
 

 

 

 

 

 

The reinvention of technologies for sustainability 
 

Briefing Paper Number 1: 
 

The economics of invention  

and innovation and its  

relevance to reinvention 
 

 

 

 

 

Peter Willis MSc BSc, Oakdene Hollins Ltd  

2010 
 
Oakdene Hollins provides clients with these services: 

 Modelling and impact assessment 

 Programme management & evaluation 

 Project management 

 Ecolabelling advice 

 Carbon footprinting 

 Policy & strategy development 

 Lean manufacturing 

 Economic analysis 

 Remanufacturing and reuse 

 Market appraisal 
For more information visit www.oakdenehollins.co.uk 

Oakdene Hollins is registered to ISO 9001:2008 

 

We print our reports on Ecolabel recycled paper





  

For Technology Strategy Board 

P
a

g
e1

 

Introduction 

This article covers the topic of the economics of invention and innovation and discusses its relevance 
to the reinvention of forgotten technologies. By way of introduction it is first necessary to define 
what invention and innovation are and how they link together.  The distinction made in economics 
between invention and innovation is the following: invention is the generation of ideas and research 
activity, whereas innovation is their commercialisationa. Reinvention is the process of taking an 
existing idea that was never commercialised and bringing it to market.  
 
Many inventions never enter the market for a wide variety of reasons and thus stop short of being 
innovations.  Each year thousands of inventions are created but only a small proportion will be 
profitable, and many inventions will represent only minor improvements on existing products or 
processesb.  Even if the invention is profitable it may not be taken up commercially due to the 
returns being incorrectly estimated or the company concerned lacking the capital or the 
management capability to turn the invention into an innovationc. This suggests that there could 
therefore be potentially a large number of possible reinventions. 
 
Figure 1: A Simplistic Linear Model of Innovation 

 
Source: The Economics of Innovation, Swann (2009) (adapted) 
 
Figure 1 gives a simplistic linear model of innovation by which ideas are turned into inventions and 
innovations.  The most significant simplification is that it depicts a linear process with one-way flows.  
In reality however the process of innovation is much more complex, has many feedback effects and 
is path dependent. 
 
Invention and innovation, whilst clearly being connected, are by no means causal or sequentiald.  For 
example whilst much of the initial invention and innovation may be undertaken by an entrepreneur 
or research/developers, agents such as manufacturers and consumers will often make considerable 
contributions as well. 
 
 

Types of Innovation 

There are a number of ways in which one might seek to categorise innovations, but two of the most 
common are product vs. process, and radical vs. incremental. 
 

Product vs. process  

A common distinction made in economics is that between product and process innovation, although 
in practice most innovations to some extent display elements of both.  A pure process is one that 
changes the way a product is made without changing its characteristics.  A pure product innovation 
affects the characteristics of the product.  Figure 2 illustrates the difference between the two for a 

                                                           
a
 Swann (2009), p23 

b Norman (1993), p4 
c Johnson (1975), p19 
d Heertje (1997), p116 

Creativity & 

Invention 

 

Innovation 
 

Workplace 

 

Product 
Market 

 

Consumption 



   
 

For Client 

given product space.  A move for product B to B1 represents a process innovation as it alters only the 
price and not the quality of the product.  A move to B2 represents a product innovation as the quality 
is improved with the price left unchanged.  Consumers will make their product choice according to 
their preferences, but clearly B1 and B2 offer the consumer higher utility than B meaning that some 
consumers will switch away from the other products in the market. 
 
Figure 2: Product and Process Innovation 

 
Source: The Economics of Innovation, Swann (2009) 

 

Radical vs. incremental  

The distinction between radical and incremental innovations is widespread across the literature both 
within economics and also in other fields, although the terminology varies somewhat (radical, 
spectacular, drastic, incremental, run-of-the-mill).  The economic definition for radical innovation is 
essentially one of obsolescence; that is when the price charged under monopoly for the new 
technology is lower than the marginal cost of the old technologya.  An incremental innovation is thus 
where the old technology, whilst being inferior, remains a substitute and hence constrains the 
activity of companies using the new technology. 
 
Although the majority of inventions are of the incremental type, radical inventions have large effects 
on the market place.  Large companies tend have greater incentives to invest in incremental than 
radical technologies, and often react too late to adapt to the changeb.  This is the process that 
{ŎƘǳƳǇŜǘŜǊ ŘŜǎŎǊƛōŜǎ ŀǎ άŎǊŜŀǘƛǾŜ ŘŜǎǘǊǳŎǘƛƻƴέ ǿƘŜǊŜōȅ ƛƴŎǳƳōŜƴǘ ŎƻƳǇŀƴƛŜǎ ŀǊŜ ǊŜǇƭŀŎŜŘ ōȅ 
entrants following a radical invention. 
 
 

  

                                                           
a Henderson (1993) 
b Henderson (1993) 
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Economic models of innovation 

Macroeconomic models 

The widely held view of invention among economists up until the 1960s was that invention was 
exogenous, which is to say that it was uninfluenced by economic forcesa.  Essentially the technology 
stock of an economy was taken as a ƎƛǾŜƴ ǳƴǘƛƭ ŀǘ ǎƻƳŜ Ǉƻƛƴǘ ŀ Ψspark of geniusΩ would push out the 
bounds of technology.   
 
The work of authors such as Robert Solow was to change this view dramatically.  In his work on the 
attribution of economic growth he showed that growth in capital accounted for only 12½ per cent of 
the doubling of the US economy between 1909 and 1949, whereas the growth residual (total factor 
productivity, TFP) accounted for 87½ per centb.  This result led many authors to attempt to 
understand the factors involved in the main determinant of long run economic growth: technical 
change.  At this point it should be noted that TFP is not exclusively technical change but rather is 
comprised of any factor that leads to labour or capital being used more efficiently.  A later study by 
Denison (1967) adjusted the growth percentages to account for improvements in labour and capital, 
but this still found that the residual accounted for 20-30 per cent of growth in the US and NW 
Europec as shown in Figure 3.  The traditional view that invention depends on and is caused by 
nothing has now been rejected on historical grounds and empirical evidence. 
 
Figure 3: Percentage distribution of growth rates of adjusted national income among sources of growth, 1950-
62 for the US and NW Europe 

 
Source of growth US Bel DK Fr De NL Nor UK 

Factor 
inputs 

Labour 33 25 18 10 19 19 4 25 

Capital 25 14 29 17 19 23 26 21 

Output 
per unit 
of input 

Improved allocation of resources 
and economies of scale 

20 34 39 41 40 31 43 20 

The 'residual' 23 28 15 32 22 27 27 33 
Source: Denison (1967) 

 
Many modern growth models have now made growth endogenous; that is to say they attempt to 
determine the causes of technical change within their models.  At least three different mechanisms 
by which this occurs have been identified by economists.  These include accumulation of human 
capital, research and development, and models of learning-by-doingd.  In these classes of models 
technolƻƎȅ ƛǎ ǘȅǇƛŎŀƭƭȅ ŜƛǘƘŜǊ ΨproducedΩ according the amount of human capital devoted to research 
and development or is proportional to the amount of investment in the economy (whereby 
ŎƻƳǇŀƴƛŜǎ ōŜƴŜŦƛǘ ŦǊƻƳ ƻǘƘŜǊ ŎƻƳǇŀƴƛŜǎΩ ƛƴǾŜǎǘƳŜƴǘ ŘǳŜ ǘƻ ŜȄǘŜǊƴŀƭƛǘƛŜǎύΦ 
 
 
 
 

                                                           
a
 Wyatt (1986), p147 

b Solow (1957) 
c Denison (1967) 
d Romer (1990) 
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Microeconomic models 

Macroeconomics attempted to explain technical change at a high level whereas microeconomic 
thought has concentrated on the demand and supply for invention.  Central to this has been a 
debate on whether technological change is driven ōȅ Ψscience and technology-pushΩ or Ψdemand 
pullΩa.   
 
The Ψscience and technology pushΩ argument is essentially that scientific advances determine the 
direction of innovation, which therefore leaves little room for a potential to reinvent.  However 
several authors have countered thŜ ΨǎŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ǇǳǎƘΩ view.  Schumpeter took the view 
that the inventive process was secoƴŘŀǊȅ ǘƻ ǘƘŀǘ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ŀǎ άthere is always a large reservoir of 
possible technical processes available, which only need creative entrepreneurs to put them into 
practiceέb.  The other critique is that the science and technology-push ignores the role of prices in 
invention.   
 
The Ψdemand pullΩ approach, as undertaken by Wyatt (1986), attempts to derive the factors that 
influence the demand for inventions.  A key starting point for analysing the demand for inventions is 
to note that inventions are by their nature unique and indivisible; that is to say that to say that you 
cannot vary the quantity of the invention, so demand is either all or nothingc.  To derive the demand 
for a particular invention it must be compared to the substitute.  The results of the derivation 
exercise are that the derived demand for invention depends on the characteristics of the industry 
using the invention (notably its size and organisation) although factor prices are shown to be key 
determinants of inventiond.  The importance of factor prices in the derived demand for invention can 
lead to a price-induced bias in inventions, the extent of this being determined by the relative 
substitutability of the different factorse.  Because factor prices vary considerably over time and are 
important in determining what is invented, this means that reinvention is likely to have significant 
potential. 
 
What conclusions can be drawn from the ΨǎŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ǇǳǎƘΩ ǾǎΦ Ψdemand ǇǳƭƭΩ ŘŜōŀǘŜ?  
Nemet reaches the conclusion that neither approaches are sufficient - but both are necessary - to 
explain innovationf.  Machlup (1962) concludes that the supply of inventions is inelastic in its 
response to prices due the inelasticity in the supply for inventive labourg.  The conclusion of 
{ŎƘƳƻƻƪƭŜǊΩǎ ŜƳǇƛǊƛŎŀƭ ǊŜǎŜŀǊŎƘ ǿŀǎ ǘƘŀǘ, of the inventions where the stimulus of the invention 
could be identified, in no instances was scientific discovery the initiating stimulus for the inventionh.  
This therefore makes scientific knowledge a necessary condition for invention but not the prime 
stimulus. 
 
Two other models of invention are of relevance.  The first draws upon the behavioural economics 
literature, which stresses that the limited decision-making ability of individuals and companies may 
lead to the wrong inventions being innovated due to the complex uncertainties involved in 
estimating returnsi.  The second highlights the evolutionary nature of inventions, which is subject to 
a high degree of randomness and trial and errorj.  Both of these models suggest that there are 
profitable inventions that may have been missed first time round.    

                                                           
a
 Nemet in Foxon, Köhler & Oughton Eds., (2008) 

b Heertje (1997), p102 
c Wyatt (1986), p49 
d Wyatt (1986), p87 
e
 Hicks (1932) in Wyatt (1986) 

f Nemet in Foxon, Köhler & Oughton Eds., (2008) 
g
 Machlup (1962) in Wyatt 

h Schmookler (1966) in Wyatt (1986) p36 
i Norman (1993) p17 
j Langrish (1995) 
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Other topics  

Some other topics are important, which are discussed briefly here. 
 

Intellectual Property 

The first is that of intellectual property.  This is important as the costs of copying an idea are 
extremely low relative to producing the idea in the first place.  There are two approaches to 
protecting intellectual property: formal (patents, copyrights, trademarks, registered designs etc.) 
and informal (lead time, complexity, secrecy, confidentiality agreements etc.).   
 
The way in which intellectual property is protected has important implications for the diffusion of 
technology and the likelihood for reinvention.  To this end the formal methods have the advantage 
of public availability of the information, although use is restricted for a given period. 
 

Market Structure 

The second is the relationship between innovation and market structure.  This has been much 
discussed, but it is clearly two-way.  Firstly market structure influences how much innovation will 
take place, ōȅ ŀŦŦŜŎǘƛƴƎ ŦƛǊƳǎΩ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ ƛƴŎŜƴǘƛǾŜǎ ǘƻ ƛƴƴƻǾŀǘŜΦ  A system of perfect 
competition provides little opportunity to innovate as firms do not make profits in the long run and 
therefore cannot afford to innovate.  Monopoly provides little incentive to innovate as the 
monopolist already has complete market share.  Oligopoly, however, provides both the opportunity 
and the incentive to innovate as firms are making profits and successful innovation offers the 
possibility to increase their market share.  Secondly and conversely, innovation influences the 
market structure.  The evidence on which aspect is dominant is inconclusive but seems to point 
towards innovation increasing market concentration rather than the reversea. 
 
 

Implications for reinvention 

The economics literature on invention and innovation has some clear implications for the topic of 
reinvention.  Derived demand for invention seems to have a large impact on which inventions should 
become innovations.  In particular, the input prices of the day lead to biases in what gets invented.  
However, as these change over time there is clearly scope to investigate the potential to reinvent 
ΨoldΩ ideas.  The behavioural models also suggest that there are profitable inventions that may have 
been missed first time round.   
 
On reinvention, .ŀōōŀƎŜ όмуорύ ǎǳƎƎŜǎǘǎ ǘƘŀǘ άŀǾŀƛƭŀōƭŜ ǘŜŎƘƴƛŎŀƭ ƪƴƻǿƭŜŘƎŜ ǎƘƻǳƭŘ ōŜ ǊŜǾƛŜǿŜŘ 
ŦǊƻƳ ǘƛƳŜ ǘƻ ǘƛƳŜ ǿƘŜƴ ΨǘƘŜ ŀǊǘ ƻŦ ƳŀƪƛƴƎ ƳŀŎƘƛƴŜǊȅ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŀƴȅ ƎǊŜŀǘ ƛƳǇǊƻǾŜƳŜƴǘΩΣ ƛƴ ƻǊŘŜǊ 
to see whether it is possible to put into practice previous, theoretically feaǎƛōƭŜ ƛŘŜŀǎέb.  Clearly 
further work is necessary the better to understand the reasons that inventions do not become 
innovations, but the potential of reinvention could be significant. 
 
 

                                                           
a Johnson (1975), p89 
b Babbage (1835) in Heertje (1997), p68 
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