also stress that the Iowans and followers working with Cox in North 
Carolina later addressed the sharecroppers’ distress. What is significant is 
that setting the boundaries of democratic collectivities, to determine 
whose well-being mattered, was a constant project for the statisticians; 
the taxonomies on which experimental statistics relied were only inter-
mittently stable, as application brought to light the need for redrawing 
boundaries. These boundary-making efforts went well beyond Iowa and 
the nation itself.

 Global New Deal

Wallace’s painstakingly detailed discussions around corn and hogs always 
had world affairs in the background. In 1918 considerations of the 
depressing effect of the First World War’s aftermath on hog prices guided 
his statistically informed early public campaigns against Herbert Hoover’s 
actions. At the same time, Wallace’s understanding of the global nature of 
the Great Depression justified his belief that the reduction of American 
agricultural production through the AAA was no more than a first stage 
of a more comprehensive and long-lasting response.53 FDR’s secretary of 
agriculture was unapologetic in pointing out the myopia of US political 
leaders’ vision of international relations as a major cause of the 
Depression. In order to guarantee domestic economic security, the USA 
should acknowledge that it had to intervene on a global scale. The 
Coolidge and Hoover administrations of the interwar period had been 
oblivious to the role of the US economy as international creditor of 
European countries that were highly indebted from a war effort waged 
in large measure through the purchase of American raw materials. 
America’s high import tariffs resulted in the decreased ability of European 
countries to pay their debts through exports, turning them increasingly 
to protectionism. The excess production of the American economy which 
led to the Great Depression was not just caused by increased capacity and 
productivity, but also by the inexistence of an open international market 
able to buy American produce. The increased revenue of American farm-
ers achieved through the measures of the AAA was only sustainable in the 
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long run if these farmers could export their hogs, corn, cotton or wheat. 
According to Wallace, America had to assume its new leading positioning 
in the world and the responsibilities it entailed if a new global crisis was 
to be averted.54

An early supporter of FDR’s “Good Neighbor” foreign policy towards 
Latin America, Wallace made USDA into a central piece in this effort of 
replacing previous US interventionism on the continent with interna-
tional cooperation aimed at forming a single economic zone.55 Building 
on the International Conferences of American States, USDA experts 
identified the potential complementarities of agricultural production of 
the continent’s different regions. While the USA hoped to export its sur-
plus of grains (corn and wheat), fibers (cotton) and livestock (cows and 
hogs) to the rest of the Americas and thus increase domestic farm income 
on a more stable basis, the country could also overcome its deficit of rub-
ber, quinine, cocoa, coffee, cassava and nuts through imports from 
Central and South America, and thus allegedly help to improve the stan-
dard of living of peasants across the continent. USDA promoted an 
American Society of Agricultural Sciences with delegates from Argentina, 
Brazil, Chile, Colombia, Costa Rica, Cuba, Ecuador, Peru, Dominican 
Republic, Uruguay, Venezuela and, of course, the United States. Latin 
American scientists were welcomed at American land-grant colleges and 
at courses at USDA in Washington. USDA statisticians as distinguished 
as Mordecai Ezekiel, Wallace’s economic adviser responsible for drafting 
the details of the AAA, traveled south not only to sell US expertise but to 
learn as well from agricultural reform experiences such as the expropria-
tion and subdivision of large tracts of land by Mexican president Lazaro 
Cardenas. A few days after the ticket Roosevelt/Wallace won the 1940 
US presidential election by a landslide, the vice-president elect drove his 
own car to represent the United States at Avila’s Camacho inauguration 
in Mexico City. According to the Washington Post, Mexico’s revolutionary 
government could not have been more welcoming of Wallace, “America’s 
apostle of social experimentation.”56

Wallace’s pan-Americanism only became more pressing with the 
Second World War, as he insisted with his co-workers on making “every 
minute of every day count toward building security around those sacred 
rights for which the peoples of the hemisphere stand.”57 As a member of 
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FDR’s secret “war cabinet,” Vice-President Wallace now chaired the 
Board of Economic Warfare, the agency responsible for supplying of stra-
tegic resources which in 1942 was given complete control for directing 
the production and procurement of all raw materials from abroad, namely 
from Latin America. Revisionist historians praising the democratic exper-
imentalism associated with Wallace’s USDA during the New Deal years 
tend to lament how the war effort curtailed such reforming endeavors.58 
Here we would like to insist that the war was actually instrumental in 
scaling up the experiment from the national to a continental scale, and 
later to a global scale.

Wallace’s most famous speech, “The Century of the Common Man,” 
broadcast in May 1942 to mobilize American producers for the war 
effort, points at this global ambition, or we might better say at universal-
ism.59 He depicted the war as a battle between light and darkness, good 
and evil, God and Satan, democracy and dictatorship, “democracy [being] 
the only true political expression of Christianity.” Stating that the people 
of the USA “have moved steadily forward in the practice of democracy,” 
he refused nevertheless the notion of an “American Century,” preferring 
instead a more egalitarian “Century of the Common Man” in which 
America only “suggest[ed] the Freedoms and duties by which the com-
mon man must live.” The new global order Wallace envisioned, in which 
“no nation will have the God-given right to exploit other nations” and in 
which older nations, such as the USA, had the privilege to “help younger 
nations get started on the path of industrialization,” was a millenarian 
one. Reproducing the Social Gospel rhetoric he had learned in his Iowan 
youth, he called on Americans to fulfill their duty, concluding that “The 
people’s revolution is on the march, and the devil and all his angels can-
not prevail against it. They cannot prevail, for on the side of the people is 
the Lord.”

Social Gospel followers at the turn of the century, such as Wallace’s 
grandfather Henry Wallace, strived for the realization of the Kingdom of 
God on this earth. As mentioned above, the Gospelers were harsh critics 
of American capitalism of the Gilded Age and eager to put science at the 
service of “God’s plan for democracy in the New World.”60 Wallace now 
urged America to face its world role and extended such vision to the 
entire globe. He placed American capitalist cartels, the Satan of Social 

 Statistics as Service to Democracy: Experimental Design… 



238 

Gospel preachers, side by side with Hitler, the “Supreme Devil,” urging 
modern science to be “released from German slavery” and from cartels 
“that serve American greed.” Only then could science fulfill its sacred 
democratic duty: “Modern science, when devoted whole-heartedly to the 
general welfare, has in it potentialities of which we do not yet dream.”

Science was thus central for Americans to realize “a just, charitable, 
and enduring” peace. But again, for Wallace and those with similar 
expansive social impulses this was not just any science. This was science 
as the one practiced in American land-grant colleges, one in which the 
union of mind and hand, theory and practice, served the people in their 
millennial march towards democracy. As we have seen, Wallace, Snedecor 
and Cox had made experimental design and statistical analysis obligatory 
methods for science to serve democracy. After having proven its value in 
the American experiment with democracy, statistics was to become inte-
gral to the millenarian American vision for world peace; a vision in which 
the USA would not colonize other nations, but instead assist them in 
achieving the same democratic standards as the USA.

In 1943 Wallace would take an active role in the plans and arrange-
ments for the Hot Springs Conference on Food and Agriculture, which 
led to the founding of the Food and Agriculture Organization of the UN 
(FAO).61 His previous economic advisor at USDA, Mordecai Ezekiel, 
another statistician who broke his teeth studying corn/hog ratios, served 
in 1945 as a member of two of FAO’s first missions, to Greece and Poland. 
Two years later, Ezekiel was overseeing the FAO’s Economic Analysis 
Branch, later being promoted to head of the Economics Department. He 
would only leave FAO in 1961, to assume a position in the United States 
Agency for International Development (USAID). As Ezekiel would 
recall, “many of the American agricultural economists who in their 
younger years served under Wallace in the USDA are finishing out their 
professional careers in AID, seeking to help the rest of the world make 
the same kind of progress in agriculture that the United States made in 
the first two-thirds of this century.”62

The personal trajectory of Wallace has been used to confirm the failure 
of his idealistic views in the post-Second World War period. Truman was 
the choice of the Democratic Party to run as vice-president in FDR’s 
reelection in 1944, and he would defeat Wallace in the 1949 presidential 
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election when the latter ran as the progressive party candidate, winning 
no more than 2.7% of the popular vote.63 Visions of world peace such as 
the one offered by Wallace, in which the Soviet Union was not considered 
America’s enemy, had given place to Truman’s Manichaeism that would 
characterize the Cold War era. This said, it is hard to miss how much 
Truman owed to Wallace and fellow New Dealers such as Ezekiel when 
he concretized what America had to offer to the world in opposition to 
Communism. Truman’s famous Point Four of his 1949 inaugural speech 
promised “a bold new program for making the benefits of our scientific 
advances and industrial progress available for the improvement and 
growth of underdeveloped areas.” The Point Four initiative was to be car-
ried out through the UN, expanding the latter’s program of technical 
assistance to developing countries, already largely funded by the USA. As 
recent revisionist historiography of American development aid has 
emphasized, the New Dealers identified by Ezekiel had found an institu-
tional new home in the UN and in American development agencies 
defining the nature of their projects. More than insisting on the applica-
tion of the lessons of the war to development policies, historians have 
called attention to how the New Deal experience constituted the basis of 
Cold War American international aid programs.64 And as Daniel 
Immerwahr has convincingly demonstrated, while only through this 
nexus can one understand the insistence of American experts on com-
munity development in India and the Philippines in the 1950s, the 
results of such voluntarist international transfer of American democratic 
commitments were no less tragic than the high modernist top down solu-
tions (large dams, nuclear energy) famously denounced by James C. Scott 
and his myriad of disciples.65

 Statistical Frontiers

As the Second World War drew to a close, any project aimed at bettering 
the health, food or education status of a population was understood to 
need statistics to establish the welfare standard for the country in ques-
tion. A 1949 UN report on “Existing Statistical Deficiencies” complained 
that of the thirty-two countries in Latin America, the Middle East and 
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East Asia studied, only eight had supplied national income figures, data 
on external trade or numbers relating to principal types of livestock. 
Unsurprisingly, a UN statistical commission was formed to coordinate 
the collection of demographic and economic data from the different 
members. What is more interesting for our argument is the insistence in 
going beyond such collection activity to accomplish the aims of American 
global assistance. The uplifting of nations from poverty, according to the 
aid experts’ view, certainly needed the systematic application of science in 
agriculture, medicine and industry. But to make science contribute to the 
general welfare, to make science serve the people, statistical methods, as 
Iowans had demonstrated, were considered mandatory. Gertrude Cox’s 
involvement with the Education Committee of the ISI was instrumental 
in enlarging the statistical scope of the UN from traditional collection of 
statistical data to a comprehensive change of scientific practices.

First, to characterize Cox’s extensive contributions to the internation-
alization of American statistical practices, we can consider that for Cox as 
for Snedecor statistics had an almost infinite mobility. Almost like air or 
water, statistical techniques could seemingly flow unimpeded into any 
site of human activity. Also like air and water, their presence was seen to 
be salutatory for those whom the techniques reached, a guarantor of 
enhanced well-being. In Iowa through the 1920s and 1930s statistical 
experimentation had moved vigorously beyond the purview of state 
accounting to become a means of adjusting operations of agriculture, 
economic development, public health and other sectors. The mobility of 
statistical thinking included both geographic and disciplinary flows.66 At 
North Carolina State from 1940, Cox undertook statistical studies of 
Southern poverty and the discrepant economic experiences of black and 
white communities, receiving funding from the Rockefeller Foundation 
in 1944 to “improve statistical competencies” in the regions she studied, 
part of her “lifelong interest in the use of statistics to study human rela-
tionships.”67 Her post-war work with the ISI, and positions as editor of 
the Biometric Society journal and as a traveling consultant, all put her in 
line with others concerned at this point with “worldwide insecurity and 
want.”68 This global intervention in human welfare was of course the 
domain of the UN, and Cox fully embraced the new organization’s 
potential for the dissemination of statistical expertise.
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The service commitments of the statisticians in some ways fitted into 
other UN efforts as hegemonic or post-colonial extensions of 
 Euro- American economic structures, but they enacted as well the Social 
Gospel conceptions of sharing and caring. Professional social workers in 
this period saw the UN as itself an institution of infinite mobility, taking 
up problems of “poverty, ignorance and disease” in ways that were previ-
ously unknown to the world.69 The war had at least had this welcome 
outcome for the Iowans, along with assurances of American geopolitical 
and economic authority. For Cox, this was a landscape of frontiers for 
American science, of places awaiting the presence of statistical techniques. 
Built into the methods and aims of statistics were possibilities for expan-
sion beyond existing communities of science, as her 1957 description of 
how best to present statistical results indicates:

…you will be asked to swear allegiance to logical organization, preciseness 
and ease of comprehension [italics added].70

In this extended metaphor on the state of the field, Cox indicates that 
when done well, statistics would reach endless frontiers; horizons and 
audiences not yet reached by statistical experimentation and intervention 
serve as opportunities.

Patti Hunter suggests that Cox was likely instrumental in bringing UN 
resources to statistical training activities.71 In 1948 the UN Educational, 
Scientific and Cultural Organization (UNESCO) gave the ISI a $5000 
grant for statistical education at the recommendation of the UN Statistical 
Commission, in which Cox had an established role. As the ISI sponsored 
statistical education in numerous “developing” nations, Cox organized 
the training of new statistical practitioners. She published widely on the 
topic and coauthored a textbook on experimental design that reached 
very wide distribution.72 We find in this literature distinct ideas about the 
field of statistics: a body of applied knowledge best approached through 
stratified opportunities for learning and hierarchical labor structures. 
Again, we find that identity and epistemic features or statistical practice 
are inseparable. According to Cox and her cohort, the conduct of statisti-
cal study, constituted of training, data collection and data analysis, was to 
be undertaken in a world of differing cultures (UN member nations 
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included the USA along with Britain and its European neighbors, and 
also many so-called developing countries), but all cultures were seen to 
have unified scientific needs: needs determined by Western experts. 
Statistics could both find and resolve instances of poorly understood 
health, industrial production or economic planning. For the Statistical 
Commission as for other expert units within the UN, empiricism (here 
embodied in statistical science) was seen to empower development: coun-
tries were now seen to have a relative level of “statistical progress” to be 
gauged by the American and European statistical experts.73 Cox’s work 
with the UN and ISI to support improved statistical capacity among 
member nations conveys the combination of judgment and service inher-
ing in that world view.

 Centralization and Collectivity: Global Flows 
of Statistical Capacity

The role of the UN in securing the power of Western institutions to 
demarcate “other” cultures as such and to evaluate their contributions to 
global peace and prosperity is well established; Mazower summarizes the 
UN as a “product of evolution not revolution” that grew out of exist-
ing imperial ideas and institutions challenged but not displaced by the 
war.74 The activities of the Statistical Commission in the late 1940s car-
ried outward the Iowans’ ideas of prosperous, healthy communities and 
also their ideas of optimized epistemic conducts represented by good sta-
tistical practice. Both embodied constructions of white/non-white, 
American/non-American, European/non-European binaries, mapped 
onto nations’ perceived ability and willingness to undertake statistical 
modernization projects.

In descriptions issued by Snedecor, Cox and others in the US statisti-
cal mainstream, skills related to and work with statistics were appropri-
ately divided on a ladder of theory, experimental design, analysis and 
data collection, in order of most intellectually challenging to least. Lines 
between the sets of activities were proposed in overviews of the field, and 
then drawn by the content of instructional materials and job descrip-
tions.75 This stratification is of course in keeping with scientific and 
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industrial labor of all kinds in the nineteenth and twentieth century, and 
it is clear that the traditional relegation of women to the repetitive work 
of calculation (as “computers”) in places of large-scale applied mathemat-
ics, or the near complete exclusion of persons of color from higher tech-
nical education altogether, is not unimportant in explaining this 
distribution. But the correlation of philanthropic or service functions for 
statistics with such divisions of learning and labor suggests a constrained 
vision of democratization. On the ground, this meant that Cox’s vision 
of programs in developing “member” nations for training statistical ana-
lysts reasonably excluded the preparation of local individuals for theo-
retical work.76 Gifted scientists from developing countries considered 
able to produce such innovative theoretical work would be trained in US 
institutions, namely in Cox’s own North Carolina State University, which 
thus became together with Iowa State one of the beacons of American 
statistical hegemony in the Cold War years.77 Reports of the UN 
Statistical Commission frequently argued that many countries needed to 
upgrade their statistical infrastructures, including through new educa-
tional and publishing initiatives; yet this upgrade would be best served, 
the Commission wrote, by the creation of a “field service” designed to 
send technical experts outward from UN offices rather than through a 
 thorough ground-up preparation of local expertise. All such schemes 
indicated that people belong in certain productive roles, each person’s 
efforts perhaps vital for the collectivity yet corroborative of innate human 
differences.

Of course we must attend to the ways in which the Statistical 
Commission at the same time appeared to respect “the force of local 
desire” supporting any such international interventions. The standard-
ization of statistical training programs for member nations, according to 
commission documents, would have to be done slowly so as not to 
become “obnoxious to member countries” because “fashioned by non- 
nationals.”78 Commission authors recognized a risk of “too-pedantic 
professionalization” in their extension efforts. Yet a strong sense of cen-
tralized expert authority pervades the UN statistical activities. The per-
ceived needs of member nations lacking their own means to recruit and 
train specialists in statistics were, after all, dictated by the white, 
Western, statisticians. This is conveyed in the most detailed features of 
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UN-prescribed statistical practice: one commission report notes that 
local differences must be overcome; for example, when “no term for 
gainfully employed person” exists in a locality, such a term must be cre-
ated. It is also clear in the most general character of the Statistical 
Commission, which created the obligation for member nations to sup-
ply statistics. The production of data by way of established metrological 
practices, and publication, not concealment, were necessary for the bet-
terment of all member nations.79 While purportedly a flat organization 
with a “from each … to each…” operating premise, the UN supported 
a system of Western-driven scientific development with a thinly dis-
guised normative role for American and European experts. The self-
assigned importance of these experts is palpable. As a 1949 Statistical 
Commission report put it, “Education is growth from small beginnings 
and an international organization is in a well disposed position to com-
municate to one country the fact and the promise of small beginnings 
made in others.”80

 The Production of Statistical Selves

The dual nature of statistics to their Western proponents as a means of 
knowing and making the world is evident in these post-war efforts to 
enact an internationalized science. What comes across in the Statistical 
Commission’s work, and much of Cox’s other writing on education and 
outreach, is not only some limits to the redistributive potential of statisti-
cal interventions in places of strong class divisions, poverty or lagging 
economic growth, but also that in the Iowans’ view epistemic capacity is 
naturally divided among individuals. Taxonomies—be they of gender, 
class or intellectual and productive capacity—are the basis not just of 
statistical research but also of statistics as a scientific enterprise. In no 
sense should we be surprised that this knowledge-making sector bears out 
gender, racial, heteronormative and other categorizing efforts that histo-
rians have previously located in US insurance, communications, comput-
ing and engineering spheres.81 We can detect in Cox’s work in the United 
States and as a representative of North American expertise globally many 
sociabilities of American social science at mid-century.82 In a gendered, 
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raced, classed and nationalized social landscape, statistical research took 
particular forms; the research in turn enacted all of those human differ-
ences and others, including optimized social conducts along lines of opti-
mized Protestant, heteronormative and capitalist conducts. We can see 
these patterns when we step away from our depiction of Cox as a woman 
achieving occupational success under discriminatory conditions, as she 
has been painted by Rossiter and others in the literature of the “missing 
persons” of science: women and minorities previously absent from the 
historical record when not entirely excluded from professional opportu-
nities.83 If read as achieving influence and scientific innovation “in spite 
of” sexism, Cox’s own (ascribed and self-ascribed) identity in a binary 
gender system loses its explanatory power as part of the history of statis-
tics. Similarly, if Cox’s tolerance of discrimination, exclusion and even 
harassment, all experiences recorded in autobiographical and biographi-
cal accounts of her that are given explanatory primacy, she appears to 
have capitulated to social norms that seem to be antithetical to (her own) 
rigorous statistical work. Sexist behaviors among university and govern-
ment experts were not antithetical to rigor but constitutive of it, as racial-
ized world views constituted educational and health research or policy 
through these decades. Through consideration of Cox’s work and its reso-
nance with ideologies of service, we want to suggest that the constrained 
democracy envisioned by American statisticians coproduced identities 
(gender, talent and others) and legitimate knowledge.

Cox was committed to the internationalization of cutting-edge statisti-
cal practice from wartime onward, and approached statistics education 
and labor as stratified experiences. We are limited in space here, and both 
emphases can be much more fully explored as to how they express the 
relational character of identity. Cox’s own experiences and the broader 
operations of statistics as a knowledge-making realm deserve considerable 
exploration as representing American modes of difference-making. But 
here we suggest some reasons why this exploration may yield significant 
questions to ask about the role of empirical labor, such as statistical 
research, in the production of gender, nationality and other categories of 
subject.

We do not see Cox as having been a willing victim of sexism or hetero-
normativity or in any sense as producing her own marginality. What we 
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want to convey instead is the fluidity and dialogic character of identity- 
based relations in statistics. To see her as either triumphing over adversity 
or capitulating to demands from men for her subordination and suffer-
ance is to miss the deliberate production of difference within the field of 
statistics. Mohanty suggests that we reread now-familiar forms of dis-
crimination, such as sexism, as more thoroughly relational; that is, as 
produced not merely by encounters between those with and without 
power (here, men and women), but as constantly produced as relations of 
ruling among much wider sets of actors, in Dorothy Smith’s  terminology.84 
In the case of Cox, her energy and forbearance helped to constitute gen-
der binaries and also what would count as legible generosity and caring in 
institutions such as universities, the UN or national statistical bodies: 
statistics as an entirely social enterprise.

If we insist on seeing Cox as a marginal figure fighting for inclusion 
in a professional realm, we fail to see the integral role that that margin-
ality played in statistical practice, both in consolidating the role of duty 
and service in this expert practice and in the sorting of individuals into 
meaningful taxonomic categories, as with the Statistical Commission’s 
characterizations of member nations lacking in statistical facility. In a 
sense, Cox’s challenges echo the historical role of physical disability in 
defining ability: her embodiment of deficit, as a female, articulated 
male assets, much in keeping with constitution of imperial (white) 
masculinity, as Mohanty and others describe that process.85 But Cox’s 
deficit was in further ways a constructive one, naturalizing her role as 
dutiful and maternal (female) provider of new knowledge and opportu-
nities to international subjects. As a white American woman she bore a 
different relationship to Egyptian or Thai subjects than would a non-
white or non-American woman. As a statistician she bore a different 
standing in those settings than would have a social worker or nurse or 
tourist. Transnational movements of statistical science were made up of 
all of Cox’s identities, and those of all whom she encountered. The so-
called developing communities and nations to which she and her col-
leagues sought to bring statistical capacity were similarly rendered as 
potentially productive and potentially of service to other more fully 
endowed cultures, should they comply with the expectations set out by 
the well endowed.
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 Conclusion

Gertrude Cox’s experiences, frustrations and achievements show us that 
American experimental statistics of the pre- and post-war period while 
dominated by men is not best understood as a nominally masculine 
field, but rather one in which knowledge was predicated on difference. 
This is an important distinction because historians of science and of 
other cultural enterprises who are concerned with discrimination have 
suggested that individual conducts in gendered settings can be more 
flexible than cultural constructions of gender.86 While that formulation 
grants agency to individual actors and avoids a deterministic accounting 
for individuals’ behavior, it skirts the ontological character of identity in 
places of knowledge- making. That which Cox did constituted creditable 
statistical research because she embodied a particular commitment to 
service; Snedecor embodied another. Notice that any essentialized ideas 
of gender that our actors may have taken up are not recapitulated by us; 
instead we try to follow precise articulations of viable selves and valuable 
knowledge.

In recognizing these powerful functions for social identity at work 
among the statistical experts, we need not in any way seek an inauthentic 
basis for their service ideology. Wallace, like Snedecor and Cox, 
approached his work with intellectual generosity. Put differently: only 
statistical ideas and findings that led to, or seemed likely to lead to, 
beneficent application seemed rigorous to these experts. Other sorts of 
cognitive efforts were either entirely illegible to the Iowans or beneath 
scientific notice. Among the implications of that evaluative tendency is 
the permeable boundaries we detect between theory and application, sci-
ence and technology, mind and hand, in the statisticians’ work that we 
hope to investigate further. If as we suspect the distinctions the Iowans 
made among tasks of observation, understanding and action were few 
and fragile, we may also find that scientists of different ideological bent 
created far sturdier lines between these modes. What implications, we 
might now ask, did the relative strength of such lines have for enacting 
democracy through the use of statistical techniques on a global scale? We 
will not find answers to that question by imputing to Wallace, Cox or 
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other statistical experts identifiable racist, sexist or colonialist impulses. 
Discriminatory conduct was neither their intention nor their felt experi-
ence; just the opposite. Yet this was, again, a constrained democratic 
 project, and we need next to consider the ways in which their reliance on 
taxonomies, on the systematic ordering of peoples, things and economic 
mechanisms, brought about not reform or the redistribution of global 
power but structural stasis.
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The Bona Fide Contracts: 

An Engineering Company in Wartime 
Shanghai, 1937–1945

Carles Brasó Broggi

 Introduction

The industrialization of Shanghai during the first half of the twentieth 
century was led by Chinese private companies that imported foreign 
technologies. Foreign companies and foreign goods had privileges in 
China that were granted under the so-called treaty port system, in force 
from the opium wars until the clash of the Pacific War: low import taxes, 
extraterritoriality and a wide range of special concessions that were 
granted to foreign interests in territories such as Shanghai, by far the most 
important treaty port.1 Foreign engineers and engineering companies 
played a key role in transferring industrial machinery to Chinese mer-
chants. Chinese industrialists had often amassed experience working in 
foreign companies before building their own industrial firms (they were 
called compradores).2 For instance, a community of Ningbo compradores 
living in Shanghai created innovative companies in steamships, textiles, 
matches, concrete, flour, tobacco, rubber, finance and insurance.3 Even 
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though some of these companies appeared before 1911, it was in the 
three decades that followed when the city of Shanghai and its surround-
ings experienced a process of industrialization that had no parallel in the 
history of China.4 The business networks between Chinese industrialists 
and foreign engineers became a safety net when Japan started its full- 
fledged occupation of China in 1937.

The full-scale invasion of China had Shanghai as one of the most 
important battlefronts. It was the world’s sixth most populated city and 
the most important industrial center of China (and one of the main 
industrial places in Asia).5 Politically, the city was divided into a complex 
patchwork of administrations: the Chinese old city, the International 
Concession, the French Concession and the outskirt districts, adminis-
tered by the Chinese local governments. The battle of Shanghai was one 
of the longest and deadliest of the entire Japanese occupation, with more 
than 250,000 direct deaths and the destruction of the entire industrial 
zones of Zhabei, Baoshan and other districts.6 After the battle of Shanghai, 
the Japanese attacked Nanjing, the capital of China, causing one of the 
worst massacres of the Second World War and forcing the Nationalist 
government, led by General Chiang Kai-shek, to retreat to the interior of 
China, to the city of Chongqing, the new capital until 1945.7 Meanwhile, 
between 1937 and 1941, the French Concession and the International 
Concession of Shanghai (except the territories north of the Suzhou river) 
were kept as neutral zones and became known as “isolated islands” 
(gudao). Millions of refugees fled to the concessions and around 150 fac-
tories were transported from the outskirts of the city to the neutral zones. 
At the end of 1937, it was estimated that around 400 industrial plants 
had been destroyed in Shanghai while 570 remained: among them around 
200 reached some kind of deal with the Japanese occupiers (they were 
occupied, undersold or merged with other Japanese concerns).8 However, 
other companies sought a transnational strategy to survive inside the pro-
tection of the neutral zones.

This chapter aims to analyze the details of this transnational strategy 
through the collaboration agreements reached between a transnational 
engineering company called China Engineers Ltd and several Chinese 
textile companies during the wartime period. The founder of China 
Engineers was a Eurasian (with a British mother and a Chinese father) of 

 C. Brasó Broggi



 259

British nationality named William Charles Gomersall (1895–1960). 
Eurasians were often hidden in the racist society of China’s treaty ports, 
so Gomersall was educated with his mother’s family in Britain, where he 
studied electrical engineering at the Polytechnic of Regent Street and 
Manchester College of Technology while working in an apprenticeship at 
Lancashire Dynamo and Motor Co. at Trafford Park. However, he soon 
returned to China, where he worked in the engineering department of 
the British firm Jardine Matheson & Co. He then created his own com-
pany called China Engineers in 1928. He also joined the Institution of 
Electrical Engineers in 1915 as a student; he was accepted as an associate 
member in 1922 and as a full member in 1940.9

The shareholder structure of China Engineers was diverse, comprising 
British citizens and engineers, compradores from Ningbo and merchants 
from different countries (Parsees from South Asia and Sephardic Jews 
from the Middle East).10 China Engineers was thus a transnational com-
pany that does not fit into the national categories that often define the 
playground of China’s economic history or the treaty port system, but 
instead into the transnational and cosmopolitan environment of 
Shanghai.11 The company was created by three founding partners, 
William Charles Gomersall, the British engineer Eric Shaftesbury Elliston 
and the Chinese tycoon Philip Z.T. Lee. Lee came from a wealthy family 
from Ningbo and was educated in France and England. He returned to 
China in 1912, just after the fall of the Qing Dynasty and the rise of Sun 
Yatsen’s Republican nationalist government. He came with two airplanes 
he had bought from Austrian manufacturer Etrich Monoplanes. He was 
then asked to create the first aviation department in the history of 
China.12 Sun Yatsen enforced the idea to develop industry to save the 
country (shiye qiuguo). According to the Chinese leader, there were four 
elements that contributed to the development of a country: labor, capital, 
managerial talent and markets. China had plenty of labor and markets 
but lacked talent and capital.13 He then identified capital with machin-
ery, when he argued that “capital is machinery and machinery, capital” 
and gave facilities for all industrial undertakings.14 Even though his rule 
in China was short, his ideas were influential and China experienced a 
golden age of industrial development during the 1920s and 1930s.
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China Engineers was established with the three founding members 
making up the board of directors (with Gomersall as director for life) and 
with their powers entrusted to a managing director. However, as the capi-
tal of the company increased, the board of directors was expanded (with 
a limitation of five members) but Gomersall kept control of the company 
until he died in 1960, except between 1942 and 1945 when he was 
imprisoned by the Japanese.15 The company was thus clearly led by one 
person, but it integrated a varied range of shareholders from different 
nationalities. From its foundation in 1928, the company was registered 
in Hong Kong but its main business developed locally in Shanghai. 
China Engineers provided all kinds of textile machinery, components 
and engineering services to Chinese firms.16 However, the Japanese occu-
pation of China and the beginning of the Second World War brought the 
entire machinery trade to a standstill, forcing the company to diversify its 
business.

In a previous publication I have analyzed the transnational networks of 
China Engineers from the perspective of Chinese textile industrialists.17 
For them, adopting the transnational strategy was taking a stance against 
the political directives implemented by Sun Yatsen’s successor, Chiang 
Kai-shek, which called for Chinese capitalists to move their factories to 
the interior, where the Nationalist government was in power between 
1938 and 1945. The disenchantment between the Shanghai capitalist 
class and the nationalist mainstream after Sun Yatsen (who died in 1925) 
has been discussed by many scholars, who have focused on major capital-
ists such the Liu, Rong and Guo families.18 Previous research has also 
noticed the sudden change of nationality of some Chinese firms in 1937, 
with flags of different countries being hung on the mills in Shanghai and 
other cities of the Yangzi Delta.19 However, if sometimes this phenome-
non has been treated as anecdotal, this chapter argues that there was a 
powerful logic of economic globalization behind this reaction.

This chapter aims to focus on the business strategy of China Engineers 
Ltd facing the collapse of machinery imports and the destruction of fac-
tories. The chapter analyzes how China Engineers diversified its opera-
tions from its original core business of machinery import and engineering 
services to equity investment, support in the internationalization of other 
firms, trading services and auditing. The chapter uses the archives of 
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China Engineers and a publication of the same firm, the Quarterly Review 
of the China Engineers Ltd., that is scattered in several archives and  libraries 
of China. It also relies on primary sources from its customers, the Chinese 
firms, and some press articles. The objective of the chapter is to under-
stand how the company transitioned from a transnational business char-
acter in the pre-war period into a true multinational after 1945.

 Engineers as Investors

One of the main customers of China Engineers was a textile industrial 
group called Dafeng. This was a group of three companies controlled by 
the same body of shareholders, mainly merchants from Ningbo: the 
group owned two spinning and weaving companies (Zhentai and 
Baoxing) and one weaving and dyeing company (Dafeng), all in the sur-
roundings of Shanghai (Caojiadu and Baoshan districts).20 On the eve of 
the full-scale Japanese occupation of China, these companies represented 
1.5% of Chinese-owned cotton spindles and 5% of Chinese-owned cot-
ton looms. It was one of the few Chinese industrial groups that could 
spin, weave and dye at the same time, having acquired from China 
Engineers a complete set of modern dyeing technology that had been 
imported from the United Kingdom in the late 1920s.21 Some middle- 
sized groups such as Dafeng had managed to find a niche in the competi-
tive market of textiles in Shanghai by upgrading their production with 
new technological devices such as printing and dyeing equipment.

In the summer of 1937, the war between the Japanese and the 
Nationalist troops intensified in the northern part of the Suzhou River, 
where Dafeng, Zhentai and Baoxing stood. The three factories were situ-
ated outside the safety zones and stopped all operations in August.22 Total 
destruction could be expected from the Chinese assets that stood out of 
the neutrality of the concessions, so China Engineers and the board of 
directors of these Chinese companies decided on a merger to save the 
factories. In early September, a new British company was registered in 
Hong Kong that would buy one third of Dafeng. Meanwhile, another 
company also registered in Hong Kong as a British concern took over the 
entire assets of Baoxing and Zhentai.23 The decision was made by the 
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board of directors, but without convening a shareholder meeting as the 
situation was totally exceptional.24 China Engineers participated in the 
merger and became shareholder of the new firms, while William Charles 
Gomersall was appointed to the board of directors. Before that, the com-
panies had only been managed by Chinese personnel and the sharehold-
ers were all Chinese.

In October 1937, British flags hung on the mills, while some of the 
most expensive machinery sets of Zhentai and Dafeng crossed the Suzhou 
Creek to seek safety in the International Concession. At that time, the 
International Concession was crowded by the influx of refugees and other 
textile companies that were seeking shelter.25 The transport of the machin-
eries from Baoxing, in the Baoshan district, was hazardous as it was 
located further away in the north, on the battlefield. The factory was 
destroyed by a fire but some machines were saved and taken to the 
International Concession.26 Luckily most of the stocks of yarns and cloths 
were hidden in warehouses inside the neutral zone by a loyal group of 
Chinese workers and managers. Meanwhile, British engineers stayed at 
the mills of Zhentai and Dafeng, close to the battlefield, to defend the 
remaining assets.27

In November, the Japanese firm Toyoda, backed by the Japanese army, 
was ready to enter the two mills. The British delegates from China 
Engineers that stayed in the factory argued that it was a British firm, but 
the Japanese replied that the merger was only a cover and that no arrange-
ments or sale deeds were acceptable after the start of the conflict. The 
British engineers answered that the mills and especially the machinery 
had become British by law, according to the agreements that were signed 
by the two parts in a peaceful and bona fide manner.28 According to 
Gomersall, “If the British authorities were satisfied as to the bona fides of 
the case, that was enough and their decision could not be questioned.”29 
The Japanese authorities took months to investigate the case and in par-
ticular the bona fide character of the contracts, which were, according to 
the press, the most important point to be discussed.30 Finally, the British 
engineers withdrew, the British flag was taken down and the two mills 
were occupied by Toyoda and the Japanese army.31 The victims gave pub-
licity to the fact that the company was being illegally occupied by the 
Japanese and Gomersall sent letters to the British and Japanese consuls 
emphasizing the infringement of the transnational character of the firm, 
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defining it in general terms as “Chinese and foreign interests,” a character 
that was essential to the neutrality of the International Concession and to 
their business strategy as well.32

Meanwhile, prices of textile products rose dramatically. A fourfold price 
increase in dyed fabrics and other stock sold by Dafeng inside the 
International Concession picked up profits and piqued the interest of 
hundreds of entrepreneurs, who established dyeing factories and work-
shops inside the neutral zones. At the end of 1938, more than 400 compa-
nies (mostly workshops but also small factories) produced dyed fabrics in 
Shanghai by using secondhand machinery and all the capital that had been 
saved from destruction. It was perhaps the first economic sector that forged 
ahead to pre-war production levels.33 China Engineers and the Chinese 
shareholders of the group decided to build a new factory inside the 
International Concession with the machines that had been saved (20,000 
spindles and 200 looms), and started producing in February 1939.34

In May 1939, after long negotiations between the British Consulate and 
the Japanese authorities, the two original spinning and dyeing factories that 
had been occupied by the Japanese were transferred back to their owners.35 
An important part of the machinery, motors and boilers, was missing but 
20,000 spindles and 640 looms of Zhentai were intact. To avoid the risk of 
future occupations, another merger was planned and a new company called 
China Cotton Mills Ltd was created under the Hong Kong ordinances.36 
In practice, the two former spinning and weaving companies (Zhentai and 
Baoxing) were liquidated and administered directly by the board of the new 
transnational group called China Cotton Mills. Meanwhile, Dafeng, the 
original company founded by the Ningbo merchants in 1912, kept control 
of the dyeing business with no interference from China Engineers.

The board of China Cotton Mills met in December 1939 and declared 
a year’s profit of 100,000 yuan. The next year was even better and the 
profits multiplied by four, which enabled it to pay to the shareholders 
dividends of 25% of the paid up capital.37 The production was surpris-
ingly high: between 1937 and 1940 the dyeing production of Dafeng Co. 
averaged 500,000 pieces per year, a half of the pre-war normal quantity; 
meanwhile, China Cotton Mills employed around 3000 workers.38 It was 
a period of optimism despite the fact that the neutral concessions of 
Shanghai were besieged by a situation of total war. It also proved that the 
transnational strategy had been successful.
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In September 1941, China Cotton Mills took a step further into the 
internationalization of its capital. The partners envisaged a way to increase 
liquidity by issuing shares for public purchase.39 Chinese and foreign 
merchants, Indian traders, refugees from Europe and US businessmen 
were trapped in the concessions with their savings but with few possibili-
ties to invest. The insecurity of the banking system and hyperinflation 
impelled merchants to invest in shares, especially if companies were run-
ning profits. Therefore, the company’s issuance of shares was a total suc-
cess and a record was established by the heavy over-subscription of China 
Cotton Mills shares.40 Even though the majority of new shares were still 
in Chinese hands, the rest of the capital was distributed among investors 
from more than ten different countries, and from the two sides of the 
war.41 In addition, China Cotton Mills received a loan from the HSBC 
bank to finish the new factory and the purchase of new spindles when the 
machinery trade reopened briefly before the beginning of the Pacific 
War.42

However, on December 7, 1941, after the Pearl Harbor incident, 
Japanese troops crossed the border of the Suzhou Creek and took control 
of the city’s administration. The neutrality of the International Concession 
ended abruptly. On January 9, Japanese supervisors arrived at the offices 
of China Cotton Mills and made an inventory of the machinery, stocks 
and accounts. Over the following days, the three factories were sealed and 
all production had to stop.43 The company claimed that its stocks and 
capital could not be transferred or alienated, as they were mortgaged as 
guarantee for a loan they had received from the HSBC bank.44 But now 
the situation was very different from 1937: there were no neutral zones 
left and all the companies registered in Hong Kong were considered as 
enemy property by the Japanese authorities.45

 Engineers as Transnational Traders

Between 1936 and 1937 Chinese textile companies placed huge amounts 
of machinery purchase orders for cotton spinning and weaving with 
England and the United States. It seems that Chinese industrialists were 
optimistic, despite the continuous threats of Japan and the late impact of 
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the world economic crisis that affected China in 1934–1935.46 When the 
war between China and Japan started in July 1937, most of these orders 
were still pending, on transit or waiting customs. China Engineers com-
plained that the problems of their customers were “magnified” by the 
quantity of cargo that was affected and by the non-collaboration of the 
international shipping, insurance and wharf companies that dumped car-
goes in the nearest port available, normally Singapore or Hong Kong, and 
declined responsibility, claiming “war causes,” covered by the bill of lad-
ing conditions.47 From the other side, the Chinese customers were not 
willing to pay surcharges on transport fees that could reach 25% of the 
original value, and China Engineers had to face a big loss to complete the 
business. To avoid further complications, the company decided to enter 
progressively into trade, shipping and insurance.

Lixin was a company of merchants from Jiangsu and another impor-
tant customer of China Engineers. During the 1920s and 1930s, the 
company built vertically integrated cotton and woolen mills in the city of 
Wuxi. Most of the machinery was bought from China Engineers but the 
last order of 20,000 spindles was not fully paid for by July 1937. The 
machines arrived in twelve different ships in the second half of 1937, and 
most of the cargo was unloaded in Shanghai with delays and extra charges. 
Meanwhile, the plant in Wuxi was occupied by Japanese forces, even 
though China Engineers claimed British interests, something that was 
granted by the British Consulate, and British flags flew in the factories of 
Lixin. In contrast to Dafeng, Lixin had no stocks in a safe place to sell, 
and therefore was not able to pay back the machinery orders as stated in 
the contracts. The Chinese company was thus facing bankruptcy, which 
would surely affect the balance of China Engineers. Gomersall and China 
Engineers claimed to be “in complete sympathy” with the Chinese deal-
ers who were facing the occupation of their factories; meanwhile, they 
accused the shipping, insurance and wharf companies of attempting to 
“make a profit of our losses.”48 However, this situation did not stop China 
Engineers from taking action against Lixin in the Chinese court and 
claiming the machinery and the installations of the plant in Wuxi, when 
they were already occupied by Japan.

William Charles Gomersall visited the factories of Wuxi in December 
1937 as a neutral citizen who was examining his proprieties. According 
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to him, all other factories in Wuxi, one of the biggest industrial centers of 
China, were systematically burnt except for Lixin, where the British flag 
was still raised. However, the machines inside had been purposely 
destroyed by the enemy, impeding any attempt to resume production, as 
the shareholders of Lixin, by allying with China Engineers, had refused 
to collaborate with Japan. From that point, no further visit was allowed, 
and China Engineers claimed some kind of compensation from the 
Japanese authorities if the mills were not going to be given back.49 The 
Japanese authorities answered that all further damage would be avoided 
and that they would act to stop any other attempts to rob or damage the 
properties of China Engineers, accusing the Japanese company that was 
managing the installations. By this announcement the Japanese authori-
ties lent credibility to China Engineers’ statement regarding the owner-
ship of the textile machinery. The Japanese military garrison stayed in 
Lixin for four more years and the machinery was not repaired until the 
end of the war.50

The relationship between China Engineers and Lixin did not end with 
this loss, as the Chinese part kept their side of the bargain by paying back 
the debt. As in Dafeng’s case, but without merging with China Engineers, 
the board of Lixin embarked upon the formation of another textile com-
pany in the International Concession of Shanghai with the remaining 
machinery (that which had arrived in several shipments in 1937) and a 
space that was leased by China Engineers. The new company, Changxing 
Spinning and Weaving Company, was a subsidiary of Lixin and was cre-
ated in 1940. This new company put to work three small factories in the 
International and French concessions of Shanghai.51 China Engineers 
expressed their admiration for the board of directors of Lixin, especially 
for its founder, Tang Xiangting, “who might well be inclined to sit down 
in Shanghai, and adopt a life of ease on the interest of whatever capital 
was still remaining.”52 Thanks to this new company, China Engineers and 
Lixin had their debts settled.

However, to receive revenue, Changxing had to produce and sell their 
production abroad, as the market in raw materials was controlled by Japan 
and by foreign firms that had access to foreign markets, while communica-
tions between Shanghai and the interior of China were affected by war and 
transport restrictions. In October 1939, China Engineers complained that 
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all Chinese ports were inaccessible owing to the Japanese blockades so 
Chinese companies could only turn to foreign markets to survive.53 Even 
though there was no mention of it, smugglers were also an important part 
of the business. In other words, if China Engineers wanted the machinery 
to be paid for, it had to ensure that Changxing had access to raw materials 
and that they could also find a market for their finished products. Therefore, 
William Charles Gomersall started to investigate the markets for raw 
materials in different Asian markets (Manila, Batavia, Singapore, Penang, 
Ipoh, Kuala-Lumpur, Bangkok and Saigon) and reached agreements with 
international raw cotton suppliers from the USA and Europe. In this way, 
China Engineers diversified its business by entering the raw cotton trade.

According to China Engineers, this strategy “fits admirably with our 
main activities, as the buyers are the same as those who purchase machin-
ery from us.”54 A new company called Raw Cotton Traders soon appeared 
under Gomersall’s leadership to solve the scarcity of raw cotton that was 
affecting the mills of Shanghai. It was a partnership between Gomersall, 
the Indian cotton trader and some textile companies and investors, such 
as China Cotton Mills and Shanghai Worsted Mill. The latter was owned 
by the Ningbo merchant Li Shuxiong, aka James H. Lee, a partner of 
China Engineers and younger brother of the founding partner Philip 
Z.T. Lee.55 In November 1941, the Indian trader Umrigar left Shanghai 
to explore the Southeast Asian markets, especially India and Burma, to 
secure raw cotton supplies for the Chinese mills that were stuck on the 
“lonely island” of Shanghai.56 The members of China Engineers were also 
involved in the wool top trade, a high quality wool that was exported to 
China in the late 1930s, to cover a demand of the woolen and worsted 
companies that emerged in Shanghai.57 In January 1941, it was announced 
that a former shareholder and member of the board of directors, 
F.R. Smith, had retired to Australia, and he was replaced by George Ernest 
Marden (1892–1966). Marden, a British citizen of German descent, was 
a well-known trader and shipowner of Hong Kong who was director of 
the important shipping company Wheelock & Co. Ltd.58 China Engineers 
became more and more involved in the trading and shipping business.

Furthermore, between 1940 and 1941 China Engineers acted on 
behalf of Lixin to purchase more than 4000 bales of raw cotton from 
international trading companies—mainly from the USA—that bought 
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raw cotton in Brazil, Argentina and Paraguay to be transported to 
Shanghai on Japanese ships.59 China Engineers paid in advance with for-
eign currency reserves that it kept in Hong Kong, and the Chinese textile 
company made a profit from the high price that textile products were 
sold at in Shanghai. China Engineers earned a trade commission of 3% 
and a margin (that oscillated between 20 and 30%) on the price of raw 
cotton sold to Chinese companies.60 Those that had stocks of textile 
goods could earn a profit of 200% of its capital during the years between 
the start of the European war in September 1939 and the beginning of 
the Pacific War in December 1941.61 China Engineers considered that 
“no better time ever presented itself to develop industry in this 
country.”62

Sometimes these cargoes were lost during transport and the company 
had to bear the loss, as happened to a shipment of wool tops that were 
being transported from Australia to Italy just when the war started in 
Europe in September 1939. China Engineers bought the cargo when it 
was at the Suez Canal and shipped it to Singapore; but it was lost between 
Singapore and Hong Kong. A cargo of American raw cotton was also lost 
in Manila after the beginning of the Pacific War.63 Another loss for China 
Engineers was 2000 bales of cotton yarn that were destined for Hong 
Kong to execute a contract for British equipment for the War Supplies 
Board; these were either lost or never paid for.64 According to the com-
pany review, tracing missing and diverted cargoes became one of the core 
activities of China Engineers. It was a risky business but it was better than 
accepting the surcharges of the transport companies, as happened in 
1937.65

The dangers of transport and the high price of war insurances drove 
China Engineers to get involved in the insurance business as well, 
although “at first sight it may appear that insurance business and 
 engineering business are far apart.” However, according to William 
Charles Gomersall it was also a “logical step in the development of engi-
neering business.”66 China Engineers was not only financing the machin-
ery and raw cotton purchases of the Chinese textile industrialists, but was 
also taking care of the transport and insurance, reaching an agreement 
with the Union Insurance Society in 1940. Some shareholders of China 
Engineers, such as Ningbo merchant Li Shuxiong (James H. Lee), had 
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already been involved in the insurance business—in his case as chair of 
China’s Insurance Association between 1928 and 1935.67 So it was 
another logical step in the transition of China Engineers from offering 
services in Shanghai to the internationalization of its operations.

China Engineers diversified its business from the original core business 
of machinery import to trade and insurance. In January 1941, after years 
of paralysis, the machinery trade experienced a short comeback, and 
some machinery contracts were signed by China Engineers in Shanghai 
and Hong Kong to provide machinery to Shanghai and to the zone that 
was dominated by the Nationalist government in the province of Sichuan. 
The company, after selling 6000 spindles that would be transported from 
the Vietnamese border to Xi’an by road—a “herculean work” indeed—
stated that the Chongqing government “pursues its fixed policy of resis-
tance, which extraordinary resolution and determination.”68 However, in 
December 1941, all the assets of China Engineers were seized by the 
Japanese and William Charles Gomersall was interned in an imprison-
ment camp for more than two years.69 The clash of the Pacific War also 
meant the end of the Treaty Port System and the world of the conces-
sions, which were abolished by the Japanese occupation and collabora-
tionist regimes and also by the government of Chiang Kai-shek in 
Chongqing.

 Engineers as Auditors

The role of China Engineers as auditors began with the mergers of 
Dafeng, Zhentai and Baoxing in September 1937, when all the assets 
were calculated in detail.70 These companies had been appraising their 
profits and losses using the traditional “four columns system” (sizhufa), 
which was the standard method for Chinese companies. This system 
accounted for income, fixed costs and costs of production but did not 
exactly take into account the capital depreciation, as the system was con-
ceived for workshops without major investments in machinery.71 
However, when China Cotton Mills merged Zhentai and Baoxing in 
1939, the double-entry system was introduced.72 China Engineers knew 
the purchasing price of every textile machine that had been saved from 
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destruction and the merger was calculated according to the market prices 
and a year on year depreciation of 5%.73 Having expertise on machinery 
valuations, China Engineers offered this auditing service to other compa-
nies, even to the bigger industrial groups of China, and finally to the 
Nationalist government as well.

China Engineers had also signed contracts with China’s biggest textile 
groups, Yong’an (also known as Wing On) and Shenxin. In 1934, China 
Engineers signed a contract to provide finishing machines to Yong’an, 
but this did not end well. Yong’an complained about the chemical and 
acid pumps used in the mercerization production chain and an engineer 
was sent from the original manufacturer in England, Sir James Farmer & 
Sons. After three months, Yong’an wanted the engineer to stay longer, 
and there was a discussion about who should bear the expense of this. 
Yong’an wanted to pay the manufacturer direct, skipping the mediation 
of China Engineers, which broke the confidence and trust that had been 
established between these companies. As a result, China Engineers 
stopped representing Yong’an in China and the business with them came 
to an end in 1935.74

In contrast, the relationship with Shenxin worked better. According to 
China Engineers, the founder of Shenxin, Rong Zongjing (1873–1938), 
one of the wealthiest and most famous tycoons in the history of 
Republican China, stood “without rival as the most important figure of 
the Chinese industry.”75 Regarding contracts, he did not need to look at 
a Chinese translation to sign an agreement, as he was confident that 
China Engineers and William Charles Gomersall would not cheat him, 
even though the contract was for £60,000 of machinery, more than 
20,000 spindles: this was placed in 1936.76 Shenxin controlled around 
20% of all the Chinese spindles that were working in the mid-1930s, 
competing directly with the most important Japanese industrial groups.77 
Years later, at a public conference, Gomersall showed much respect for 
Rong Zongjing, and used this anecdote to explain that there was a kind 
of trust that could only be found at that time in China when making 
machinery deals with Chinese merchants.78

The purchase of machinery from Shenxin by China Engineers was 
extended in 1937, with the purchase of almost 50,000 spindles. These 
had to be paid for in installments according to the following terms: after 
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the signature of the contract (10%), on the arrival of half of the machin-
ery (another 10%) and then in twelve equal installments during the 
year.79 China Engineers had better payment terms than their competi-
tors. By taking the financial burden of the machinery purchase, they 
gained trust among Chinese merchants and strong links were consoli-
dated between them. However, the practice of supplying machinery on 
credit was extended when the war broke out, causing a high degree of 
stress and worries in the board of the engineering company. The war also 
caused major losses for Shenxin, which was highly indebted, while Rong 
Zongjing died in Hong Kong in February 1938, raising tensions between 
the family and the different mills. The business empire was dismantled 
and divided between his relatives and other beneficiaries, while the facto-
ries were scattered to Shanghai, Hong Kong, Wuxi and Chongqing.

Shenxin was divided into different groups that sought to reach an 
agreement regarding the previous assets (nine cotton mills, though some 
had been destroyed or occupied by Japan) and liabilities (the debt of 
Shenxin and the flour group Fuxin reached 80 million yuan in 1936).80 
Therefore, when in 1939 a group of shareholders of Shenxin founded a 
new company in Shanghai called Hefeng, they needed a neutral audit to 
register its capital and break it off from the original group. In October 
1940, China Engineers sent the results of the valuation of the mill to 
Rong Zongjing’s son, Rong Hongyuan (who was still the nominal gen-
eral director of Shenxin) as if it was to be sold as a going concern. The 
company raised its capital to 750,000 yuan according to the machinery 
valuation and considering the high rates of inflation. According to China 
Engineers the machinery was particularly difficult to evaluate, as replace-
ment costs were “abnormally high.”81 This was just one of the deals that 
China Engineers had with Shenxin.

After December 1941, the Chinese cotton sector almost disappeared 
and only some textile mills survived in Chongqing, where the Nationalist 
government resisted the occupation. However, the conditions in 
Chongqing differed from Shanghai, as the Nationalist government aimed 
to control the cotton sector with state-owned enterprises and the estab-
lishment of controls over pricing and distribution.82 Because hyperinfla-
tion was already a serious problem, the government established several 
price controls after 1939, and especially after 1942, with the Agricultural 
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Credit Administration and the attempt to establish price ceilings for raw 
cotton and yarn, which provoked a reaction from the industrial owners 
who had moved to Chongqing, such as the other part of the Rong family, 
who were reluctant to give up their margins.83

After the war, the Nationalist government took over the assets that 
were left abandoned by the Japanese. Some of the factories had been 
owned by Japan from the beginning but others had been occupied or 
handed over by their original Chinese proprietors. In 1947, the 
Kuomintang government asked for a valuation of this enormous indus-
trial capital, which reached 1.7 million spindles, meaning around 40% of 
all existing textile industrial capital in China.84 China Engineers, having 
acquired experience as neutral auditors during the war for companies 
such as Shenxin, made valuations in some factories that had been taken 
over by the Nationalist government. These valuations took place in 1947, 
and China Engineers showed how the industrial equipment of the former 
Japanese factories was far more advanced than that of the Chinese textile 
mills.85 They established a benchmark cost of a 10,000 spindle factory 
with Japanese, American and British machines using prices of 1937, 
1941 and 1947 (replacement prices of 1947 being three times those of 
1937).86 Using this valuation, the nationalist government built the China 
Textile Reconstruction Company, a state-owned enterprise that would 
control the business of cotton textiles in post-war China.

The Japanese mills that were transformed into state-owned enterprises 
had not moved their machinery during the war, and their condition was 
better than the Chinese mills, with their machinery that had been manu-
factured before 1937. The machinery trade resumed in 1945, but the 
civil war between Nationalists and Communists in 1946, hyperinflation 
and trade barriers drove the machinery trade to focus on the Hong Kong 
market, where China Engineers played a leading role.87 China Engineers 
recovered most of the exclusive agency contracts that had been signed 
with Western (mainly British) manufacturers, but most of the deliveries 
of the postwar period would take place in Hong Kong instead of Shanghai. 
The company increased its agency contracts covering other Asian coun-
tries as the China market became more difficult during the late 1940s. In 
1941, China Engineers acted as sole agent for fourteen British manufac-
turers, while in 1953 the company was representing twelve Western 
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power and electrical energy firms, twenty-six textile manufacturers (such 
as, again, Sir James Farmer & Sons) and twenty-five general manufactur-
ers (ranging from machinery tools, motors and stainless steel to railway 
materials and bicycles.).88 That year the main project was in Malaya.89 By 
then, China Engineers had become a multinational.

 Conclusions

When China Engineers protested against the occupation of the factories 
from the concessions in 1937, the Japanese embassy in Shanghai answered 
that the bona fide character of the deals would be “the principal element 
to be studied.”90 The idea behind this discussion was that these agree-
ments were not a collaborationist action nor a Nationalist stance, but a 
neutral agreement between Chinese and foreign interests. In Chinese 
eyes, this strategy that emphasized the transnational character of indus-
trial companies and mills that had been registered as Chinese could only 
be considered neutral in the context of China’s war with Japan and the 
following collapse of the treaty port system. These bona fide agreements 
thus symbolize a way in which engineers and Chinese companies 
embraced a strategy of globalization, a logic where engineers acted as 
agents and perpetrators with the collaboration of Chinese companies.

China Engineers was criticized by both British and Chinese media for 
taking advantage of a difficult situation to reap profits. Its transnational 
character did not fit into the traditional national narratives. In the British 
community, William Charles Gomersall was seen as a kind of speculator 
and someone who was more attached to the world of Chinese merchants 
than to British interests.91 Other British citizens had made agreements 
with Chinese companies to create a British façade and to avoid Japanese 
occupation, but these were perceived as short-term deals. However, China 
Engineers kept a long-term business relationship with its Chinese part-
ners, helping them to move to Hong Kong in the late 1940s. In his obitu-
ary, it was said that Gomersall “had the rare facility of making personal 
and business friendship with Chinese industrialists.”92 China Engineers 
would be one of the last British companies to leave Communist China, 
as late as 1956. The founder of China Engineers strongly supported the 
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importance of maintaining diplomatic ties between China and the United 
Kingdom for business reasons. In this context, China Engineers was 
involved in another merger with British firms that were willing to aban-
don China.93 In 1951, a book published by the Marxist economist Wei 
Zichu (Wei Tsu-chu) about the British investment in China depicted 
China Engineers as an example of a company that specialized in “oppor-
tunistic purchasing” and aimed at capital concentration, following the 
historical rules of Western monopolistic and imperialistic capitalism.94

The strategy of China Engineers from 1937 onwards could well be 
judged as opportunistic and speculative, in the sense that the business 
prioritized profits over politics or any national engagement. However, 
there was a strong political connotation in this strategy that had a major 
impact in the future distribution of the Chinese industrial base from the 
Yangzi Delta in the pre-war period to Hong Kong, which was soon to 
catch up during the Cold War. Besides, China Engineers’ modus ope-
randi can also be associated with a certain tradition of Chinese business 
history, the one that defines “merchants without empire” (shangren wuzu-
guo) as the capacity of certain traders to succeed in their economic activi-
ties despite a situation that is not favorable at first sight, such as the 
situation that faced China Engineers and its partners during the war 
against Japan or the Hokkien maritime traders in the coast of Fujian dur-
ing the prohibition of private maritime trade in the Ming dynasty.95

The experience of war also demonstrated that industrial companies 
and mills could be divided into different parts: the mill, the machinery, 
the stocks of raw materials and finished goods, capital shares and more. It 
also meant that these parts could be alienated, sold or occupied by another 
actor—sometimes of another nationality—in a very short period of time. 
Dafeng, Zhentai and Baoxing were absorbed by a company from Hong 
Kong, but shortly afterwards the mills were occupied by the Japanese. 
Between September 1937 and April 1938, China Engineers and the 
Chinese shareholders became used to running a company without a mill 
and managing the changing of nationality several times. This state of 
affairs, extraordinary in times of peace, became common after 1937 and 
did not suppose the bankruptcy or the end of the firm. On the contrary, 
China Engineers and the Chinese companies who partnered with them 
earned high profits between 1937 and 1941. It is therefore understand-
able that they tried to continue with this strategy when the war was over.
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(Post-) Colonial Irrigation Networks
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 Introduction

In 1920, at the age of twenty-four, student Paul de Gruyter graduated as 
civil engineer from Delft Polytechnic (nowadays Delft University of 
Technology) in the Netherlands. On 7 September of the same year, he was 
appointed as engineer in the Netherlands East Indian Department of Public 
Works. The fresh engineer was added to the staff of the Head of the 
Irrigation Department Tjimanoek in Cheribon, Western Java. In this chap-
ter, the career steps and decisions of De Gruyter allow us to discuss three 
issues that explore relations between the local and the global for Dutch 
irrigation engineers in the twentieth century. Using De Gruyter’s career and 
his moves around the globe as the central narrative, this chapter will discuss 
how the Dutch irrigation engineering network managed to emerge and 
continue by defining what its members considered ‘good practice’.

M. W. Ertsen (*) 
Water Resources Management, Delft University of Technology,  
Delft, Netherlands
e-mail: m.w.ertsen@tudelft.nl

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-75450-5_11&domain=pdf
mailto:m.w.ertsen@tudelft.nl


284 

Three features of De Gruyter’s career allow the building of a larger nar-
rative about locally based Dutch irrigation expertise in a changing global 
world:

First, De Gruyter’s education in Delft allowed him to enter the work-
ing hierarchy of the East Indian Department of Public Works. 
Unlike the first generations of East Indian engineers, De Gruyter 
was specifically trained and educated for working in the colony. As 
with most of his colleagues within the East Indian Public Works 
Department, De Gruyter became a member of the Association of 
East Indian Civil Engineers (Vereniging voor Waterstaatsingenieurs, 
VWI). In 1925 he became the secretary of the Sub-Association for 
Cheribon in the VWI. In 1926 he became the treasurer of the VWI 
itself. What exactly happened in the months after De Gruyter 
returned to Java in 1928 is not clear, but in 1929 he resigned as 
member of the VWI.

Second, his resignation could be related to a major disappointment in his 
irrigation-based career. Once in the Netherlands East Indies, De 
Gruyter became involved in a key debate on water distribution. 
However, his proposals were not readily accepted and he seems to have 
left the irrigation field. In 1933, De Gruyter returns in the archival 
record as an engineer with the Javanese State Railway Company 
(JSRC). In April 1934, he became the Head of the Experimental 
Bureau for Rolling Stock of JSRC. Although his particular move will 
appear as non- typical, it was possible because other engineering fields 
had emerged as well.

Third, a little over a year later, in August 1935, Paul de Gruyter returned 
to the world of water, but in The Netherlands: he was appointed as 
Head of the Technical Service of the Rijnland Water Board (one of the 
largest and oldest of such boards in the country). He remained the 
Chief Engineer of Rijnland until 1958, when he moved to a position 
with the United Nations in Syria. In 1961, he moved to Cyprus for the 
same organization. After 1945, colonial engineers had become—actu-
ally had been made, as I will show—international experts, which 
allowed De Gruyter to return to the international field.
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Good practices entered Dutch engineering education, with new pro-
fessional practices only partially restructuring that same education. It will 
become clear that after 1945, when Dutch local irrigation engineering 
went global, that same irrigation engineering remained strongly based on 
what had become undisputable practices—which were the approaches 
that had become the standard in East Indian practice. Even when the 
Dutch way of doing things was challenged in the new international arena 
of irrigation development—as the engineers from France and Britain had 
gone through a similar process of decolonization—Dutch post-1945 irri-
gation practice and education remained firmly rooted in East Indian 
practice.

Paul de Gruyter retired in 1964, when Dutch international irrigation 
expertise was well regarded and much sought. He passed away in The 
Netherlands in May 1975, at the age of seventy-nine. De Gruyter was 
both a typical and non-typical colonial engineer of his time. Going from 
graduating to colonial practice was something about one third of Delft’s 
graduates did—De Gruyter was in good company there. Moving from 
irrigation to trains, however, was not very common. De Gruyter’s subse-
quent move to a Dutch water board was not typical either. However, 
becoming active in the international world of engineering when most 
colonies had become independent nations again was something many 
Dutch engineers did. As such, De Gruyter not only represents his own 
choices, but also those of his many colleagues that shaped Dutch colonial 
irrigation practices. Without claiming that De Gruyter was one of the 
major players in East India—although he was very active—he was clearly 
one of the individuals who built Dutch colonial and international 
engineering.

 Education and Institutions

Almost a century before Paul de Gruyter came to East India, colonial 
irrigation engineering made its first moves. The first colonial irrigation 
efforts—which were actually by Dutch civil servants, as engineers were 
not available yet—emerged in about 1830, focusing on regulating water 
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distribution for sugar cane cultivation on Java. Sugar cane was the most 
important irrigated commercial crop by far; it was cultivated on Javanese 
fields by European factories. When in the 1840s and 1850s several fam-
ines occurred on Java, the colonial state included irrigation for rice farm-
ing in its policies as well. As a result, the colonial irrigation discourse has 
been dominated by the relation between sugar cane versus rice—a topic 
that will return below.1

The establishment of a Bureau of Public Works in 1854 was a political 
recognition of the potential role of engineers and technical support in 
colonial irrigation development. The engineers remained subordinate to 
the Civil Service, however. In 1885, the Bureau of Public Works became 
independent from the general Civil Service. The new Department of 
Public Works became the centre of irrigation activities. In 1890, the 
General Irrigation Plan for Java defined nineteen irrigation projects to be 
developed; a few other projects were included in 1907.

Although the East Indian context confronted the engineers with severe 
drainage and flooding problems, the East Indies demanded a struggle for 
water quite different from the mother country. In this respect the engi-
neers had to start pretty much from scratch. The East Indies were strange, 
in terms of natural aspects, geography, distances, population and so on.2 
As engineers lacked knowledge of the East Indian situation, they con-
structed one of their first canals with locks, as if the canal were in The 
Netherlands. Until well into the twentieth century these locks in Demak, 
Central Java, waited for ships that never came.

The colonial engineers were raised in the Dutch water tradition: they 
had been trained to fight against water. In 1879, an Irrigation Commission 
made a plea for dedicated irrigation education for colonial engineers.3 
Establishing an irrigation course, to be taught in Delft by an experienced 
engineer from the Indies, was seen as an absolute necessity. The report 
acknowledged that some irrigation design guidebooks were available, 
most of them in French, but these were not aimed at Java, although the 
‘Cours d’agriculture et d’hydraulique agricole’ included some discussions 
on rice.4

Dedicated educational programmes for colonial civil servants had 
been available from the early nineteenth century.5 In 1842 Baud, Minister 
for Colonial Affairs, decreed that all higher positions within the colonial 
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service were reserved for candidates who had been educated in the 
Netherlands. By royal decision of 8 January 1842 the Royal Academy in 
Delft was formally established.6 Only a diploma from this institution 
opened up appointment to the higher ranks in the colonial civil service. 
Next to colonial civil servants, the Academy educated engineers. Five dif-
ferent programmes of four years were offered: civil engineering, mining 
engineering for the colonies, building engineering, mechanical engineer-
ing and commercial engineering.7 In the first two years of the study pro-
gramme, the prospective engineers and civil servants shared several 
courses.

In its first year, the Academy counted forty-six students: ten students 
were studying to enter the civil service and thirty-six received their train-
ing within the Department of General Studies, which hosted the engi-
neering programmes. In 1843 the Academy hosted 117 students, 142 in 
1844 and 170  in 1845.8 Within the engineering programmes the civil 
engineering study was the most popular by far: in 1864, 183 from the 
total 207 graduates in the Department of General Studies had chosen 
civil engineering.9 With the application of the new Dutch educational 
law on 30 June 1864 the Academy was abolished. The Department of 
General Studies became the Polytechnic School. The monopoly of Delft 
on educating civil servants disappeared, as programmes were established 
in Leiden and Batavia as well; furthermore, the civil service programme 
in Delft was no longer part of the Polytechnic.10 Until 1905, the 
Polytechnic School was formally registered as secondary professional edu-
cation, but in that year the School gained academic status and a pro-
gramme of five years.11

Even though specific attention on East Indian issues was not included 
in the engineering programmes, the Netherlands East Indian Department 
of Public Works connected itself clearly with the Delft engineering 
school. In 1874 it decreed that anyone seeking employment with the 
Department for civil engineering needed a degree from Delft.12 All in all, 
some 25 to 30% of Delft graduates went to the Indies.13 Although the 
engineers from Delft did not perform too badly in irrigation develop-
ment from a technical point of view before the establishment of an irriga-
tion course, the call for dedicated attention in the Delft curriculum for 
hydraulic engineering issues from the East Indies, particularly ‘irrigation 
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and other Works in non-flat and tropical regions’, was strong from the 
beginning.14

The pleas for dedicated attention basically emphasized differences in 
technical (e.g. soils, climate, building materials) and social (e.g. laws and 
regulations, language, administration) issues between the motherland 
and the colony. An added argument was that a civil engineer in the East 
Indies had to work on his own. He was not participating in a larger team 
or guided by senior colleagues; he was often the single authority in a large 
region and responsible for many more tasks than his fellow engineer 
would be in the Netherlands. The Dutch engineers were no particular 
admirers of the quality of education for colonial engineers in Britain, but 
British attention to dedicated preparations for service in the colony of 
their engineers was considered an example to follow.15

In 1906, negotiations between the Ministry for Colonial Affairs and 
Delft Polytechnic resulted in nominating a civil engineer on leave from 
the colony to give the required dedicated course on hydraulic engineer-
ing on Java; the course was not obligatory for all civil engineering stu-
dents. Engineer Grinwis Plaat, who had worked on several locations in 
the colony on a variety of issues, was this first lecturer. In 1908 his tem-
porary nomination was changed into a permanent position as extraordi-
nary professor in hydraulic engineering. On 1 January 1910 Grinwis 
Plaat retired as professor. In 1919, after several short-term professor-
ships, Haringhuizen was the first regular professor who stayed for a lon-
ger time, until 1938.

In 1920, the same year De Gruyter graduated, the Polytechnic School 
for the Netherlands East Indies in Bandoeng, Java, was opened, with civil 
engineering and irrigation as major subjects. The institution was designed 
to suit East Indian needs. The engineers trained in Bandoeng were sup-
posed to find employment in the colony. The educational system and 
programme of Delft were taken as the models to follow, but adaptations 
were made. In Bandoeng the whole programme was obligatory, which 
was only a small contrast to Delft with its few optional courses. The sub-
committee thought that the drawing courses would offer some choice to 
students in Bandoeng; they could draw those subjects they were most 
interested in. ‘Such freedom would typically be more beneficial than 
damaging to the programme.’16
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 Hierarchy and Water Distribution

Unlike his predecessors, De Gruyter was trained specifically for his work 
as irrigation engineer in the East Indies. At the time of his graduation 
from Delft, attention for irrigation engineering was firmly settled within 
both the Delft and Bandoeng engineering schools. During his stay in 
Delft, De Gruyter would have taken some of his senior courses with the 
new professor Haringhuizen. Very soon after graduating, on 7 September 
1920, engineer De Gruyter was appointed in the Netherlands East Indian 
Department of Public Works, more specifically to the staff of the Head of 
the Irrigation Department Tjimanoek in Cheribon, Western Java. His 
engineering career seemed to go well. In November 1925, he was pro-
moted to engineer second class and moved to a new position within the 
Central Water Board Office for the Princely States in Soerakarta, Central 
Java.

As an engineer of the third class, De Gruyter’s duties would have 
focused on making technical drawings, and possibly travelling around to 
map and report on the area. Even after 1925, when he became engineer 
of the second class,17 his work would still have been closely controlled by 
his superiors, as much as the work of the regional office was to be con-
trolled by the Department of Public Works in Batavia. When designs and 
associated design documents were to be finalized in the Netherlands East 
Indies, the engineer designer sent the document to the Department. 
After approval, the documents were sent to the Director of the Department 
of Public Works, who asked for a governmental decision. Such a proce-
dure was not always appreciated by engineers in the field. ‘The project 
was approved [by Public Works] but with the announcement that it had 
to be completely rewritten. […] One of my engineers worked on it for 
half a year. […] Another remark concerning that project was that in 
future I had to send such projects for approval in pencil first. […] one 
was exceptionally surprised there that I reacted somewhat annoyed; one 
of the subordinated engineers even signified that actually all projects 
should be send in pencil to Batavia; probably to be niggled on by him.’18

There was much to be discussed in the 1920s regarding Javanese colo-
nial irrigation, as the new impulse for irrigation—expressed in  expenditure 
for irrigation in Fig. 11.1—by the colonial state created much new work 
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for engineers. Those same renewed efforts after the First World War I cre-
ated the space for engineers to renew a debate they had been engaged in 
since the start of colonial irrigation efforts: how to distribute irrigation 
water between the users in irrigation systems. As we will see, De Gruyter 
did not only enter the Javanese irrigation scene when the debate was 
renewed. He did much more than that, as he made proposals of his own 
about how to arrange water distribution and defended them strongly in 
engineering circles. We will also find out, however, that his proposals 
were not readily accepted by his peers, and why this was the case.

Well before De Gruyter’s efforts, in the first half of the nineteenth 
century, Dutch colonial engineering irrigation design focused on con-
structing head works, such as barrages in rivers (weirs) and main canals 
diverting water from those rivers to existing irrigated areas and fields. 
Towards the end of the nineteenth century, engineering attention gradu-
ally moved to designing complete irrigation systems from intake to field 
drains. As such, engineers had to deal with a growing number of related 
issues, from stability of intakes to ways of delivering water to fields. A 
major duty of Dutch irrigation engineers was to ensure that Java’s irriga-
tion systems supplied water to a diversity of crops.

Javanese farmers grew rice on their fields in the wet West Monsoon—
between October and April. In the East Monsoon, with much lower 
water availability from rain or rivers, Javanese peasants grew dry crops 
(polowidjo) such as root crops, beans and ground nuts on part of their 
land. The other main crop in need of irrigation was sugar cane, the major 
cash crop grown on Java.19 The importance of cash crops had been cre-
ated between 1830 and (about) 1870, when Javanese farmers had to cul-
tivate certain cash crops within the Cultivation System.20 Two of the 
crops that were enforced by the colonial government needed irrigation: 
sugar cane, to produce sugar, and indigo. The income generated by the 
enforced cultivation of cash crops was considerable: in the period between 
1851 and 1860, almost a third of the income of the Dutch state came 
from the Netherlands East Indies.21 Under the Cultivation System, sugar 
companies were under direct control of the colonial government. After 
the gradual abolishment of the Cultivation System in the second half of 
the nineteenth century, it was private sugar companies that produced the 
sugar from the cane. These companies exploited factories on Java, but did 
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not actually own the land on which the sugar cane itself grew. The com-
panies rented the land for a period of three years from Javanese 
landowners.22

Sugar cane was the most important irrigated commercial crop by far, 
with its sugar serving the world market. Sugar cane was particularly 
grown in East Java. The famine in 1850/1851 in Demak, central Java, 
stimulated criticism of the Cultivation System. This criticism coincided 
with a general call for liberalization of economic activities in favour of 
private initiatives. The famines were seen as resulting from sugar cane 
being a major constraint for peasant production to reach a sufficient level. 
Sugar cane claimed valuable irrigation water, both for the crop and for 
driving the watermills to crush the cane. Furthermore, sugar cane was 
removed rather late from the fields, basically when the West Monsoon 
had already started and growing rice was again hampered. As long as the 
Cultivation System allowed the profits to go to the colonial government, 
it was hardly interested in such problems. With the sugar industry still 
largely under governmental control, rice interests came second.23

After the gradual abolishment of the Cultivation System and the 
increase of private economic activities, the government no longer bene-
fited directly from cash crops. This change in interest coincided with—or 
allowed—a growing concern about the welfare of the Javanese peasant. 
One of the first measures the government took was aimed at decreasing 
water use by watermills belonging to sugar factories (1870). Another 
measure concerned the cropping dates of sugar cane (1871). In the West 
Monsoon, all irrigation water was to be made available for rice after 15 
October.24 Despite these measures, conflicts between rice and sugar 
cane—which were grown within the same irrigation systems—remained. 
Rice did not compete with sugar cane for irrigation water during the 
West Monsoon, as sugar cane did not require irrigation at that time. 
However, the cane required much of the scarce irrigation water in the dry 
East Monsoon and did compete directly with polowidjo crops for water. 
Furthermore, the issue of the effect of late removal of sugar cane on rice 
harvests on those fields remained.

How to deal with these competing demands became a major issue of 
Dutch colonial irrigation water management. Growing sugar cane was 
seen as very valuable and a very good example of maximization of the 
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value of the water. Polowidjo would allow two families to make a living, 
whereas the same area with sugar cane provided income for up to six 
families.25 At the same time, even its high profits should not mean the 
unlimited growth of sugar cane: Javanese agriculture had to be able to 
exist and grow too. The Javanese had to eat, but exporting rice could 
perhaps become an interesting future economic option as well. These 
considerations led to a water distribution policy that strived to maximize 
the economic value of irrigation water—a value that in the Netherlands 
East Indies was expressed in the value of the total crop harvested on a 
certain surface area.

The total value of a crop, already mentioned in the report of 1879 
mentioned above, could be expressed in monetary terms and was created 
by applying the correct amount of water.26 Irrigation water could be val-
ued differently in terms of location and the time when water was avail-
able. Irrigating a crop that had just received water or irrigating fallow 
land did not create additional value, or could even be harmful. Irrigating 
crops in need of water created a very high value. From all these different 
values of crops and fields, a theoretical total value for all water at a 
moment in time could be calculated. This total value and how to reach it 
varied from moment to moment, depending on the actual situation of 
crops and water availability.

This importance of the actual crop harvest was not only a direct inheri-
tance from the Cultivation System, when the cash crops that were sold on 
the world market produced huge amounts of money for the Dutch gov-
ernment, but was also related to the colonial tax system on Java. The tax 
to be paid by farmers and companies in the Netherlands East Indies was 
based on the actual crop that was harvested on a standard area of land—
cash or food crops alike. The higher the harvest, the higher the tax would 
be. As I have explained in more detail elsewhere, this Dutch colonial 
taxation system contrasted rather strongly with the system in British 
India.27 In India, irrigation was also important to the colonial state, but 
much more to ensure food security. Whether land could be irrigated to 
prevent crop failure was more important than irrigating for maximum 
harvest. Not coincidentally, land taxes in British India were higher for 
fields that could be irrigated, irrespective of how water was used.
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 Puddings and Trains

On Java, with cash crops under private management after the Cultivation 
System had been abolished, land taxes based on crop production had 
become the main source of income for the colonial government. Irrigation 
had to ensure maximum harvests and thus maximum monetary values 
per surface area by applying the correct amount of water to crops at the 
correct moment.28 Adaptation to actual circumstances and demands was 
a key element to ensure maximum values for water use at all times and at 
all places within irrigated areas. This created the necessity to adapt, mea-
sure and control flows of water to different parts of the irrigation system, 
units, fields or even crops, to allow for changing demands for water at 
different places in the system at different times. In 1893, the colonial 
government invited the Director of Public Works to ‘design, in consulta-
tion with his colleague from the Civil Service, regulations for distribution 
of irrigation water in the areas of Pekalen and Pategoean, respectively in 
the residencies of Probolinggo and Pasoeroean, which could be applied as 
a test, which, when they prove to perform well in practice, can be defini-
tively established later’.29

An experiment in these two small irrigation systems on East Java had 
to suggest the most appropriate water management regulation. Lamminga 
was involved in the design of the Pekalen works. Even though there was 
a preference for the Pategoean method expressed by the colonial govern-
ment, the water distribution regulation developed in the Pemali irriga-
tion area around Tegal in Central Java became the standard approach. 
The Pemali works and its regulation were designed by Lamminga and his 
team; the Pemali system is credited for setting the standard for later sys-
tems in terms of water distribution.30 The influence of this system is also 
explained when taking into account the debate in the Netherlands East 
Indies at the turn of the twentieth century on the (negative) impacts of 
Dutch colonial rule on the Javanese. Dutch colonial rule would put too 
much pressure on the Javanese population and keep the farmers in a con-
tinuing situation of poverty. Irrigation was seen as a major solution for 
farmers’ poverty. Around the same time, the Pemali system was seen as 
one of the better functioning irrigation systems, which was a major  reason 
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for it to become the standard design and implementation for irrigation 
on Java.31

Over the years, more defined design standards developed, particularly 
how to compute canal dimensions and which division structures to use. 
The designs of the huge Krawang works—irrigable area of 100,000 acres 
on West Java, opened in November 1925—provided much of the stan-
dards for De Gruyter’s work.32 Originally, the Krawang standards pre-
scribed the so-called Cipoletti and Thomson weirs as measuring structures. 
These devices were accurate and could be easily moved around—an asset 
as early canals did not have permanent measuring devices and the water 
distributed to sugar cane was measured just before the water entered the 
field(s).33 In later designs, permanent Cipoletti weirs were placed down-
stream of intakes of all canals leading to groups of fields. This allowed 
permanent water measurement, but was also seen as somewhat cumber-
some, because inflow control through the intake gate and flow measure-
ment at the Cipoletti weir were separate actions at separate locations. A 
device that could both control and measure irrigation water would save 
much time and effort.

Dutch engineers discussed their preferred solution in their own colo-
nial engineering journal De Waterstaatsingenieur, typically referring to 
experiences elsewhere. It was Dutch irrigation engineer S.H.A. Begemann 
who introduced such an external structure when he applied a Venturi 
structure in the Penewon area, just south of Modjokerto in East Java in 
1923.34 His Venturimeter became the new standard for discharge mea-
surement structures in the East Indies. Begemann and his colleagues had 
known Venturis for many years, as they had been applied in the 
Netherlands East Indies as measuring devices in the closed conduits of 
drinking water systems. After reading about experiences in British India 
and the USA with Venturis in irrigation networks, Begemann decided to 
build them himself.35 The results from his designs allowed Begemann to 
prove that his Venturis worked well. They could measure water flows and 
were easy to manage. Furthermore, they did not need huge water level 
differences between upstream and downstream sides of the structure—a 
huge advantage in the flat areas on the Javanese north coast where the 
Dutch built most of their new systems after 1920.
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As a result, the second half of the 1920s saw Venturi structures appear 
as popular discharge measurement structures in new and existing irriga-
tion systems on Java. In the Krawang system, the Cipoletti weirs that 
were originally planned were replaced with Venturi structures; in Demak, 
Venturi structures gradually replaced existing structures. This popularity 
of the Venturi did not mean that the discussion about the perfect water 
control structure stopped in colonial irrigation circles. As late as the 
1930s, reports continued to document experiments with different mea-
suring devices.36 Already in 1925, in an attempt to promote another 
alternative, De Gruyter proposed a structure designed by himself in an 
extensive overview of possible discharge measurement structures. His 
structure was ‘a hotch-potch of the broad crested weir, the regular sluice 
and the Venturi-flume. It possesses such particularly suited qualities, that 
in my view it is the most ideal type by far.’37

Similar to Begemann, who used experience from elsewhere in selecting 
the Venturi, De Gruyter had adapted an existing irrigation structure from 
British India ‘from Mr. Crump of the Punjab Irrigation’.38 De Gruyter 
knew that the irrigation systems on the Indian subcontinent had long 
canals and many outlets. As already explained, British colonial irrigation 
was based on the principle that it was much more important that many 
fields could be irrigated. Exact water measurement was not very impor-
tant. Furthermore, with British indirect colonial rule, operation of the 
large irrigation systems had to be simple, by as few people as possible, and 
cheap. What the British were looking for was an irrigation system, which 
would function without management, by itself as it were. In 1922, 
Crump introduced his own invention in irrigation systems in the Punjab: 
the Adjustable Proportional Module (APM). The structure consisted of a 
narrow throat with a sloping sill and rounded roof-block on top of the 
throat to create an orifice. Its hydraulic properties ensured that the water 
flow through the structure was relatively constant. As such, an APM pro-
vided a predictable amount of water without much need for actual man-
agement from engineers or other irrigation staff.

What De Gruyter proposed was replacing Crump’s original fixed roof- 
block with an adjustable sliding gate.39 This would change the APM from 
a device that gave stable water flows into an adjustable water control 
structure that could be used for discharge measurement and regulation. 
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De Gruyter had clearly studied British Indian irrigation. His personal 
copy of an important British irrigation handbook contains notes and 
sketches on many pages.40 In his 1925 paper introducing his idea, De 
Gruyter had good hopes ‘to convince the reader about the eminent prop-
erties of this construction’.41 What he could not yet show was results of 
his own proposals regarding existing irrigation on Java. Therefore he pro-
posed to experiment with his structure. Perhaps a secondary canal in the 
Tjipoenegara works close to Pamanoekan could be used? Unfortunately, 
the Cipoletti weirs in this system were replaced with the new and popular 
Venturimeters.

De Gruyter had to look for other options to test his own idea. After 
being given the opportunity to experiment with his structure in the 
Irrigation Department Tjimanoek, the area around Indramajoe, he pro-
vided an extensive description of the structure, especially its hydraulic 
behaviour; the experiments showed him that the structure was even bet-
ter than he had thought! Nevertheless, the apple of his eye was never 
really considered by his peers from civil engineering as a breakthrough in 
colonial irrigation on Java. It is very likely that the way the structure was 
introduced into the debate influenced its success. De Gruyter could not 
show results from Javanese irrigation practice, so he proposed a structure 
based on theoretical considerations. This experimental status was hard to 
overcome in the practice-oriented network of civil irrigation engineers, as 
De Gruyter himself acknowledges. ‘The writer fully acknowledges the 
general need, before importing new constructions, not to take chances, 
not to ban the old before the new has sufficiently proven in practice to 
possess bigger advantages than the old.’42 But he continued, somewhat 
disappointed, ‘[n]evertheless one should still give the new a chance and 
this can only be achieved by constructing it’.43

This last argument was right on the money. In East Indian irrigation, 
the proof of the pudding was in the eating. Whether candidate structures 
came from areas close to Java or from further away, and irrespective of 
whether they had to be changed much, successes of proposals had to be 
shown in practice. De Gruyter could not show results from Javanese irri-
gation practice for his modified Crump flume. His position at that time 
within the Central Office of the Vorstenlanden would not have helped. 
The Vorstenlanden, the area associated with the Sultan of Jogjakarta, 
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were semi-independent Javanese kingdoms within the colonial state. The 
Central Office served as a kind of Ministry of Public Works; De Gruyter 
would have done mainly deskwork. This position made it difficult for 
him to enter the practice-oriented network of irrigation engineers. 
Begemann could propose the Venturi structure based on his own trials 
and experiences in ‘his own’ Javanese irrigation system. De Gruyter had 
no real-time irrigation systems to show.

For De Gruyter 1926 was a year of debate. We do not encounter any-
thing from him in 1927, but we know that he took a well-deserved nine 
months of leave in The Netherlands. At the end of 1928, De Gruyter 
returned to Java. Again, we do not encounter much of him in the archives, 
but his resignation in 1929 as member of the VWI suggests that his dis-
appointment in his fellow irrigation engineers’ reception of his ideas had 
not yet changed. Only in 1933 do we find De Gruyter back in the archi-
val record, which shows that he had become an engineer with the Javanese 
State Railway Company (JSRC). In April 1934, he even became the 
Head of the Experimental Bureau for Rolling Stock of JSRC. Railways 
were a relatively new field of engineering in the East Indies and became 
closely related to the field of hydropower. From the late nineteenth cen-
tury onwards, hydropower exploitation started as a private initiative—
starting in the city of Bandoeng in 1906. In 1912, the Governmental 
Railways became interested in electrifying part of their network and 
established a hydropower unit. In 1917, the railway hydropower unit 
merged with the governmental Electrical System Unit to form the Service 
for Hydropower and Electricity, with its head office in Bandoeng.44

The Hydropower Service employed civil, mechanical and electro- 
technical engineers, with quite a few coming from other countries than 
the Netherlands; many came from Switzerland. After all, Dutch engi-
neers were not really known for their experience with hydropower gen-
eration. Hydropower had ‘something of the unknown, of the mystique, 
which attracts the normal Dutchman with so much power to the moun-
tains’.45 Colonial reliance on foreign engineers is also reflected in the 
numbers of engineers hired (Fig. 11.2). That same figure also shows that 
the number of foreign engineers declined in the late 1920s. This reflects 
the Dutch desire to become less dependent on foreign experts and to 
replace them with experienced Dutch engineers. Finding (experienced) 
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irrigation engineers to work in hydropower was not that easy, as experi-
enced engineers were not always found—or were perhaps not attracted to 
the field. For De Gruyter, however, with his recent disappointments, a 
move from irrigation to another field may have been very attractive. We 
can only speculate, as the archives provide no evidence, but it is likely 
that De Gruyter replaced one of those foreign engineers in colonial gov-
ernment service.

 Local Made Global

Perhaps the colonial railways were not that attractive or perhaps De 
Gruyter had had enough of the colonial world, but whatever the case, a 
little over one year later after his appointment as head, in August 1935, 
Paul de Gruyter returned to the world of water. He did so in The 
Netherlands, as he was appointed as Head of the Technical Service of the 
Rijnland Water Board (one of the largest and oldest such boards in the 
country). Again, we do not find too much of his work and career there. 
What we do know is that he remained the Chief Engineer of Rijnland 
until 1958, when he took up a position for the United Nations in Syria. 
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Fig. 11.2 Numbers of engineers and their training origin in the Netherlands East 
Indies. (Numbers from Ravesteijn: Zegenrijke heeren, Annex F, p. 358)
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This move reflects the changing position of Dutch engineering within the 
emerging international realities after the Second World War and its 
decolonization trends.

Indonesia’s independence in the 1940s effectively put a halt to the 
massive Dutch engineering efforts in the colony. The Second World War 
forms a line of demarcation for the Netherlands East Indian irrigation 
context. Indonesia disappeared as a secure field of practice. This disrup-
tion of colonial realities after 1945 was not unique for Indonesia and the 
Netherlands; within twenty years most colonies gained their indepen-
dence and were redefined as ‘developing countries’. In this new reality 
Dutch irrigation engineers started to work in countries worldwide; the 
first generation did so with their experience in the Indies embodied in 
their persons, while the second generation did so based on their educa-
tion and training in Delft. Dutch engineers started working in other 
tropical regions and engineers from different countries started to work in 
independent Indonesia.

Before the Second World War, about 280 (mainly Dutch) engineers 
had been employed by the Netherlands East Indian Department of Public 
Works. After 1945, some 100 engineers remained active in the areas 
under Dutch control. Irrigation received relatively little attention; restor-
ing and building transportation infrastructure was of much higher 
importance. In 1949, formal negotiations between Dutch and Indonesian 
representatives confirmed what had been coming for many years: 
Indonesia became an independent republic. Despite the expectation of 
the Dutch—including many engineers who perceived their work as being 
of great value for Indonesia—that a Dutch presence would continue, 
relations with the new Republic of Indonesia cooled down considerably 
in the 1950s. At the end of the 1960s, however, relations improved 
again.46 In 1967, the Indonesian government applied for international 
assistance, focusing on the rehabilitation of existing irrigation infrastruc-
ture. The Dutch offer for assistance was accepted by Indonesia, as we will 
discuss below.

In the meantime, the post-Second World War development aid pro-
grammes, which replaced most colonial development programmes, had 
become a niche for activities of European and American engineers in 
Africa, Asia and Latin America, including most former colonial areas.47 
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International development organizations under the wings of the United 
Nations, such as the Food and Agricultural Organization, the World 
Bank and the Asian Development Bank, required engineering expertise. 
Irrigation development was one of the key fields for increasing global 
food production. In 1951, in response to these developments, Dutch 
engineering firms united themselves in the umbrella organization 
Netherlands Engineering Consultants (NEDCO). Geographically, the 
employment opportunities for Dutch irrigation engineers increased; their 
horizon expanded to countries such as Bangladesh, India, Pakistan, 
Nigeria and Colombia. As such, the colonial engineers were turned into 
international experts, who now lived in and worked from the Netherlands 
but did not work in the Netherlands.

How to translate this new international status of Dutch irrigation 
engineers was not immediately evident. Once Indonesia’s independence 
effectively put a halt to Dutch engineering intervention in this territory 
and the East Indies as an employment option had disappeared, the direct 
connection between education and employment had been cut and the 
usefulness of specific colonial educational programmes was discussed 
immediately. The Agricultural School in Wageningen—the other key 
education institute for the colony—kept offering specializations directed 
at non-Dutch regions, but renamed them ‘tropical’, not ‘colonial’.48 
Within Delft, similar discussions could not be avoided; the focus of the 
discussions was on its own graduates, Bandoeng was ignored.49 After 
1945, Delft students could continue to graduate in irrigation. Where 
they could choose between two main graduation specializations in 1930 
(‘Dutch’ civil engineering and ‘East-Indian’ civil engineering, with just a 
few courses being different), the 1955 programme offered a prospective 
engineer seven specializations: (1) general hydraulic engineering, (2) pol-
ders, (3) irrigation and hydropower, (4) bridges and roads, (5) utility 
buildings, (6) sanitary engineering and (7) theoretical subjects.50 From 
these options, the specialization for irrigation and hydropower, the ‘non- 
native branches of civil engineering practice’, was the successor of the 
East-Indian programme.51

Armed with the continued attention for irrigation after 1945, the pro-
fessors responsible for irrigation education at Dutch institutes were 
among the first to emphasize the need to broaden the perspective of 
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 irrigation engineering from the East Indies to all tropical regions. As a 
Netherlands East-Indian specialist and major player in the international 
water orientation, Eijsvoogel—who had become irrigation professor in 
1946 at the Agricultural School in Wageningen—stressed the attention 
of the Dutch engineers for layout, organization and management of irri-
gation systems. Leaving aside communist countries and some notable 
exceptions to the rule, Eijsvoogel distinguished between ‘distribution to 
the individual farmer where properties have a reasonable size (thus e.g. in 
the USA, South Africa, Australia) and distribution to a group of farmers 
where small landholding prevails (that is in the tropics)’.52 In just a few 
pages, ‘tropics’ had been made equal to ‘Javanese’, when Eijsvoogel stated 
that Lamminga had thoroughly studied and defined the principles which 
had to be applied when designing and constructing irrigation systems in 
‘tropical regions’. In this way, the East Indian irrigation concept, based on 
the commercial crop sugar cane challenging water distribution to food 
crops, was redefined (perhaps narrowed down) to distributing water to 
smallholders.

Some years later, Berkhout, irrigation professor in Delft since 1954, 
emphasized the strategic aspect related to attention for irrigation in the 
Netherlands. Allowing the irrigation domain to disappear from the Delft 
curriculum would mean that the Netherlands could not maintain its 
leading position in the international aid programmes that emerged 
worldwide. Global recognition of the importance of irrigation for food 
production was increasing.53 It was observed that the expertise available 
in the Netherlands because of its East Indian past should not be wasted. 
Apart from its colonies at that time, Surinam and New Guinea, and the 
UN-guided development programmes, Berkhout saw possibilities for 
cooperation within the context of Benelux.54 Dutch engineers could 
assist Belgium to develop irrigation in its African colony Congo. Involving 
Dutch irrigation engineers in the British and French territories would be 
an option too, as was a return to Indonesia sometime in the future. All in 
all, Berkhout was very pleased that irrigation had not only maintained a 
professorship, but also that a condensed course in irrigation was obliga-
tory for all civil engineering students.55

In 1958, De Gruyter returned to the international community with 
his two-year appointment as water management expert in Syria. What his 
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tasks were exactly remains unclear, but his appointment confirms that 
Netherlands East Indian irrigation expertise could be successfully rede-
fined as international water expertise. Interestingly, Indonesian practice 
suggests a different move. Where the Dutch managed to rephrase their 
colonial expertise as international expertise, in Indonesia that same colo-
nial expertise was redefined as Indonesian expertise—at least partially by 
the Dutch themselves.

The Dutch engineers returned to Indonesia in 1967, when an 
Indonesian large-scale programme of rehabilitation and/or upgrading of 
some 780,000 hectares—with 90% on Java—was launched. The Dutch 
government offered assistance as well, and Dutch engineers started to 
work on such projects as the Tarum canals on West Java and the 
Djratunseluna area on Central Java.56 Next to rehabilitation, some new 
irrigation facilities were included as well, although new designs were very 
often based on, or directly related to, colonial plans and reports. 
Colonization of Javanese on the other islands remained an important 
policy for independent Indonesia. Relabelled ‘transmigration’, resettle-
ment programmes were resumed, and between 1950 and 1974 in total 
about 500,000 people were resettled in the Outer Islands. In 1980, about 
a million people had been resettled, where the third five-year develop-
ment plan (Repelita III, planning period 1979–1984) achieved the reset-
tlement of almost 1.5 million people.57 As in colonial times, developing 
irrigation was nearly always included in transmigration projects, as in 
Lampung—an important target area for transmigration.58

Up to the early 2000s, when I visited the area, new irrigation systems 
had been constructed in the Lampung area. In 2003, the responsible 
Japanese consulting designer had just selected and constructed Crump–
De Gruyter gates for off-takes to canals—De Gruyter would have been 
very pleased with that choice. Relevant for this chapter is that the Japanese 
design documents explicitly refer to the Irrigation Design Standards 
(IDS) of Indonesia. These were published in 1986 by the Indonesian 
government in a successful attempt to standardize irrigation design in 
Indonesia and effectively limit the number of different types of structures 
applied in Indonesia. The IDS series includes thirteen volumes and was 
produced with the assistance of a Dutch consulting firm. It presents an 
overview of the irrigation design process, with available options for 

 Dutch Irrigation Engineers and Their (Post-) Colonial Irrigation… 



304 

 different elements of an irrigation system in a ‘how-to-do-it’ approach. 
The first volume stresses that it includes only the ‘[i]rrigation systems and 
methods as commonly used in Indonesia’.59

Each of the design criteria volumes, apart from Volume VII (Drawing 
Standards) contains a list of references. Original material from the 
Netherlands East Indies is quoted in three volumes, dealing with the gen-
eral approach to irrigation design, canal sedimentation and control struc-
tures. Measuring and regulating flows remains a top priority, but a 
designer can now select from a group of distribution structures, including 
a Crump–De Gruyter gate. The influence of the standards is consider-
able, not only because irrigation designers (need to) apply them; the stan-
dards are also used as lecture material in educating Indonesian civil 
engineers, providing the design rules for future Indonesian irrigation 
engineers. The Dutch consultants who coauthored the Irrigation IDS 
will probably have recognized (perhaps even used) their own lecture notes 
from Delft in the writing process.

 De Gruyter and Dutch Irrigation

This chapter has presented Paul de Gruyter, a Dutch engineer with an 
international career. His career allowed the discussion of several aspects of 
Dutch colonial engineers in relation to their knowledges, networks and 
professional environments. De Gruyter enjoyed his education in Delft. 
In contrast with the civil engineers who had been trained in Delft before 
1910, he had been prepared for working in the East Indies. Where the 
first Dutch engineers left for Batavia with a thoroughly Dutch-centred 
education, graduates after 1910 did so with at least a few courses and 
exercises on technical topics relevant for East India—mainly irrigation. 
De Gruyter joined the East Indian Department of Public Works, to be 
exposed to its hierarchy in different ways. First, he was the youngest engi-
neer in the ranks, and promotion was arranged in a strict schedule. 
Second, all his work had to be checked by his superiors, both in his direct 
working circle as by the Department itself in Batavia. Third, when De 
Gruyter shared his own proposals for better water distribution on Java in 
a series of papers in the periodical of the engineering profession on Java, 
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he discovered that these did not find a warm welcome. He had to com-
pete with proposals from other engineers, who did have more practical 
experience, could test their own proposals because of their position, and 
as such could show success in irrigation practice—not just theory. 
Whether the move to the railways and later The Netherlands was a way 
to find more recognition is not clear, but it is tempting to argue along 
those lines. It must have been disappointing for De Gruyter that the 
Crump–De Gruyter gate did not find the warm welcome he himself 
thought it deserved.

De Gruyter’s return to The Netherlands and his move to Syria in 1958 
allowed an exploration of the relations between The Netherlands, its 
main colony the Indies and the global world of development after 1945. 
The strong position the Dutch and their engineers held in the growing 
field of international development projects allowed Paul de Gruyter to 
move east once more in the late 1950s. There he would have encountered 
colleagues from other European countries, who, as much as the Dutch 
did with their experience from the former Netherlands East Indies, used 
colonial expertise, as the British did with former British India and the 
French with North Africa.60

When former colonies became independent nations, the majority of 
Dutch, French or British colonial engineers became international experts. 
As the Dutch did with their Javanese irrigation approach, colonial exper-
tise was translated into an international approach, based on the claim 
that the (Javanese, Indian, African) context was typical for the interna-
tional development context—obviously a convenient argument when the 
aim is to maintain employability for former colonial experts. Maintaining 
the employability of ‘non-Dutch experts’ was certainly the wish of Delft 
Polytechnic, which redefined its colonial programmes into international 
programmes—even though the training material remained firmly based 
on the colonial approach. Still, after 1945 the Dutch and international 
water worlds remained rather separate for many decades. This is shown in 
Delft education, where prospective water engineers could either take a 
Dutch-oriented water programme or an internationally oriented pro-
gramme at relevant universities. Scientific staff at those same universities 
either taught within the Dutch or the international programme.61
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Direct relations between the Dutch and colonial engineering contexts 
were not very strong in terms of knowledge and professional exchange. I 
have not found many engineers who like De Gruyter started working in 
Dutch engineering after an East Indian career. Circumstances may have 
changed, but irrigation design and management practices in the post- 
colonial period remained largely based on colonial approaches. Although 
he could not witness it himself, De Gruyter probably would have liked 
the idea that the water distribution structure he had proposed in the 
Netherlands East Indies in the 1920s—which had been rejected by his 
peers at the time—had become one of the possible applications that 
international experts could select when designing Indonesian irrigation 
systems as late as the early 2000s.
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by the state and private companies.1 That was the case in the USA as it 
rose to dominate the Western market for nuclear reactors by the mid- 
1960s. Engineers and  scientists also played a crucial role in other advanced 
economies such as Germany when they began to scout out the sector. But 
what about underdeveloped economies? We aim at analysing the role of 
engineers and scientists as agents of economic modernization in Spain, 
which at the time was an underdeveloped economy ruled by an authori-
tarian regime.

The Spanish nuclear law of 1964 responded both to the pressure of the 
private electricity companies to procure the nuclear business for them-
selves and to the industrialization strategy propelled by the dictatorship.2 
A handful of modernizing engineers and scientists were decisive in the 
process. Presas,3 as well as Camprubi,4 unveiled the key role of Otero 
Navascués who was directing the Nuclear Energy Board projects. We 
know far less of the other engineers and scientists who joining interna-
tional networks, transferred technological/scientific knowledge and 
trained qualified teams within Spain. They also acted as commercial 
agents. Acquiring foreign atomic technology required specialized knowl-
edge in order to decide which of the different alternatives available in the 
market to choose. Engineers and scientists stayed at the core of all com-
mercial negotiations and transactions involving nuclear technology. One 
of their basic tools was the cultivation of good relationships in order to 
influence institutions, industry, experts and especially policymakers, who 
had the last word. Finally, the history of the nuclear programme was 
determined by a very small group of people for whom mutual knowledge 
and trust were essential. Making use of new archival sources,5 this chap-
ter identifies some of these actors, in particular the Spanish industrial 
engineers Jaime MacVeigh and Manuel Gutiérrez-Cortines and the 
German scientist Karl Wirtz. These three actors played a strategic role in 
 promoting the Spanish nuclear programme. But in order to understand 
the role played by these engineers, we first introduce the global market 
for nuclear reactors from the 1950s to the 1980s and explain that Spain 
became the principal market for the major international manufacturers 
of nuclear reactors during the decade between the mid-1960s and the 
mid-1970s.

 J. De la Torre et al.



 315

 The Global Market for Nuclear Reactors 
1950s–1980s: Spain as a Major Client

On 20 December 1951, electricity was first generated from nuclear power 
at the EBR-I (experimental breeder reactor I) in Idaho, USA.6 Yet the 
beginning of civil nuclear power is commonly set at President Eisenhower’s 
address to the General Assembly of the United Nations on 8 December 
1953, later called the ‘Atoms for Peace’ speech.7 Most civil nuclear pro-
grammes around the world began and grew from the 1950s to the 1970s. 
The first nuclear reactors connected to the electricity grid—Obninsk in 
the Soviet Union by 1954, Calder Hall in the UK by 1956 and 
Shippingport in the USA by 1957—proved the concept, but were far 
from being commercially viable. They were small (5 MW, 50 MW and 
90  MW respectively), each applying dissimilar technologies and with 
plenty of unknowns to be solved. Eventually, three types of reactors were 
commercialized internationally. The light water nuclear power reactor, 
using low enriched uranium as its fuel and ordinary water as its coolant 
and moderator, was built originally to a US design in Western countries 
and to a similar Soviet design in the USSR and Eastern European coun-
tries; The gas graphite reactor using natural uranium as its fuel, moderated 
by graphite and cooled by carbon dioxide, was a technological design 
favoured by the UK and France. Finally, Canada marketed a quite  different 
nuclear power reactor using natural uranium as its fuel and heavy water as 
its coolant and moderator. In the end, it was the light-water reactor pro-
moted by the USA that was triumphant over the more expensive gas-
cooled reactors built by the British and the French in the 1950s.8

However, until the introduction of ‘turnkey projects’ in the nuclear 
business in 1962, with a bid for the construction of a plant at Oyster 
Creek, New Jersey, the commercial market for nuclear reactors remained 
stagnant. So did the international market: a total of ten reactors were 
ordered internationally up to 1964, with a few other reactors domesti-
cally ordered and under construction in the USA, the UK and the USSR.9 
The turnkey plants were offered by the nuclear reactor building compa-
nies at a guaranteed fixed price, set in advance, competitive with coal- 
and oil-fired alternatives. Even if in the long term it proved to be a bad 
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business, in which the manufacturers lost money,10 turnkey projects pro-
pelled domestic and international sales of nuclear reactors. Up to 1975, 
some 245 commercial reactors had begun to be built around the world in 
the thirty or so countries that decided to pursue nuclear energy. Of those, 
almost one hundred were ordered and were beginning to be built in the 
USA alone. All the US reactors were domestically built by five American 
manufacturers (General Electric, Westinghouse, Babcock &Wilcox, 
Combustion Engineering and Atomic General).

Just over one hundred reactors were ordered internationally (including 
Soviet sales to Eastern countries). General Electric and Westinghouse 
captured, with the help of US economic diplomacy and the financial 
assistance of the Export–Import Bank, almost 80% of the international 
sales of nuclear reactors to the Western countries up to the mid-1970s. 
During the second half of the 1970s, other Western manufacturers, 
which had been gaining experience by building nuclear plants in their 
countries, came to compete in the international market, mostly the 
German Kraftwerk Union, the French Framatome and the Canadian 
AECL. The British mostly failed to market their Magnox reactor to the 
world, while the Russians imposed their technology on the Eastern Bloc. 
By 1975, the curve of orders had already passed its peak in the USA.11 
Worldwide, 1976 marked the historical maximum of nuclear power 
plants beginning to be constructed, with building works being initiated 
for forty-three new nuclear plants.12 Coincidentally, 1976 also saw the 
last governmental authorization for a new nuclear power plant in Spain.

As an early adopter of nuclear energy, by 1973 Spain already ranked 
third among countries, with the largest share of nuclear electricity over 
total electricity produced and being the seventh largest producer in the 
West.13 In fact, over the first half of the 1970s, the Spanish electricity 
utilities became the largest nuclear clients of world nuclear manufactur-
ers, just ahead of Japan and South Korea.14 All the major international 
nuclear companies attempted to break into the Spanish market, which 
was the fastest growing nuclear power developer in Europe at the time.15 
The remainder of this chapter aims to expose the role that engineers and 
scientist played in helping the destitute, internationally ostracized and 
dictatorial country that was Spain become a relevant player in the global 
nuclear market.
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 Nuclear Optimism and Energy Planning 
by Entrepreneurs and Engineers: MacVeigh 
and Cortines as Atomic Leaders

In Spain, experience in managing large engineering works, handling 
credit and establishing contact with the USA and European firms enabled 
the electrical lobby to take on the nuclear programme. Since the 1940s, 
the electricity companies had built up groups that comprised highly 
skilled engineers who were used to collaborating with foreign experts on 
large engineering projects. Some industrial engineers became the true 
architects of the Spanish nuclear strategy, taking on the functions of busi-
ness leadership, project management, public dissemination of energy 
policy and the orchestration of a lobby. This is our main hypothesis. 
These engineers had first-hand knowledge of what the USA had been 
doing since 1945, but also knew of the limitations of Spanish industrial 
capacities. They frequented the meetings of the Atomic Industrial Forum 
in New York and reacted to the business expectations that were put for-
ward at the 1955 Geneva Conference. Upon return from Switzerland, a 
group of these industry captains had a meeting with General Franco to 
convey their objectives the nuclear programme should be the responsibil-
ity of private enterprises.16 It was unclear at this stage whether the nuclear 
civil programme was to be a private endeavour in Spain or whether it 
would continue in the hands of the government’s Nuclear Energy Board 
(JEN).17 A British report summarized the situation in early 1957: at least 
80% of the electrical supply industry was controlled by a few private 
companies in association with the main Spanish banks; the electrical 
engineering industry was developing on a fairly satisfactory scale stimu-
lated by the demand from state and private power production schemes; 
the larger utility firms were closely associated with French, German and 
US firms under patent agreements.18 ‘The range of small products is 
increasing rapidly, but there is no plant for production of the massive 
electrical generating components required in modern base load sta-
tions.’19 The utilities therefore knew their weaknesses and recognized the 
need to establish strategic alliances.
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The next step entailed the creation of two business consortia to build 
nuclear power stations in regions that were historically controlled by pri-
vate enterprises, thus enabling them to distribute a substantial part of the 
future of the nuclear market and reinforce their unequivocal commit-
ment. The Northern Nuclear Plants SA (Nuclenor: Iberduero and Electra 
Viesgo) and the Centrales Nucleares SA (Cenusa: Unión Eléctrica 
Madrileña, Hidroeléctrica Española and Sevillana de Electricidad) for the 
southern region were founded by electrical and financial entrepreneurs 
but managed by engineers.20

Jaime MacVeigh Alfós (191?–1985),21 and Manuel Gutiérrez-Cortines 
(1901–1980),22 were two of them. Both were industrial engineers and had 
developed contacts with foreign firms. Son of a counsellor of the Hispano-
American Bank, MacVeigh finished his studies in the School of Industrial 
Engineers of Madrid in 1943. Between 1945 and 1950, engenieer MacVeigh 
had a managing role within the Spanish TALGO project (Tren Articulado 
Ligero Goicoechea Oriol, Goicoechea-Oriol light articulated train). The con-
struction of the famous articulated train was  made in conjunction with 
American Car & Foundry, taking MacVeigh to some of the nuclear industry 
sites in Pennsylvania, Delaware and New Jersey. Upon his return to Madrid, 
he abandoned TALGO and was hired by the Banco Urquijo. MacVeigh 
went on to specialize in nuclear projects, convinced that they offered ‘the 
solution to Spain’s electric problem’.23 Cortines, in the other hand, was man-
aging director of Standard Electric in Spain and Portugal before the civil war. 
From 1940, he worked as counsellor in Electra Viesgo, one of the future 
partners who built Garoña nuclear power plant (NPP) in the 1960s.

Between 1956 and 1962, MacVeigh and Cortines, as technical advi-
sors and counsellors for Cenusa and Nuclenor respectively, developed a 
very long-term expansion strategy. Together with the most significant 
executives of the electric companies, both engineers participated in the 
Assessment Commission of Industrial Reactors (CARDI) at the Spanish 
Nuclear Energy Board (JEN), where they established alliances with scien-
tists, experts and businessmen.24 MacVeigh’s public presence had been 
constant since 1955, spreading the idea that Spain should bet on the 
economy of the atom. His political and business contacts abroad allowed 
him to know precisely the technological advances that were being made 
in the USA and in Europe. Indirectly these two engineers contributed to 
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the turn of the governement’s industrial policy that left the business of 
nuclear power plants in the hands of private firms. In short, these two 
men become a turning point in the commitment to nuclear power and in 
the maturation of an industrial sector that was unprecedented in Spain. 
In 1957, MacVeigh collaborated in founding the nuclear engineering 
company Técnicas Atómicas (Tecnatom SA).25 Through this company, 
MacVeigh directed and led the project of the first Spanish nuclear plant 
on the Tajo river, at Zorita, and meanwhile Cortines initiated the drafts 
for the so-called Ebro–Bilbao nuclear power station. Simultaneously 
both leaders networked with the national atomic agencies of the USA 
and the UK, as much as with the chief multinationals in the atomic busi-
ness. Last but not least, they negotiated contracts with international 
banks and suppliers and supervised the building process once it began. 
They shared learning and commercial trips. As Cortines wrote some years 
later, one of the reasons why the Spanish programme had adopted three 
different technologies was the negotiations undertaken by each company. 
Each reactor belonged to a different utility and ‘all of them were offered 
under excellent economic conditions’.26

Why this passion for nuclear energy? Firstly, because it was a political 
decision, ‘Atoms for a dictatorship’.27 Francoism embraced the nuclear 
programme for military and economic reasons. Nevertheless, and sec-
ondly, we believe that it was possible not only because of the times of 
atomic optimism in which the Geneva Conference opened, but also 
because it was technologically one of the main challenges for engineers of 
the mid-twentieth century. And of course, the electrical utilities saw a 
business opportunity to conquer and, in Spain, they had excellent politi-
cal contacts through which to do this. In this sense we can understand 
why the first non-governmental technical/economic report on the need 
to incorporate nuclear energy into the Spanish energy matrix was pro-
duced by the Research Service of Banco Urquijo, an industrial bank with 
important interests in electricity, in February 1957.28 Entitled ‘Essay on 
a nuclear programme for Spain’ (Ensayo sobre un programa de energía 
nuclear en España) and written by Jaime MacVeigh, it concluded that 
before 1970 Spain would face a major deficit of traditional electricity 
generation that could only be offset by introducing nuclear power. Given 
the urgent need to meet the excess demand, MacVeigh urged in his essay 
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that work should start on the first commercial nuclear power plants no 
later than 1964 and continue after that at an exponential rate.29 MacVeigh’s 
hypothesis on the growth between 5% and 7% annual of the Spanish 
electric demand from 1950 to 2000 proved to be excessively conservative 
in the short and medium term, although remarkably precise in the long 
term. His nuclear projections, however, were extremely optimistic. At the 
height of the Spanish nuclear programme, in the final phase of the dicta-
torship between 1971 and 1976, the installed capacity would never have 
exceeded 33 GW if all the projects that the utilities applied for had 
become operational.30 This engineer knew the obstacles that a project 
such as the one he was proposing would have to face. MacVeigh recog-
nized that the technical problems had been solved but the economic ones 
had not.31 The report from the Urquijo Research Service admitted that 
the cost of nuclear kWh produced at commercial nuclear power plants at 
that time was no less than twice the current fossil fuel costs. MacVeigh 
further stated in his essay that the order of magnitude of investments in 
nuclear power plants from 1965 to 2000 would have to be between 150 
and 280 billion pesetas of 1955 (from $14 to $25 billion at the official 
exchange rate). That was excluding the additional facilities that a nuclear 
programme would entail. Including those, the full development of the 
programme could account for 25–40% more.32 In other words it was a 
great opportunity to do business and to promote the industrialization of 
the country.

MacVeigh, Cortines and other businessmen and technocrats were 
invited to visit the British nuclear installations in 1957. Although in the 
end the British did not get any atomic contracts from Spain, this contact 
was very important for the utilities’ managers. For instance, a report titled 
‘Training and Construction Programme for a Nuclear Power Project in 
Spain’ summarized what should be the process of training a team of engi-
neers to build an atomic plant. In 1958, MacVeigh conducted a training 
course for senior executives that would be very useful in the Zorita proj-
ect. Briefly, and according to the British experts, the most important con-
sideration was to nominate at the earliest possible moment the chief 
engineer for the whole project, since this training would be of long 
 duration, and he must be allowed to choose his own staff. The  requirements 
for the chief engineer were that he should have considerable experience in 
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construction of conventional power station plants, as well as strong tech-
nical and administrative ability to draw up enquiries for tenders and to 
supervise construction of the plant. During the first year, the chief engi-
neer’s main task would be to recruit his team and to start its training at the 
Hartwell Reactor School and with the Calder construction teams. The 
complete team would contain a similar number of engineers experienced 
in conventional power station practice, covering such areas as turbines, 
alternators, instrumentation and switchgear. The chief engineer would 
pay visits to the industrial firms from whom tenders were being sought 
and would also spend some time at the research station operated by JEN 
in Spain and the UK Atomic Energy Authority (UKAEA). Construction 
could be started within three months of planning an order and should be 
in operation about three-and-a-half years afterwards. The chief engineer 
would supervise construction and ultimately operation of the station, and 
he would supervise the contractors with the assistance of his design engi-
neers, the operation superintendent and the maintenance engineer.33 
Eventually, MacVeigh as chief advisor of Tecnatom would apply this very 
same strategy in the first plant that was built in Spain, but using American 
firms instead.

On a commercial mission to England in 1960, MacVeigh made a rel-
evant situation diagnosis. His company’s plans relied on the government’s 
opinion. He believed that the Spanish industry could participate in a 
conventional power station by manufacturing turbines, instrumentation, 
alternators and steam raising equipment, but excluding the fuel cycle. For 
this reason, he considered the JEN trials to be a big mistake. MacVeigh 
declared himself a supporter of the plan to import the reactor and stated 
that he was familiar with the US financial facilities. To achieve this, it was 
necessary to influence the decision-makers. Gutiérrez-Cortines person-
ally told Minister of Industry Joaquín Planell that the companies ‘doubted 
whether the government intended allowing the private utilities to build 
nuclear stations’. The answer was ‘the Government would support […] at 
the appropriate time’.34 The problem, in fact, was that the people in 
charge of the autarkist policy were still in their posts and did not under-
stand the meaning of the new economic policy. By late 1961, MacVeigh 
was more forceful in his strategy and drafted a confidential report wherein 
he was critical of the policy of the JEN and its President.35 This report 
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was given to López Bravo, manager director of Spanish Foreign Currency 
Institute (IEME), and soon after to become Industry Minister. In 
MacVeigh’s opinion, JEN’s plan to proceed with the experimental proj-
ects was illusory and expensive. Moreover, the fuel cycle would not be 
viable until 1970 and would be hardly able to cover the needs for ura-
nium; this would delay the rollout of the power stations. Therefore, 
MacVeigh’s report advised supporting the private initiative that was pre-
pared to immediately construct ‘a small and standard plant with a future’; 
it would be of the ‘boiling water’ type and come at a ‘reasonable’ cost. 
Those running the Zorita project firmly believed that they had to speed 
up the nuclear race by using US technology and collaborating with the 
Spanish private companies. MacVeigh was right to consider that every-
thing depended on two essential factors: ‘the capacity of Spanish indus-
try’ to respond to this challenge and ‘the (economic) liberalisation’ that 
access to the foreign market would provide.36 No doubt MacVeigh knew 
whom he was addressing. López Bravo—‘Mr. Efficiency’ as he was nick-
named by a well-known banker—would have all the authority and the 
last word in awarding the nuclear programme and the tenders. IEME’s 
manager was responsible for liberalizing the foreign currency market and 
foreign transactions, and as the Minister of Industry promoted an indus-
trial policy that was favourable to foreign capital in general terms, and to 
American firms in particular.

Furthermore, Cortines and MacVeigh collaborated in founding the 
Spanish Atomic Forum (Fórum Atómico Españo, FAE) at the end of 
1961. FAE became the Spanish nuclear lobby, since it was an alliance of 
industries that sought a market niche in nuclear energy: steel, 
 metal- mechanical, shipbuilding, chemical and electronic companies, in 
addition to electricity producers and distributors and engineering and 
consulting firms. FAE had the support of public and semi-official entities 
and became part of the European Atomic Forum (Foratom), a necessary 
link for its internationalization and for complying with nuclear safety 
regulations. In addition, as vice-presidents of the lobby, MacVeigh and 
Cortines were counted among the instigators of the project for a European 
fast fusion reactor, necessarily encountering scientists and the atomic 
business ecosystem in Europe and North America. In fact, FAE and the 
Spanish Nuclear Board organized several meetings with French, British, 
North American and Western German industries during the 1960s.
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It should be noted that Spanish industry did not start from zero. The 
experience gained in conventional thermal power plants, at least since 
1950, had allowed engineers to conduct major projects and develop 
mechanical and electrical assembly techniques. In addition, the factories 
making specialized machinery and auxiliary equipment for the genera-
tion and industrial use of electricity, sometimes with foreign patents, had 
benefited from manufacturing growth during the 1950s.37 The nuclear 
programme was identified as an opportunity. These companies had to 
innovate in product, techniques, knowledge and management. The man-
ufacture of capital goods and industrial assemblies requires large-scale 
engineering and consulting services. Some of these firms were born at the 
time and others, which already existed, adapted to the new challenge by 
diversifying their production lines and building up strategic links with 
foreign companies. This was a way in which to solve the two great short-
comings of the Spanish companies: capital and knowledge. In MacVeigh’s 
words, nuclear participation meant ‘improving, in general, its construc-
tion and productivity standards’.38 The challenge was to build the first 
nuclear power plants. Zorita and Garoña were the litmus test for 
MacVeigh and Cortines.

While Cortines served as an executive officer,39 MacVeigh acted as a 
chief engineer with some additional management functions. Even though 
Cortines referred to Garoña as ‘my nuclear plant’, the execution of the 
contract was the direct responsibility of the American multinational. 
General Electric coordinated, controlled and subcontracted all phases of 
the project through its subsidiary GE Technical Services Co. (GETSCO). 
So Cortines negotiated capital goods contracts and financial credits, but 
was not directing the works. On the contrary, Westinghouse Electric 
International and its subsidiary Westinghouse Atomic Power of Spain 
relied on Tecnatom, the Spanish consultancy directed by MacVeigh, to 
supervise the entire Zorita’s project of engineering and management. Why 
did WEICO confer so much responsibility on a local consulting firm that 
GE disregarded? In 1965, Tecnatom was only a little company, with a 
small but highly qualified staff, and with more theoretical knowledge than 
experience in atomic technology. It is true that Garoña was triple the size 
of Zorita, which made the project more complex. GE had to consider, 
with good reason, that the Spanish engineering and  consultants were still 
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at an embryonic stage, considering the degree of specialization, technical 
assistance and learning that were required. Our hypothesis is that the 
main intangible was embodied in the figure of the advisor-delegate 
MacVeigh, the project leader who had worked in USA, communicated 
well in English and personally knew WEICO and also possessed the 
knowledge and contacts to operate in a complicated country such as 
Franco’s Spain. With all this, MacVeigh could convince the Americans 
and the policymakers and impose his criteria. MacVeigh put into practice 
a very personal management structure in Zorita NPP.  He negotiated 
import licences and dollars with the Spanish authorities and contracted 
logistics in Europe or the USA for the transport of the vessel and the reac-
tor. He also supervised the exit and return of the Spanish uranium to be 
enriched in America, and agreed loans with public and private banks 
abroad in a variety of different currencies.40

Once the power plant programme was in place, the Minister of 
Industry gave priority to the future fast breeder reactor. López Bravo 
again sought the support of the JEN and the nuclear industry. MacVeigh 
and Cortines also played a key role. On this occasion, they sought to 
approach European partners and use their old networks in the UK, 
France and West Germany. The point of connection was the supply of 
uranium for Zorita NPP. At least since 1962, the UKAEA and Tecnatom 
had held meetings and negotiations on this issue. According to a British 
memorandum of September 1968, the Spanish government was very 
interested in advancing this new technological development. The Energy 
Director in the Ministry for Industry, ‘who is from private industry’, 
expressed that Spain needed nuclear power and the fast reactor seemed 
the most promising way of obtaining it. He asked about the British plan 
and requested a visit to the Dounreay installations. Some days later 
MacVeigh confirmed his own interest in the fast breeder. ‘He knew in 
outline’ of the British proposal for Spain and confessed that the American 
Betchell were ‘very impressed indeed with the British fast reactor position 
and were convinced’ that ‘it would be adopted in the USA’. MacVeigh 
‘was personally prepared to back it and recommend his organisations, 
Tecnatom and UEM, to put money into it’. The report concluded by 
stating that ‘as you know MacVeigh is an influential man in Spain and is 
a very good friend of ours’.41
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However, MacVeigh’s time at Tecnatom was running out. This consult-
ing engineering company had been created to build Zorita. Once com-
pleted and connected to the network in 1969, Tecnatom entered a phase of 
uncertainty. The board of directors was given a two year trial period, after 
which its future would be evaluated, not excluding the possibility of dissolv-
ing the company. This situation was perhaps decisive in MacVeigh’s decision 
to leave the company in late 1969.42 Banco Atlántico hired him, a firm 
linked to the finances of Opus Dei and expanding its industrial businesses. 
Meanwhile, Cortines acceded to the presidency of the Spanish Atomic 
Forum and to the council of the European Forum, and tried to advance the 
development of the fast reactor with partners in Europe and America.

 From Scientific Knowledge to Entrepreneurial 
Ecosystem: Karl Wirtz and the Spanish Atomic 
Programme

The technological and financial challenges entailed by atomic develop-
ment led to the early appearance of international projects during the 
1950s. The idea was to share experiences, costs and financial risks in this 
new sector, which still had uncertain technological potential. Karl Wirtz, 
one of the scientists behind the atomic bomb of Hitler’s Third Reich, had 
been considered ‘an old friend of Spain’ by the JEN since at least 1949. 
Private firms, entrepreneurs, diplomatic services and political decision- 
makers played an important role in shaping the Spanish atomic network 
between the 1950s and 1970s. However, no national or international 
atomic programme can be understood from reductionist approaches that 
refuse to interrelate politics, technology, commerce and culture.43 Nor 
can such a programme be explained by one sole actor. In contrast, only 
an investigation of the connections between all social spaces and multiple 
actors enables the development of a historical explanation. In addition, 
these actors moved in substantially different political and economic con-
texts. We need only mention the political distance between Franco’s 
Spain and the economic development policy of the Federal Republic of 
Germany(West Germany), a country that was democratic, industrialized 
and fully integrated into Europe.
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If we adopt the day-to-day activities of a sales department manager as 
our point of reference, Karl Wirtz was not, strictly speaking, a sales rep-
resentative. He was not in charge of managing private businesses. He was 
not authorized to negotiate contracts or credits. He did not define distri-
bution channels or set prices, loans or interest charges for nuclear services 
and products. Nevertheless, his trips and meetings outside West Germany 
formed part of a long chain of public and private relationships that 
shaped the commercial and scientific ties between countries interested in 
implementing atomic programmes.44

From 1972 to 1979, Wirtz served as an organizer and consultant to the 
West German federal government regarding the transfer of nuclear tech-
nology from West Germany to Spain. The reasons cited for his appoint-
ment were his scientific qualifications and his familiarity with the Spanish 
market. Wirtz’s contact with the JEN dated to the creation of the Board, 
as recalled by Otero Navascués, with whom Wirtz had shared a ‘close 
friendship’ since 1949. But who was Karl Wirtz (1910–1994)? Receiving 
his doctorate in physical chemistry in 1934 as a heavy-water specialist, 
Wirtz had completed his academic training in the tumultuous context of 
the purge of Jewish scientists and any other scientist believed to oppose 
the Nazi dictatorship. In 1937, he became an assistant at the Physics 
Institute of the Kaiser Wilhelm Society. As late as September 1939 he 
maintained international contacts with British and American colleagues, 
which the war would later end.45

‘I have done that.’ ‘I conducted the negotiations with the firms.’ ‘I 
have done the experimental work.’ These were statements that Wirtz 
made sure he emphasized during the Farm Hall interrogations. A cottage 
located near Cambridge in England, Farm Hall was the internment cen-
tre to which Wirtz was taken in 1945 with the other scientists who had 
worked on the Third Reich’s atom bomb project. Werner Heisenberg, 
Otto Hahn and Carl Friedrich von Weizsäcker all spent time there. 
Ambition, lack of humility and a combination of scientific skills and the 
ability to communicate with firms were elements of the image that Wirtz 
projected of himself. He seemed optimistic as well, stating that the odds 
of him and his colleagues making a quick return to Germany were 70%, 
in contrast with Heisenberg’s doubts. Although Wirtz came to believe 
that he and the others would be taken to the USA to work, in early 1946 
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Wirtz and the rest of the group returned to Göttingen in the British 
occupation zone amidst post-war difficulties and at a time when the city 
was teeming with refugees.46 The scientific reconstruction of Western 
Germany began before the establishment of West Germany as a state 
(1949). For example, the Max Planck Society was formed in the British 
zone in September 1946 and authorized in the other zones in 1948.47 
Albeit with difficulties, German nuclear scientists resumed their interna-
tional relationships quickly during the formative years of the interna-
tional nuclear community. Wirtz underwent a rapid denazification 
process and travelled to Brighton in September 1948 for the annual 
meeting of the British Association for the Advancement of Science. In 
1949, he was invited to visit the University of Melbourne (Australia). He 
spent the last few months of 1950 in Argentina invited by the Nuclear 
Energy Commission of that country, reestablishing contact with former 
colleagues there who would later return to West Germany. Thanks to the 
efforts of the French chemist Bertrand Goldschmidt, and not without 
causing tensions, Wirtz attended a conference on reactor technology in 
Kjeller (Norway) in 1953. There he met Alwin Weinberg of the American 
Oak Ridge National Laboratory. In fact, he never cut ties with his former 
colleagues who joined the American scientific system, and he made his 
first trip to the USA in 1955. He returned a year later, joined by the head 
of the DEMAG corporation, which merged with Atomics International 
to form the Interatom corporation.48

Wirtz’s international presence played a part in the first Adenauer gov-
ernment’s interest in the nuclear economy, despite the fact that the Paris 
Accords, along with other legal measures, prohibited nuclear production 
and research in Germany for civil and military uses until 1955 and the 
enrichment of uranium until 1960.49 The initial relationships and 
exchanges created shared social spaces for industrialists and scientists, such 
as the Society for the Study of Physics (Physikalische Studiengesellschaft, 
PSG) founded in Düsseldorf in 1954. Although he had already started to 
form a group of young scientists and engineers in Göttingen, Wirtz lever-
aged the PSG to assemble a reactor research group, which he moved to 
Karlsruhe.50 As a professor and director of the Institute for Neutron Physics 
and Reactor Technology, he later presided over the scientific council of the 
Karlsruhe Nuclear Research Centre (Kernforschungzentrum Karlsruhe, 
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KfK) in Baden-Württemberg until 1978, an institution that with the Jülich 
Research Centre (Kernforschungsanlage Jülich, KfA) in North Rhein-
Westphalia was one of two scientific, academic and incubator sites for 
research and  development in this sector.51 The advances that emerged from 
the KfK included a new uranium enrichment technology similar to Erwin 
W. Becker’s nozzle process, and utilized by the Steag AG Corporation, and 
a system for monitoring fuel movements, which was conceived by Wirtz 
and enhanced by Wolf Häfele. From 1956 to 1971, Wirtz was a member 
of the German Atomic Commission, and he directed that agency’s ‘reactor 
circle’ until 1966. He also contributed to designing Germany’s first and 
second atomic programmes. The relevance of this complex institutional, 
public and private framework lies in the implicit, constant cooperation it 
represents between the scientific system and the firms that shared the stra-
tegic objective of internationalization despite conflicts over development 
and financing.52

In this historical context, Wirtz came to play the role of mediator 
between scientific institutions and nuclear firms in Spain and West 
Germany, although Spain was not the only hub of his international activ-
ity. The first step along this path consisted of academic collaboration. 
Relationships with Spain were resumed immediately after the war in 
Göttingen to enable Spanish physicists to research their doctoral theses.53 
Otero Navascués travelled there in 1949, having taken an interest in the 
German pioneers of reactor technology. In March 1950, the newspaper 
Die Welt reported that Wirtz would travel to Madrid at the request of the 
Franco government to assist in the establishment of a cosmic radiation 
laboratory. The article was referring to the future research centre of the 
JEN in Moncloa, which was intended to replicate the UK’s Harwell  centre 
and France’s Saclay centre.54 Additionally, Wirtz was one of the first for-
eign lecturers at the Applied Nuclear Physics Course organized by the 
Spanish National Research Council (Consejo Superior de Investigaciones 
Cientificas, CSIC) between November 1950 and July 1951. According to 
Aschmann, the interest of the National Institute of Industry (Instituto 
Nacional de Industria, INI) in acquiring German scientific and engineer-
ing know-how figured in the background of that first trip.55 In fact, 
Manuel Espinosa Rodriguez, former naval attaché to the embassy in 
Berlin, travelled to the three Western occupation zones to rekindle former 
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relationships and recruit specialized technicians. To this end, Lieutenant 
Ignacio Moyano wired approximately US $30,000 from the Spanish 
Institute of Foreign Currency (IEME) to the Bank Deutscher Länder in 
Frankfurt. Ten scientists expressed interest, including Wirtz.56 In the 
1950s, Wirtz made additional trips to Spain and corresponded with 
Otero Navascués, Maria Aranzazu Vigón, Carlos Sanchez del Río (JEN) 
and Romero Ortiz (Geological and Mining Institute).57 At the founda-
tion established with JEN, Spanish scientific experts, politicians, and 
commercial managers started to closely interact in atomic programmes 
and national and international forums. During the early stages, the 
search for uranium and other nuclear fuel was prioritized. Later, between 
1955 and 1960, Wirtz advised JEN on test reactor development, arguing 
in favour of natural uranium to avoid dependence on the American 
monopoly on enriched uranium, just as France, the UK and West 
Germany were seeking to do. Wirtz also negotiated with the German 
Nuclear Affairs Ministry to obtain financing for JEN.  In 1958, he 
attended the inauguration in Moncloa of the experimental reactor 
acquired from GE.58

Wirtz recognized that his interventions in the 1950s were showing 
results in the scientific realm but that he would only begin to prosper in 
commercial terms in the long run, specifically in the 1960s. However, 
Spanish–German relations weakened in the early 1960s primarily because 
German industry remained incapable of exporting a nuclear power plant. 
A secondary reason for these weakened relations was likely the fact that 
the main atomic products at the time, power plants, were controlled by 
multinationals from other industrial powers. In Spain, while Vandellós 
was a French project, Zorita and Garoña were the work of American cor-
porations, WESCO and GE, where MacVeigh and Cortines were pio-
neering the nuclear business in which they would eventually meet Wirtz.

During this period of nuclear optimism, improving the technological 
capacity of reactors and ensuring a sufficient fuel supply posed new chal-
lenges. Thus the fast reactor and the fuel cycle occupied a substantial por-
tion of the scientific, diplomatic and commercial nuclear agenda in the 
USA and Europe. In fact, Wirtz and Häfele expressed their scientific 
 interest in advanced, or fast, reactor prototypes at the KfK beginning in 
the late 1950s. Such prototypes were not exclusively a German  development 
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but were included in the scientific plans of the leading nations. In 1960, 
financing for the project was approved by the German Atomic Commission. 
The effort’s financial and technical complexity required multilateral col-
laboration and support from the European Atomic Energy Community 
(Euratom).59 Another business opportunity that drew together scientific 
research and the nuclear industry was the fuel cycle. Amidst rapid expan-
sion, progress had to be made in enriched uranium manufacturing for 
existing power plants and particularly for future technologies for electro-
nuclear production, an essential process subject to the US and Soviet duo-
poly of that time.

The fast breeder and nuclear fuel manufacturing had been prominent 
among the concerns of Minister of Industry Lopez Bravo since at least 
1966, and these matters were addressed by G.  Soltenberg and Otero 
Navascués during their visit to the uranium mines of Andújar that year.60 
At that time, there were already Spanish scientists in the KfA and the KfK 
in West Germany. The correspondence between Wirtz and Sanchez del 
Rio, the head of JEN’s Nuclear Physics and Chemistry Division, reveals 
their close collaboration on the fast breeder.61 In 1968, Wirtz travelled to 
Madrid with five collaborators to manage JEN’s participation in the 
Projekt Schneller Brüter (PSB).62 This scientific and technical coopera-
tion was extended in 1970.63 However, JEN was not the only organiza-
tion involved in the project. The PSB had also attracted Unión Eléctrica 
Madrileña, SA (UEM), the developer of the Zorita nuclear power plant 
and its expansion. Wirtz kept in touch with the old MacVeigh circuit in 
Tecnatom and UEM.64

The second entry point to the atomic entrepreneurial ecosystem was 
nuclear fuel manufacturing. A September 1968 entry in Wirtz’s travel 
diary described at length his contacts with the leadership of JEN, making 
note of the individuals he referred to as ‘Mir wichtiger Industriemänner’, 
that is ‘men of industry who are important to me’: López Bravo, Cortines, 
Oriol, Urquijo, Kaibel, Sendagorta, Mendoza and Millán, among others. 
In institutional terms, this list referred to the Ministry of Industry, the 
Atomic Forum and several of the firms involved in nuclear projects: 
Ibernuclear, Hidroelectrica Española, Sener Consulting, the Spanish 
Society for Naval Construction, Unesa and Babcock & Wilcox Spain. 
Wirtz added: ‘López Bravo has influence over Cortines’ decision about 
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fuel manufacturing.’ The scientist was well informed. The minister’s 
efforts resulted in the creation of Ibernuclear, a mixed partnership (70% 
private and 30% public) that was managed by Cortines, ‘the most impor-
tant man at the time’.65 This partnership was placed in charge of site 
studies for a fuel plant for light water natural uranium reactors.66 In fact, 
Cortines had contacted Heinrich Mandel of the West Germany electric-
ity utility Rheinisch-Westfälisches Elektrizitätswerk  (RWE) and visited 
Wolfgang, the headquarters of Schimmelbusch’s NUKEM  (Nuklear- 
Chemie- Metallurgie).67 He also visited the headquarters of the KfK, 
where he was joined by the head of the UEM, Julio Hernández Rubio.68

Under the mandate of López de Letona, the Ministry of Industry, the 
INI and the electricity  utilities promoted the National Uranium Enterprise 
(Empresa Nacional del Uranio, ENUSA) as a fuel manufacturer and 
expanded contacts with foreign industries that possessed that technologi-
cal capacity. Such was the case with the Kraftwerk Union (KWU). Product 
of a merger of the reactor departments of the Allgemeine Elektricitäts-
Gesellschaft (AEG) and Siemens, KWU began to submit bids in 1969 to 
construct reactors in international calls for tenders and presented offers in 
Spain for the nuclear power plants in Almaraz, Lemoniz, Ascó and 
Cofrentes. Managers led these international relationships. However, they 
did so in close communication with the diplomatic services and institu-
tions such as the KfK through the Society for Atomic Research (Gesellschaft 
für Kernforschung, GfK).69 The first agreement between the GfK and JEN 
was signed in Madrid in 1973. Foreign Minister López Rodó and Wirtz 
were in attendance, along with Greifeld (GfK), Sánchez del Río, Oltra 
(JEN) and representatives of Interatom, which still belonged to KWU.70 
However, the challenge of obtaining an important nuclear contract in 
Spain would remain unmet until 1975. Although Wirtz was not the deci-
sive actor, he represented an important player in a complex process that 
would eventually enable KWU to construct the Trillo nuclear power plant, 
the only such plant to be built by a German corporation in a booming 
market that was practically monopolized by American firms.71 A 1976 let-
ter to the KWU president in which Wirtz offered contacts in Galicia to 
help KWU win the call for tenders for the Regodola nuclear power plant 
reveals that the context had changed.72 By the mid-1970s, business man-
agers had become the key decision-makers in megaprojects.
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Not every decision passed through Wirtz, and not all interventions 
were rewarded with success. However, his work as an enduring catalyst of 
public and private relationships in the international nuclear community 
was crucial in the rapprochement between German and Spanish firms and 
scientific institutions in the nuclear field. A bridge between nuclear scien-
tific knowledge and the Spanish and German entrepreneurial ecosystems, 
Wirtz made these connections part of his career and his activity with the 
KfK. He did so at times without complete information and aware of the 
limitations through collecting data and contacts, linking evidence and fos-
tering trust. How did he do it? By introducing himself into the lines of 
communication between key industrial actors and political decision-mak-
ers in Spain, by writing reports that he distributed to leaders of industry, 
politicians and scientists, providing information and his impressions of 
these meetings, and by constantly promoting scientific cooperation.
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In the late 1930s, during a rising wave of nationalism, South American 
networks of oil experts and regional cooperation among oil-producing 
and oil-importing countries consolidated. Regional technical exchanges 
and cooperation in oil refining processes notably increased between 1937 
and 1942. Soon after the controversial expropriation of foreign-owned oil 
companies in Mexico in 1938, the South American Union of Engineering 
Associations (Union Sudamericana de Asociaciones de Ingenieros, USAI) 
announced in Lima a public call for ideas to improve the competitiveness 
of South America’s petroleum sector.1 Three years later, after several meet-
ings and initiatives under the auspices of USAI, the South American 
Petroleum Institute (Instituto Sudamericano del Petróleo, SAPI) was 
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founded in January 1941. The outbreak of the Second World War 
favoured the development of this organisation and opened new opportu-
nities for South American engineers and technicians to become involved 
in the exploitation and industrialisation of hydrocarbons in the region.

This chapter studies the rise of SAPI in the 1940s, focusing on its ori-
gins, organisation, membership composition and leadership. Two dis-
tinct periods can be identified in its existence. The first was the crucial 
years of the Second World War, in a context of oil rationing and conti-
nental cooperation; and the second was during the early years of the cold 
war in a context of developmentalism and state-led industrialisation, 
increasingly based on fuel imports substitution. It is worth noting that 
the extensive historiography of Latin America’s oil industry has tended to 
ignore or underestimate the place of engineers and technicians in the 
development of this region’s petroleum industry. An exception is the 
work of the historian John Wirth. According to Wirth, the foundation of 
SAPI allowed South American engineers to have broader opportunities 
for professional exchange that in turn contributed to the circulation of 
technical and marketing information at a regional level. In Wirth’s words, 
during the interwar period ‘South American engineers had their eyes 
fixed, exclusively, on the North American Petroleum Industry’. Building 
on Wirth’s pioneering work, this chapter aims to demonstrate the 
strengthening of Latin American communities of petroleum engineers 
during the war and post-war.2 SAPI enabled the professional develop-
ment and identity of South American engineers as well as the technologi-
cal transformation of the hydrocarbons industry in the region. This 
chapter highlights the relationship between the professionalisation of 
petroleum engineering and the increasing involvement of South American 
oil engineers and technicians in the transnational politics of energy.

 South American Oil Industry in the Interwar 
Period and Wartime

During the interwar period, the South America petroleum industry 
developed in a context of rapid energy transition from coal to hydrocar-
bons. The efforts of South American petroleum engineers to increase 
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regional cooperation also coincided with the take-off of the South 
American petroleum industry and the progressive import substitution 
policy in the fuels sector in this region. The whole region experienced a 
transition to a pattern of energy consumption based on hydrocarbons 
and electricity; however, each country had different experiences and 
rhythms.3 For instance, the most urbanised countries of the Southern 
cone—Chile, Uruguay and Argentina—had been the prominent con-
sumers of fossil fuels in the region since the late nineteenth century.4 The 
increasing exploration of new hydrocarbon deposits, facilitated by for-
eign direct investment by British and American oil multinationals, 
marked the birth of petroleum industries in the continent.5 Meanwhile, 
after the First World War, the wave of automobile imports in the River 
Plate countries (Argentina and Uruguay), Chile and Brazil had the effect 
of an expansion of hydrocarbon’s derivatives consumption.6

By 1939, on the eve of the Second World War, Latin American fields 
produced nearly 14.6% of world oil production (Fig. 13.1 summarises 
the main world oil flows for 1938). The United States, the Soviet Union 
and Venezuela were the main producers and exporters of petroleum.7 
Venezuela alone produced more than 60% of Latin American crude, and 
almost 10% of the world’s oil. The second most important producer of 
petroleum in Latin America was Mexico, although this country had 
reached a peak in its oil exports at the end of the 1920s, well before 
President Cárdenas’s expropriation of 1938. Colombia, Peru, Argentina, 
Ecuador and Bolivia were other producers. While Venezuela (95%), 
Colombia (86%), Peru (83%) and Ecuador (82%) exported most of their 
oil production, Argentina’s crude was directed to cover half of that coun-
try’s domestic fuel needs.8 In 1940, the South American region had the 
third largest refining capacity for crude, only after the United States and 
the Soviet Union.9 A combination of small distilleries and large modern 
refineries produced a variety of petroleum products such as kerosene, 
gasoline, lubricants, paraffin wax and asphalts for both domestic and 
external markets.

South American energy transition during the interwar period encour-
aged the regional circulation of capital, technologies, experts, practices 
and knowledge, just as had occurred with railway expansion during the 
late nineteenth century.10 European and US oil corporations transferred 
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to South America new technologies—designed at their research laborato-
ries—to prospect, extract and industrialise hydrocarbons. This process of 
transnational technology transfer was built on global petroleum engi-
neering networks.11 The expansion of the hydrocarbons industry also 
required several pressing transformations. The South American petro-
leum industry demanded professionals, governmental agencies and regu-
lations. Studies of and plans for each nation’s energetic consumption 
were also an urgent need. Therefore, the development of the hydrocarbon 
sector in South America opened professional opportunities for specialised 
geologists, chemicals, engineers and technicians. Since the first decade of 
the century, both in Europe and the United States, the new oil industry 
had promoted the rise of the profession of petroleum engineering and its 
legitimation at the international level. Latin America was not, however, 
an exception. As in other places, the petroleum engineer was considered 
a professional with knowledge of several scientific and technological 
fields, such as earth science, industrial chemistry, mining, metallurgy and 
mineralogy.12

During the interwar period, a wave of innovations radically trans-
formed the global oil industry. Petroleum science as a discipline gained 
academic relevance and petroleum engineers were consolidating their 
professional identity on a global scale. Advances in subsoil geophysics 
offered new exploration methods that favoured the discovery of new oil 
deposits. Offshore extraction operations in the Gulf of Mexico started in 
the immediate aftermath of the Second World War.13 The introduction of 
European and American chemical processes such as cracking and catalysis 
allowed the so-called ‘miracle of molecules’,14 which precluded the birth 
and development of the petrochemical industry, multiplying the number 
of petroleum products.15 Meanwhile, the mass production of new materi-
als made possible the transportation of fuels through transnational net-
works of oil and gas pipelines.16

An institutional innovation, the establishment of state-controlled oil 
companies, was a vital factor in the development of the oil industry in 
South America. Latin American state oil companies followed the pioneer 
model established by Yacimientos Petrolíferos Fiscales (YPF) of Argentina, 
founded in 1922, the first vertically integrated state oil company, financed 
with public revenue. After YPF, followed the Administración Nacional de 
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Combustibles, Alcoholes y Portland (ANCAP) in Uruguay in 1931 and 
Bolivia’s own YPF in 1936.17

The foundation of state-owned companies inaugurated a new age in 
the marketing of fuel and its derivatives in South America, especially 
among foreign companies. From 1935, market-sharing arrangements, as 
well as controls on prices and fuel distribution mechanisms, were intro-
duced in Uruguay, Argentina, Chile and Peru. As Bucheli points out, this 
could be considered evidence of a process of cartelisation in the oil busi-
ness.18 By 1940, the regulations became common currency. Tariff con-
trols on crude and derivatives imports were generalised throughout the 
region, and governments began to set top prices for the different types of 
hydrocarbons. These new market arrangements provided professional 
opportunities for petroleum engineers that could resolve complex bureau-
cratic and technical problems.

Meanwhile, state-owned oil companies were progressively functioning 
as incubators of innovation, centres of technical training and nodes in the 
growing networks of petroleum engineers. The state-owned oil compa-
nies established scientific laboratories and formalised alliances with 
higher education institutions in their respective countries. These compa-
nies also developed connections with European and American oil compa-
nies, which often provided technology and qualified personnel capable of 
training new generations of local engineers and technicians. As a result, 
the expertise of foreign engineers was complemented with the knowledge 
of South American engineers, which was better adapted to local 
conditions.19

The Second World War was a crucial period for South American petro-
leum engineers and technicians. During those years, these experts gained 
political and professional legitimacy, to the extent that they started to 
have a central role in the region’s energy diplomacy. The period between 
1941 and 1947 was an economic turning point for Latin American econ-
omies, with a reorientation of trade towards the pan-American area,20 
and the establishment of cooperation schemes to supply the Allies with 
primary goods and strategic commodities.21 As the supply and transpor-
tation of fuels was strategic for the war effort, the United States coordi-
nated oil rationing through the authority of the Petroleum Administration 
for War (PAW), with the advice of the Petroleum Industry War Council.22 
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In South America, the Allies promoted the development of an inter- 
American supply pool of petroleum. A complex rationing of all kinds of 
‘essential’ supplies was coordinated by Washington through negotiation 
with Latin American governments. The Committee of Provisions for 
Latin America was in charge of fixing supply quotas of fuels for each 
country, at a lower level than previous consumption patterns (for 1942, 
the quota was 40% of the level of consumption of crude and derivatives 
in 1941). However, the Argentine YPF refused to join the inter-America 
petroleum pool.23

During the war, PAW and the US State Department, supported by a 
variety of petroleum experts, inaugurated a new era in the global oil poli-
tics and diplomacy. The continental and intercontinental scale of oil 
rationing during the war demanded nerve-wracking rounds of diplomatic 
negotiations. The discussion of complex technical questions required the 
active participation of petroleum experts in these negotiations. In the 
United States, PAW hired geologists, engineers and scientists working for 
oil corporations with consulting and executive powers. These experts had 
responsibilities over the explorations, research, refining, rationing and 
supply of hydrocarbons at national and global levels. PAW’s deputy direc-
tor and his team also had attachés at the American embassies in South 
America (such as in Venezuela, Colombia, Trinidad, Ecuador, Peru and 
Bolivia). During wartime PAW sent so-called technical ‘oil missions’ to 
European, Middle and Far Eastern countries, as well as to Latin America 
(Mexico, Bolivia, Colombia, Ecuador and Peru). Oil experts were the 
central actors planning and managing the war effort, successfully con-
necting private and public interests.24

 The South American Petroleum Institute (SAPI)

Engineers were active in establishing international institutions and pro-
fessional associations during the interwar period and the 1940s. In 1935, 
engineers and technicians from the Southern Cone and Brazil created a 
federation of engineers’ associations: USAI, with bases in various South 
American capital cities. In January 1941, and after two preparatory meet-
ings in July and December 1940, USAI’s board decided to create 
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SAPI.25The founders of SAPI followed as models two foreign associa-
tions: the British Institute of Petroleum, founded in London in 1914, 
and the American Petroleum Institute, founded in 1919 with the finan-
cial support of large private oil companies and philanthropists.26

Originally, SAPI only accepted members from South American coun-
tries, although this would eventually change. The new body was closely 
related to USAI, which had representation in SAPI’s executive board.27 
Indeed, the executive board of SAPI was constituted by the Permanent 
Executive Committee, a delegate from the USAI and the presidents of 
the national sections.28 This committee was the main pillar of SAPI, and 
the one in charge of organising its meetings and congresses. Unlike some 
US professional associations in the petroleum sector, such as the American 
Petroleum Institute or the American Association of Petroleum Geologists, 
SAPI did not develop a comprehensive scientific research agenda.

SAPI was a non-profit corporation and did not undertake business or 
commercial activities. The Institute raised funding in the form of fees, 
donations and subsidies. Its administrators secured funds from individual 
membership fees, regional governments and private multinational oil 
companies that, like other corporate members, joined the Institute as 
associates. Public bodies and both public and private oil companies (such 
as ANCAP, YPF, Shell and Standard Oil) contributed funds to SAPI to 
regularly publish a bulletin and to organise scientific meetings. The 
Institute’s official bulletin—Boletín del Instituto Sudamericano del 
Petróleo—would be an essential vehicle of knowledge diffusion among 
petroleum engineers in the region. The bulletin was published practically 
without interruption until 1951. In it, the Institute published informa-
tive articles on South American oilfields, and many scholarly analyses of 
the petroleum industry in each country of the region. It also published 
the Spanish translation of several studies conducted by American scien-
tists. SAPI’s bulletin was especially relevant for the diffusion and adop-
tion of an Americanised scientific, technical and professional paradigm. 
SAPI international conferences, in turn, took place every four years, with 
the objective of furthering the scientific and professional goals of the 
Institute and increasing its international exposure, although many of 
these meetings were postponed.
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Montevideo was chosen as SAPI’s headquarters by the executive board 
of the Institute. This can be explained by a combination of professional, 
economic and geopolitical factors. On the one hand, it is a telling sign of 
the associative strength of the Uruguayan engineers amidst their South 
American colleagues, as well as the strategic leadership of the state com-
pany ANCAP.29 The localisation of SAPI in Uruguay was a pan- 
Americanist decision of the engineers associated to USAI in difficult 
geopolitical circumstances. In a context of pervasive Anglo-American 
presence in the region,30 the Uruguayan diplomats led the pro-Allied 
movement within the inter-American system, strengthening both 
Uruguayan autonomy vis-à-vis Argentina and Brazil and pan- Americanism 
in the hemisphere.31 These tensions between the pan-Americanist and 
South Americanist views continued to be a source of constant conflict 
throughout the existence of SAPI.

During the same period, Uruguay had been able to host the Regional 
Conference of Plata in February 1941, where diplomatic representatives 
of South American countries agreed on a broad common agenda, 
 including trade cooperation and energy distribution.32 Even if Buenos 
Aires concentrated most of the economic and financial power in the Plata 
region, including the offices of oil companies of neighbouring countries 
such as the Standard Oil of Bolivia Company,33 SAPI operated with a 
certain degree of autonomy vis-à-vis the Argentinean state oil company 
YPF. The YPF technical prestige and neutralists positions, far away from 
the Allies’ interests, complicated the geopolitics of energetics in the 
region.34 In Montevideo the Institute was kept away from the strong dip-
lomatic and scientific pressures of the Axis countries. SAPI’s ultimate 
safeguard was the pro-Allied support of the foreign affairs ministry of 
Uruguay.

The convention of USAI on January 1941 drafted SAPI’s Provisional 
Statutes, ratified in 1944. They identified three areas of interest for the 
organisation: scientific, professional and geopolitical. SAPI’s main goal 
was to strengthen the networks of cooperation and interaction between 
engineers to pursue the professionalisation of petroleum engineering in 
South America. Moreover, the Statutes established as goals of the Institute 
support to the circulation of petroleum extraction knowledge, the con-
struction of a network for research collaboration and the training of 
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experts through regional exchanges. In other words, SAPI had the 
declared objective of encouraging a community of petroleum experts in 
the region, as well as the advancement of this profession through training 
and the regulation of professional credentials.35 The Institute was also 
explicitly interested in getting involved in the South American geopoli-
tics of hydrocarbons during wartime, through the coordination of intra-
regional trade negotiations for fuel supply, with the active support of 
national governments.36

Although Ralph Emery, of the Shell-Mex Uruguay Company, became 
SAPI’s treasurer, the leading figure behind SAPI’s foundation was the 
Uruguayan engineer Carlos Végh Garzón. In Montevideo, in May 1940, 
in a radio conference that took place as part of the celebrations of the Day 
of the South American Engineer, Végh Garzón had already urged for the 
creation of a scientific and professional organisation of experts involved 
in the petroleum and gas industry of the region.37 He had in mind a new 
institute that could foster commercial and knowledge exchanges related 
to the hydrocarbons industry in South America during wartime. In Végh 
Garzón’s words the ‘war demand[ed] a very close coordination of the 
industrial and commercial activities related to petroleum’.38

Having been appointed the president of the Executive Committee of 
SAPI, Végh Garzón became the leader of the project and played a vital 
part in its development.39 Bureaucrat, economist, entrepreneur and poli-
tician, Végh Garzón did not study engineering in a military school, but 
at the School of Engineering of the University of the Republic in 
Montevideo, from where he graduated in 1926.40 He combined experi-
ence as a corporate director of the state firm ANCAP, with a consulting 
role in the construction of refineries. Végh Garzon had a broad and exten-
sive professional experience. He had worked in his youth as an engineer 
in the nationalised railways, overseeing the introduction of equipment 
and technology from Europe, particularly Belgium and Germany. In 
1937, Végh Garzón was in charge for buying British and American equip-
ment for the construction of La Teja refinery in Montevideo. He also 
collaborated with the Foster Wheeler company in Brazil in 1939 in Bahia 
and, years later, in the 1950s, in Pernambuco-Recife. Végh Garzón had 
close ties with the Argentinean-Brazilian company Ipiranga and was a 
private consultant of Universal Oil Products. After managing ANCAP, 
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Végh Garzón became Uruguay’s Minister of the Treasury (1967) and 
president of the Bank of the Republic (1968).

Végh Garzón had a comprehensive vision of the hydrocarbon economy 
and fuel industries in South America and understood the conflicting 
national interests. Considering the rising number of active petroleum 
experts in the oilfields of South America, Végh Garzón proposed the 
foundation of SAPI because he clearly recognised the new professional 
possibilities opened to petroleum engineers and technicians by the war 
effort. He had a vision conciliating Uruguay’s economic needs with a 
regional project for articulating the energetic and commercial comple-
mentarity of South America. Végh Garzón’s education and professional 
experience, together with his appreciation of the role of engineers in the 
‘South American hour’, made him different from the military and nation-
alist engineers. For instance, he diverged from strategic military visions 
behind the performance of the state-owned oil company YPF and the 
National Oil Council of Brazil (Conselho Nacional do Petróleo). 
Although Végh Garzón considered that hydrocarbons were key resources 
for the economic independence of the South American countries, he also 
supported what the historian John Wirth has called ‘the doctrine of large 
profits from refining’, a doctrine first inspired by YPF’s experience and 
policies of capturing the market for energetics.41

Being less of a politician than an engineer, Végh Garzón had practical 
technical ideas rather than a clear political project. Because of this, he 
advocated for the joint participation of private capital (both domestic and 
foreign) and governments in the development of the petroleum industry 
in the region. Therefore, he envisioned the Institute as a professional and 
scientific organisation that would advance the professional interests of 
petroleum experts working in both private and public sectors. His ideas 
on the South American energy complementarity, together with his pan-
Americanist vision, were very different from proposals of a more nation-
alist tone.42 Even if Végh Garzón’s proposals seemed to lose relevance 
considering the geopolitical transformations of the post-war period, they 
anticipated future projects and experiences of energetic regional integra-
tion.43 As John Wirth demonstrates, Végh Garzon’s ideas on petroleum 
engineering and the relations between the scientific, technological and 
entrepreneurial worlds, were truly innovative in the Plata basin, especially 
his approach to regional and inter-American petroleum geopolitics.
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 SAPI Membership and National Representation

SAPI organised its members by professional specialisation and nation of 
origin, although it was not a multilateral organisation. It followed the 
organisation of the Division of Petroleum Technologists (1922) within 
the American Institute of Mining Engineers and Metallurgical Engineers. 
SAPI was a professional organisation that brought together men with dif-
ferent educational, professional, scientific and industrial backgrounds. Its 
membership was very diverse, ranging from bureaucrats to engineers and 
technicians working for multinationals, to scientists and academics. It 
also had corporate members, which represented bureaucratic, political, 
business, professional, scientific and educational interests. In 1947, 
according to its bulletin, SAPI had 762 individual members and 116 
corporate members (various private companies and associations, eight 
state-owned companies, seven governmental agencies, six educational 
and research institutions, and seven public corporations). In 1951, ten 
years after its foundation, SAPI communicated to the United Nations 
Economic Commission for Latin America and the Caribbean (ECLAC) 
that it had 1054 members from twelve countries, including Venezuela, 
Colombia, Mexico and the United States.44

At SAPI’s Second Conference of the Permanent International Executive 
Committee (Montevideo, April 1944) a revision of its statutes was 
approved in order to allow the admittance of North American members. 
PEMEX and the magazines The Equipment Publisher and Company and 
Petróleo Interamericano eventually joined SAPI as corporate members.45 
Végh Garzon personally invited Mexican state-owned oil company 
(PEMEX) to become a corporate member of SAPI. As a result, at the end 
of 1947 eighteen Mexican engineers from Petróleos Mexicanos (PEMEX) 
became new associates. The same sources reported that ninety-seven US 
individuals and corporations involved in petroleum extraction, refining 
and  industrialisation joined SAPI.46 This expansion to North American 
members strengthened commercial and scientific activities in the hydro-
carbon sector across the continent. The presence of US members might 
be evidence of the linkages between US oil interests and the South 
American petroleum industry, especially concerning geophysical surveys 
and refining operations. However, as Table 13.1 shows, Mexico and the 
USA did not have national sections at the Institute.
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In a little less than a year, between the end of 1941 and the final months 
of 1942, six national sections were formed and became SAPI’s institu-
tional pillar (see Table 13.1). The Institute’s international executive com-
mittee supported each national section with a subsidy correlated to the 
number of members.

As Table 13.1 shows, the size and composition of SAPI’s national sec-
tions were very diverse. The whole set of national sections followed the 
geography of hydrocarbons in South America: some countries were pro-
ducers and others importers, revealing the possibilities of energetic inte-
gration between suppliers and consumers of petroleum. The first national 
sections were created in Uruguay, Argentina and Chile, the main con-
sumer economies of hydrocarbons in the region. Venezuela, Latin 
America’s leading exporter, joined SAPI late. The vital importance of 
Venezuelan oil for the Allied countries (who took over Venezuelan oil 
industry under the supervision of PAW) might be the most reasonable 
explanation for its delay in joining SAPI.  The delay might also be 
explained by the politics of petroleum in Venezuela, with the many 

Table 13.1 Membership to national sections: South American Petroleum Institute 
(1941–1951)

Section Year of constitution

Individual members Corporate members

1945 1947 1951 1947

Argentine 1941 283 299 352 26
Bolivia 1942 27 43 57 9
Brazil 1946 – 39 42 9
Chile 1942 104 96 40 9
Colombia Not formed – 13 18 –
Ecuador 1942 105 69 104 12
Paraguay Not formed – 5 5 –
Peru 1942 48 50 51 13
Uruguay 1941 83 110 112 28
Venezuela Not formed – 31 45 1
Mexico Not formed – 14 18 –
United 

States
Not formed – 75 97 18

Source: Boletín del Instituto Sudamericano del Petróleo, Vol. I, 1943; Vol. V, 
1947; Vol. III, 1951; ECLAC, ‘Instituto Sudamericano del Petróleo, Nota del 
secretario ejecutivo’, GENERAL E/CN.12/232, 1951–04-09, http://repositorio.
cepal.org/
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debates for the approval of legislation that favoured national control of 
the oil rent and petroleum profits in 1943.47

The Colombian section was never created. Nevertheless, SAPI’s bulle-
tin published reports on the state of the oil industry in Colombia, studies 
written by Colombian engineers.48 The fact that the two main exporters 
of the region in this period, Venezuela and Colombia, did not join SAPI, 
reflects disinterest and regional division, since engineers working in those 
countries preferred alternative organisations more in line with the inter-
ests of the multinational oil corporations operating in both countries.

The Argentinean national section had the largest membership. Its 
composition was very diverse, although its most important base was engi-
neers, scientists and technicians working for the state oil company YPF 
(50% of the total number of members).49 Most of these experts had been 
trained by YPF during the interwar period and had experience in both 
field production and laboratory research. Experts working for private 
companies were also members of the Argentinean section. Corporate 
members went from small private oil firms to multinational corporations 
and distributors of chemicals, gas and capital goods. Academics from the 
universities of Buenos Aires, Cuyo (Mendoza) and La Plata, as well as 
bureaucrats and experts in oil transportation, were represented.

The Second World War strengthened the domestic orientation of the 
Argentinean petroleum industry, prioritising internal supply over the 
export of petroleum products to other countries of the region. This situ-
ation created confrontation between Argentina and its neighbours, such 
as Uruguay and Chile, which concentrated on accessing cheap energy 
and diversified commercial exchanges within the region. Argentina’s 
political standing as a neutral country during the war kept it away from 
the hemisphere’s dominant position, creating tension in the relationship 
with the United States and the inter-American system. Ultimately, this 
affected the capacity of the Argentinean engineers to interact with their 
peers in the international arena.

Despite the weight and prestige of YPF in the region, the Uruguayan 
national section maintained a position of leadership within SAPI through-
out the 1940s.50 The Uruguayan section headed SAPI’s International 
Relations Commission and published the Institute’s bulletin (Boletín del 
Instituto Sudamericano del Petróleo). The membership of the Uruguayan 
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section at SAPI was largely composed by the state fuels company ANCAP, 
together with the Uruguayan Association of Engineers, and the state 
companies providing energy transportation and electricity. Commanded 
by ANCAP and the Uruguayan government, its members shared the 
objective of promoting a trade policy that could secure energy supplies.51 
The Uruguayan section organised a First National Conference on Supply 
and Rationing in the Use of Energetics in July 1942. Among the various 
question discussed in that conference were innovations in chemical pro-
cesses, the marketing of fuels and alternative energy resources such as 
wood-gas and hydroelectricity.

On the Pacific coast, the composition of the Peruvian section reflected 
both the importance of foreign capital in the Peruvian oil industry and 
the growing power of oil experts and bureaucrats working for the Peruvian 
Ministry of Development and Public Works (Ministerio de Fomento y 
Obras Públicas). Particularly visible were the technocrats from the 
Direction of Mines and Oil, and the Department of Oil of the Mining 
Engineers Corps, institutions that had created the state oil company 
Empresa Petrolera Fiscal in 1934. The foundation of the Peruvian section 
coincided with the renovation of the organisation and curriculum of the 
National School of Engineering, which had an impact on the profession-
alisation of engineers in Peru. The core membership of the Peruvian sec-
tion had been active in the negotiations between the Uruguayan state 
company ANCAP and the Peruvian oil companies since 1937. Many 
Peruvian members, such as several geologists, had been connected with 
Végh Garzón since the First Panamerican Congress of Geology and Mines 
(January 1942, Santiago de Chile).

Although Bolivia was a founding national section, it was unable to 
consolidate a significant membership. The section was largely made up of 
the group of engineers and experts of Yacimientos Petrolíferos Fiscales 
Bolivianos (YPFB). The Bolivian section also had several technocrats who 
worked in the Ministry of Mines and Oil. A good example is Juan Pinilla, 
an engineer active in the foundation of SAPI. Pinilla also participated in 
the commission that wrote SAPI’s societal statutes. He had been director 
of public works in the Bolivian government and was the technical repre-
sentative of YPFB in Buenos Aires between 1940 and 1943. He was also 
involved in the technical and  commercial negotiations between YPFB, 
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YPF and ANCAP during the first half of the 1940s. These negotiations 
between state-owned oil companies of the Plata region were the immedi-
ate origin of the Bolivian section of the Institute. Carlos Végh Garzón 
himself participated in these negotiations from 1937 onwards.52 Despite 
the many expert commissions visiting Bolivia, such as the Merwin Bohan 
and the YPF missions, the negotiations of oil trade and traffic with Brazil 
and Argentina proved to be intricate.53 The many political and diplo-
matic crises Bolivia faced during these years only made matters worse.54

Ecuador was among the smaller hydrocarbon exporters of the region. 
However, the composition of the Ecuadorian section is quite significant 
given the large size of its membership, mostly technocrats, university 
researchers and engineering experts working for two large foreign oil 
companies, the International Ecuadorian Petroleum Company and the 
Shell Company of Ecuador. The Ecuadorian section formally partici-
pated as a consultant in the debates for the passing of the Ecuadorian oil 
law of 1937.55 Although Quito hosted the section’s board, engineer 
Ernesto Escobar Pallares, involved in the business of oil transportation, 
also established a delegation of the section in the city of Santa Elena.56 
The broad membership of SAPI’s Ecuadorean section and its numerous 
edited publications reveal the geopolitical significance of Ecuador’s fuel 
in times of scarcity. As with the Peruvian and Bolivian cases, Ecuador’s 
export-oriented oil companies had dealt with the Uruguayan company 
ANCAP through supply contracts since 1937.57

The engineering technocracy working for the Chilean state since the 
1920s made the most of SAPI’s Chilean section.58 Many came from the 
Chilean Development Corporation (Corporación Chilena de Fomento, 
CORFO) and the Chilean Institute of Engineers (Instituto de Ingenieros 
de Chile). The group of Chilean engineers and entrepreneurs that founded 
the Oil Company of Chile (Compañía de Petróleos de Chile or COPEC) 
were also members of the Chilean section. COPEC was a private com-
pany with national capital which primarily imported hydrocarbons. The 
interests of the automobile industry and the multinational oil companies 
were as well represented. The vice-president of the Chilean section was 
Hugh Raymond Spilbury Pockok, manager of Royal Dutch Shell in 
Chile. Between 1942 and 1943, the period with the most severe conti-
nental rationing of energy, there were new institutional arrangements to 
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enable the exploration of the oil reserves in the Magallanes area. CORFO 
and the United Geophysical Company pushed this project, which would 
become in 1950 the public firm ENAP.59 Professional and personal inter-
actions of Chilean engineers and geologists with Végh Garzón in the First 
Panamerican Congress of Mining Engineering and Geology in January 
1942 explain the rapid growth of the Chilean section. For instance, 
Chilean industrialists and engineers were active in fuel rationing between 
1941 and 1946, promoting interregional supply policies. Chilean busi-
ness groups and technocrats linked to the distribution of fuels in Chile 
saw intraregional trade and cooperation only as a temporary solution to 
the shortage of fuel in times of war.

It seems clear that political and ideological issues hindered the cohe-
sion of SAPI’s community and created problems in basic matters such as 
funding. Tensions also arose owing to SAPI’s division into national 
 sections and the divergent interest of corporate members, limiting the 
body’s scope of action. But this overview is not complete without taking 
into account the development of other regional engineering professional 
associations,60 as well as the informal linkages established between oil 
producers and oil supplying companies in the River Plate and the Andes.61 
On the other hand, it must be emphasised that the differences in the 
membership composition of national sections also showed regional asym-
metries in petroleum engineering education and professional training.

During the interwar period, South American universities and research 
centres modernised their courses in geology, petroleum, mining and met-
allurgic engineering, as well as in industrial chemistry, all of them scien-
tific and technical disciplines essential for the hydrocarbons industry. 
However, this process was not uniform across countries. There were sig-
nificant differences within the teaching and research programmes of 
petroleum engineering across South America, as each country followed 
different models of technical and geological education (from French, 
American or German influence) in public institutes, universities, labora-
tories and state oil companies.

While multinational oil companies and higher education institutions 
concentrated engineers’ education and petroleum-related research in 
Colombia, Venezuela and Peru, in other countries such as Argentina and 
Uruguay the state oil companies YPF and ANCAP established partnerships 
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with local universities to provide professional training in chemistry, miner-
alogy, geology and petroleum engineering.62 Indeed, on both sides of the 
River Plate, Uruguay and Argentina developed during the 1930s and 1940s 
a novel system of education and training through  collaboration between 
academic researchers and professionals working for the oil industry.63 In 
Bolivia, Ecuador, Peru and Venezuela petroleum engineering education 
was established later than in other parts of the region. In these four coun-
tries, engineering education heavily relied on practical training at mining 
corporations or multinational oil companies.64 In the 1940s, the Bolivian 
YPFB and the Peruvian government would try to develop a more formal 
training in petroleum engineering.65

 Towards an Oil Diplomacy

SAPI members did not have the same ideas concerning the role of the 
state as a manager of the economy. There was an ongoing tension between 
the nationalist, technocratic and entrepreneurial factions of SAPI’s mem-
bership. Engineers educated in military institutions did not agree with 
their peers trained in universities and working in multinational oil com-
panies on the question of state intervention. Pan-Americanist debates 
around the conciliation of state companies with private capital were also 
important. These discussions became particularly relevant after the 
nationalist expropriation of oil firms in Bolivia (1937) and Mexico (1938) 
and the consolidation of the state oil companies, specifically YPF.

During the Second World War, SAPI concentrated its efforts in 
encouraging the coordination of a regional market of fuels, building on 
the natural energetic complementarity among South American countries. 
SAPI promoted diplomatic initiatives at a continental scale to discuss and 
solve the problems of scarcity and rationing of energy during the war. The 
composition of the national sections of SAPI, which integrated both 
exporters and importers, demonstrates the conscious planning of a strat-
egy of technical and economic cooperation between providers and 
importers in the region. It was precisely in these years when intraregional 
trade in South America grew markedly, with oil playing a strategic role, 
particularly in Chilean–Peruvian bilateral trade.
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The Institute tried to develop linkages with the petroleum sector in the 
USA. Given the fuels shortage, SAPI made attempts to become a consult-
ing body in the hemispheric planning of supply and rationing of fuels. Its 
Executive and International Affairs committees established relationships 
with both PAW and private actors in the US oil sector. With this deter-
mination, SAPI promoted its image as a professional organisation of 
engineers with high technical expertise. It presented itself as a body with 
practical information on the South American petroleum market and 
technical expertise in energy production. For this purpose, SAPI employed 
the engineer Washington P.  Bermudez (commercial attaché of the 
Uruguayan Embassy in Washington during the war) as representative and 
delegate during the war. In 1947, ANCAP’s engineer and president of 
Uruguayan section, Alfredo Levrero, was SAPI’s delegate in the USA. The 
Institute leveraged its political connections within the region through 
different means with the objective of becoming an indispensable consult-
ing body in fuel rationing policies. For instance, in 1943, Végh Garzón 
himself paid a visit to Nelson Rockefeller, the head of the Office of the 
Coordinator of Inter-American Affairs (CIAA). During the same visit to 
the United States, Végh Garzón met William R. Boyd Jr, the president of 
the American Petroleum Institute and the Petroleum Industry War 
Council. Végh Garzón’s 1943 trip to the United States, however, only 
resulted in the establishment of a formal diplomatic contact between 
SAPI and Washington.66

Another example of SAPI’s professional and geopolitical activities was 
a meeting organised at the end of 1944 by the Ecuadorian section in 
Santa Elena, a city surrounded by productive oilfields. The Santa Elena 
meeting was attended by government representatives, professors from the 
School of Sciences of the Central University of Quito and professionals 
working for foreign oil companies operating in Ecuador, such as the 
International Ecuadorian Petroleum Company and the Shell Company 
of Ecuador. A delegation of technical experts of PAW and the Venezuelan 
ambassador, engineer Enrique J.  Aguerrevere, also attended the Santa 
Elena meeting.

After a period of stagnation owing to the worsening of the war and the 
industrial raw materials scarcity of 1944 and 1945, the Executive 
Committee promoted increasing scientific and technological cooperation, 
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with the objective of supporting hydrocarbons industrialisation through 
the regional exchange of scientific information and research outputs. 
From that moment, SAPI also planned to support academic exchange 
programmes in petroleum engineering, funding scholarships and offering 
consulting services. Between 1946 and 1950, SAPI tried to establish itself 
as an institution promoting job allocation for engineering experts in the 
petroleum industry in South America. This was possible because the 
Institute had a privileged institutional organisation that encouraged trans-
national contacts between members working in both multinational and 
state oil companies. For this endeavour, the Institute’s bulletin offered a 
mechanism to connect experts with the oil industry.

Throughout the 1940s, SAPI was shaped not only by technical 
transformations and innovations but by the demands of the Allied 
military- industrial complex. During the war, the Institute faced an 
uncertain political and economic international scenario that reflected 
the transition from Good Neighbour diplomacy to the hemispheric 
cooperation against the Axis powers. This geopolitical transition cre-
ated tensions in some regional governments, particularly in neutral 
Argentina.67 Beyond the war effort and geopolitical tensions, South 
American refineries increased their production capacity during these 
years. SAPI operated in a context of accelerated import-substitution 
policies, which explains this notable expansion of Latin American 
crude refining capacity.

A radical transformation occurred in the global petroleum industry 
during the post-war period with the emergence of the exporting oil pole 
of the Middle East. During the early post-war years, SAPI was impacted 
by the new ideological divisions and geopolitical clashes that character-
ised the cold war. This tension and conflicting positions weakened SAPI’s 
influence and initiatives in the region during the period. Despite this, 
delegates of SAPI organised and participated in various international sci-
entific meetings.68 In a meeting in Mexico City in June 1951, SAPI 
applied to become a ‘B-type’ consulting body for the Economic 
Commission of Latin American and the Caribbean (ECLAC) of the 
United Nations. ECLAC accepted the request, as SAPI ‘performe[d] 
activities that are necessary for the economic development of Latin 
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American countries; henceforth, its collaboration could be useful for the 
respective bodies and organisations of the United Nations’.69 However, 
the post-war developmentalist paradigm was met with controversy in 
SAPI’s community; some members favoured state participation in the 
petroleum sector while others were against it.

In the bipolar post-war order, engineers became central actors within 
the global architecture of the new US geopolitics, oriented to resist the 
expansion of the Soviet sphere of influence, including its scientific and 
technologic strengths.70 Nonetheless, the organised efforts of the South 
American petroleum engineers seemed to fail in the immediate aftermath 
of the Second World War. The new cold war petroleum order opened a 
new era of confrontations in South America. Different visions regarding 
the drivers of economic growth combined with ideological antagonisms 
divided the professionals who had integrated SAPI during the war, such 
as engineers, geologists, geophysicists and chemists.71

After the war, SAPI entered a period of decline. It was subsumed into 
the Pan-American Union of Engineering Societies (UPADI), which was 
founded in 1947, and did not consolidate its role as a consulting body to 
ECLAC. SAPI also encountered problems in finding an equilibrium 
between the pro-market tendencies supporting the expansion of private 
oil companies in South America and the supporters of state oil compa-
nies, all within an increasing American influence in the Institute. Finally, 
SAPI was dismantled in 1957. Its connections with political and business 
elites had eroded. Domestic and international politics had changed, and 
new generations of South American engineers confronted professional 
challenges that were radically different than those of wartime. Post-war 
developments and the rise of US influence in the region also affected 
USAI, which became part of UPADI as well.

 Final Remarks

During the post-war period, SAPI became primarily an association of 
professionals that concentrated on the promotion of academic and scien-
tific exchanges across South America. The Institute, however, was not 
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able to maintain its strategic position in the South American geopolitics 
of oil during the ‘age of development’. Newly created institutions—such 
as the Inter-American Development Bank and ECLAC—came to hold 
the central roles in regional economic policy and trade integration. In 
this new context, SAPI concentrated its efforts in promoting knowledge 
and professional exchanges at a regional level.

In contrast with the post-war situation, during wartime SAPI had been 
an essential institution not only for the regional exchange of expertise 
and knowledge but also in the geopolitics of oil. The Institute favoured 
the professional development of hydrocarbons engineering and encour-
aged South American technical cooperation, particularly on refining and 
marketing matters. Indeed, the Institute created new spaces for the circu-
lation of petroleum engineering knowledge during the war. The Institute’s 
bulletin shows the technical maturity attained by the South American 
petroleum industry and the high level of technical expertise and profes-
sionalisation gained by the petroleum engineering community in the 
subcontinent. SAPI’s institutional trajectory and initiatives also reveal its 
vital role in the formation of regional petroleum expert networks and the 
development of hydrocarbons engineering in Latin America during the 
1940s. However, the question of the education and training of petroleum 
engineers in the region deserves further comparative research.

The historical evidence shows that SAPI’s projects and activities were 
often negotiated among members with conflicting economic and politi-
cal interests. Despite these ideological disputes, South American petro-
leum engineers were able to place themselves at the centre of the regional 
politics of oil during the Second World War. To make this possible, South 
American petroleum engineers and technicians interacted with private oil 
multinationals and state oil-owned companies as well as with various 
governmental agencies and supranational organisations.

With national bases but regional horizons, SAPI was capable, during 
the war, of forging and strengthening professional cooperation and expert 
networks, integrating a diverse community of petroleum scientists, tech-
nicians, engineers, business corporations and oil companies. In times of 
challenges, it not only promoted professional exchanges but also an inno-
vative engineering diplomacy with regional and international scope.
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Epilogue: Technology’s Activists 

and Global Dynamics

Ian Inkster

 Backstage Moves to the Limelight

This volume’s editors are firm in their contention that the engineering, 
legal and managing experts from around the mid-nineteenth century 
were far more central to the dynamics of global economic and cultural 
change than earlier analysts allowed. To an extent this perspective is 
becoming more dominant as a result of the very fine detailed work done 
in the area of history of science by a wide range of intellectual, social and 
cultural historians, as well as in the history of technology by new histori-
ans who are first recognising and then stressing networks, institutions, 
intellectual property rights and, perhaps in particular, the intervening 
power—both limiting and stimulating—of developmental states. It is the 
latter which ensure that no technique is an island. Where these political 
economies are basically liberal, capitalist and democratic, then the gate-
keepers may be non-authoritarian in any directly institutional or political 
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sense, and options may be seemingly open and debatable. Nevertheless, 
no individual, collectivity or creative site floats freely.

States embroiled in some form of political economy catch-up were in 
most cases either escaping from formal colonialism (Japan followed by 
key smaller East Asian nations), emerging from it (India or Indonesia) or 
recovering from partial escape from it (China, much of Eastern Europe 
and Latin America). Through the echoes of imperial withdrawal, for most 
of Africa below the Middle East the detrimental traumas of Western colo-
nialism still inhibit the emergence of formal planning of technological 
development—corruption within regimes, identity confusion amongst 
often rich elites, interference by cold war warriors until the 1990s and 
from then the social and political dimensions of new global technologies 
of social media and knowledge diffusion. In the Middle East itself, the 
failure of post-colonial regimes to construct pathways towards new forms 
of democracy, or to use the wealth from natural resources to build legiti-
mate budgets and then employment-generating technologies from the 
enormous array of techniques, expertise and institutions that were avail-
able, has nurtured the massive divergences of income and wealth within 
their much-contested borders.

Now, by any standard this is a huge perspective, and historians of tech-
nology might well be accused of an overt imperialism of their own. The 
present volume seeks to advance this approach, nuance it and help fill its 
data bank. So here we have not merely the developmental state but the 
colonial state, post-colonialism, the cold war state, the state at war and so 
on. In chapters by several authors political economies are at the forefront 
of concern.

 From Intellectual Limelight to Fashioning 
the Backstage

Recent work on a broad front, as well as more specialist work on patents 
and particular industries, has established the importance of fashioning 
the backstage of global knowledge and its institutions. Incremental tech-
nological progress is essential to the commercialising of so-called 
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 ‘breakthrough’ technologies, and in any significant economic system if 
the sites that create incremental changes are absent, or if the activity 
within them is distrusted or just too expensive or tortuous for any com-
mercial evaluation and choice, then such systems are in trouble. Even a 
very major nation such as the UK is periodically labelled as being scien-
tifically creative and technologically inventive yet somehow also techno-
logically unproductive—the ‘British disease’. Although some of this 
seeming enigma—at work also in much of modern Europe and the 
USA—might actually be reduced by considering such elements as market 
failure, commitments amongst producers to existing technological infra-
structures or procedures, or slovenly and at times contradictory public 
sector regulations and funding patterns, the approach in this volume 
gives greater attention to less established technological systems and to the 
workings (or relative absence) of networks and institutions often neglected 
by more economistic approaches.

This ‘backstage’ of advancement is of central historical importance to 
this volume. Such a claim becomes more acceptable when we maintain 
our distinctions between knowledge and information. Chapters in this 
volume wed themselves to the prime importance in technological 
advancement of the former rather than the latter. It is true that a text, a 
manual or a patent (even a lecture) may provide information vital to a 
technological advance, but this is in most cases more likely in a knowl-
edge context—active agents whether mechanics or entrepreneurs, engi-
neers or patent agents, operated upon internalised knowledge fostered in 
apprenticeships, colleges and night schools, factories and workshops, and 
in the networks of the engineering world that range from patent office 
libraries to associations and innovative city and industrial sites. These 
places nurtured and fashioned knowledge that becomes vital in the adap-
tation and usage of the flows of information that moved through them. 
Information might well flow to and from a site or node on a network; but 
characteristics of the site of endeavour or micro-environ at key points 
convert or help convert such information into knowledge.1 That is, the 
dynamics and characteristics within any technological site of endeavour 
(a factory, a lab or a patent library), as well as its degree of connectivity 
inside and beyond the urban or industrial environment are of great 
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importance in the global process whereby knowledge becomes technique 
in some places and not others, at some times but not others, and in some 
directions rather than others. This is probably true even when we replace 
the notion of ‘others’ with that of ‘not at all’. And here I use the term 
‘global’ both spatially and temporally; even in antiquity and across the 
large spaces of the eastern Mediterranean and Indian Ocean, knowledge 
travelled when it was made proximate in trade and more informal com-
mercial connectivity—trading middlemen were also linguistic and cogni-
tive compradores of knowledge exchanges.2 In more recent years the 
exponential increase in information, especially concerning technologies, 
has depended on what I have termed for simplicity’s sake a ‘backstage’ of 
knowledge production and settlement. Of great importance since the 
1830s has been the growth of complex systems of property rights that 
also serve the purposes of information dispersal, knowledge settlement 
and national competition between great industrial powers.

By the time of the so-called Vienna Patent Congress of 1873, several 
nations recognised intellectual property systems as integral to purposeful 
technological change and transfer, for any good patent system ‘attracts 
capital from abroad, which, in the absence of patent protection, will find 
means of secure investment elsewhere, acts as a global information sys-
tem, and saves the time and money of inventors’.3 In this volume David 
Pretel considers patent agency in the widest possible way in order to blur 
the simplistic distinctions between foreground or limelight and back-
ground or support structures. Of the patent practitioners, Pretel argues 
that they ‘varied geographically, in line with the industrial and institu-
tional disparities from country to country, even region to region’. Whether 
this arose principally from differences of industrial culture or from pat-
terns of late development remains an open question, and Pretel is more 
concerned with how the growing body of expertise gave patent agents the 
authority to shape, interpret and influence patent laws.4 The author asks 
us to think of the international patent system ‘as a series of interlocking 
and overlapping networks of national offices, companies, engineers, capi-
talists and inventors that transcended the boundaries of Western Europe 
and the United States’.
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 Science from Limelight to Useful and Reliable 
Knowledge

One of the techniques used here—very much developed by the historians 
of science themselves—is to dethrone ‘science’ as a ‘necessary and suffi-
cient’ factor in explanations of technological change, whilst offering a 
more circumstantial account of relations between knowledge and praxis, 
theorist and practitioners, and individuals and the sites in which they 
operate. Of course, none of this rejects the notion that Western-based 
scientific knowledge and methods remained vital in many instances of 
technological creativity beyond the pale of Western cultures and 
institutions.5

But such contributions as those of Leida Fernandez-Prieto on the 
Harvard Botanic Station for Tropical Research and Sugar Cane 
Investigation show just how nuanced and contradictory relations between 
science knowledge and its technological outcomes could be. Fernandez- 
Prieto argues that the creation of the Harvard Botanic Station for Tropical 
Research and Sugar Cane Investigation drew a metaphorical line separat-
ing the development of sugar cultivation and the field of tropical eco-
nomic botany from global, American and local market needs, but with an 
agenda at least partially set by Edwin Atkin’s purely business-generated 
demand for a high yield and resistant sugarcane in the face of competi-
tion from sugar beet. With Atkins combining funding, insight and energy 
in the emergence of a scientifically innovating eastern Cuban sugar indus-
try (the search for a commercially ideal hybrid sugarcane as its focus), the 
‘price of bringing Harvard into imperial networks of botanical research 
and displacing Europe as the global centre of tropical knowledge, included 
modernising Cuba’s sugar industry from an enclave built on slavery’.

The result was a Harvard-dominated experimental site that ‘shows the 
collaboration of networks of imperial gardens and experimental stations 
throughout the tropics, the interactions of botanists inside transatlantic 
knowledge circuits and exchanges between productive and scientific 
groups at different levels (global, regional and local)’.That is, regionally 
and locally, North American scientists became ‘mediating agents’ in eco-
nomic practices. So here the role of science and scientists as knowledge 
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creators and transmitters does embrace the commercially directed research 
going on, the application of innovations, the construction of a knowl-
edge system and so on. Furthermore, the author sees this productive 
merging of scientific research and commercial usage within one site and 
ethos as in fact characteristic of scientific knowledge production in the 
early twentieth century. Similarly, in their chapter on statistical methods 
Tiago Saraiva and Amy Slaton—if I am not putting their case too 
strongly—show how a US methodological technique or frame of the 
1940s could itself become an agent of knowledge transfer and legitimacy. 
They focus on how statistical methods became devices for Americanising 
scientific practices on a global scale, and thereby open up a whole gamut 
of questions linking science as method to new practices at the periphery, 
in this case Egypt and India.

 Connectivities Within and Beyond

Here we are thinking first of the institutional, network and site connec-
tions fashioned within the world of technology and globalisation in 
which ‘techno-scientific experts’ figured centrally, as well as the manner 
in which underlying socio-economic (especially politico-military) pro-
cesses impacted on technological communities and forced out new modes 
or degrees of response. In tune with what has been argued at times in this 
volume, even the perspective that argues that most of technological glo-
balism and modernity has centred on an historical process of technologi-
cal transfer from a core to a periphery has now incorporated the notion 
that this was very often an aggressive, incomplete and inefficient process, 
or where it succeeded in part did so by creative adaptation and modifica-
tion as much as by any simple process of adoption.6 As Lemon and 
Medina have summarised in a recent account of Latin America, artefacts 
and ideas ‘regularly cross borders, are modified in their travels, and take 
on multiple meanings in different contexts’.7 Modifications and the con-
struction of meanings were often in the hands—or passed through the 
fashioning hands—of engineering and managing experts and agents, and 
the authors in this present volume are more or less concerned with 
whether such key institutions and nodes or sites of activity acted 

 I. Inkster



 377

 principally as gate-keepers or as an essential communal learning or expe-
riential system within a global political economy.

The chapter by Vera on the anti-metric movement in the USA shows 
how concerted efforts of key engineering experts could halt a major 
national project that was to all intents and purposes an improved techno-
logical system within the leading industrial nation of our time. Certainly, 
this case highlights how at times gate-keeping and communal learning 
might be more or less deliberately confused! Owing to the stalwart oppo-
sition of American mechanical engineers through their established insti-
tutions and networks, led by the American Society of Mechanical 
Engineers (ASME), the National Association of Manufacturers (NAM) 
and the National Bureau of Standards, supported by such eminent figures 
as Andrew Carnegie and the inventor Elihu Thomson, of General Electric, 
as well as by William Thomson, Lord Kelvin, and using all the media and 
political networks at their disposal, thereby rendering the ‘compulsory 
introduction of the metric system a highly contested political issue’, engi-
neers and manufacturers ‘achieved their ultimate goals by undermining 
the scientific authority of metric proponents and by intimidating politi-
cians to not pass an unpopular law’. This success was in spite of the fact 
that—clearly enough—the scientists and experts who supported metrica-
tion seemed to have both rational science and global commercial practice 
on their side. What is more, the expert anti-metrics could with ease be 
branded unfashionably pro-British and insular as against the progressive 
metricists such as the most celebrated of all British scientists, Lord Kelvin, 
supporting global rationality and the sweeping away of restrictive mea-
sures of past days. In this exemplary case, the expert engineers in support 
of retaining the old imperial system used explicit arguments from national 
tradition, from the ‘British connection’ and from cost rationality—the 
metricists lived in an ideal world comparing one system as established 
with another as established, yet the transition costs would be so high as 
to reduce any commercial benefits flowing from metrication to zero. This 
argument is a form of engineering argument without doubt, analogous to 
that used by British industrialists and engineers in rejecting the Le Blanc- 
Solvay transition for manufacture of sodium carbonate in the alkali 
industry. British interests who had invested in Leblanc technology from 
the 1820s argued that in ideal conditions of a level playing field Solvay 
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was a measurable and thus investable improvement, but in the real engi-
neering world the wiping out of established fixed assets would counter 
any rise in productivity.8 The great value of Vera’s paper is to show how 
American expert engineers could effectively transcribe such logic from 
the world of fixed assets to established institutions, standards and forms 
of transaction as well as to expenses of retooling, and that they did so very 
publicly using subtle social and cultural imagery.9

It is clear that this theme of agency allows for a very wide range of 
work. For instance, the chapter on the Spanish nuclear programme by 
Joseba de la Torre, Mar Rubio-Varas and Gloria Sanz Lafuente considers 
‘the role of engineers and scientist as agents of economic modernisation 
in Spain, at the time an underdeveloped economy ruled by an authoritar-
ian dictatorship’, and illustrates how under such a political situation and 
with such high-level technological imperatives the engineers dominated 
the core of all commercial negotiations and transactions involving nuclear 
technology. It was Spanish private industry and not Franco’s state that 
groomed the Spanish engineer Jaime MacVeigh as a principal technical 
change agent of great effectiveness. Interestingly, it was the Research 
Service of Banco Urquijo in 1957 that published MacVeigh’s ambitious 
long-term projection, which would have begun in 1964 and produced 
the equivalent of a minimum of 106 to a maximum of 194 nuclear reac-
tors of 200 MW operating by the year 2000. It is clear enough that elec-
trical engineers and private interests were in systematic cooperation in 
leading the nuclear programme, following a relatively speedy phase of 
learning and network building. In the following years MacVeigh’s activity 
was prodigious internationally, but especially with principal US corpora-
tions in terms of both equipment (the first Spanish nuclear plant on the 
Tajo river, at Zorita, with technology from WESCO) and networking for 
influence and expertise (General Electric and Westinghouse), as well as 
with British and American national agencies. In the absence of realistic 
state aid, he and others such as the German ex-Nazi physicist Karl Wirtz 
made exhaustive effort to forge contacts and relationships with the emerg-
ing international forums (the ‘shared spaces’) of the 1950s and 1960s. 
Here the quickly forged engineering ‘backstage’ could roll over the lime-
light of Franco’s political dominance.
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Perhaps an even more forceful case is that provided in Braso’s chapter 
on Shanghai during 1937–1941. It is shown here how technology trans-
fers and their commercial deployment can continue under the most 
hopeless circumstances of war, regulation and the disappearance of certi-
fied property rights when expert agents are determined. In the case of 
Shanghai textile manufacturing offered by Braso, transnational agency 
embracing the trapped energies of ‘Chinese and foreign merchants, 
Indian traders, refugees from Europe, and US businessmen’ operating 
within or into the concessions ‘with their savings but with few possibili-
ties to invest’. Technological agency was thus confused both perchance 
and with deliberation, but active compradores and technical activists con-
tinued to make profit from transferred technologies, to increase their 
market strength during inflation, under legal and institutional devices 
that were as innovative and opportunistic as any technical innovation. 
The history of China Engineers shows just how in extreme exigencies an 
engineering enterprise could transform itself rapidly into trading, trans-
port and insurance businesses in order to maintain viable networks when 
normal commercial imperatives were stalled by warfare.

Connections beyond those which are nominally technological are in 
some ways perhaps the major theme for any institutional and critical 
treatments of technology in history—that is the global connections 
between technological development and the social, cultural and eco-
nomic processes both working on technological change and responding 
to it. Thus, the much-vaunted Second Industrial Revolution straddles the 
earlier years of our period and is intimately associated with the huge 
development of an Atlantic-based trading economy carrying men, manu-
als and machines from advanced technological sites within Great Powers 
to a wider array of places through aggressive colonialism, profitable trad-
ing and investment, and lucrative exchanges of knowledge. Whilst much 
of this was predicated upon very fundamental technological innovations 
in military and naval power, in communications and transport, and in 
the huge civil engineering projects that for the first time allowed the 
white settlement of millions of Europeans and many Americans into local 
environs that would have stultified such ambitions in the earlier years of 
colonialism, it also arose from or within serious long-term changes in the 
even wider global context. European industrialisation transformed from 
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a set of mechanical engineering advances in factories, mills and work-
shops into enormous projects populated by expatriate experts, rooted in 
vast capital and protected and advanced by a dominant gunboat diplo-
macy, all alchemically transmuted within civil engineering innovations in 
port and riverine coastal cities that quickly became the most advanced 
sites of a new modernity.

There is a sense in which the aggressive technological colonialism of 
the late nineteenth century became a crude transmutation of the much 
earlier Chinese cultural tendency to see the control of their own vast land 
empire as being an object of their wide conception of engineering. As 
Schäfer reminds us, beyond technical efficacy, the Chinese literati had 
envisaged engineering know-how as civilising ‘in its benefits for both the 
state and its common people, being dependent on the moral application 
of knowledge, defined in terms of commensurability’. If we read civilising 
as controlling and measure the distance between Beijing and the south-
ern ports as greater than many of the spans of European empire during 
industrialisation, then the allusion becomes stronger.

Schäfer’s discussion of early China in this book is important as she 
shows the coexistence there of two features of technological change that 
are too often seen in Western and modernistic terms—the Chinese 
authorities tended to trust incremental technological change over break-
throughs for reasons primarily but not entirely social, and they saw that 
within a notion of technological change, organisational innovation could 
well substitute for technical solutions and advancements (a la Schumpeter 
who repeatedly emphasised that any proper definition of innovation 
must include those of new markets and altered institutions), they were 
generally cheaper and far less socially disruptive. It is well to be reminded 
by Schäfer that well before the industrial modernisation of the west in the 
eighteenth century the elite engineering practitioners and administrators 
defined their skills and knowledge in terms of how their efforts to regu-
late natural forces were important for ordering (zhi 治, i.e. governing) the 
world, thus making it a habitable and ‘cultured’ (wen 文) place. As such, 
engineering projects to control water, land and society were mainly pur-
sued by the cultured inhabitants of China’s various dynasties, whereas the 
barbarians outside China were believed to be unaware of such means.
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As two of our authors, Diogo and Navarro, emphasise with an entirely 
frank statement from the (Portuguese) Journal of Mines and Public Works 
in 1899, ‘When colonial nations want to take real possession of their ter-
ritories they send their engineers overseas.’10 This same reflection and atti-
tude can be seen throughout the pages of such influential British and US 
engineering forums as The Engineer, Journal of the Society of Chemical 
Industry or Engineering. Mostly such civil engineering sites began as 
enclaves of colonialism or of very strong trading compulsions, and many 
remained so well into the twentieth century, indeed into that 1970s 
weakening of the older global nexus by further technological advances in 
brand new industries—portmanteau terms such as biotechnology, infor-
mation technology, nanotechnology, telecommunications, new materials 
and blue-sky industries may disguise as much as they enlighten, but this 
later period certainly witnessed a great loosening of the grip of the older 
‘machinofacture’ or machine and chemical manufacturing technologies 
of the years approximately 1830 to 1970.11We might add here that 
private- sector machinofacture and the vast expert infrastructure that it 
evolved in our period was the principal technological feature of the indus-
trialisation process, and that earlier public-sector technological develop-
ment before say about 1700 had exerted most impact through civil 
engineering in transport and religious and military control systems (from 
cathedrals to docks, bridges, shipbuilding, canals and improved road-
ways), and that from the 1870s the reemergence of huge civil engineering 
activity in public goods and infrastructures occurred most notably in the 
colonies and dependencies, being designed principally as muniments of 
control or means of commerce.

Maria Paula Diogo and Bruno Navarro ‘discuss the strategies deployed 
by Portugal, a peripheral country in Europe, to use its African Empire as 
a token for asserting its position in the European arena’. They do so by 
documenting the activity of the engineers behind the great infrastruc-
tural—especially railway—projects for their two colonies of Angola and 
Mozambique. Engineers made concrete and steel of the imperial agenda 
designed to enhance Portuguese geopolitical status and presence and 
bring African territory into a global market determined by patterns of 
colonialism which were themselves governed by new technologies of 
transport and communications. Covering the period of heightened 
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 imperial rivalry of the Great Powers following the Berlin Conference of 
1884–1885, this meant for the relatively minor power of Portugal the 
emergence of technological ‘civilising outposts’ in her colonies. As with 
so many of the colonial projects of this sort, and documented severally in 
this volume, the physical and skill loci were infrastructure and civil 
engineering.

This chapter also reminds us of the crucial importance of colonial nat-
ural resources to further technological advance in the West. Coal, copper, 
iron, cobalt, gold, diamonds, timber, rubber, coffee and cocoa were valu-
able commodities that demanded strict management rules across the 
Portuguese territory, thus granting infrastructures a vital role. Such a list 
of natural resources for the relatively minor case of Portugal shows that 
civil engineering projects were not just a package of fixed capitals nor 
only a site of imperial advancement and power demonstration; they were 
also intended as crucial to the development of physical sites that linked 
the acceleration of mechanical, chemical and military engineering (linked 
of course to further colonialisms) to colonial civil engineering through 
the fast-rising global demand for key natural resources for manufacturing 
within the Great Powers themselves. This seems obvious but is far too 
often neglected as an explanation of state involvement in civil engineer-
ing during these years. In such projects, not only were global standards 
developed and set but also engineering ‘expertise shaped the (Portuguese) 
technopolitical agenda and legitimised the governmental elites’ political 
action’. This is an admirable formulation that fits so many cases of civil 
engineering enclaves in colonised territories in the years even immedi-
ately following the Second World War.

A major theme in this chapter is the building of railways in colonies to 
‘secure them’. This was common throughout this phase of colonial expan-
sion. Even in cases where canals, roads or coastal traffic might have been 
better developed, the colonial authorities opted for railways as the best 
commercial link to ports for export development, as an expert engineer-
ing choice that demonstrated technological superiority—not only to sub-
ject peoples but competing power, and as means of supplying armed 
forces to frontier wars or civil uprisings. India under the Raj was of course 
the case in point, where canals were often the better choice yet far more 
money and thought went into railways.12 It was an engineer, F.W. Simms, 
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sent out by the East India Company in the 1850s, who reported that 
railways ‘are not only a great desideratum but with proper attention can 
be constructed and maintained as perfectly as in any part of Europe’, 
quoting low prices for land, labour, building facilities and parliamentary 
legislation for colonies!13 For Portugal, as Diogo and Navarro point out 
clearly, a railroad network with its colonies would ensure that Portugal 
could no longer be called ‘a small country’. In many colonial situations, 
well-trained civil engineers eagerly abetted the most spectacular of proj-
ects. Railways also illustrate well the inappropriate interventions of colo-
nial states in the misuse of manpower and resources as well as the initial 
suboptimum technological choices and decisions, an outstanding instance 
being the guarantee system unnecessarily grafted on to railway develop-
ment in colonial India, which as with most forms of official protection 
inflated all costs and removed most decisions from the arena of optimum 
technological choice to that of high-minded bureaucracy.14

Even more broadly, of course, the more contemporary applications of 
technology are clearly forged in complex institutional imperatives flow-
ing across simplistic divisions of the political, the economic or the tech-
nological. Accordingly, several of our twentieth-century studies go well 
beyond such distinctions and show clearly the interplay or even recur-
sions of technological forces and socio-economic events, especially the 
interventions of the state and of warfare or war conditions. In this con-
text, several of the chapters (Zuleta, Martykanova, Ertsen) focus on cen-
tral positions held, and roles played, by engineering both as a community 
and as outstanding individual change agents. The nuances were many, as 
illustrated by Zuleta in her chapter on the South American Petroleum 
Institute after 1941. Here it becomes clear that regional expert associa-
tions formed from a rising nationalism during the 1930s were jolted into 
something more potent by the exigencies of the Second World-War, when 
oil shortages made necessary the regional networking of experts in such a 
vital field. Zuleta argues that closer networking and cooperation of engi-
neering experts drawn from the diverse cultures of the military and pri-
vate enterprise ‘enabled the professional development and identity of 
South American engineers as well as the technological transformation of 
the hydrocarbons industry in the region’.
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The contribution by Ian Inkster straddles the two ends of the globalisa-
tion of technology, dealing with processes both within and beyond the 
world of the activist engineers and agencies of technological change. On 
the one hand it is clear that the camphor-based chemical technology that 
produced the celluloid, plastics, artificial fibres, new materials and explo-
sives of the Second Industrial Revolution evolved from a system of intel-
lectual property rights operating from the 1860s that depended on 
hyperactive individual agents, creative technological sites of endeavour 
and an international knowledge system. On the other hand, it is just as 
clear that the socio-political outcomes of the production and commercial 
exploitation of camphor included violence and civil war in the far-off 
island of Taiwan. These latter were of course unintended consequences, 
but such a Mertonian phrase was never designed to further marginalise 
the already marginal. The destruction that came in the wake of the new 
technological demands for camphor was an isolated and localised version 
of the many incidents of the nineteenth and twentieth centuries that cre-
ated the bifurcation of our world. It is also clear that at the core of the 
dynamism of the new globalism lay technology and its many connectivi-
ties, the densities of its networks and the character of its associations and 
institutions. No one in Birmingham knew anyone in eastern Taiwan. Yet 
they met in one way or another.

 Conclusion

There are probably as many ways of doing global history as there are of 
doing history of technology. Thankfully no one has ever quantified an 
answer to such a claim. What does seem to almost indisputable is that 
global history in the years after the Great Exhibition of 1851 was very 
significantly underscored by an all-encompassing process of technologi-
cal change monopolised by a relatively small group of fast-modernising 
Great Powers. And we might note that a term such as ‘underscored’ is in 
the end rather mealy-mouthed, liberally allowing the analytical power of 
other political or diplomatic or economic histories as identifying basic 
dynamics, whilst leaving the matter of some final explanation or interpre-
tation entirely open-ended. At a time when no meta-thesis commands a 
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position that could satisfy historians as the answer to this sort of ques-
tion, most historians are anyway satisfied enough with the approaches we 
have. Technology might be wedded to both political and economic ele-
ments through clearly significant historical thematics that are increas-
ingly well understood—colonialism and imperialism are obvious 
pathways, as is pure military power that, in the last analysis and despite 
the plethora of military manuals, came out of the mouth of a gun made 
in manufacturing industry. This volume uses case studies and connec-
tions to nuance the notion of ‘underscored’ in the absence of an agreeable 
meta-theory.

The character of these years was forged out of the linkages and interac-
tions between early starters, late-developers, colonies and areas of recent 
settlement, and the respective fates of these groups may be described, 
measured and judged in terms of technologies, technological agents of a 
wide variety, technology transfers and failures, and so on. Most develop-
mental dependency (e.g. Australia) and dependent underdevelopment 
(India) may be very well treated in accounts that have technological 
change at their basis. Likewise, in these chapters we see the reemergence 
to preeminence of civil engineering and public goods, especially as run by 
colonial authorities across the entire globe, as against the famous and 
individualistic mechanical engineering and private goods of the early- 
starter industrial revolutions. In this perspective, the First World War 
becomes a huge battle between early and late development, determined 
by technology, aimed at ownership of the wider world of colonies and 
areas of recent settlement.

The underdevelopment of most of the economies of the world and the 
fate of their peoples was significantly delineated in the failures of tech-
nologies to transfer in the years of aggressive global capitalism. Technology 
does not remove the historian to a safe technical haven. Indeed, the field 
is full of provocations. In these years, China is isolated and marginalised 
without official Western colonisation but using the tools of modernity—
trade, locomotives, gunboats and armies, followed by the rise of indus-
trial Japan on the wings of Western machines and institutions. The 
histories of the coloniser, the colonised and the indigenous periphery 
took place in an increasingly connected world in which individual experi-
ences between such groups were gathered unconnected, in utterly  separate 
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worlds. As Jeremy Adelman has emphasised very recently and with bril-
liance, focus on historical global interaction, including that which was 
firmly technological, ‘means reckoning with dimensions of networks and 
circuits that global historians—and possibly all narratives of cosmopoli-
tan convergence—leave out of the story: lighting up corners of the earth 
leaves others in the dark. The story of the globalists illuminates some at 
the expense of others, the left behind, the ones who cannot move, and 
those who become immobilised because the light no longer shines on 
them.’15 Technology is not light, and several of our authors have shown 
the darkness inherent in modernity and its connectivities: Inkster finds 
guns and violence in Taiwan as a result of high-tech camphor patents in 
Birmingham; Pretel finds amidst the engineering activity in patent sys-
tems the production of ‘lower degrees of knowledge diffusion, limited 
competition and predatory strategies’. But, of course, this brings us back 
to the query: was technology underscoring such darker forces, or was 
technology itself underscored by the even more basic urges of capitalist 
modernity itself?
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