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1 Executive Summary 

This report presents the results from the TSB/ESRC funded project “The Reinvention of Technologies for 
Sustainability”, conducted by Oakdene Hollins in 2010.  Within this report reinvention is defined as the 
revival of an abandoned idea or technology which has never been commercially implemented.  
 
At the time of this report the concept of reinvention had received little or no attention from either a 
theoretical or practical perspective.  However, background work to this study indicated that revisiting 
previously abandoned ideas may provide a useful source of technologies, particularly for environmental 
sustainability.  Within this initial study three core tasks were undertaken to explore this concept, and to 
provide the basis for further development in this area. 
 

1) Definition of the concept of reinvention and examine it in a theoretical context, 
particularly related to sustainable innovation.  Within this task a typology defining 
reinvention was developed, and a more detailed categorisation of types of reinvention 
was produced.  Reinvention is then examined within the context of existing innovation 
and economic theory, this underpins the later work in this project.  

 
2) Provide precedents for those interested in actively seeking out abandoned 

technologies particularly in the field of sustainability.  A systematic survey of inventions 
reported in “The Engineer” was conducted, and reinventions identified.  This work 
demonstrates that perhaps 1% of inventions can be considered reinventions, and their 
occurrence appears to be at random rather than a controlled process.  Around half of the 
identified reinventions were related to environmental sustainability.  Further examples of 
reinventions were also identified as evidence for the appearance of reinventions. 

 
3) Develop and assess a methodology for locating sustainable reinventions from previous 

research and gauge potential of previous research.  A systematic interrogation of ITRI’s 
research archive was conducted using a methodology designed to identify reinventions 
which had relevance to sustainability.  From this work 6 potential reinventions were 
uncovered from a collection of around 100 technologies and technology areas, 
demonstrating that an active approach to the discovery of reinventions could be 
adopted.   

 
From this work it is clear that reinvention has a role to play in the introduction of new technologies, as 
around 1% of reported inventions are reinventions. At the current time the process by which reinvention 
occurs is random, relying on serendipity rather than through directed activities.  The work with the ITRI 
research archive demonstrates that reinventions can be successfully and efficiently identified through a 
methodical interrogation of research records.  Between 5 and 7% of the identified research areas yielded 
a possible reinvention.  This figure indicates that reinvention could have a larger impact in technology 
development if prior research is actively managed, rather than the current practice of relying on 
serendipity to initiate a reinvention. 
 
To achieve greater prominence interventions have been suggested to increase awareness of the benefits 
of reinvention to a broad audience.  Funding could be provided through various mechanisms, either to 
allow exploration of prior research for reinventions, or for the development of already identified 
reinventions which, anecdotally are often overlooked.  Several possible research archives have also been 
identified as possible targets for further interrogations using the methodology developed within this 
study.  
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2 Introduction  

“…most inventions are effectively uninvented, in being forgotten and lost”a 
 
Many valuable ideas are never fully developed at the time of their original invention, and are forgotten or 
abandoned.  As technological demands progress, revisiting and reinventing these previously overlooked 
ideas may provide a novel source of useful technologies, particularly to address the current and future 
challenges of sustainability.  However, the concept of reinvention has received little or no recognition 
from either theoretical or practical perspective, consequently there is little work related to the concept of 
reinvention, and little known about this area: 

 How many useful inventions lie forgotten, dormant or lost in research archives or 
elsewhere?  

 What is the potential impact of these technologies on sustainability?  

 How can the best of these ideas be identified and exploited? 
 
This report outlines the findings of the exploratory project ‘The Reinvention of Technologies for 
Sustainability’, conducted by Oakdene Hollins.  The project was funded as part of the Innovation Research 
Initiative, a scheme jointly supported by the TSB and ESRC, which sought to provide support for 
investigations into the role, drivers and impact of innovation.  
 

2.1 Background 

The origins of this project can be traced to the EPSRC, DTI and Defra collaborative research programme 
the ‘Sustainable Technologies Initiative’ (STI), which ran from 2000 to 2007.  A genuinely emergent theme 
which arose from this programme, outside the original planned scope, was the revival and use of 
traditional technologies.  Examples identified within this original work include: 

 Lime mortars – Traditional lime based mortars fell out of favour because of the higher strength and 
faster setting times of Ordinary Portland Cement.  However lime mortars deliver more easily 
deconstructable masonry, with lower embodied energy.  Therefore they offer certain sustainability 
advantages over contemporary construction techniques, particularly when combined with other 
traditional building approaches which have very low carbon impacts. 

 Nettle based fabrics - Nettles were historically used for poor people’s clothing (and Napoleon’s 
army uniforms) up to Edwardian times, and made a brief reappearance in Germany during the First 
World War as a substitute for cotton based fabrics.  Today nettle fabrics are being revived, and have 
found a niche use in upholstery due to their intrinsic technical properties.  Their use removes the 
need for the addition of environmentally harmful additives, as is required for other types of fabrics. 
Recent research projects have investigated nettle fabrics for other uses including clothing.  

 Mechanical energy storage systems – The use of mechanical energy storage (e.g. springs) has been 
revived and transferred to new electronics, such as torches and radios.  This has been made possible 
by the advent of modern microelectronic systems which have very low energy demands, enabling 
the use of lower energy density storage systems. 

 
Within the context of sustainability further examples of technologies which have been abandoned then 
revisited are relatively easy to identify.  For example: the capturing of wind power which has developed 
from driving flour mills or water pumps into the wind turbine of today that generates electricity; the 
electric car, which preceded petrol powered vehicles, and thrived on the streets of Paris in the late 
nineteenth centuryb; biopolymers made from vegetable oils, which were originally developed for the 

                                                           
a
 “The Shock of the Old” Edgerton, D., Profile Books, 2006, p211 

b
 “Racing past: how the old models can speed green future” The Times, 7 February 2009 
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Model T Ford, but supplanted by cheaper hydrocarbon based plasticsa.  These technologies are becoming 
viable again due to factors such as the rising price of oil and energy, and increasing pressure on 
resources.  Indeed, it was a necessity that these technologies were resource efficient due to the eras and 
circumstances in which they were originally conceived.  
 
The three examples cited above were all introduced to the market at the time of their original invention 
and were then subsequently abandoned or forgotten.  Consequently reintroduced occurred after having 
previously been commercialised, and these technologies of this type are perhaps best termed ‘re-
innovations’.  Pure reinventions differ in that they were not introduced to the market at the time of their 
original invention, but have been revisited at a latter point after being abandoned.  By their nature 
reinventions are more difficult to identify as they receive less publicity in the first place.  However, 
examples of reinvented ideas can be identified in the more specialist press, such as pharmaceuticals from 
natural products, Atkinson cycle enginesb, protein-based fibresc, all of which are now being developed 
beyond their original implementations.  
 
The revival or reappearance of forgotten technologies has received some commentd but little or no 
academic research has been conducted in this area either from a theoretical or practical perspective.  
Indeed, there is little acknowledgement of its existence or potential value, and the concept does not fit 
well with current research agendas which tend to overlook projects based on previously studied 
technologies.   
 
However, the examples of technologies above provide some evidence that reinventions and re-
innovations do occur, and that reviving ideas could provide some useful technologies to solve the 
challenges of sustainability which are arising in today’s world.  Despite this empirical evidence, the topic 
of reinvention has not been discussed in general discussion or models of sustainable innovatione or in the 
wider innovation literature.  Equally, the possible impact of these forgotten technologies has not been 
gauged, but the greater sum of previous cumulative research compared to current spend indicates that it 
could be significant.  There is also the potential for improving the effectiveness of research through 
better exploitation of existing knowledge, and reclamation of the “sunk cost” of previous research.  
Therefore a systematic study of this area would provide useful knowledge for both academic studies and 
industrial activities, as well as help to uncovering potentially useful repositories of technologies, and 
methods for identifying sustainable technologies within them. 
 

2.2 Aims and Method  

To our knowledge, this is the first study of any type exploring the concept of reinvention.  Therefore the 
aims of this initial exploratory work are limited to the following:  

 Define the concept of reinvention and examine it in a theoretical context, 
particularly related to sustainable innovation 

 Provide precedents for those interested in actively seeking out abandoned 
technologies particularly in the field of sustainability 

 Develop and assess a methodology for locating sustainable reinventions from 
previous research and gauge potential of previous research 

 Stimulate further work in this area by providing a solid foundation for further 
studies.   

 

                                                           
a
 “Old idea of using bioplastics gets a new lease of life” The Guardian 10 July 2008 http://guardian.co.uk/technology/2008/jul/10/research.waste accessed 

11/7/08 
b

 “The Old Motor Roars Back” The Economist 16 August 2008 p77 
c
 “Forgotten Fibres: fibres from unusual sources” Brooks, M.M. in Crossroads of Fashion and Textiles ICOM Costume Committee, Krakow Poland, September 

2003 
d

 See for example “Not dead, just resting” The Economist, 11 October 2008, p16 
e

 See for example “Inducing Innovation for a Low-Carbon Future: Drivers, Barriers and Policies” Foxon T.J. Carbon Trust, July 2003 

http://guardian.co.uk/technology/2008/jul/10/research.waste
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These aims have then been framed to allow the outcomes to be taken forward into more substantial 
projects.  The methodology devised to address these points is as follows: 

1. Produce a clear definition and model defining reinvention, particularly within the 
context of sustainability, and compare with related themes in innovation theory. 

2. Build stronger evidence of the nature and impact of reinvention by gathering 
examples from a variety of sources, and analyse these examples to find common 
themes. 

3. Conduct a controlled empirical study, which will identify possible technologies to 
reinvent through surveying the archives of a research organisation.  This process will 
be used to test and refine a methodology for seeking out reinventions.  

4. Disseminate the knowledge generated during this study, and build a network of 
interested parties as a prerequisite for further activity in this area.  

 
The first task relates to the need to provide a robust definition of reinvention and describe how 
reinvention fits with current thinking on sustainable innovation.  This theoretical work provides the 
foundation for the second and third tasks which seek to provide an evidence base of reinvented 
technologies and a methodology for those interested in the practical task of reinvention.  
 
 Each of the first three tasks is addressed in a separate section below, which summarise the individual 
methodology and the outputs for each.  The report itself is one of several activities addressing the fourth 
task, which is not discussed specifically.  Finally, findings and conclusions are made from all aspects of the 
work, and actions to enable reinvention in practice and areas for further work are suggested. 
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3 Reinvention in Innovation Theory 

The initial focus of this study was to examine reinvention from a theoretical point of view, and discuss its 
relevance to sustainable innovation.  To achieve this, the concept of reinvention needed to be clearly 
defined as it had not been described elsewhere.  Establishing this foundation allowed exploration of 
related concepts and theories within innovation and economic theory.  The outputs from this work fell 
into three areas: 

 Defining the Typology of Reinvention 

 Reinvention in Innovation Theory and Practice 

 Economics of Invention and Innovation and its Relevance to Reinvention 
 
Each of these themes is discussed in more detail in a briefing paper, which is included as Appendices A to 
C.  A short summary of the most relevant topics is given here to provide background for the rest of this 
report.  
 

3.1 Defining the Typology of Reinvention 

As discussed above, the nascent nature of this subject area necessitates the development of a typology to 
provide a starting point for further discussions.   
 
The concept of reinvention is relatively simple to explain; it is the process of reviving an idea or 
technology which has previously been abandoned prior to being introduced into the market.  This is 
different to the more common usage in phrases such as “reinventing the wheel”.  In these cases 
reinvention often has a negative connotation, implying inefficiency or needless activity rather than the 
recovery of an idea or concept in a useful way.   
 
It is also important to distinguish reinvention from other comparable activities such as invention, 
innovation and ‘re-innovation’, where the differences are perhaps more subtle.  In the development of a 
technology, invention and innovation refer to both processes in the original development of a 
technology; invention being the initial creation of the idea, and innovation being the development of that 
technology to market.  However, a large number of technologies never reach a market, or are not fully 
developed; these are therefore abandoned during their original development process.  Reinvention refers 
to the revival of these abandoned technologies. 
 
To more fully describe reinvention it is useful to examine the process of technological development, and 
how reinvention fits within this context.  Many models have been created to describe this process, 
ranging from simple linear models, to complex systems involving networks interrelated and 
interdependent processes.a  Some of these more complex models such as socio-technical systems and 
the evolutionary model of innovation are discussed later within this section.  For the purposes of this 
initial examination it is useful to consider the linear model of technological development as a simple basis 
for discussions (Figure 1).  
 
This model considers the process of technological development to be a sequential linear series of steps, 
conventionally following the order: invention, innovation then finally market.  However, the development 
of a technology will often encounter obstacles which lead to a discontinuity in this process; therefore 
many good ideas never reach the final market stage.  Consequently these technologies are abandoned 
during the innovation stage or the early stages of market implementation as a result of this discontinuity, 
and over time these technologies are forgotten or lost.  Reviving these inventions and restarting the 
development pathway is a distinct process to the initial steps of invention or innovation; this can be 
termed reinvention.  

                                                           
a
 “The Economics of Innovation”, Swann G. M. P., 2009 
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Figure 1: A simple linear model of the technological development pathway, showing the conventional 
route, and pathways including reinvention, re-innovation and a long latency.  

 

A different circumstance can be imagined where the innovation process is successful, however after a 
time the technology is no longer sought by the market.  Here the break occurs after a successful 
innovation process, therefore the revival of these technologies is more accurately termed “re-
innovation”, which is more akin to repurposing and is therefore a distinct process from reinvention.  For 
example, windmills fell out of favour during the industrial revolution; however they have now be “re-
innovated” as wind turbines.  
 
These scenarios are both distinct to a situation where a technology requires a lengthy period to reach a 
market.  In this case the development may occur over an extended period of time, but no break in the 
development process as the knowledge is retained within an organisations memory or the general 
scientific consciousness.  If the technology was never abandoned it cannot, by definition, be reinvented, 
and the technology simply experiences a long latency between the invention and the implementation. 
This is the case for fuel cells and holograms which were well known about and research was ongoing in 
these areas throughout their extended innovation stage, therefore they were never truly abandoned.  
 
In reality the development of a technology is likely to be far more complicated than described above 
using the linear model.  The development processes can typically occur over years or decades, with the 
pace of progression varying considerably, and shifts, reversals and pauses in the development also taking 
place.  Therefore, abandonment may occur early on this process, or very close to real implementation. 
This variation in pathways allows reinvented technologies to be further nuanced into different categories 
depending on their degree of “forgotteness” (Table 1). 
 
This categorisation allows distinction between different types of reinvention discussed bellow and in the 
following sections.  More generally, this overall typology has been developed to be used as the basis for 
examining how the reinvention of technologies fits with existing economic theory, and more broadly in 
technology innovation theory.  
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Table 1: Categorisation of reinvented technologies. Further explanation of example technologies can be 
found in the relevant appendix, or elsewhere.a 
Category Description Example 

Forgotten 
Technologies 

Technologies which are 
abandoned and entirely lost or 
forgotten  

Protein based fibres – the use of naturally derived 
waste protein to generate fibrous materials for 
clothing and other uses.  This was developed 
during the wars but was never successfully 
implemented. 

Dormant 
Technologies 

Technologies which are 
abandoned, but are retained in 
the organisational memory  but 
not acted upon 

Biotechnological route to indigo – the existing 
route relies on intensive chemical processing.  This 
alternative route using enzymes was originally 
uneconomic, but is being reinvestigated 30 years 
later. 

Niche 
Technologies 

Revisited technologies which did 
find use in niche markets, but 
cannot be considered 
commercialised. 

Ventile®, a naturally waterproof and breathable 
fabric produced from tightly woven cotton. 
Developed during for pilots during the second 
world war, it fitted into a niche market.  However, 
it is now receiving renewed interest as a 
sustainable alternative to synthetic fabrics such as 
Gortex ®. 

 

3.2 Reinvention in Innovation Theory and Practice 

A large body of literature has been the product of discussing the theory and practice of invention and 
innovation in different contexts and from different perspectives.  It is beyond the scope of this study to 
fully review this area, nor would it be useful as comprehensive reviews are available elsewhere.b 
However, it is useful to examine some themes arising from this area which have a bearing on the concept 
of reinvention.  Below, reinvention is briefly discussed in the context of the theories of socio-technical 
systems and the evolutionary theory of technological innovation; other concepts related to reinvention 
which form part of the overall innovation theory landscape are then examined.  
 

3.2.1 Socio-Technical systems 

Large scale transformations in the way that societal functions are met require changes at a system level, 
of which technology makes up one component.  Whilst a discussion of the general approach lies beyond 
this paper (see for example, Geelsc for a fuller description) some concepts are useful in a discussion on 
reinvention: 

 The generation of a range of new niche innovations at the start of a socio-technical 
transition.  In the early stages these niches are likely to be unaligned with each other and 
with the existing socio-technical regime.  Later a dominant niche emergences to re-align the 
existing regime.  Such a model implies the failure of a number of niche innovations to 
become the dominant influencing technology.  It is possible to imagine such failed niches to 
be many of the inventions and innovations that emphasised environmental sustainability 
above economic viability and so, unaligned with the existing regime of their time, were 
abandoned. 

 Mainstream technologies may diminish into niches, but then possibly re-emerge at a later 
date. For example Shoved has examined the diminution of cycling in the UK as a general 

                                                           
a
 “Pulp fiction? Re-innovating paper manufacture from textiles, Morley, N., paper presented at “Recycling Textile Technologies” Workshop, Univers ity College 

London, 14/06/2010 
b

 ‘The International Handbook of Innovation’, Shavinina, L.V., Elsevier Science Ltd, 2003.  
c
“Understanding System Innovations: A Critical Literature Review and a Conceptual Synthesis” in System Innovation and the Transition to Sustainability, Elzen 

B., Geels F.W., Green K. (ed.s) Edward Elgar 
d “The Shadowy Side of Innovation: Unmaking and Sustainability”, Shove, E., 2010, Unpublished paper 
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mode of travel to work to its specialised existence as a leisure activity, and then its recent re-
emergence as an environmentally responsible activity.  She points out whilst the 
mechanisms and models for the introduction of new innovations are widespread, there is 
little corresponding study of the way in which technologies decline and disappear – and 
possibly re-appear. “….there are also reasons to develop systemic theories of innovation 
such that they can be of use in reinstating old but also benign technologies and in promoting 
equally radical forms of regime revival”.a  
 

The use in such models of path-dependency and of the co-evolution of technology and practice 
emphasise that technologies may not simply be re-introduced in their original form.  A later 
reintroduction of a previously abandoned invention or technology will always be some kind of 
reinvention or re-interpretation.  Societal groups, norms and practices are all likely to have changed from 
the time of the original invention or innovation 
 

3.2.2 The Evolutionary Theory of Technological Innovation 

It is contested whether evolutionary theory can be used to model technological innovation, or whether it 
simply forms a convenient metaphor.a   However, certain sections of evolutionary theory provide useful 
perspectives on the theme of reinvention.  
 
Perhaps the most well known concept within evolutionary theory is neo-Darwinism; that is evolution 
through natural selection.  For natural selection to occur an over-supply of variations is required, with the 
external environment selecting which traits continue.  The development of new traits is a random 
process with no directive process.  Parallels can be seen with this process of natural selection and the 
development of technologies.  Within the technological world there is typically an over supply of ideas, 
but factors such as economics, market demand and determine which ideas are taken forward and which 
are abandoned.  However, there are clearly difficulties in applying this neo-Darwinian theory directly 
onto the innovation process; for example, invention and innovation does not always occur blindly, and 
perhaps with the exception of ‘blue sky research’, it can been seen as being directed in some way.  
However, much of this directed nature can be described using Lamarckian theory, where inheritable 
characteristics are developed by an organism during its lifetime.  This concept is more akin to the directed 
research which commonly takes place where a problem needs to be solved or a gap in a market is 
identified.  Overall, invention and innovation are perhaps best described as a mixture of neo-Darwinian 
and Lamarckian processes.  The directed and ingenious nature of innovation requires a degree of 
Lamarckian development; similarly the random nature of the generation of ideas means that neo-
Darwinian character is also present. 
 
In the context of reinvention the initial abandonment of an idea can be seen as a form of natural 
selection; the idea was not suitable for the environment at the time of its invention.  Inventions, like 
biological traits, are discarded if they are undesirable or if a more suitable alternative emerges.  However, 
an idea from the inventive world or a trait from the biological world can re-emerge at a later date, 
completely independently of the original development, and perhaps in an entirely different context 
where it does become useful.  In nature and technology this may occur entirely at random, without any 
knowledge of the previous incarnation; the equivalent of a neo-Darwinian process.  In essence this relies 
on serendipity, as the process is undirected and will uncover the correct idea or trait by chance.  
However, a more organised process is also possible in technological systems as, unlike the biological 
world, it is possible to actively go back and seek out possible ideas as knowledge can be retained. 
Therefore a more directed process of reinvention is possible, equivalent to a Lamarckian process. 
However, evidence to date indicates that reinvention fits with the former of these processes, and occurs 
through a random neo-Darwinian process, rather than a potentially more directed Lamarckian route, 
which may be more effective.  This is explored more in practice later in this report.   
 

                                                           
a
 ‘Technological Innovation as an Evolutionary Process’, Ziman, J., Cambridge University Press, 2003. 
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3.2.3 Other Related Concepts 

Through discussions with experts and literature research, various themes related to the concept of 
reinvention were identified.  The most relevant and useful of those found are briefly reviewed below:   

 Technology trajectories – technology trajectories (defined by the aligned concept of technological 
paradigms) describe the process whereby the adoption of a technology leads to development along 
a particular direction, often locking into a particular technology type (e.g. VHS vs Betamax).  This 
may lead to abandonment of a technology as it does not fit with the existing technological 
trajectory, rather than on other grounds such as performance.  Therefore reinventions may arise 
from points where a particular technology trajectory was adopted, when technologies outside this 
trajectory were abandoned.  Furthermore, niche technologies may continue to be developed if the 
follow a submerged technology trajectory, independent of the primary trajectory.  

 Organisation Memory & Corporate Amnesia – Organisations often have a limited ability to retain 
knowledge in their organisational memory.  Therefore, corporate amnesia can occur, where there is 
a tendency for organisations to ‘forgot’ knowledge over time once ideas are abandoned.  This may 
be catalysed by factors such as structural change, or the natural turnover of personal who have 
extensive knowledge in an area, particularly an area of past research.  Knowledge management and 
knowledge preservation strategies are often in place in technology driven organisations.  For 
example it was found that certain organisations will interview staff upon leaving to determine if any 
specific technical area should be kept alive.  However, there was no indication that organisations 
specifically undertake reviews of old archives to reinvent abandoned ideas.  The retention and 
extraction of knowledge from an archived is a theme examined in section 5 by the interrogation of 
an organisation’s archive. 

 Innovation Commons & Open Innovation – Innovation is often very closed and secretive in nature, 
most commonly for corporate reasons.  This lack of openness allows ideas and technologies 
developed by organisations to be lost if they are not acted upon directly by the organisation.  
Greater cooperation and sharing of IP and knowledge between organisations is believed to allow 
more efficient use of research.  Of relevance to reinvention is the opening up of historic archives, 
such as the GSK adopting the open innovation approach for its historic antimalarial researcha, which 
allows external parties to examine previously unavailable knowledge for reinventions. 

 TRIZ methodology – The TRIZ methodology (or Theory of Inventive Problem Solving) provides a 
framework for technical problem solving, by reducing a problem to one or more of a set of generic 
problems. General solutions are then provided, which are applied to solve the original problem.  The 
system was developed by Genrich Altshuller who, by studying thousands of patents, recognized that 
inventions to solve a problem are often reiterations of solutions to similar problems in the past.  
Though no direct use of reinvention was identified within this methodology, the concept that 
previous ideas can solve today’s problems fits well with the philosophy behind examining 
reinvention.  

 Patent Mining and Stranded IP - The patent system is designed to protect new inventions from 
commercialisation by others.  In simple terms patent protection provides a period of monopoly on 
commercial exploitation in exchange for a description of how the invention works.  However, most 
patents are never commercially exploited, but are still maintained and kept within a companies IP 
portfolio to prevent competitors having access to the technology.  Estimates over the levels of 
exploitation vary, but is believed that over 50% of Dow’s patents, and over 90% of patents in one 
business sector of Proctor and Gamble patents are not in use.b  Once these expire they are typically 
forgotten if not directly applicable to current technology.  The digitisation of patents has allowed 
sophisticated analysis of patent archives, using software to seek out inventions relevant to a 
company’s interests; for example Rohm & Haus have a “Technical Search Group”, which performs 
this function.  However, as a technology cannot be directly ‘re-patented’ there is often little 
incentive to investigate patents which have lapsed.  Therefore the patent archives could provide a 
useful source of reinventions, especially due to the standardised nature and formal categorisation of 

                                                           
a
 http://www.gsk.com/media/pressreleases/2010/2010_pressrelease_10009.htm, accessed 18/02/2010 

b
 “Open Innovation: Researching a New Paradigm”, Chesbrough, H., Vanhaverbeke, V., West, J., Oxford University Press, 2006, and references herein. 

http://www.gsk.com/media/pressreleases/2010/2010_pressrelease_10009.htm
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the archive.  This is particularly interesting, as stated above, the majority of patents are never 
commercially exploited.  One concern may be patenting a reinvention to give protection; however it 
is likely further development of a technology would be required to be for implementation to occur, 
which in itself is likely to be patentable.   

 
Though there are analogous concepts to reinvention, such as patent mining, none of these fully fits with 
definition of reinvention outlined earlier.  However, at the heart of these parallels is the idea of looking at 
existing knowledge, and reassessing its value.  This idea in itself is not new; Charles Babbage the famous 
inventor put forward the suggestion that “available technical knowledge should be reviewed from time to 
time when ‘the art of making machinery has received any great improvement’, in order to see whether it 
is possible to put into practice previous, theoretically feasible ideas”.a Indeed, his original concept of the 
programmable computer was itself revisited, and implemented well after his original invention. 

 

3.3 Economics of Invention and Innovation and its Relevance to Reinvention 

Economics clearly has an important role to play within innovation and technological development, 
particularly as much takes place within a corporate structure for business purposes.  Therefore a brief 
review of areas relevant to reinvention is provided separately.  
 
Historically, the importance of ‘science and technology push’ vs ‘demand pull’ has been core to the 
discussions around economic models of innovation.  Nemet reaches the conclusion that both approaches 
are individually insufficient, and both necessary to explain innovation.b  However, demand pull often 
determines the success or otherwise of innovation process on an invention, as innovation will not occur 
within a business if it is not seen as profitable to do so.  Therefore price factors are key determinants for 
invention and innovation which may lead to a price-induced bias technological development.  As price 
factors can vary significantly over time, and play a key role in determining which inventions are 
developed, it is likely that reinvention has significant potential on an economic basis. 
 
A further indication of the possibility of reinventions can be found within the behavioural economics 
literature, and is related to the economic factors which decide which technologies are worth pursuing. 
Within this field it is noted that the limited decision-making abilities of individuals and companies may 
lead to the ‘wrong’ technology being adopted, due to the complex uncertainties in predicting costs and 
returns.c  Therefore this model suggests that there are profitable inventions that may have been missed 
due to incomplete economic decisions.  Economics is often the motivation for abandoning the 
development of a technology, however the perceived cost of development is often linked to other 
factors, which can be seen as the route cause for abandonment or discontinuity.   
 

3.4 Causes for discontinuity 

The discussions on economic theory above highlighted one cause for abandoning a particular technology 
or invention, thus providing potential for reinvention.  Economic factors clearly play an important role, 
and development decisions are often based on short term economic benefit rather than long term 
optimality.d  However, many other influences may also contribute to the abandonment of a technology. 
Some further broad examples identified in this project are provided in Table 2.  These causes are 
discussed in more detail in the appendices. 
 
In reality it is likely that a combination of reasons will cause a discontinuity; for example an organisational 
failure to identify the potential of a technology may lead to a lack of funding to develop further.  Further 
work into understanding the reasons for technological abandonment of actual reinventions may be of 

                                                           
a
 “Economics & Technical Change”, Heertje A., Wiley  (New York), 1977, p68 

b
 “Innovation for a Low Carbon Economy:Economic, Institutional and Management Approaches”, Foxon T. J., Köhler J., Oughton C. (eds), Edward Elgar, 2008 

c
 “Informational Society: An Economics Theory of Discovery, Invention and Innovation”, Norman A. L., Springer, 1993.  

d
 “New Technologies and Environmental Innovation”, Huber J., Edward Elgar, 2004. 

http://www.getcited.org/inst/144227
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benefit as they may provide insights into where to seek reinventions, or how best to identify them.  
However, this is beyond the scope of this project which is seeking to provide evidence for reinventions. 
 
Table 2: Examples of causes of developmental discontinuity  

Organisational  Technological  

Outside traditional field of development 

Inherent bias for competing technology 

Not Invented Here syndrome 

Poor awareness of existing internal or 
external knowledge 

Other competing technologies 

Lack of other supporting or enabling 
technologies 

No fit with existing technology trajectory 

Economic and Business Other 

Lack of funding to develop further 

Short term view on implementation 

Outside business development model 

Safety or other regulations 

Lack of skills 

Secrecy 
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4 Sampling of Existing Reinventions 

The purpose of this section of the study was to underpin the theoretical work by providing evidence that 
reinventions do occur in practice, and more thoroughly explore the circumstances around their original 
abandonment and subsequent revival.  Two approaches were used: 

  Systematic Analysis – An analysis of inventions reported a single publication 
over a period of 10 years.  

 Broader Sampling – Examples of reinventions were gathered through the 
general reading of trade journals, scientific and technology related literature, 
the media and discussions.  Though this was a less systematic approach, it 
allowed reinventions from a wide range of areas to be detected.  

 
Using these approaches around 150 reinventions, or related technologies were found.  The methodology 
and results from the systematic study are presented below, followed by some interesting examples of 
reinventions uncovered during the course of this project.  This does not represent a comprehensive 
collection of all reinventions occurring, but provides an indication of the variety of reinventions occurring 
from different sectors.  
 

4.1 Systematic Study 

The aim of this systematic study was to provide data and insight into the occurrence, circumstances and 
trends over time of reinventions.  To provide the most consistent baseline possible and a single 
publication was chosen to sample over a 10 year period.  The Engineer magazine was identified for this 
purpose for a variety of reasons:   

 The style of the magazine fitted well with this study - the level of technical detail was good enough 
to identify reinventions, but the journal is not highly specific to one particular subject area, 
therefore a broad range of technologies were reported from all areas on engineering.   

 The magazine is published biweekly, providing a large sample base, and a large comprehensive 
archive was accessible.   

 Reinventions had previously been uncovered in this publication, and appeared to occur reasonably 
frequently, providing a certain amount of assurance that the sample would be successful.  

 
In order to sample the publication over a reasonable timescale 6 month snapshots were taken biennially 
back to 1999; this corresponded to the issues from the first half of each sampled year.  Additional 6 
month periods were also included to provide more detail of recent trends.  Each issue of the magazine in 
each selected period was analysed, recording the number of inventions or technologies which had 
reached the market reported in articles, and the number of these which could be identified as or related 
to reinvention.  Reinventions were identified either from information directly given within the 
publication, or through research outside the publication if the text implied reinvention but did not 
explicitly state it.  Additional information about the reinventions was noted where possible; this included 
information such as relevance to sustainability, the broad technology field, period when original 
invention occurred and circumstances of original abandonment.  
 
In addition to this, a broader range of articles were identified.  These discussed themes related to the 
concept of reinvention in some way, for example, inventions which were re-innovated or articles which 
described reinvention or similar concepts (this figure also includes the reinvented ideas).  The general 
information gathered is collated below in  
Table 3. 
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Table 3: Results from the analysis of “The Engineer” magazine 
 

Year Total 
Inventions 
Reported 

Related to 
Reinvention 

Total Reinventions Reinventions 
relevant to 

sustainability 

2010 311 8 5 2 

2009  
(2

nd
 half) 

322 10 4 3 

2009  
(1

st
 half) 

214 12 6 3 

2007 276 11 4 2 

2005 416 3 2 2 

2003 424 7 5 1 

2001 343 5 3 1 

1999 421 5 2 1 

     

Total 2,727 61 31 15 

 
Within this analysis around 100 issues of The Engineer were sampled and 2,727 inventions or 
technologies were identified from various types of articles.  In total 31, or 1.1% could be classified as 
reinventions, and 15 of these had a direct link with sustainability.  In the broader sampling, just over 60 
referred to the general area of reinvention (This included one article initiated as part of this project)a.  
Whilst this clearly represents a very small proportion of the overall inventions reported, it does indicate 
that reinventions occur relatively regularly.  
 
From the information provided within the publication, and further information gathered from external 
sources, it was clear that reinvention occurred almost uniquely through serendipity, rather than an active 
seeking out of technology from the past.  In no case was evidence found that the revival of an unknown 
abandoned technology was specifically sought.  This implies that at present a background level of 
reinvention exists, without any directed intervention driving for greater frequency, much like a Darwinian 
process.  The view that this occurs by chance is supported by a similar observation for the mechanism of 
invention, where the initial creation of a new idea often occurs through chance meetings or other 
random events, rather than as the result of a formal development process, (though clearly further 
development is require beyond this preliminary creation). b . 
 
Figure 2 shows the trends in reinventions found over the time period analysed.  Over the ten years 
analysed from 1999, there appears to be a general increase in the overall proportion of reinventions 
reported.  However, conclusions about this trend should be cautious.  Though a large number of 
inventions covering a broad range of fields were sampled, only a comparatively small number of 
reinventions were discovered.  Therefore it is arguable whether the sample of reinventions is large 
enough to accurately indicate a trend of this type.  It was also clear that over the period this study 
covered, the editorial style of the publication changed, which may influence results; this is discussed in 
more detail below.  
 
 
 
 
 
 

                                                           
a
 “Making History”, The Engineer, 6/4/2010 

b
 “Organizational Issues in the Introduction of New Technologies”,  Katz R. and Allen T., New York Plenum Press, 1985  
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Figure 2: Proportion of reinventions observed over time in articles from The Engineer. 

 

The length of time each reinvention lay undeveloped was determined through further research and 
analysis, and these were divided into periods.  It should be noted that ideas which were originally 
invented less than 20 years ago were purposely ignored as they are unlikely to have been fully 
abandoned and would be widely known about.  Each invention was also grouped using the classifications, 
forgotten, dormant or niche.  Table 4 shows the results from these analyses. 
 
Table 4: Ages and classification of reinvented technologies 

Age 
(years) 

Frequency  Classification Frequency 

20<50 15  Forgotten 7 

50-100 10  Dormant  12 

100-200 4  Niche 12 

>200 1    

 
As perhaps would be expected, the period with the greatest number of reinventions was the youngest.  
From the examples uncovered it was evident that more recent technologies are simply more likely to be 
rediscovered because knowledge about them is more likely to be accessible.  It was also apparent that 
the more recent technologies are more likely to be directly relevant to contemporary technological 
demands and therefore pursued further as it was by default closer to the market.  Therefore, the further 
back in time a technology was abandoned the less likely it is that it will be reinvented with current 
practices.  Though this conclusion is not unexpected, the sampled data above reinforces that this occurs.  
 
By contrast with the age analysis, a more even distribution of reinvention categories was observed.  As 
might be expected forgotten ideas were less common in terms of reinventions, however this information 
indicates that all three types of reinvention are important in the technological revival.  This conclusion is 
encouraging as it indicates that even if an idea is truly forgotten it still may be reinvented if the 
circumstances are suitable.  Though no in depth study of re-innovated technologies was conducted, 
anecdotal evidence indicates that this type of technological revival occurs roughly at the same frequency 
as reinventions in total.  However, as noted above, re-innovations are often higher profile resulting in a 
greater level of awareness, for example wind power or electric vehicles. 
 
Interestingly, no overall link between age and type was noted in this analysis.  It might be expected for 
older technologies to favour classification as forgotten and newer technologies perhaps favour dormant; 
however no association of this type was identified within the sample.  This information demonstrates 
that technologies can be prevented from fully being forgotten over long time periods, and may lie 

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

1.8%

2.0%

1998 2000 2002 2004 2006 2008 2010 2012



  

16  For TSB & ESRC 

dormant or find a niche use until it becomes fully relevant.  It also indicates that abandoned technologies 
can become forgotten on a short timescale.  This is particularly in fast moving technological areas such as 
the ICT field, where an abandoned idea might be forgotten in less than 20 years. 
 
When possible the circumstances around the original abandonment and revival of each reinvented 
technology were identified.  It was not possible to gather any statistical data from this part of the 
analysis, as the differences between the technologies and circumstances, and the subtleties involved in 
each mean that categorisation would not be meaningful.  However, the most common reasons for 
abandonment were typically linked to the cost of development, lack of related enabling technologies 
(particularly for conceptual technologies) or no demand or perceived use for the technology.  Similarly for 
the circumstances around revival, identification of the precise conditions are difficult to pin down, as 
information is often vague; however it is clear that chance appears to play a large role, for example 
through the serendipitous discovery of an old piece of knowledge that can be reapplied.  
 

4.1.1 Conclusions from Survey 

The results described above give some insight into the occurrence, nature and types of reinvention 
presently occurring.  From this data it appears that a random, “background noise” of reinvention occurs, 
corresponding to around 1% of reported inventions.  The random and unpredictable nature of 
reinvention currently occurring is certainly more Darwinian in character than Lamarckian.  However, the 
nature of reinvention and the sources of reinventions mean that a more directed approach could 
influence the rate of reinventions.  This approach can be seen as more Lamarckian in nature, and one 
possible method for this approach is described in the next section. 
 
It should be noted that there are many sensitivities in this study.  Over the course of the studied period 
the editorial style and focus of The Engineer did change, and there was a shift in the target audience.  
One example of this is that in the last decade the topic of sustainability has been subject to increasing 
levels of interest, therefore there was a greater level of interest in sustainable technologies.  However a 
similar number of inventions were found throughout the period studied, therefore it is unlikely to unduly 
influence the results, but may skew the figures in favour of sustainability.  It was also clear that not all 
reinventions were identified as such within the original article, either through simple lack of awareness or 
because it was perceived that there was no benefit in linking the recent technology with an old invention.  
Therefore it is very likely that some reinventions will have not been identified as it was not possible to 
individually investigate each of the 2,727 reported inventions.  A further point to note is that the 
examples gathered from this initial study are relatively broad, and it is difficult to ascertain if a particular 
era or field may be more fruitful.  For example it was not possible to ascertain from this data whether 
periods such as the war years provided a richer source of reinventions. 

 

4.2 Examples of Reinventions 

In total around 150 reinventions were identified as part of this study, both from the systematic analysis 
and broader sampling.  These vary from ancient building techniques revisited to improving the heat 
shielding on space shuttles and to the more recent developments in internal combustion engine design 
such as the Atkinson cycle engine used for hybrids electric vehicles.  Some of the most interesting and 
relevant examples are described below. 
 
Portable music players  
The concept of the portable music player was originally developed in 1930, where a German engineer 
developed the concept of integrating a radio into a hat.a  Though the idea never truly took off, the 
concept was reinvented in the late 1970’s when Sony introduced the walkman which incorporated a 
radio and portable cassette player.  This newer incarnation was enabled by technologies such as 
miniaturised electronics and music storage methods.  Interestingly, at around the same time in 1979 the 

                                                           
a
 http://blog.modernmechanix.com/2007/11/07/music-while-walking-with-radio/, accessed 8th September 2010 

http://blog.modernmechanix.com/2007/11/07/music-while-walking-with-radio/
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first solid state based portable music player was developed, though never went beyond the prototype 
stage.  At the time this was held back by technology as the memory capacity only allowed a single song to 
be stored at any one time.  Though the idea was never truly forgotten, it lay dormant for around 20 years 
before being revived in the late 1990’s as portable MP3 players.  The improved memory density, music 
compression and electronics have increased the storage capacity of these devices, with contemporary 
players able to store over 16,000 songs.  
 
Flettner rotor ships 
Flettner rotor ships (named after the inventor Anton Flettner) were developed in the 1920’s and provide 
an alternative to sails for harnessing windpower.a  This mechanism of propulsion relies on large vertical 
cylinders, known as rotorsails, which are rotated.  These rotorsails interact with the wind, and through 
the Magnus effect, provide force to push the ship.  Originally the concept was dropped as the fuel 
efficiency and control was poorer than typical motor powered craft.  However, the concept was revived 
as a niche technology by Jacques-Yves Cousteau, who used this propulsion method, termed turbosails, on 
a ship named Alcyone in the 1980’s.b  Recently this technology has been revived to a greater extent, and 
is now being investigated for mainstream use as a method of improving the fuel efficiency of large ships 
and ferries, by providing a secondary, sustainable source of propulsion to complement direct motor 
power.  Related to this is the re-innovation of sails, which are being considered for use on large cargo 
vessels, again as a method of improving fuel consumption. 
 
Nitrous Oxide as an Anaesthetic  
Nitrous oxide was first used intentionally as an anaesthetic in the 1844 as a way to relieve pain caused 
during dentists operations.  However, its pain relieving properties were noted, almost 50 years prior to 
this initial use by the famous chemist Humphry Davy.  Davy discovered the pain relief produced by 
inhalation of this gas as far back as the late 1700’s, and even suggested its potential medical use, but 
never followed it up.c  Others researchers overlooked this opportunity too, and the gas was even used 
extensively by the upper classes in “giggling parties” prior to use as an anaesthetic.  However, once 
reinvented it led to the new science of anaesthetics and its use continues to this day. 
 
Optical Fibres 
The use of fibre optics was first demonstrated by Alexander Graham Bell around 1900, by transmitting 
voice signals through glass rods using light.d  However, limitations in the technology meant that the use 
of fibre optics was not possible over large distances, and no practical implementation was made.  
However, with the discovery of lasers and more advanced materials transmission of data through fibre 
optics was made possible in the late 20th century.  Fibre optics now form the backbone of almost all 
ground based communications networks, and their use continues to grow. 
 
  

                                                           
a
 http://en.wikipedia.org/wiki/Rotor_ship, accessed 14th April 2010 

b
 http://www.cousteau.org/about-us/alcyone accessed 14th April 2010 

c
 “The Age of Wonder”, Richard Holmes,  Harper Press, 2008 

d
 “They All Laughed”, Ira Flatlow, Harper Press, 1993  

http://en.wikipedia.org/wiki/Rotor_ship
http://www.cousteau.org/about-us/alcyone
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5 Interrogation of a Research Archive for Reinventions 

The purpose of this section of the project was to conduct an empirical study of an existing research 
database to develop a methodology for identifying potential reinventions, and to investigate to what 
extent reinventions were present.  
 

5.1 Background and methodology 
 
To conduct this worked example, the possible reinventions within the archives of the research institute 
ITRI (formerly the International Tin Research Institute) were identified.  ITRI was chosen as the 
organisation’s former R&D Director was working on this project therefore available to conduct this study; 
prior knowledge in both the subject area and organisation was also seen as being useful due to the 
nature of the project.  The archive was also known to be largely digitised and well maintained, therefore 
lowering the complexity for conducting this exploratory interrogation.  

 
5.1.1 Short History of the International Tin Research Institute (ITRI) 

In 1929 a group of tin producing companies identified a need for the establishment of an organisation to 
carry out systematic research and development on behalf of the tin industry.  Funds were provided by 
the Tin Producers’ Association (later to become known as the International Tin Council) to form the Tin 
Research and Industrial Applications Committee.  It was not until December 1938 (ten years later) that a 
dedicated laboratory known as the Tin Research Institute was established in Greenford, Middlesex.  Prior 
to this date, most of the tin research funded by the Council was farmed out to Universities and other 
research laboratories.  
 
Up until 1985, all research activities were funded by the International Tin Council.  The Council collapsed 
in 1985 and funding from 1986 was provided by contributions from some of the members of the 
Association of Tin Producing Countriesa (ATPC).  However, to maintain the level of research and the 
support structure of ITRI, further funding in excess of what ATPC were putting in was required.  The ATPC 
were unwilling to increase funds unless other tin producing countries made equitable contributions. It 
was in 1994 that ITRI was privatisedb with the major tin producing companies now providing the funds on 
the basis of an agreed $/tonne of tin production.  The new company was called the Tin Research and 
Development Association (TRADA).  It was also envisaged that TRADA would operate as a commercial 
organisation with the aim of becoming self-financing within a period of about 10 years (2005) and the 
levy would eventually be reduced to zero. 
 
The ultimate aim of the Institute has always been the same, namely increasing tin consumption.  It has 
always approached this by attempting to discover entirely new uses for tin, improving existing products 
or processes so that tin becomes more attractive both technically and economically, and counteracting 
where possible the introduction of substitutes.  The Institute was also actively encouraged to openly 
publish all of its research work without the need to patent technologies.  For example, over a 25 year 
period between 1957 and 1982, ITRI published 254 of its own documents, most of which are still 
available.  It also had 578 articles published in scientific journals and the technical press. 
 

                                                           
a
 The ATPC was an inter-government organisation. 

b
 Internal ITRI Document “ITRI Privatisation Briefing Paper”, May 1994, Peter J Jackson  
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The earliest date that ITRI applied for a patent was in February 1989a.  This patent was granted in 
September 1990 and dealt with the chemical production of zinc stannate and zinc hydroxystannate, both 
of which were cited as suitable flame retardants for polymeric materials.  A full list of ITRI granted 
patents can be found in Appendix 4.  On the 1st January 1977 the Institute became known as the 
International Tin Research Institute. 
 

                                                           
a
 UK Patent Application GB 2230 255 A 
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Over a period of 25 years between 1932 and 1957a, the Institute concentrated much of its efforts into the 
predominant industrial uses of tin, namely tinplate, bronzes and gunmetals, solders, bearing alloys, 
pewter and certain chemical compounds.  It was only in the latter part of this period that the Institute 
began to focus more attention on new uses of tin and consequently new innovations.  These new areas of 
innovation were organotin compounds (e.g., tributyltin compounds), electroplated alloys (e.g., tin-nickel 
and tin-zinc) and aluminium-tin bearings. 
 

5.1.2 Search Methodology 

The history and function of ITRI means that it has the most extensive single database of tin technologies 
in the world.  ITRI has held numerous records of scientific studies dating back to the late 1930s.  Many of 
these studies were openly published in the scientific literature, ITRI publications and press releases 
without any desire for ITRI to benefit commercially from their work.  ITRI did, however, actively 
encourage the commercialisation of technologies, on the basis that this would globally increase tin 
consumption.  Also many scientific studies were never published but held within the ITRI archives as 
paper record.  Most of the work was clearly related to the chemistry, metallurgy, mining and refining and 
electrochemistry of tin.  Early in 2000 that the significance and possible commercial and scientific value of 
the data collected over 70 years by ITRI was recognised and as such the organisation set about digitising 
all the data held.   
 
As part of the reinvention of technologies project the project team was given the opportunity to trawl 
through the database to identify (with the support of ITRI staff) likely technologies that were abandoned 
in the past but may be more relevant in the current sustainability market and suitable for reinvention. 
The total archive at ITRI comprises of approximately 150,000 documents, therefore a methodical process 
was necessary to narrow down to find possible reinventions.  
 
The methodology that was used in the first instance was: 

1. Carry out interviews with ITRI staff that have been involved in setting up the database 
to identify the best method of search and acquisition of data. 

2. Discussions with the scientists at ITRI on their own views about past technologies that 
have been sitting idle or not explored further so that these may be recorded and 
investigated further. 

3. Access the ITRI database and conduct an initial trawl of scientific data. 

4. The International Tin Research Council Annual Reports were accessed and the various 
topics of research and development over the period 1932 to 2000 were examined. 

5. The ITRI Magazine “Tin and its Uses” has been accessed to compare findings from the 
Annual Reports. 

6. Scientific papers produced by ITRI have been sourced. 

7. Establish a ranking system based on sustainability criteria and relevance to current 
markets and needs. 

8. Carry out screening of technologies using a joint panel of ITRI and Oakdene Hollins 
staff.  A score was given independently by each panel member to each idea.  This was 
then moderated for the most promising technologies at a panel meeting to produce a 
final agreed list of the most promising ones.  

9. Further investigation to provide more detail on the potential and clarify uncertainties 
in the research. 

10.  A final short list of research topics was produced and suggestions for future 
development made based on existing know ledge. 

 
During the course of the project a small modification was made to this process.  The size of the archive 
meant that it was not possible in the time available to cover each and every one of the technologies that 
have been researched in the 80 year history of the Institute in any great detail.  Therefore the interviews 

                                                           
a
 International Tin Research Council publication No. 271 
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with staff, and interrogation of the archives led to the identification of a selection of technological areas 
which were then narrowed down to specific technologies.  The outputs of this work are described in the 
following sections.  

 

5.2 Results of Interrogating the ITRI Archive 

5.2.1 Primary ITRI Research Fields 
Initially between 85 to 120 research topics and technology areas were identified and reviewed (this figure 
varies due how classification is applied).  These primary research fields, topics and sub-topics, in which 
ITRI carried out scientific investigations, are shown in Appendix 4; further technical details are not 
discussed here.  Due to the scale of the archive the initial screening of these areas for possible 
reinventions was mainly achieved using the knowledge and judgement of the primary researcher, and 
application of the criteria for reinvented technologies.  Further consultation with experts was also used 
when necessary to ensure consistency across the screening process.   
 
Through the initial screening 38 inventions or technical developments were identified as possible 
reinventions from the full archive, Table 5.  All of these were possibilities for reinvention i.e. they had 
been substantially developed but were not in widespread commercial use.   

 
5.2.2 Identified Technologies for Peer Review Assessment 

For the peer review stage, four broad criteria were chosen to assess the potential of these 38 inventions 
or technical developments for further investigation.  Each criterion was marked out of 10; the higher the 
mark the greater the chance of success.  The criteria were as follows: 

 
Commercial Opportunity  
An assessment of the potential commercial opportunity of the technology based on the function of the 
technology and contemporary market demands. 

 
Positive Environmental Impact 
An estimate of any environmental or sustainability benefit that the technology might offer.  For example, 
the technology may offer a low carbon alternative to existing technology, or offer a lower toxicity than 
the currently used alternative.  

 
Ease of Implementation 
An assessment of how simple the technology would be to develop from its existing state of research, 
providing an indication of how far the technology is from market.  
 

Overall Rating for Research 
A final “catch all” criteria, allowing for other factors not considered by the other criteria.  
 
The peer group consisted of 4 members of ITRI and 3 members of the project team, each assigning scores 
to the technologies.  These scores were then combined and formed the basis for selection.  From the 
peer review the six technologies which fitting the above criteria the best were identified for further 
research, highlighted in Table 5.  
 
ITRI are currently pursuing technology 22 (which at the time the project team was not aware of), 
indicating that it had already been reinvented.  The project team took the other five technologies for 
further assessment.  A brief description of the six technologies follows together with the further 
assessments and recommendations. 
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Table 5: Possible reinventions identified from the ITRI database.  The highlighted technologies are those 
selected for further investigation by peer review.  
1 Tin-Nickel Alloy Plating 

2 Tin-Zinc Alloy Plating 

3 Tin-Cobalt Alloy Plating 

4 Tin-Copper Alloy Plating (red bronze) 

5 Tin-Copper Alloy Plating (speculum) 

6 Composite Coating Technologies 

7 Immersion Plating 

8 Autocatalytic Plating 

9 Coating of metals with Tin from the vapour phase 

10 Tin Additions to Cast Iron 

11 Age-Hardening of Bronze 

12 Tin-Based Intermetallics 

13 Tin Additions for Improving the Sintering of Iron Powder 

14 Tin Additions to Stainless Steel Powders 

15 Sintered Material Based on Tinplate Scrap 

16 Ion Exchange 

17 Production of Stannic Chloride from Cassiterite 

18 Tin (IV) chloride used for Alkylation and Acylation Reactions  

19 Tin (IV) chloride used for Polymerisation Reactions 

20 Precious Metal and Tin(II) chloride systems for Liquid Phase Catalysis 

21 Tin(IV) chloride catalysts for coal liquefaction 

22 Tin Alloy Pellets used for Fuel Treatment 

23 Tin-precious metal systems used in the petroleum industry 

24 Tin (IV) oxide as and oxidation catalyst for CO 

25 Mixed metal oxide Systems 

26 Tin(II) oxide catalysts for transesterification of vegetable oils 

27 Fire Retardants in Textiles 

28 Steel Primer Paints 

29 Pigments 

30 Organotin Flame Retardants 

31 Tetraalkyltin and  Tetraaryltin compounds for polymerisation of ethane or other olefins 

32 Tin(II) conpounds as catalysts for PUR Foams 

33 Organotin PVC Stabilisers 

34 Organotin Antifouling Paints 

35 Organotin Antitumour Agents 

36 Organotin Water Repellents 

37 Non-tin whiskering solders 

38 Tintype 
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5.2.3 Technology 10:  Tin Additions to Cast Irona 

Prior to 1960, most foundries considered tin as an undesirable impurity in cast iron.  The principle behind 
this technology was to promote the formation of a very fine type of graphite during solidification of the 
iron.  Under normal circumstances, coarse graphite is formed.  The presence of 0.2% to 0.5% titanium 
does achieve the formation of fine graphite but the matrix remains predominantly ferritic and therefore 
soft.  The Institute found that by adding 0.1% to 0.2% of a 75%:25% tin-antimony alloy to the 
composition, the matrix formed a complete pearliticb structure.  
 
Over the period 1960-1970, apart from carrying out their own research, ITRI commissioned additional 
research at the Battelle Memorial Institute, Columbus, Ohio, the British Cast Iron Research Association 
and the Austrian Foundry Institute, Leoben, to discover the beneficial effect of tin in cast irons. 
Commercial use of this technology was being exploited by a number of automobile manufacturers in the 
1970s. 
 
It would seem that the use of tin in cast irons is known and is particularly known as a pearlite promoter 
and used to manufacture higher tensile grades of cast iron.  It can be used in ductile cast irons but must 
be tightly controlled to below 0.1% otherwise it causes enbrittlement.  The preferred addition to ductile 
grey cast irons is copper, which increases tensile strength without having a great deal of effect on 
ductility.  Low tensile strength high ductility cast irons constitute the majority of overall world 
production.  It would be possible to use tinplate scrap in the production of high tensile grades of grey cast 
irons if there was consistency in the tin content of the scrap.  Foundries are reluctant to use scrap iron 
with variable quantities of minor metals.  This is particularly so for tin, because of its powerful effect on 
properties.  It should also be noted that cast iron compositional specifications are not used in the various 
international and national standards although these are being considered by the American ASTM. 
Standards usually only specify strength and ductility parameters.  Because of this situation there is no 
pressure on producers to use tin for property enhancement; they will generally look at the cheapest way 
to achieve conformance to standards.  Although tin has been specified as a compositional element by a 
few customers for certain products such as valve seats in engines, it is clearly a niche application. 
 

Strengths  Tin is recognised as a powerful pearlite promoter thus having a significant effect on 
the strength of cast irons. 

Weaknesses  Tin, unfortunately, has a detrimental effect on ductility. 

 Tin is an expensive option compared with copper to achieve similar property 
benefits. 

 Concerns have been expressed over the use of tinplate scrap solely on the basis of 
variability of tin composition and the difficulty in controlling the addition during 
melting. 

Opportunities  Tinplate scrap and scrap from beverage and food containers could be used but 
consistency in tin content would need to be guaranteed. 

 A move to introducing standards that required compositional tolerances rather 
than just property requirements could be an opportunity for the use of tinplate 
scrap.  

 Working with the British Standards Institute Sub-Committee on cast irons would be 
beneficial. 

Threats  Many other elements can achieve the same properties in cast iron at lower cost. 

 
A contact at Volvo (Sweden) has confirmed that they do use tinplate scrap in the production of cast iron 
components and this is particularly used at their Powertrain facility in Goteborg Sweden. 
  

                                                           
a
 International Tin Research Council Annual Report, 1969. 

b
 Pearlite is a very fine lamellar distribution of ferrite and iron carbide 
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Compared with tin, there are known alternative elements that can be used in cast irons to control 
strength and ductility.  However, should there be a supply of consistent tin content scrap tinplate 
products at low cost, then foundries may be more likely to consider using the recyclate for certain 
products.  
 
There would seem to be no justification for further fundamental research in this field. However, it may be 
of use to thoroughly collect all the scientific data with respect to this technology and then bring together 
tinplate scrap recyclers, cast iron manufacturers and cast iron product manufacturers to demonstrate the 
technical, economic and sustainability possibilities for this technology.  

  
5.2.4 Technology 13:  Tin Additions for Improving the Sintering of Iron Powder 

Back in the mid-60’s there was an increase in the use of sintering of iron powder to produce more 
complex engineering components at lower cost than conventional processing technology.  However, 
there was a need to use sintering additives to the powder in order to reduce sintering temperatures and 
increase densification of final products.  The conventional way of achieving this was to add copper 
powder.  However, the Institute found that by adding an optimum of 5% of a mixture of 1:1.5 of tin to 
copper the sintering temperature could be reduced from the more normal temperature of 1150°C with 
copper alone to 950°C. 
 
Further research by other organisations has identified the problem of embrittlement caused by these 
additions.  Hence until this issue is overcome, use of the technique is unlikely to be widespread. 
 

5.2.5 Technology 14:  Tin additions to stainless steel powders 

Initial work by ITRI was on an austenitic stainless steel powder (Fe18%Ni10%Cr).  It was shown that a 
significant increase in the tensile strength and proof strength was achieved with additions of between 3 
to 4% tin.  Passivation tests showed the material to be better than the basic stainless steel.  Despite 
suggestions that further work had been extended to cover martensitic and ferritic stainless steel 
powders, no further mention is made of this research activity. 
 
Further research work by other organisations identified embrittlement as a problem that restricted the 
use of this technique.  Until this is overcome, researchers consulted did not believe that this approach 
will be widely adopted. 
 

5.2.6 Technology 17:  Production of Stannic Chloride by Carbochlorination of Cassiterite 

This technology stemmed from research work that investigated means of producing tin chemicals 
(principally stannic chloride) directly from the tin ore cassiterite (see Appendix 4).  Currently stannic 
chloride, which is a cornerstone chemical for many applications, is produced by the reaction of dry 
chlorine gas with metallic tin.  The carbochlorination process effectively can produce stannic chloride 
directly from the ore (SnO2) thus minimising energy and cost.  Although the process was proven, it was 
considered at the time to be uneconomical. 
 
Interviews with academic researchers and tin chemical companies indicated that this process should 
work, but that the most likely concerning issue will be contamination by heavy metals that are present in 
the ore and will be chlorinated at the same time as the tin.  Without carrying out experimental work it 
seems unlikely that this can be progressed further.  A short research project to clarify the issues, review 
the research in detail and if necessary re-establish proof of principle would seem worthwhile.  
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5.2.7 Technology 22:  Tin alloy pellets used for fuel treatment (fuel catalysts) 

A tin alloy fuel catalyst, generally comprising of pellets made of tin – lead – antimony – mercury, has 
found commercial application in fuel treatment, where it is claimed to improve combustion efficiency and 
reduce exhaust emissions.  The catalyst was first developed, it is believed, in the Second World War in 
order for planes to operate using very impure Russian aviation fuel, and the other benefits of the catalyst 
were discovered later.  Interestingly, the use of this alloy has recently been found to suppress the 
formation of bacterial growth in petroleum fuels; it is known that certain bacteria degrade fuel as part of 
their nutritional requirement for carbon.  This technology is currently being re-investigated at ITRI and is 
available in the market from a few very small businesses (typically micro-businesses) who supply different 
methods of introducing the tin into the fuel.  ITRI have recently been involved in some large scale trials 
e.g. with diesel-powered fishing vessel fleets, to provide more systematic evidence about the claimed 
advantages. 
 

5.2.8 Technology 27:  Fire Retardants in Textiles 

It was in 1977 that ITRI began work on both inorganic and organic fire retardants and smoke 
suppressants.  At that time the industrial use of tin-based fire retardants was confined to the inorganic tin 
salts SnCl4/NH4HF2 and SnCl2/K2ZrF6 for flame proofing of woola.  ITRI continued work on these 
compounds and other inorganic formulations and still has today an active interest in this field.  It was 
around 1982 that the compound zinc stannate (ZnSnO3) was found to have significant flame retardancy 
and smoke suppressant properties when incorporated at levels of 2% in glass reinforced polyester (GRP). 
It was at this time that the technology was extended to other polymers.  Over the years ITRI has built up 
an extensive knowledge of flame retardant additives and has particularly strengthened its position in 
Zinc/Tin flame retardant research.  ITRI already owns patented technology in which ultrafine or nano-
particulate tin species are coated on to the surface of low cost inorganic fillers.  Key benefits of tin-based 
fire retardants are non-toxicity, combined fire retardancy and smoke suppression, effectiveness at low 
incorporation levels and synergism with other additives.  Initial markets for these additives were primarily 
focused on PVC and other halogenated polymers, where they are able to replace antimony compounds 
which are under increasing scrutiny because of carcinogenicity concerns.  More recent developments 
have generated new markets in halogen-free formulations, based on unsaturated polyesters, epoxy 
resins, ethylene-vinyl acetate (EVA) and other materials.  
 
Preliminary research around this area indicates that the function of tin flame retardants is good, and they 
can compete well with alternatives.  However, cost is seen as an issue, which may rule out tin for many 
purposes.  Despite this a re-examination of tin-based fire retardant additives to textiles would be 
opportune given the circumstances described above.  
 

5.3 Conclusions 

As a result of the detailed interrogation of the ITRI digital archive, 38 research topics  were identified as 
forgotten, dormant or niche and suitable for further analysis and ranking, out of a total number of 
between 85 and 120 research topics that were reviewed.  Of these 38 research topics, six technologies 
were chosen by a peer review panel as appropriate for further more detailed assessment.  One of these 
technologies was already under review or being actively pursued by ITRI.  Therefore this project has 
reinforced the selection of the technology that was already under review, but via a more systematic 
process.  It has also identified five more candidate technologies that were believed to be worthy of 
further research, and a brief background review has been conducted for each, and suggestions made for 
future work. 
 
A picture emerges of an organisation that has a relatively high consciousness of its own prior research, 
and which among its staff already has enthusiasms for reintroducing technologies that have remained 

                                                           
a
 ITRI Publication Nos. 573, 579 and 592 
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dormant or niche for some time.  To an extent this may have reflected the organisation’s willingness to 
participate in the project, and the relative ease within this modest project that the entirety of its archive 
could be reviewed, hence a low possibility of finding a genuinely forgotten technology.  Thus in what may 
be a “best case” scenario, the archive consists of between 30% and 50% of dormant, niche or forgotten 
technologies.  Around four to seven percent of the total archive appeared possible sustainable 
reinventions, or which there was a current awareness and active wish to progress one third.  We may 
therefore tentatively suggest that a figure of between two and five percent of ITRI’s archive were 
dormant, niche or forgotten sustainable technologies and that this probably represents a best case 
scenario. 
 
From an economic perspective, the cost of reviewing the archive was around £10,000 - £15,000, and 
produced several possible reinventions.  To date the archive has cost around £100,000 to produce and 
maintain, corresponding to approximately 150,000 documents and 825,000 pages.  If the overall cost of 
this search for reinvention is considered to be £115,000 (ignoring the other benefits arising from the 
digitisation process) this is still a relatively modest amount compared to the potential value of the 
reinventions.  It would be an interesting comparison to carry out a similar review of a non-digitised or less 
freely available archive and to compare costs and benefits.  Such a study would give robust evidence on 
the benefits or otherwise of such an approach.  However based on this evidence it appears that this 
methodology is cost effective.  
 
Some more specific thoughts on the methodology and outcomes are described below, particularly in 
relation to this specific archive. 
 

5.3.1 Regarding Methodology 

 One of the tasks originally identified in the methodology was to interview scientists at ITRI in order 
to capture their own views about past technologies that may have been sitting idle or not explored 
further.  It was evident that only two of the staff had reasonable knowledge of the organisation’s 
historic technologies; these staff members had relatively specialist knowledge and a limited 
awareness of other fields outside their own.  They were, however, helpful in providing a detailed 
listing of topics that could be investigated further.  It was also clear that from their own perspective 
there were no technologies that had been “forgotten” or indeed were lying “dormant”, as they had 
a good awareness of their field.  This awareness does apply to people outside their specific field; as 
stated above they were not typically aware of technologies outside their specialism.  

 Based upon the results of the initial interviews it was evident that the methodology should have 
included identifying past senior employees of ITRI with more of an historical knowledge of ITRI’s 
research.  This was supported by many of the delegates at the Reinvention Workshop held in 
London on the 5th October 2010. 

 A further factor which supported the view that there was little that could be classified as truly 
forgotten technologies within this study was the nature of the original work (non-commercial for a 
significant time in ITRI’s history) and the basic remit of the organisation that all science be published 
in one way or another.  In addition to this, there was the business model that ITRI has always had, 
and the reasonably well managed archive.  This reduced the complexity of this study as an ordered 
archive was easier to access and assess, however as a consequence this also probably reduced the 
possibility of finding reinventions.  This organisation will not be true of all archives, and reinventions 
were still identified in an organisation which had a good awareness of a specific technological area. 

 In this case a common reported reason by researchers for a technology being dormant and not 
being pursued by ITRI was that if adopted it would result in the most efficient use of tin and hence a 
possible reduction in tin use, which would be against the fundamental reason for the Institute’s 
existence (although reasons for abandonment were not formally recorded).  Anecdotally this has 
been mentioned by other researchers as a reason for abandonment of research projects.  From a 
sustainability perspective of course these may be attractive technologies for consideration.  The 
prevalence of these types of projects and the reasons for their abandonment is a worthwhile subject 
for further research 
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 The ITRI members of the peer review panel did make the comment that they were close to these 
technologies, had their own views and enthusiasm and could not be classified as totally impartial.  
With greater resource it would have been fairer as part of the methodology to establish a less partial 
peer review panel from experts in the various technology fields.  However the panel did comprise a 
wide range of scientific disciplines and historical knowledge which proved to be useful in carrying 
out a first assessment of technologies.  

 Comparison with a private commercial organisation’s R&D archive would be useful in the future; 
however this process may be more involved depending on the quality and degree of organisation of 
the archive.  

 
5.3.2 Regarding the Outcome of the Process 

 Of the 6 topics that were chosen for re-assessment, 3 were chemistry-based and 3 were materials-
based.  The 3 chemistry-based topics were classified as “dormant” or “niche” whereas the materials-
based topics were classified as “forgotten”.  This actually reflects the experience and age profile of 
the ITRI peer review staff.  The older and longer serving members were indeed chemists and there 
was little that they could associate the chemistry-based topics with the term “forgotten”.  The 
younger and relatively newer ITRI members of the review panel were material scientists and were 
not aware of the 3 materials-based topics.  These were therefore classified as “forgotten” 
technologies. 

 Initially, ITRI scientists were very enthusiastic, although not totally convinced at the outset that 
technologies developed by the Institute could be found in the archives that were “forgotten”. 
Indeed, they were already working on topics that were historically quite old, and are developing at 
least one reinvention already.  However, because of the necessary shift of emphasis from solely 
developing technologies that consumed new tin to one of developing technologies that were 
providing a better contribution to the sustainability of the metal, there was clearly an interest in 
identifying and following up on old technologies that could be reinvented to conform to the 
principles of sustainability.  
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6 Conclusions and Future Directions 

Within this report various aspects of reinvention have been examined and discussed, and the comments 
below reflect our strict definition of this concept rather the loser term which may cover reinvention and 
re-innovation.  To our knowledge this has been the first study which addresses this concept, therefore it 
provides the foundation for further work in this area. From this work we draw the following tentative 
conclusions; 

 Reinvention is relevant to technological development and occurs relatively regularly but on a small 
scale. We estimate that perhaps around 1% of “new inventions” can be classified as reinventions. 
 

 Evidence gathered also points toward particular importance to environmental sustainability – 
perhaps as eras in the past when sustainable practices were necessary can be drawn upon.  
 

 The perception might be that reinventions will be low-tech due to their origin in the past.  However 
many high tech ideas exist in the past which were too advanced to implement at the time.  
Therefore reinvention should not be viewed simply as a way of providing alternative low-tech 
technologies.   
 

 At present the reinvention of technologies occurs as a random process, and there is little or no 
specific effort towards their revival.  
 

 Reducing the random nature of reinvention appears to be possible though a methodological 
interrogation of previous research.  This process allows ideas from the past to be identified at a 
relatively modest cost compared to their potential value and compared to repeating the research 
from scratch.   
 

 Even within an organisation which has a good grasp of its prior research, the proportion of promising 
reinventions was perhaps between 5 and 7% of identified research areas.  This represents a 
substantial number of ideas, particularly when compared to baseline level of 1% of existing ideas 
being reinventions.  If this level is maintained across all areas of technology is suggests that 
reinvention could play a more prominent role in today’s technology.  
 

 Reinvention cannot and should not replace research, invention or innovation as it is an entirely 
separate process.  However, it can be viewed as complementary to these other activities, providing 
the opportunity to make more efficient use of past research and development. 
 

 Individual discussion with researchers indicated that priorities within scientific funding were often 
inimical to reinvention. 

 
Recommendations 
Reinventions have been shown to be a significant part of the technology landscape, therefore steps 
should be taken to aid broader acceptance and inclusion.  This could be achieved by increasing the 
awareness of the benefits and value of reinventions, and preventing exclusion of genuine reinventions 
from development.  A more comprehensive step would be to provide funding streams targeting 
reinventive practices, or towards the more active management of previous research records. 
 
Further practical work in this area is suggested as a way of raising the profile of reinvention through 
demonstrations.  Further database interrogations appear to be the most cost effective way of achieving 
this. Several organisations have been identified during the course of this project as possible targets for 
this type of investigation; e.g. Army textile research group, Macaulay land use research institute, Eden 
project, ADAS. 
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For most part the patent field has been avoided due to the much more formal nature of the patent 
system, and because interrogation and strategies for the management of prior research are much more 
established.  However, the effectiveness in enabling reinvention as alternative to other research records 
should be explored. 
 
The case study with ITRI highlighted the advantages of the digitisation of archives, and the relative ease in 
which it can be interrogated by an expert researcher.  Therefore, these practices should be encouraged 
to maximise the efficiency of contemporary research in the future and prior research today.  
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