
1   THE VENTURE CROWD Crowdfunding equity investment into business

InfrateChnologIes 
the buIldIng bloCks of  
InnovatIon–based  
IndustrIal CompetItIveness
 
Agnès Estibals, in collaboration with the national physical laboratory 
(npl), the british standards Institution (bsI) and the technology  
strategy board (tsb)

July 2012



2   THE VENTURE CROWD Crowdfunding equity investment into business

About Nesta

nesta is the uk’s innovation foundation. We help people and organisations bring 
great ideas to life. We do this by providing investments and grants and mobilising 
research, networks and skills.

We are an independent charity and our work is enabled by an endowment from 
the national lottery.

nesta operating Company is a registered charity in england and Wales with a company number 7706036 and 
charity number 1144091. registered as a charity in scotland number sC042833. registered office: 1 plough place, 
london, eC4a 1de

 
wwww.nesta.org.uk 
 
 
© Nesta 2012.



3   INfRATECHNOlOgIEs  the building blocks of innovation-based industrial competitiveness

ExEcutivE summAry 

No–one doubts that technology is vital to growth and competitiveness. in recent months, 
both the Government and Opposition have highlighted technology as a central part of the 
uK’s industrial strategy. But what does a technology–based industrial strategy actually 
look like?

this report provides a vital part of the answer. It shines a spotlight on infrastructure 
technologies or infratechnologies:1 the underpinnings of a successful innovation system 
that helps knowledge flow across the economy, among researchers, businesses, and 
government. these include standards, testing, inspection, certification and more generally 
technical feasibility studies. these technologies and the institutions that support them 
operate as bridges between scientific research and businesses, and between businesses. 
they form a diverse group: some are public sector, some private, and some are neither. 
they include business associations, laboratories and institutes, mission–oriented offices, 
and businesses, but they share a degree of autonomy and a keen sense of mission.

Collectively, infrastructure technologies have a wide catalytic effect. they provide the 
underpinning for fast–moving sectors like nanotechnologies, telecommunications and 
low carbon technologies, which require shared technological knowledge to flourish and 
grow. the success of innovative economies like germany and korea in bridging the gap 
between research and development depends in no small part on their ability to provide 
infratechnologies effectively.

the report analyses infratechnologies, looking at how they work and their role in the 
technological innovation system, using the example of measurement and standards 
organisations as a case in point. It highlights four ways in which infratechnologies improve 
industrial competitiveness: 

i. Helping develop a proof of concept, usually a prototype, which demonstrates that the 
basic intended functionalities of a product are possible, thus reducing the gap between 
expectation and deliverable before the production and marketing phase begin; as an 
illustration, manufacturers supplied 5¼in floppy disk drives throughout the 1980s, but 
introduced 3½in drives in the 1990s, based on prototypes showing that the information 
density could be increased and the mechanics of the drive upgraded, even though the 
underlying method of recording on a magnetic disk was the same. 

ii. Discovering the properties of a transformational technology, for instance by 
investigating the structure of materials at a molecular scale, and generating new 
empirical knowledge and instruments that reduce the substantial risks associated with 
applied industrial production; in the 2000s the floppy disk was supplanted by the usb 
flash drive, which uses a solid state, non–mechanical recording method, providing faster 
storage and retrieval in a smaller device. 

iii. integrating new production methods that lead to improved efficiency by changing 
the way businesses conceive, build and operate automated manufacture, including 
helping them to develop the capabilities and skills they need to master new production 
processes and machineries; the usb flash drives themselves have been through several 
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generations of production processes and design development, achieving ever higher 
storage capacities (up to 2 terabytes are planned) at ever lower cost. 

iv. Providing the technical basis for the development of common languages, architectures 
and performances that are necessary to create a marketplace, thereby accelerating 
the adoption of innovations and enabling more businesses to collaborate within 
global value chains; manufacturers of computer peripherals coalesced around the usb 
(universal serial bus) interface standard which has enabled customers to combine a 
range of products in individually personalised systems. new usb–interfaced products 
continue to appear in the marketplace e.g. Xbox 360, playstation 3, smartphones etc. 

partnerships with the intermediate institutions providing these infratechnologies are 
especially important to improve the competitiveness of small and medium businesses. 
Whereas large companies often have the resources to collaborate with universities directly, 
smaller ones have far fewer resources, uneven absorptive capacities and find it harder. 
Intermediate institutions can provide a one–stop shopping opportunity by giving access to 
a range of technologies small and medium businesses lack and access specialised skills that 
are not available to them.

other advanced innovative countries take infratechnologies very seriously, invest in them, 
ensure the organisations that provide them are fit–for–purpose and operate in a joined–up 
manner. examples include germany’s fraunhofer society, belgium’s ImeC, the netherlands’ 
holst Centres, taiwan’s ItrI or korea’s etrI. the uk should take the following steps to 
improve its infrastructure:

i. undertake a full strategic assessment of how to better use and combine diverse 
institutions to support industrial innovation in different sectors of the economy. the 
creation of the Catapult Centres can only be a useful additional design if there is clarity 
on how they will lead, integrate or complement the group of intermediaries that already 
operate in this part of the innovation system. 

ii. use new instruments to improve access to infratechnologies by small businesses. for 
example, competitive programmes are being used in asia and in the us to support 
the most promising concepts through the typically difficult stages of feasibility and 
prototyping using the skills and assets owned by intermediaries. In some cases, 
challenge prizes can be another way of incentivising innovation by small businesses 
and opening out the skills and assets owned by intermediaries to a wider pool of 
innovators. strategic approaches to using a range of tools that support open innovation 
are needed. they have to be based on testing, evaluation and a better understanding of 
how these tools could be used in combination. 

iii. Drive progress on blockages by using public supply chains to promote technological 
innovations by small and medium businesses. this cannot take place at scale without 
willingness from the top of government to take the risk of investing in innovative 
solutions from new suppliers. other countries, like the us and scandinavia, do this 
effectively. a lead market centre bringing together a critical mass of dispersed 
expertise in procuring technological innovative products, can actively manage this risk. 
the technology strategy board could use its unique position in the innovation system 
to lead this new network. 
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If used effectively, the institutions that provide infratechnologies can become a well–
organised means of enabling small and medium businesses to access new markets by 
mitigating the costs and risks of innovation, which would otherwise fall heavily on them. 
this strategic direction is all the more necessary as failure to invest in innovative small and 
medium businesses during an enduring period of austerity will almost certainly damage the 
uk’s industrial competitiveness in the longer run.
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Part i 

mAKiNG cONNEctiONs –  
tOwArDs mOrE EffEctivE  
iNfrAstructurE tEcHNOlOGiEs 
tO rEDucE ADOPtiON risKs 

today the potential exists for countries to create comparative advantage through 
technology. emerging economies are employing growth strategies in which technology has 
become a major component. the rapid economic growth of singapore, korea and taiwan 
has been based on developing state–of–the–art technologies that range across all areas of 
manufacturing, from electronics to discrete parts. larger economies in asia, such as China, 
are acquiring high value manufacturing capabilities, increased access to advanced global 
supply chains and have the long–term goal of attaining world–class status as innovators. 
In a context where technology is becoming more internationally mobile, the traditional 
economic principles of comparative advantage – which explain why developed countries 
maintain relatively advanced technology and industry compared to less developed 
countries – do not hold comfortably. In this context, the importance of developing and 
acquiring technology combined with its effective utilisation cannot be overstated. both the 
effectiveness of technology investment and utilisation will strongly contribute to determine 
the future success of businesses, industries and entire economies. 

rethinking competitiveness

over recent years it has been increasingly argued – particularly by economists in the us2 
– that the approach that has been leading a number of advanced economies to specialise 
in upstream research and in services while outsourcing manufacturing to countries where 
labour costs are lower raises serious competiveness issues in the longer run. the argument 
is that some countries have allowed the uncontrolled development of non–tradable sectors 
at the expense of tradable industrial sectors that are more conducive to competitiveness 
and sustainable economic growth. other countries, exemplified by germany and Japan, 
have better managed to maintain their industrial sectors and, as a result, have benefited 
more from outsourcing the less human–capital intensive segments of their industries. these 
countries have adopted growth–enhancing strategies in which public support is given 
not only to upstream research but also, and importantly, to research down to the stage of 
industrial prototype. they have successfully built up critical skills that are only developed 
in the transition from the science base to industrial production and have wide economic 
benefits. the resilience of these economies and the ability of their businesses to take 
advantage of the global economy have been made more visible since the financial crisis, 
which revealed the extent to which other economies suffer from structural weaknesses. 
these economists call for a ‘new post–crisis realism’ aimed at redirecting innovation and 
production in the us and part of europe to regain a competitive edge and access new 
markets.

In the uk, there is a political desire to rebuild the industrial base. the uk manufacturing 
sector generates about £140 billion in gross value added and employs almost three million 
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people.3 It is the third largest economic sector in the uk after business and financial 
services, and wholesale and retail. however, manufacturing as a share of uk gdp has fallen 
steadily from 22 per cent in 1990 to just over 10 per cent currently, and this trend has been 
more pronounced in the uk than in any other leading economy. In this context, rebuilding 
the industrial base is a challenging ambition, especially in the short term. 

a major reason for this is that high value manufacturing requires a sustained and 
sophisticated technology support system to flourish and grow. for today’s industrial 
technologies, acquiring market share requires large numbers of scientists, engineers and 
specialists to interact. besides, while commercialised products based on new technologies 
are private goods, the underlying and supporting technical inputs are derived from 
a combination of public and private assets. hence, industrial strategies that strongly 
recognise and build on the public–private nature of modern technologies are the most 
likely to be successful. building up manufacturing capabilities requires that organisations 
providing the supporting inputs evolve into an increasingly effective technology 
infrastructure. this means developing new, complementary and synergistic public–private 
partnerships. government has to strategically manage and adequately fund this complex 
infrastructure to facilitate the diffusion of technology to businesses. this is all the more 
difficult to build up as the number of interdependent actors and the complexity of market 
interfaces has been increasing dramatically over the last decade or so.

understanding how diverse types of institutions support innovation

the innovation system is a concept that describes the network of actors that interact 
within this process of innovation. the better the functioning of the system, the more 
effective is the creation new processes, products and organisational mechanisms, the 
faster the response to social and environmental transformations, and the more successful 
the adaptation of the productive system to new strategic economic objectives. using 
diverse types of institutions to support innovation and enhancing their interactions is a 
major challenge. Improving the technological competitiveness of uk businesses, especially 
small and medium enterprises (smes), requires an innovation system that is intensively 
networked and where the knowledge and assets produced by all the organisations in the 
system, public and private, are fully exploited.

Whereas the role of universities and other fundamental research institutions within the 
innovation infrastructure is well understood, the role of other types of organisations that 
come into play in technology transfers is not adequately covered and, as a result, they are 
usually left at the margins of national policy initiatives. this is revealing of the emphasis 
that has been put in the uk on creativity and invention rather than on adoption and scale. 
the role of these institutions is best put under the umbrella of ‘infrastructure technologies’ 
or ‘infratechnologies’. these institutions are autonomous and have in common the enabling 
of businesses – and other actors – to go beyond the limits of their internal technological 
capabilities, bringing both new and existing knowledge to bear by solving problems in 
the context of technological application. What these organisations do is to a large extent 
undocumented and their position in the innovation system is not well understood. a recent 
study4 argues that national governments in the eu are failing to exploit the potential of 
these institutions to help europe rise to its urgent innovation challenges. It estimates their 
combined annual turnover in europe to be about £20 billion and their economic impact 
to be about £100 billion annually. however, this is a family of heterogeneous organisations 
with diverse origins that can be defined in different ways and their significance varies 
between eu members. 
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Intermediate institutions differ from universities and other academic centres whose main 
mission is a mix of fundamental research and teaching. In a nutshell, they provide applied 
research and development, technology and innovation services to enterprises. they often 
have a sectoral focus and this is related to the diversity of innovation across the economy. 
the technological needs of advanced materials or telecoms are different from those of 
healthcare or energy industries. In european countries like france or germany these 
intermediate institutions were mostly created by governments in the 30s and in the post–
war period. they tend to have clear business models and are key actors in some national 
innovation systems. Indeed, some of these organisations play a major role in the delivery 
of industrial priorities. the fraunhofer institutes in germany are good examples of such 
intermediaries. similarly, some asiatic countries like taiwan and south korea, make 
extensive use of these organisations.5 

In the uk, intermediate institutions have a more complicated history that may be traced 
back to the creation of the ministry of technology in 1965 and to laboratories within large 
national corporations, followed by their progressive ‘agencification’ and privatisation 
in the 1980s and early 1990s. this rather convoluted past may have contributed to the 
existence nowadays of a variety of organisations frequently financed by a combination 
of public and private resources, with multiple business models and governance 
arrangements. this complexity is problematic to navigate for uk policymakers. In fact, 
it could be argued that the growing involvement of some uk universities in industrial 
applications and the recent creation of the Catapult Centres, are attempts to fulfil the 
outreach function that tends to be achieved by institutions providing infratechnologies 
elsewhere. this organisational density is a source of confusion and leads to a lack of 
clear strategic focus between the actors in the system. besides, the Catapult Centres 
may introduce additional risks of unintended competitions and overlaps, thus displacing 
resources rather than strengthening support. 

It is therefore timely to better understand, assess and extract value from this rather 
unexplored part of the innovation system comprising some very successful organisations. 
the uk technological infrastructure is composed of five broad organisational categories, 
depending on institutional drivers and business models:

1. at one end of the spectrum are institutes and centres that are publicly funded 
by research Councils. they have research objectives as their primary driver but 
also support commercialisation and work with businesses to complement their 
revenues. the national Centre for atmospheric science, the solar Institute, the 
babraham Institute, the International space Innovation Centre (IsIC) are examples 
of this first category of organisations. other organisations are associated with 
the national health service and work regularly with industry, such as the nhs 
technology adoption Centre. the nhs national Innovation Centre was in this 
category until recently, but is now run as a private organisation. 

2. a second category comprises a few large organisations that are mission–driven 
and mix commercial operations with specific public responsibilities to various 
degrees, like the ordnance survey, the met office and the british standards 
Institution. these national offices tend to have a clear focus and a wide outreach. 

3. a third category includes business associations that are membership–based 
and can be not–for–profit, such as tWI ltd in engineering, Intellect technology 
association, the manufacturing technology Centre and the national Computing 
Centre.  
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4. some national laboratories and companies provide facilities and expertise on a 
commercial basis in some sectors of the economy such as the national nuclear 
laboratory, the health and safety laboratory or lgC forensics. although they 
operate in the private sector, their business models can be complex. for instance the 
infrastructure of the national physical laboratory is financed by public subsidies but 
services making use of the infrastructure are operated privately. another example is 
the energy technologies Institute, which is a private sector organisation but funded 
equally by member companies and government. 
 

5. at the other end of the spectrum some organisations are companies with 
commercial business models, such as the QinetiQ group or Ceram ltd, and focus 
on solving technology–related problems for customers.  

as part of a broader nesta effort to understand the ecology of organisations in the uk 
innovation system and better use them to support businesses, this contribution focuses 
on the institutions that provide most measurement and standards inputs as a case 
in point, more specifically on the national physical laboratory (npl) and the british 
standards Institution (bsI). It seeks to define their function in the development of industrial 
technologies, the mechanisms through which they concretely contribute to the growth of 
innovative businesses, and the policy challenges they raise in the design of their services. It 
aims to provide a knowledge base on which policy might be formulated and also seeks to 
bring the role of these institutions to a wider audience, thus strengthening the relationships 
among people producing, sharing and applying different kinds of technological knowledge 
in the uk. 

in the black box

the development of industrial technologies is frequently presented as a black box where 
new technologies are developed from research and development (r&d). although an 
adequate science base is a necessary requirement, commercial applications cannot be 
efficiently derived directly from it. It is surprising that few economic models make the 
attempt to disaggregate the interactive and complex process through which technologies 
flow from the science base to commercialisation. the tassey model6 presented in the 
appendix (see how are industrial technologies developed?) provides a helpful insight into 
this process. Infratechnologies fall into a difficult category between pure public goods like 
fundamental research i.e. which it is impossible for any one individual to appropriate, and 
the pure private goods i.e. which are the province of profit–seeking businesses. they are 
the advances that must take place before saleable new technologies can be produced. 

from test methods, to performance assessment and industrial standards, infratechnologies 
increase productivity, decrease costs, and open doors to new opportunities. measurement 
and standards are a case in point. for example, nanotechnology promises to be the next 
frontier for industrial innovation. scientists are regularly creating new nanostructures and 
discovering unique applications for nanoscale materials. the next challenge is to turn these 
materials into goods that can be industrially produced in series within global value chains. 
measurement and standards provide the tools that enable this practical fabrication at the 
nanoscale. they constitute the technical infrastructure of the industry and play a pivotal 
role in reducing business risks at a critical phase in a technology life cycle (the ‘risk spike’). 
they enable businesses to acquire and commit to new technologies and markets.
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assessing the total economic impact of measurement and standards is a difficult and costly 
task. this is typically related to their spillover effects i.e. like for physical infrastructure, 
they generate pervasive wide ranging benefits that are challenging to quantify. over recent 
years, studies conducted under the auspices of the department for business Innovation 
and skills have concluded that measurement and standards generate high economic 
benefits and point to interlocking roles between the institutions providing these inputs 
(see appendix). however, as these studies are conducted at a high level of aggregation, 
they provide limited insight into how these institutions add value to businesses in practice. 
this nesta report attempts to understand the mechanisms through which measurement 
and standards support innovative businesses and industrial competitiveness, and how 
the organisations that provide them could be used more strategically within the wider 
innovation system.
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Part ii 

rEAcHiNG Out – HOw tO  
ENABlE tHE cOmmErciAlisAtiON 
Of NAscENt tEcHNOlOGiEs 

today’s industrial technologies are being integrated into higher–level systems that 
are delivered over complex business networks. the pace and scale of globalisation is 
associated with the rapid emergence of new value chains as production processes have 
become more fragmented. since technologies have become more complex, businesses 
have been pushed to specialise in fewer technologies and inputs are sourced from more 
cost–efficient and innovative producers. this explains why high and medium–technology 
industries are on average more dispersed and internationalised than less technology–
intensive industries. the result is greater dispersion of innovation within supply chains. 
this global value chain phenomenon increases the number and complexity of market 
exchanges, the need for interoperability, equivalence and mutual recognition to support 
international flows. 

the institutions that provide measurement and standards assist uk businesses in trading 
effectively in the global market place. they reduce transaction costs and increase 
competition by providing accurate information about the products being traded. they 
are a means to safeguard consumer health and environmental interests by ensuring that 
products comply with regulations. In addition, they are also part of the uk innovation 
system. this research focuses more specifically on this function and on how these 
institutions enhance the technological competitiveness of businesses. In other words it 
analyses how businesses internalise and use the information about the state of the art of 
a certain technology provided by these institutions to innovate, both in products and in 
systems of production.

what is metrology?

metrology is the science of measurement. It was originally concerned with the description 
of the various types of measures (linear measures; measurements of capacity, mass, and 
time). today metrology rests on high–precision physical experimentation. It uses the 
achievements of physics, chemistry, and other natural sciences, and its own specific laws 
and rules to find a quantitative expression for the properties of objects in the material 
world. 

the national physical laboratory (npl) is the heart of uk measurement science. since 
the 1990s, npl’s business model has been based on a combination of public funding for 
infrastructure and private revenues from commercial services (see box 1). In peer reviews 
npl is ranked amongst the best institutions in the world, after the national Institute 
of standards and technology (nIst) in the us and with the physikalisch–technische 
bundesanstalt (ptb) in germany. by contrast, both nIst and ptb are public organisations 
under the authority of the us department of Commerce and the federal ministry of 
economics and technology. npl is credited with applying new science to invent radar 
in the 1930s, the automatic Computing engine in the 1940s, the Caesium atomic Clock 
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in the 1950s (used in mobile phone and internet transmissions for instance) and packet 
switching (used in computer network communications) in the 1960s. more recently it has 
been assessing the properties of graphene. npl’s global reputation is an asset for the uk 
innovation system. this is acknowledged in the government’s Innovation and research 
strategy for growth published in december 2011, although how to make better use of this 
intermediate institution remains to be defined.

Box 1:

The UK measurement science landscape

the national measurement system (nms) provides the infrastructure for 
measurement in the uk. It is run by the national measurement office (nmo), an 
executive agency from the department for business Innovation and skills (bIs), that 
sets the strategic direction of the measurement infrastructure, provides statutory 
and commercial measurement services and acts as an enforcement authority. nmo’s 
contractors are three laboratories: npl, lgC and nel.

the national physical laboratory (npl) is the uk’s national measurement Institute 
and employs over 450 scientists and specialists. It is a government–owned 
Contractor–operated (goCo) institution managed by serco group plc since 1995. 
Currently nmo has a ten–year contract with serco, which is due to expire in 2014. 
In 2011, npl generated about £70 million revenue – two–thirds from government 
funding and one–third from commercial sales. npl research capabilities include 
electromagnetic fields, biometric recognition, graphene, magnetics, nanotechnology 
and functional materials, neutron measurements, stabilised lasers, optical technology, 
earth observation and climate, energy efficient lighting, humidity, surface and 
nanoanalysis, super–resolution microscopy, fuel cell technology, 3d microscopy, 
composite materials, energy harvesting and medical and industrial ultrasound.

lgC is a company operating in fields like forensics and genomics. It also delivers 
a range of roles and functions on behalf of government, including the designated 
national measurement Institute for chemical and bioanalytical measurement and the 
statutory government Chemist function.

nel is part of the german group tuv sud and operates in energy, flow 
measurement, emissions and environmental systems. It is the designated Institute for 
liquid and gas flow measurement technologies and provides the uk’s national flow 
measurement facilities.

the government, via nmo, will invest around £240 million over the next four years 
in the measurement infrastructure. In addition, £25 million will be invested over four 
years in the upkeep of npl government–owned facilities. the laboratories will aim to 
also bring in over £100 million in revenue from commercial work.
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Exploiting the industrial potential of scientific breakthroughs 

technology diffusion is the process through which a new scientific idea is accepted by the 
market. the rate of technological diffusion is influenced by price and return on investment, 
but also by a number of other factors: the product’s perceived advantage or benefit, 
riskiness of purchase, ease of product use and complexity of the product, immediacy and 
observability of benefits, and trial ability. all these influencing factors rely on scientifically–
based measurement, standards, testing, inspection, and certification. figure 1 below, 
illustrates the role of the measurement infrastructure in relation to the science base and 
commercial developments, from concept to trading.

figure 1: Infrastructure support to technology diffusion

a range of exciting emerging technologies, such as nano and quantum technologies, 
are based on new and complex materials. they require both scientific breakthroughs 
and cross–disciplinary measurement underpinnings to flourish and grow. for these new 
technologies to be integrated into large production chains and become commercial 
successes there needs to be agreement on the performance characteristics of the devices, 
the properties of the materials making up these devices (including health and safety issues) 
and ways of incorporating them in advanced manufacturing processes. such agreements 
will depend critically on measurement for the particular characteristics, properties and 
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processes of interest. as an example, figure 2 maps out the type of measurement inputs 
necessary to underpin innovations in the area of low carbon technologies. It ranges 
from techniques to analyse materials and structures in photovoltaics and fuel cells at the 
concept stage, testing methods for new technologies at the development stage, setting 
performance standards in energy–efficient lighting and smart grids at the manufacturing 
stage, and assessment of whole building energy performance at the trading stage.

figure 2: Infrastructure support to low carbon technologies

these complex and numerous requirements suggest a difficult balance to strike for 
institutions like npl between continuity over time and short–term flexibility. on the 
one hand an essential part of npl’s work is to anticipate the future needs of businesses 
and build up scientific capabilities in these areas. on the other hand, this long–term 
commitment makes it difficult to redeploy resources when technological and business 
opportunities shift over shorter time frames.

A typology of innovative industrial practices
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appendix). gaining a more in–depth understanding of measurement inputs in the business 
innovation process can support the development of more effective initiatives. In this 
section we make an attempt to develop a typology based on a mixed–method approach of 
expert and qualitative information provided by business case studies. this typology leads 
to a framework that can also be used and refined to inform future data collection, segment 
more precisely innovative businesses that are reliant on this part of the uk innovation 
system and quantify direct benefits generated by intermediate institutions in business 
innovation. however, like other microeconomic frameworks, it does not lend itself to assess 
the indirect economic benefits to other businesses in the same industry and the social 
benefits generated outside the industry.

four business profiles can be identified using the type of innovation produced as first 
order criterion: the ‘defender’, the ‘prospector’, the ‘analyser’ and the ‘unlocker’. for each 
of these innovative business models, measurement inputs provide a basis for reducing 
business risk and increasing competitiveness but in different ways, as the case studies 
illustrate.

 h ‘the defender’

these businesses pursue narrow product market domains and aim to integrate 
technological changes into existing products in order to improve their overall performance, 
for instance in strength, speed, weight, composition or costs. these are forms of 
incremental innovation where the product is superior to the competition, although it does 
not necessarily displace incumbents.

In this first case, the role of measurement in the innovation process is essentially 
competence–enhancing via consultancy and testing services. businesses have typically 
used their internal knowledge and resources to develop a proof–of–concept, usually a 
prototype, but they do not have the specialised knowledge and capabilities to test it and 
adapt it. measurement inputs will support them in identifying the effectiveness of the 
prototype, advising on how to improve it, and also on how to optimise its safety, reliability 
in service, adequate material, design etc. measurement will also allow businesses to make 
validated scientific–based claims about the unique aspects of the product so that its 
technological superiority to the existing products on the market can be made apparent to 
consumers. this validated differentiation is a significant source of competitive advantage 
for commercialisation.

such business innovation strategies are especially useful in fast moving consumer goods 
markets. the hyperion lighting case study 1 shows how a prototype was tested and 
validated for superior energy–saving efficiency and quality. 
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case study 1

the spartan case study 2 illustrates how measurement and testing led to increased 
thermal–efficient goods through the improved selection of materials, construction methods 
and design, allowing a uk company to boost its competitiveness in international markets.

Hyperion Lighting

Lighting accounts for one–sixth of UK electricity USge according to Carbon Trust and is seen 
as an area where energy reduction can be achieved relatively easily and cheaply. The uptake of 
energy–efficient lighting can have a large impact on the UK’s overall energy USge and associated 
carbon footprint, and this, coupled with increases in energy prices, is forcing businesses to look 
for ways to reduce energy use, or else pass increased costs on to their customers.

Hyperion Lighting manufactures energy–efficient fluorescent lighting solutions, filling the gap 
between current lighting products and future LED technologies, that still have technical hurdles 
to overcome. Their products are designed to be a cost–effective solution for reducing electricity 
consumption. In order for new lighting products and technologies to be taken up by users, there 
need to be reliable measurement methods in place to characterise their performance.

Hyperion Lighting had been working on a new design for an energy saving linear fluorescent 
lamp called the HT8. Their aim was to provide the same amount of lux (light intensity) as 
a standard commercial T8 lamp but with around half the energy consumption. The HT8 is 
designed to replace the traditional T8 lamp without expensive modifications to existing fittings 
or wiring. NPL was used to test the performance data required to validate their product claims, 
as NPL owned the infrastructure that can provide absolute and traceable measurement of light.

NPL tested several versions of the HT8 lamps in controlled conditions and provided photometric 
and electrical performance data to assess lamp performance using a goniospectroradiometer. 
The measurements carried out included: total luminous flux (how much light), luminous 
intensity distribution (where the light goes) and spectral distribution of the light source (colour 
properties of the light). Differences in the spectral output of light sources are important as 
they affect human perception and therefore the preference of one lamp over another. Traceable 
measurements were also made of the input electrical power in order to calculate the lamp’s 
energy efficiency. Absolute photometric data displayed as a polar plot of luminous intensity 
distribution enabled NPL scientists to give guidance to Hyperion Lighting in assessing and 
interpreting the test data, presenting it in an industry–standard photometric data format so that 
it can be used in lighting design software packages for product development.

Hyperion Lighting could then market the HT8 lamp using the performance data supplied, and 
end–users could benefit from the energy savings brought about by the product, safe in the 
knowledge that they are not compromising on lighting performance.
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case study 2

 h ‘the prospector’

these businesses search for new market opportunities through the introduction of new 
technology–intensive products that will create changes and uncertainties to which their 
competitors must respond. these are more radical forms of innovation, which can involve 
large technological advancements, undermining some of the existing products in the 
longer run, rendering them non–competitive or obsolete. 

In this second case, the role of measurement in the innovation process is to be a partner 
in the production of new knowledge via research contracts and collaborative research 

Spartan

There is surprisingly little scientific research into how wetsuits keep people warm. As such, there 
is very little data that can help manufacturers improve their products. Spartan is an Essex–based 
wetsuit manufacturer that specialises in the wind sports market i.e. wind–surfing, kite–surfing, 
and sailing. Spartan was especially interested in finding out how to improve their windsurfing 
wetsuits, as these are designed to keep windsurfers warm whilst they are standing up on their 
board (as opposed to surfers’ wetsuits, which are meant to keep them warm whilst in the 
water). Spartan contracted NPL to perform some detailed measurements of wetsuits’ thermal 
function. Measuring a wetsuit’s thermal function helps manufacturers understand how a wetsuit 
really works, and therefore allows them to make informed decisions about what materials and 
construction methods to use. 

NPL performed some initial laboratory–based tests on wetsuit samples, followed by some field–
testing of wetsuits during proper use. The laboratory tests involved measuring the thermal 
resistance of four samples of neoprene cut from a Spartan wetsuit. The four samples were 
different thicknesses, and their surface finish was either single or doubled lined. Specialised 
equipment, a piece of kit called a single–sided 305mm guarded hot plate, was used to measure 
the samples’ thermal resistance. The results showed that the wetsuits’ surface finish had 
no bearing on how good an insulator it was. Following the laboratory tests, some field tests 
were performed in Clacton, on the Essex coast. The team used portable wireless sensors and 
a thermal camera, which was used to measure the water’s temperature before entering the 
sea, after two minutes in the sea, after longer exercising times and after standing in the cold 
breeze for ten minutes. In the field tests the surface finish had a measurable effect on how 
well the wetsuit kept its user warm. This difference is caused by wind wicking moisture (and 
therefore heat) away from the surface of the wetsuit via convection – or ‘wind chill’. The effect 
of wind chill has been recognised for some time, but measuring it in this way increases the 
understanding of it, and helps wetsuit manufacturers mitigate its effects.

Spartan was able to make better wetsuits, more efficiently, by using the correct new materials 
and construction methods for a new range of wetsuits. They were also given the ability to test 
the thermal performance of samples provided by their neoprene suppliers. Higher–tech wetsuits 
will allow customers (surfers, scuba–divers, swimmers, tri–athletes, wind surfers, sailors, kite 
surfers) to enjoy their sport of choice in much colder conditions.
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programmes. businesses will be involved in high–risk and long–term research programmes 
with the view to commercialise a technology that is to some degree disruptive. 
measurement will support them in understanding the properties of this technology and 
how it can or cannot lend itself to product development. the technology strategy board 
in the uk or european institutions, can also be contributors to the funding of these costly 
research programmes.

for instance, a fuel cell is a device that converts the chemical energy from fuel into 
electricity through a chemical reaction with oxygen or another oxidizing agent. the energy 
efficiency of a fuel cell can be between 40–60 per cent, and up to 85 per cent efficient 
if waste heat is captured for use. there are many types and sizes of fuel cells, and they 
are extremely expensive to produce. measurement will contribute to understanding the 
complex processes occurring inside a working cell and how it can be produced reliably 
at scale and at lower cost. organic photovoltaics for energy generation and therapeutic 
applications of intense ultrasound are other examples of cutting–edge research that needs 
to be supported by measurement.

businesses that use this form of innovation tend to be in high–tech sectors, and more 
particularly biopharmaceutical, medical devices or energy. the vivacta case study 3 
illustrates how collaborative research provided a new scientific analysis tool that will enable 
the development of innovative sensor technology at the point–of–care, to diagnose health 
conditions in the space of minutes without laboratory testing. 

case study 3

Vivacta

Currently, most clinical tests for diagnosing a patient’s health condition are performed using 
large, expensive bench–top analysers in centralised hospital labs, which often have a long 
turnaround time for returning results. This has driven the development of ‘point–of–care 
testing’ (POCT) which allows immediate testing and analysis in front of the patient. There are 
many benefits to POCT, the most significant of which is how quickly the results are available to 
healthcare workers and patients. This allows appropriate treatment to be offered much quicker, 
which is often vital when managing critically ill patients.

Vivacta is an in vitro diagnostics company which has developed innovative technology that can 
quickly measure biological markers at the point–of–care. Its initial product is a highly sensitive 
TSH (thyroid–stimulating hormone) assay, which can quickly diagnose thyroid conditions. 
Vivacta’s patented piezofilm–based sensor technology has benefits over other point–of–care 
detection technologies as it is sensitive, possesses a wide dynamic range, and has good 
precision. Also, it only needs a tiny sample of whole blood from a finger prick, so a red cell 
separation step is no longer needed, and the patient doesn’t need to have blood collected by 
venipuncture. Thus, the sample can be collected by a non–trained user, and a phlebotomist is not 
required. The blood sample is collected in a credit card sized cartridge and placed in a reader 
where results are reported in five to ten minutes.

Vivacta did not understand how the different parameters in the cartridge affect the piezofilm 
response, and how to best interpret the response in order to get the best signal–to–noise 
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the duvas case study 4 shows how the invention of a new instrument for air quality 
monitoring enabled a university spinout company to design and market a pioneering 
technology for monitoring air pollution, potentially opening new opportunities for better 
traffic and environmental policy.

case study 4

ratio in the system. Previously, cartridge optimisation was carried out empirically, without a 
full understanding of the underlying physics. Vivacta’s piezofilm detection technology takes 
advantage of a phenomenon called the ‘piezoelectric effect’. This is where molecular–scale 
mechanical or temperature changes at the surface of a piezofilm produce an electric charge.
In Vivacta’s sensor, an antibody is placed on the surface of the piezofilm which binds to the 
substance that is being analysed (the analyte). Carbon particles in solution are also coated in an 
antibody which binds to the analyte. The analyte facilitates the binding of the carbon particles to 
the surface of the sensor. An LED pulse is then fired at the film which creates localised heating 
of the carbon particles and produces an electric charge. The charge produced depends on the 
rate of binding between the antibody on the film surface and the target analyte. Each cartridge 
contains a number of layers with the innermost layers corresponding to the piezofilm. The 
amount of electricity generated by the piezofilm is not only dependent on the LED power and 
the cartridge construction (such as the number of layers) but also their thermo–mechanical 
properties.

NPL was contracted to produce a bespoke computer model of the cartridge design. This new 
version of the software was provided to Vivacta and their partners to predict the charge output 
from a variety of different sensor setups. The bespoke software analysis tool is complementary 
fundamental science that Vivacta will use in the future to optimise their sensor technology 
and reduce development time for new applications. This will also be critical for understanding 
the allowable tolerances in the manufacturing processes as the software allowed Vivacta to 
understand which parameters in their system were vital to performance and which parameters 
had little effect.

Duvas

Currently over one billion people a year suffer from respiratory disease associated with pollution 
and, according to the World Health Organisation, over three million a year die from its effects. 
Duvas is short for Differential Ultra Violet Absorption Spectroscopy. It uses UV light to detect a 
range of pollutants simultaneously, replacing the need for multiple instruments. Duvas quickly 
provides mapping of wide areas, as well as local snapshots of the chemical composition of the 
atmosphere, that show how pollution varies over time and space. These data can be correlated 
with weather patterns and traffic flows, or overlaid on map programs like Google Maps to 
provide visual representations of pollution, leading to better decision making and minimising 
human health impacts.

Duvas was spun out of Imperial College London in 2008 by Verdetech Investments Limited 
(the venture capital arm of MDT (UK) Limited). Duvas’ mission is to provide state–of–the–art, 
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 h ‘the analyser’

these businesses introduce changes in their production processes leading to 
improvements in system efficiency and lower product cost. by investing in process 
innovation, businesses gain in terms of productivity, material utilisation, quality or reliability. 
they can also gain the capacity to manufacture new products which would otherwise lie 
outside their reach. this form of innovation is particularly important for smes since by this 
means they can utilise advanced technologies developed by large firms and increase their 
competitiveness.

In this third case, the role of measurement in the innovation process is capital–enhancing 
via consultancy. It is about bringing about better control of new plants, equipment and 
suppliers so that problems in complex production systems are diagnosed in real time, 
new technologies are operated in the right environments, wastage and scrappage are 
reduced, recycling is improved and production lines are fully automated. It can involve skills 
transfers through advanced training of the workforce as innovation often requires different 
knowledge, resources and mind sets.

Innovations in methods of production are especially useful for smes within or willing to 
participate in advanced manufacturing global value chains, for instance in the automotive 
or aerospace industries. the dpC case study 5 demonstrates how improved quality 
control of production for an sme supplying different global value chains in technological 
components, can be achieved through the up–skilling of its workforce in geometric 
tolerancing and measuring equipment.

flexible, real time, cost–effective and intelligent air quality sensing and monitoring systems 
for measuring and modelling of ambient air quality. Duvas needed to demonstrate the validity 
of their measurement devices. In order to do this, they required accurate and traceable gas 
standards of ambient pollutants. However, accurate gas standards at the required concentrations 
are not available due to their limited stability in high pressure cylinders.

NPL was contracted to develop new gas dilution facilities and prepare standards containing 
trace amounts of the pollutants that need to be measured to tackle the problems associated 
with air quality. Many of these compounds are present in the atmosphere at the level of parts–
per–billion. This means that the reference standards prepared needed to contain similarly low 
concentrations, requiring a dilution technology found at NPL. These new instruments were able 
to detect pollutants at the level parts–per–billion on a second–by–second time frame. 

This scientific research helped Duvas refine the technology and its use. It also made its 
acceptance by the market and regulators more likely. Once in place, local councils could use 
networks of Duvas sensors to inform traffic and environmental policy, and to better understand 
the health implications of air pollution. Such improved pollution management could save lives 
and improve quality of life, especially in urban areas. This innovation could potentially lead to 
better–informed legislation for improved quality of life.
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case study 5

the Wood group gts case study 6 illustrates how the use of thermal imaging methods 
allowed a company providing high–value–added services to power generation and 
renewable companies worldwide to make significant savings and improve its offer.

case study 6

DPC

Dawson Precision Components (DPC) is a precision engineering company based in the north 
west of England specialising in low to medium volume production and pre–production of 
precision engineered components for specialist industries. They supply precision components to 
a range of industry sectors including medical, oil and gas, aerospace, motorsports, automotive, 
marine, telecommunications, rail and the defence industry in the UK and overseas.

DPC has a range of skills across its workforce, as wide as the bespoke products it develops for 
its customers. Its operators are from different backgrounds with varying levels of experience and 
levels of understanding with regard to technical drawings and use of measuring equipment.

NPL was contracted to train all these employees and bring them up to an across–the–board 
level of competence. The training demonstrated that the simplest way of measuring a particular 
feature is not always possible, due to reasons such as feature size and accessibility. As a result, 
employees learnt to consider the inaccuracies of the measuring equipment being used, even 
when operating the most advanced instruments on the market.

The benefits for DPC include an up–skilled workforce with a clearer understanding of geometric 
symbols and tolerance, increased confidence in inspecting various components, a common 
understanding of how to interpret drawings to avoid confusion and an appreciation of the 
conditions or inaccuracies that can affect measurement as a whole. This up–skilling provided 
benefits across areas of DPC Quality Control: increased production efficiency, more tightly 
specified products and higher customer satisfaction. 

Wood Group GTS

Wood Group GTS is an energy services company with a global network of skilled employees that 
provide specialised turbine overhaul and repair services to the oil and gas, power generation and 
renewable industries in over 50 countries.

Turbine blades are coated in batches, prior to being put into service. Two blades out of a coating 
batch of six had been fitted in an operational power station but had developed defects, to the 
extent that the power station would potentially have to shut down, which would have been 
extremely costly for the power company. Wood Group wanted to be sure that the remaining four 
vanes of the batch were not faulty too, but did not have the expertise to do this. 
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NPL was contracted to carry out pulsed thermography on the blades. Pulsed thermography is 
a form of thermal imaging where a very short intense flash of light is directed at the sample, in 
this case the turbine vanes, and infrared cameras record how the heat passes through different 
areas of the sample. This kind of imaging technique can reveal structural problems that are 
invisible to the naked eye. This technique was able to confirm that there was indeed a problem 
with the coating on the remaining four vanes and that they would most probably fail in a similar 
way to the two already in operational use.

Wood Group acquired the knowledge to use this testing technique. They were then able to save 
at least US$700,000 in warranty costs (i.e. the insurance they provide the customer with if 
their products or services lead to power station downtime). They also avoided putting the faulty 
blades into service at a power station which could have damaged Wood Group’s image and 
relationship with that customer.

 h ‘the unlocker’

these are usually groups of businesses that seek interoperability between systems and aim 
to create a new platform that opens up new markets on which further innovations can be 
developed. the ability to design common architectures, to pair or connect products from 
different sources and to control the interactions and dysfunctions between these products 
or systems is essential to create markets for new technologies nowadays. It allows the more 
innovative businesses to interact and trade, and forces the less innovative businesses to 
keep pace. 

In this fourth case, the role of measurement in the innovative process is to provide 
the technical basis for standards recommendations for new technologies, often via 
documentary standards and participation in expert committees. standards tend to be, 
but not always, set by panels that usually derive their legitimacy from the entities that 
authorise them – business associations, professional bodies etc. npl provides scientific 
guidance to those actually responsible for the act of setting, rejecting, adjusting, or 
implementing standards. It is all the more important as timing in standards is an essential 
condition for innovation. outdated standards can freeze technological innovation and have 
to be regularly revised to keep up with the latest scientific developments. 

for instance, smart grids are digitally enabled electrical grids that gather, distribute, and 
act on information about the behaviour of all participants (suppliers and consumers) 
in order to improve the efficiency, reliability, economics, and sustainability of electricity 
services. however, new renewable energy sources, like wind turbine and photovoltaic 
sources, are more complex and volatile and require the setting of new standards to 
optimise energy consumption.

the 3g mobile phone network is an example of how the ability to set and apply new 
comparable performance standards enabled network operators to optimise the efficiency 
of the network, as illustrated in case study 7. 

the role of standards in innovation is discussed in more depth in part III of this report.
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case study 7

An open innovation model

the typology therefore shows how infratechnologies support the competitiveness of the 
uk industrial base. It shows that businesses use this infrastructure to: 1) tackle aspects 
of technology they do not currently master, 2) seek new technologies and methods, 3) 
access technical expertise and resources that are not available to them, and 4) define 
compatibilities and achieve efficiencies between systems and technologies. as a result, 
the type of knowledge transferred from npl to businesses varies a lot according to 
the objectives of the collaboration. It ranges from simply providing sound and reliable 
scientific inputs, to undertaking research that requires an optimal level of expertise over 
a longer time frame, to training the workforce. therefore, another balance that is difficult 
to strike for intermediate institution is between service provision and cutting–edge 
research. the latter is a pure public good that requires public funding to maintain the 
quality of the scientific work in the long term. In the us and germany for example, the 
fundamental research undertaken by nIst and ptb is publicly funded, in the same way as 
the fundamental research undertaken by universities. In the uk the existing mixed public–
private business model is adapted for simple service provision but can be a limitation 
for high–quality measurement science. the risk is a decline over time in the quality of 
measurement inputs to uk businesses if fundamental research is not adequately supported.

one way of overcoming this issue could be to strategically strengthen the links between 
funding for infratechnologies and that for university research. at the moment universities 
can be both collaborators and competitors and is it unclear whether this design is intended 

3G network

3G mobile phone technology was a significant step–up from earlier systems as it needs to carry 
large amounts of data quickly so users can view stream video and access the internet from 
handsets. To support 3G, network operators had to install a new network of antennas, capable 
of handling higher data volumes and higher network transmission speeds. By moving from older 
fixed tilt antennas to new electronically variable tilt models, the reliability and access to the 
network could be improved. However, there were many different antennas available and it was 
not possible to evaluate the best option because specifications were set by the manufacturers 
themselves.

The antenna range, housed in an anechoic chamber at NPL, helped network operators such as 
O2 to independently compare the performance of different manufacturers and set performance 
standards for these products. It was able to provide full information about how the antennas 
could be expected to behave, including their gain and directivity. Armed with these comparable 
scientific results, network operators were able to make well–informed decisions about which 
supplier and product would best fit their needs. This led to substantial efficiency savings through 
fewer base–stations needed in rural areas, lower masts and less interference between adjacent 
base–stations in urban areas. Mobile phone networks account for more than 1 per cent of all UK 
electricity USge, so improvements in network efficiency also contributed to substantial energy 
savings and the associated carbon reduction.
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and optimal. In particular, whereas large companies have the option to directly collaborate 
with universities efficiently, smes have much fewer resources and uneven absorptive 
capacities, so that intermediaries like npl can provide a one–stop shopping opportunity 
comprehensive of testing services and applied research. Indeed, a major attraction of this 
type of intermediate institution over universities is its ability to include elements of the 
whole value chain and bring together otherwise disperse know–how in physics, chemistry 
and different branches of engineering. this positioning is all the more strategic as there is 
the political will in the uk to improve the industrial competitiveness of smes.

beyond service provision and research, knowledge can also be transferred to businesses 
through traditional channels and ad hoc participations in initiatives where npl has an 
‘enabler’ function. for instance, businesses can access metrology knowledge through 
using peer–reviewed scientific publications and co–publication with universities, standard 
reference materials and standard reference data, intellectual property rights, social 
interactions (networks, conferences), staff mobility etc. npl is also a consortium member 
in around 50 r&d projects funded through the technology strategy board and plays a 
supporting role in a number of knowledge transfer networks (ktns), which are national 
networks set up for specific areas of technology or business. 

Open technologies – a new deployment of small Business innovation research (sBir) 

there are potential new avenues to set up an open innovation model and create synergies 
between knowledge originated from inside and outside intermediate institutions. In the 
us, a new form of partnership between smes and the national Institute of standards and 
technology (nIst) has been piloted with encouraging results over the last couple of years, 
under the sbIr umbrella, as summarised in box 2. the model is based on a twin–track 
approach consisting of industrial service projects aimed at the commercial exploitation 
of nIst’s new developments, and research projects aimed at involving businesses in 
nIst’s research operations. this sbIr recent deployment is based on the open innovation 
principle that an institution can benefit from looking outside its organisational boundaries 
for innovative ideas, for collaboration in developing those ideas, and for validation of those 
ideas.

Box 2

The Us example – The National Institute of standards and Technology (NIsT)

the national Institute of standards and technology (nIst) is a public institution 
of the us department of Commerce whose objective is to support us industrial 
competitiveness by advancing measurement science, standards, and technology. 
nIst is regularly ranked as the first institution in the world for measurement and 
standards. since 2008, nIst has pioneered a new methodology to create incentives 
for small us companies to continue research and development on nIst technologies, 
with the goal of transitioning intramural research into market application. this is now 
part of the us small business Innovation research (sbIr) programme funds. this 
methodology is a competitive three–phase federal programme that awards funds to 
qualified small businesses. 
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the method
nIst issues an annual and widely available solicitation, which lists two type of 
projects: research areas that are a high priority for nIst missions and projects 
initiated at nIst that have potential commercial value for businesses. proposals 
submitted are evaluated and scored for technical merit, innovation, quality of 
personnel and commercialisation potential. businesses selected at this first phase are 
then invited to develop a feasibility contract (the awards can comprise up to $90,000 
and free assistance of nIst scientists and testing laboratories). small businesses 
that have successfully completed phase 1 are then invited to submit a proposal and 
compete for phase 2 awards (up to $300,000). the number of awards is based on 
available funding.

the outcome
to date, nIst has made a total of 27 project awards to small us companies. the pilot 
of the model in 2008 resulted in 11 phase 1 projects, one commercialisation license 
and two research licenses. the following year, nine of the 11 prior–year phase 1 projects 
were awarded phase 2 contracts. further, 16 new phase 1 projects were initiated which 
included nine research licenses and one additional commercialisation license. 

other federal agencies have expressed interest in trying this new tool and this dual 
approach could be extended to other research and technology institutions under the 
us department of Commerce.

other types of intermediate institutions, such as the Industrial technology research 
Institute in taiwan, have also initiated schemes in the same vein. the aim is to 
use intermediate organisations to facilitate both outward and inward technology 
commercialisation, match innovation demand and supply, understand customers’ needs 
and assess external markets, and assist in developing results into commercially viable 
products or processes. 

since its launch in the uk in 2009 under the responsibility of the technology strategy 
board (tsb), sbrI (formerly small business research Initiative) has enabled a number 
of public sector organisations to engage with potential suppliers, encouraging the 
development of innovative ideas closely aligned to the defined needs of the public 
sector organisation. It could be of value to pilot the suitability of the recent deployment 
of the us sbIr to assess whether it could strengthen horizontal collaborations between 
intermediate institutions and smes in the uk. the aim would be to allow the sharing of risks 
and resources, as well as the sharing of new knowledge, generated through joint work and 
cross–fertilisation of projects to shorten time to market. on the one hand, the intermediate 
institution could take businesses ‘one step beyond’ what they could otherwise do, and 
make the best use of publicly funded infrastructure. on the other hand, the opportunity to 
screen innovative ideas could encourage in the institution greater risk–taking and creativity 
to further develop and diversify activities in new directions. It could also raise the profile of 
the institution by systematically identifying and showcasing its technologies at a late stage 
of development and inviting businesses to take them to market. 
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Open systems – a challenge prize for carbon data

open Innovation is a model based on extensive networking and co–creative collaboration 
between all actors in society, not only commercial organisations. some specific challenges 
can potentially attract new pools of innovators, especially challenges related to societal 
benefits, and provide new opportunities to introduce bottom–up approaches. In such cases, 
challenge prizes can provide an incentive. a challenge prize offers a reward to whoever 
can first, or most effectively, meet a defined challenge. they are used as an incentive for 
meeting a specific challenge, rather than an award for past achievements. they are suitable 
when a goal can be defined in concrete terms but the means to achieving that goal are too 
speculative for a traditional research programme, grant programme or procurement.

Carbon measurement is one of these challenges. the uk government has set a target of 
an 80 per cent cut in greenhouse gas emissions from 1990 levels by 2050. there have 
been, and continue to be, efforts to develop technologies, shift policies and regulation 
and change behaviour to contribute progress towards this target. however, adequate data 
on energy use and greenhouse gas emissions, which are essential to support successful 
advances in behaviour change, international agreements and in the physical infrastructure, 
are not readily available. the need to inform the decisions that will cut energy use and 
emissions is huge. In their report to the g8 in april 2012, the top scientists of 15 countries 
identified the measurement and development of standards for greenhouse gas emissions 
as a top priority deserving international attention. the recent npl initiative to set up a 
Centre for Carbon measurement is a way of signposting where the critical expertise in this 
field sits in the uk innovation system (see box 3). 

Box 3

NPl Centre for Carbon Measurement

the Centre for Carbon measurement, opened on 26 march 2012, will build on npl’s 
capability, working with partners to address the following three areas:

•	climate data – the climate is changing but the impacts and timescales of the 
change are uncertain. this makes it difficult to secure international agreements 
on climate change, to ensure public buy–in to mitigation policies and to target 
adaptation policies with confidence. the Centre will aim to reduce the uncertainty 
in the data used to generate and validate climate projections. this will enable 
policies for climate change mitigation and adaptation to be placed on an ever 
firmer footing.

•	carbon markets and accounting – many organisations measure and report on 
their emissions performance to comply with regulation, to benefit from selling 
carbon credits, or on a purely voluntary basis. as the number and scope of such 
measurements grow there is an increasing need for consistency and confidence. 
this is particularly challenging in sectors such as agriculture and forestry, and for 
new processes such as carbon capture and storage. It is even harder to quantify 
real carbon savings delivered in emission–reduction projects and emissions 
embedded in products and services. the Centre for Carbon will aim to provide 
measurement science and technology, along with practical tools and techniques, 
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to validate physical measurements and models of emissions and carbon savings 
from products, organisations and projects. 

•	low carbon technologies – Companies producing low carbon technologies need 
to be able to rapidly develop products and materials and persuade investors and 
potential buyers of their worth. the Centre will help to develop technologies by 
testing the efficiency and effectiveness of prototypes. the Centre also provides 
independent performance assessment and validation of products and materials. 
It will help to prove that the technologies meet regulations or independently 
validate claims in order to satisfy potential investors or customers. as the 
technologies reach market, the Centre will work with industry to develop the 
technical standards that facilitate adoption.

Carbon measurement can potentially attract far–reaching interest, including from small 
organisations with a social innovation agenda, community groups and inventors. In such 
cases a challenge prize can be a useful tool to push the frontiers. It can foster high–
profile competition that motivates individuals, companies and organisations across all 
disciplines to develop innovative ideas and technologies towards a common goal. It can 
potentially bring about breakthroughs. the difficulty with the challenge prize tool is that it 
is imperfectly mastered and requires specialised services or understanding to plan, design, 
implement and evaluate. the aim of the recently opened nesta Centre for Challenge prizes 
is to increase the understanding and effective use of challenge prizes. 

from 2007–2009 nesta ran the big green Challenge, a £1 million competition open to 
not–for–profit groups in the uk. the ten finalists achieved carbon reductions of 10–46 per 
cent in their first year of delivery. a few organisations have started running inducement 
prizes over recent years. for instance, since 2010 ordnance survey has been running the 
geovation Challenge inviting entrepreneurs, developers, and community groups to enter 
a funding competition for ideas that make best use of ordnance survey data. the nhs 
has also recently started running its own Innovation Challenge prizes. other organisations 
in the innovation system could potentially benefit from this type of incentive–backed 
technique, for instance the met office. nasa, in the us, has been running challenge 
prizes on weather data that attract very large pools of inventors. It would be of value to 
systematically identify whether other skills and assets owned by intermediaries could lend 
themselves to the running of challenge prizes. It would also be beneficial to share expertise 
between institutions to create more informed and effective competitions. In the longer 
run it would lead a number of organisations to make better use of funds for challenges, 
issue bigger prizes and partner with other organisations – in the public, not–for–profit and 
private sector. 

nesta will work with the Centre for Carbon measurement at npl to launch a carbon data prize. 
It will encourage the development of innovations to help monitor and manage greenhouse gas 
emissions and energy use. a £150k prize fund will be awarded for the most effective products 
and technologies that collect, capture and make accessible user–friendly data.
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Part iii 

strEtcHiNG Out – HOw tO  
iNcENtivisE tHE DiffusiON Of 
tEcHNOlOGiEs 

the development, dissemination and application of new technologies at scale require the 
establishment and maintenance of standards. standards are traditionally defined as a set 
of normative specifications to demonstrate quality, reliability or compatibility, but they 
can also encompass ‘shared knowledge’ i.e. common languages, architectures, and agreed 
ways of doing things more generally. Increased technological complexities combined 
with the transformation of industrial organisation into value chains at a global scale have 
been leading to an expansion of standardisation. Industrial standards allow businesses to 
manage the risks of multiple products in multiple locations with multiple suppliers. studies7 
showed that since 1990 there has been a rapid growth in the british standards Institution 
(bsI) catalogue, and that the emphasis has been on internationalisation and harmonisation 
of standards, as many national standards are now pooled at the european level. 

time is of the essence

Whilst standards promote international technology transfers, their impact on competition 
and innovation is ambivalent and a well–known subject of economic debate. Indeed, in 
standardisation many conflicting interests are at stake. through the establishment of 
standards, some businesses lose and some win as they try to control their content. this 
is particularly severe in markets based on advanced technologies – telecoms markets 
are a case in point – because of intense levels of competition and fast dynamics of the 
technological change process. standardisation can increase efficiency within a technology 
life cycle, but it can also prolong existing life cycles to an excessive degree, by inhibiting 
investment in the technological innovation that creates the next cycle. econometric models 
confirm that timing is a central strategic issue for standards. too early, and a standard may 
effectively shut out promising and ultimately superior technologies. too late, and the costs 
of transition to the standard may be too high, thereby preventing diffusion. the shortening 
of the average technology life cycle implies increasing pressures on the standards–setting 
process with respect to timing. 

the complexity of modern technology had been unavoidably leading to an increase in 
the number and variety of standards that affect a single industry or market. In the uk the 
national standards body is bsI. however, the ever–quickening pace of technology evolution 
is affecting the way new standards are proposed, developed and implemented. recent 
decades have seen a growing number of international standards–setting organisations 
struggle to keep abreast with technological innovations, notably in information and 
communication technologies, and some standards development efforts now take the form 
of digital platforms that are collectively and informally driven (see box 4).
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Box 4

The UK standards landscape

the development and maintenance of industry standards is a complex process that 
can be undertaken by a range of formal and informal organisations. many standards 
are voluntary in the sense that they are offered for adoption by people or industry 
without being mandated in law. standards become mandatory when they are 
adopted by regulators as legal requirements in particular domains. 

each economy tends to have a single recognised national standards body (nsb). the 
uk’s nsb is the british standards Institution (bsI). bsI is an independent business 
service provider established by royal Charter in the 1920s, although its origins go 
back to 1901. It is responsible for producing and publishing british standards and for 
representing uk interests in a number of international standards–setting fora. bsI also 
produces publicly available specifications, (pass), as well as online products such 
as self–assessment tools and standards platforms. these products are proposed and 
developed by groups of organisations and business or trade associations to meet 
their needs for common specifications, guidelines, codes of practice etc. bsI does 
not write the technical content of standards, which is usually written and agreed 
by groups of experts nominated by trade and professional associations, technical 
societies and academia, with the involvement of other relevant interested parties. bsI 
has a formal responsibility to ensure the involvement of any relevant stakeholders 
in the development of standards and to provide a means of public consultation on 
the content of standards. government funding of bsI’s work tends to be limited to 
specific deliverables, such as prioritised work programmes and schemes of assistance 
to those involved in the preparation work.

Whereas the nsb is the one–per–country standardisation organisation which is 
that country’s member of Iso (International organization for standardization), 
hundreds of industry– or sector–based standards organisations develop and publish 
industry specific standards. over the last decades, a new class of standards setters 
have appeared on the standardisation arena: the industry consortia or standards 
setting organisations. despite having sometimes limited financial resources, some 
of them enjoy truly international acceptance. one example is the World Wide Web 
Consortium (W3C), whose standards for html, Css, and Xml are used universally 
throughout the world. there are also community–driven associations such as the 
Internet engineering task force (Ietf), a worldwide network of volunteers who 
collaborate to set standards for lower–level software solutions. 

some industry–driven standards development efforts don’t even have a formal 
organisational structure. they are projects funded by large corporations. for example, 
the openoffice.org, a sun microsystems–sponsored international community of 
volunteers working on an open–standard software that aims to compete with 
microsoft office, and two commercial groups competing fiercely with each other to 
develop an industry–wide standard for high–density optical storage.
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Designing flexible standards

Whether standards focus on the attributes or on the performance of a product has 
different implications for innovation and this is an essential dimension to bear in mind:8

•	design–based standards can be restrictive and inhibit innovation. standardisation 
of one or more attributes of a product (or service) can convey direct competitive 
advantage to the owner/controller of the technology producing those attributes. such 
control can quickly force acceptance of a monopoly’s proprietary technology. for 
instance, elements of computer architecture have been the focus of strategies to set de 
facto standards. microsoft using its position as the dominant operating system standard 
to gain unfair advantage, is a well–known example. this is sometimes called a ‘vendor 
lock–in’ effect. 

•	performance–based standards, by contrast, allow flexibility in product or service–
design while still meeting common requirements. they tend to be competitively 
neutral and can be critical to an entire industry’s efficiency. they can allow smes to 
participate in markets for system technologies by supplying components in which 
they have a comparative advantage. this diversification makes system optimisation by 
users possible and increases price competition. this set of standards is a set of ‘tools’ 
that make the process of developing, producing and marketing the core technology 
more efficient. they do not have the dominant or controlling effects of design–based 
standards. 

thus standards generally work more efficiently for innovation when:

•	they are performance–based, and this is dependent on the technical availability of 
accurate measurement (see part II);

•	they are the product of agreement and negotiation between partners, and this can be 
viewed as an aspect of ‘open innovation’ as their production is collaborative;

•	they are subject to periodic and well–timed reviews, especially for emerging 
technologies for which the review cycle may need to be shorter.

standards can be especially important for smes that supply components to larger systems 
in global value chains as they can be a condition for accessing markets. 

Developing a competitive advantage through documenting an emerging 
technology 

standardisation is not an all–or–nothing proposition. the expertise that is necessary to 
develop normative specifications can also be harnessed for other related purposes, as case 
studies illustrate. at their most simple, standards are simply shared knowledge developed 
by communities of people with a common interest. for instance, standardisation could 
be used to demonstrate the reliability and durability of a new technology and attract 
funding for further development. In complex technologies, standardisation typically 
proceeds in an evolutionary manner in lock step with the evolution of the technology. 
It takes typically three to five years before international standards are agreed for a new 
technology, although it can be sometimes less, e.g. nanotechnology international standards 
were produced in little more than a year. this period of time presents a ‘window of 
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opportunity’ for innovators as the language, basic architecture and organisation for this 
new technological system are being developed in this early stage of the life cycle. at a later 
stage of development, common standards are the prime–movers behind technological 
transformation and diffusion. 

many developers in the early phase of the technology life cycle use a closed innovation 
model. they keep their innovations completely proprietary and compete until a dominant 
version of the technology gains sufficient market share to become the single standard. 
however, another strategy is to be willing to open the performance levels and language 
used in return for an increased probability that the innovation becomes the standard, 
or strongly influences it, thereby helping to create a momentum and attract additional 
investment. the case of marine energy in case study 8 below, shows how an open 
documentation developed for the purpose of a single organisation in the uk is having a 
major influence on the setting of global standards for this technology. this influence is 
helping give the uk a reputation as world leader in this range of technologies. 

case study 8

Marine energy 

Marine energy or marine power (also sometimes referred to as ocean energy or ocean power) 
refers to the energy carried by ocean waves, tides, salinity, and ocean temperature differences. 
The movement of water in the world’s oceans creates a vast store of kinetic energy, or energy 
in motion. This energy can be harnessed to generate electricity to power homes, transport and 
industries. The technologies that generate electricity by harnessing the power of waves and tidal 
streams are at an early stage of development.

The European Marine Energy Centre Ltd (EMEC) based in Orkney is at the forefront of 
the development of marine–based renewable energy. In 2009, EMEC commissioned BSI to 
develop an in–house guidance to record technological developments and support external 
communications e.g. to communicate performance levels and support agreements for 
the procurement of goods from suppliers. This guidance provides a methodology for the 
measurement of power output in a range of sea states, and a framework for the reporting 
of results and estimation of the energy production at a prospective site from wave energy 
conversion systems. New concepts and techniques are also defined and a terminology is agreed. 
This document was made public.

International standards for marine energy are currently in the process of being developed 
with other leading players in the field, mostly from New Zealand and Canada. The existence 
of the EMEC guidance allows the UK to drive the agenda of the Committee in this new 
technological development. The EMEC guidance, which was initially developed for one 
organisation, is effectively being used as a template for discussions and agreements between 
players. International standards for marine energy will lead to wider and faster dissemination 
of innovation in this area and will attract new entrants, but the UK is now being perceived as 
‘the world pioneer in marine energy’ (for instance, in the Information System for the European 
Strategic Energy Technology Plan 2012– SET–Plan– produced by the EU). The influence of 
the UK in designing these standards also strengthens significantly its position as an attractive 
location for foreign direct investment and the development of a global cluster of excellence in 
Scotland.
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similar cases are being observed for other emerging technologies. for instance the global 
leadership of Canada in carbon storage also results from its driving influence in setting 
international standards in this area, and this in turn is made possible by the availability of 
information for this range of technologies at an early stage in the life cycle. some countries 
in asia are making full strategic use of technical standards as a source of competitive 
advantage in global markets. for instance, the electronics and telecommunications 
research Institute (etrI) in south korea is an active participant in international standard 
setting fora and has around 40 international standard technologies. this is part of a fully 
developed national plan that starts from the shortlisting of new technological opportunities 
and the technical evaluation of performance and extends to well–structured submissions to 
influence international standard specifications.

With new technologies continuously being introduced into ever expanding networks, 
gaining a competitive advantage can also be achieved by influencing international common 
language and basic architecture, and this can involve demonstrating some degree of 
openness. It suggests potential benefits of using a more strategic approach through 
producing and sharing information on the cluster of new technologies for which the uk is 
at the forefront of innovation. however, this initial advantage will have to be sustained as 
the technology evolves and the standards are updated.

using collaboration frameworks to incentivise innovation

the expertise necessary to develop standards can also be harnessed to design frameworks 
for collaborative working. traditional approaches, based on the assumption that the 
creation and pursuit of new ideas is best accomplished by a centralised team, have been 
outdated for some time. Instead, innovations are brought to the market by networks of 
businesses, selected for their unique capabilities, and working in a coordinated manner. 
however, this model demands that businesses develop different skills, in particular, the 
ability to collaborate with others to achieve superior innovation performance. Collaboration 
is becoming a new and important source of competitive advantage for businesses and 
this is supported by economic evidence. Yet, despite this need, there is little guidance on 
how to develop or deploy this ability. the way that standards–making works can provide a 
platform for collaboration. 

the problem is especially acute for the delivery of large–scale products and systems that 
include a range of technologies. the delivery of this type of large project usually involves 
a number of companies, both large companies and smes, that have to collaborate over 
relatively long time frames. this form of collaboration has to be effective enough to 
accommodate evolving technologies over the delivery period. public organisations have 
an overreaching responsibility for large projects of this type, for instance in transport, 
construction, aerospace, communication and other infrastructure projects. Case study 
9 illustrates how the ministry of defence (mod), a major procurer of technologically 
sophisticated products, leveraged standards expertise to pioneer a framework for 
supporting partnerships between its suppliers.
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case study 9

such collaboration frameworks can be further advanced to have a central innovation 
focus. managing collaboration for innovation is different from outsourcing production to 
achieve lower costs. It entails accessing dispersed knowledge, leveraging new capabilities 
and sharing risks with partners to create new sources of value, which is a much more 
sophisticated skill. businesses that use collaboration as a source of competitive advantage 
develop an explicit strategy to leverage a partner’s superior capabilities i.e. a technical 

Business Relationship Management 

In 2006, the Ministry of Defence, and other organisations, worked with BSI to develop a 
framework guidance to encourage collaborative arrangements between suppliers and partners. 
The framework developed by BSI with not–for–profit consultancy PSL (Partnership Sourcing 
Limited) is based on an eight–stage approach:

 • Partner integration and efficiency of working. 

 • Establish the foundations for partnering. 

 • Improved partner selection. 

 • Improved risk management and confidence. 

 • Consistency of approach. 

 • Enhanced focus. 

 • Baseline for improvement. 

 • Proof through independent assessment and certification. 

 • Indicator of partnering excellence.

The MoD Partnering Handbook provides clear guidance to its industry partners on the 
application of Joint Working/Partnering policy and procedures within MoD contracts. With a 
particular focus on enabling companies of any size and sector to access supply chains through 
collaborative working practices, a British Standard building off this framework, BS 11000–1, 
was launched in December 2010. It has been trialled and refined in industry with involvement 
from organisations including BT Global Services, TNT, Raytheon Systems, Siemens, EADS, 
Toshiba, Lockheed Martin UK, VT Group, EMCOR Group, and NATS.

In 2012 Network Rail adopted BS 11000 as one of its tools to improve the way it works with 
its supply base to drive down its costs. Greater collaboration between organisations within 
the rail industry was identified as one means of delivering greater value for passengers and 
taxpayers. Network Rail will use BS 11000 to implement wide–ranging reforms to the company’s 
infrastructure business, which places greater focus on partnership with suppliers and will see a 
restructuring of the way the company delivers capital projects worth around £4 billion a year.
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know–how that the business did not possess, or access a partner’s contextual knowledge, 
i.e. knowledge of other businesses or research centres. In exchange, they must be prepared 
to share their own know–how, information and learning, for collaboration to be truly 
successful and must dedicate resources. this form of collaboration can raise complex 
issues of intellectual property protection and shared rights among partners to capture the 
added value created. 

purchasing innovative projects with significant technology elements depends increasingly 
on the way purchasers manage their networks of suppliers. large companies in the private 
sector are fast developing these skills but they are in very limited supply in the public 
sector. the use of collaborative frameworks is a particularly powerful tool when there is 
uncertainty over the product to be produced or over the process to produce it, which is 
often the case for innovative infrastructure projects. Importantly, they can open access to 
value chains for smes by supporting their capability to forge partnerships and supply large 
organisations. they can contribute to increasing the proportion of government contracts 
that go to innovative smes whilst at the same time make them more competitive in global 
markets. the standards themselves can provide the framework by which larger companies 
specify their needs to their networks of suppliers, and against which suppliers (often smes) 
can be chosen. good standards can provide such a framework whilst leaving suppliers free 
to compete on other aspects of their services.

Developing standards to procure new technologies

a lack of performance standards is a common problem for procuring innovation, 
especially in those sectors whose dynamics lead to rapid technological changes such as 
It, telecommunications, nanotechnology and healthcare. technology procurement is a 
challenge for public procurers who lack understanding of technological developments 
and the nature of innovation. at the same time, it offers great opportunities to influence 
innovation levels in the economy.

In the uk, the home office and its agencies make significant use of biometrics standards, 
as they allow systems to be specified to avoid the so–called ‘vendor lock–in’ effect. they 
also facilitate the tendering process through providing a performance and quality level 
upon which potential suppliers, large and small, can compete. as technologies evolve, so 
do the standards behind them, allowing the latest standard to be specified. the biometrics 
case study 10 below illustrates how the home office procured a sensitive new technology.

case study 10

Biometrics 

Biometrics (or biometric authentication) refers to the identification of humans by their 
characteristics or traits. It is used as a form of identification and access control. It is also 
used to identify individuals in groups that are under surveillance. Biometric identifiers are the 
distinctive, measurable characteristics used to label and describe individuals. They include 
physiological identifiers such as voice, DNA, iris, face or finger print. Since biometric identifiers 
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are intrinsic to individuals, they are more reliable in verifying identity than knowledge–based 
methods, such as passport or personal identification number.

Biometrics technology is a vital component of the UK Government’s homeland security policy. 
The UK Border Agency introduced fingerprint checks at the border for passengers with 
biometric UK visas in 2009. These checks verify that the individual entering the UK is the 
same person who applied for their visa, entry clearance or biometric residence permit. Using 
fingerprints enables to this to be done with greater certainty. E–passport gates have also been 
introduced in a number of UK airports as a self–service alternative to the conventional border 
control process. The system uses facial recognition technology to compare the face in the 
photograph recorded on the ‘chip’ in the passport. 

From 2002 to 2005 the Home Office worked closely with BSI and industry specialists to 
develop international standards and support the rapid deployment of open system, standard–
based security solutions for homeland security and the prevention of ID theft. The aim of these 
standards is to make the implementation and application of biometric technology and the 
associated data easier for both Government and industry. Ultimately, this standardisation creates 
new business opportunities for UK industry. Developing a technology to international standards 
increases the potential market for a supplier, as not only will their products be suitable for the 
home market but also equally acceptable for the global market.

Achieving a standardised approach to biometrics not only involved technologies but also 
procedures. With all biometrics, a good image means having a better chance of successfully 
comparing that data in the future. The introduction of the ePassport, which uses biometric 
facial imagery as its main security feature, involved close co–operation between the Identity and 
Passport Service (IPS) at the Home Office, BSI and businesses. Setting quality standards for 
images allowed a large number of vendors to co–operate, from photo booth manufacturers to 
printers to deliver this innovation. 

Although the initial potential market was limited to governments, commercial interest 
in biometrics is increasing as standards are now developed. In addition, new biometrics 
technologies are now emerging in the area of the moving image to allow face recognition with 
low–quality imagery. Early customers of these innovations are likely to be police forces.

In procuring technology equipment, the purchasing authority benefits from being assisted 
by experts which it relies upon to make recommendations on a functional description of 
the performance levels required to provide bidders with more flexibility regarding preferred 
solutions. maintaining a constant flow of information with the bidders through all stages 
of the procurement can also be important, especially if the procurer is uncertain about the 
product or the technology to be used and/or intends to stimulate new technology prior to 
producing the tender documentation.

using public supply chains to boost the industrial competitiveness of small and 
medium enterprises

public procurement of goods and services is not yet being used effectively to stimulate 
innovation in the uk. at present, most of that procurement is focused on purchasing 
proven solutions, or is spent with existing ‘proven’ suppliers. this is not a new issue, but 
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the current imperative to reduce public spending makes the need for rapid progress in this 
area pressing. there is significant pressure for public sector organisations to reduce costs. 
In this context, the focus for procurement is increasingly on cost reduction rather than 
investment in more innovative solutions. the two main obstacles faced by public sector 
organisations in the use of procurement as a tool to stimulate innovation are the availability 
of budget to invest for the longer term and the willingness to take the risk of investing in 
unproven solutions. greater recognition and incentives are required in these two areas for 
longer–term benefit. 

reducing costs and innovating are not necessarily mutually exclusive goals. If the challenge 
is to maintain the quality of public services at the same time as making long–term cost 
savings then innovative procurement can become a powerful tool. the use of competitive 
bidding focusing on innovative approaches rather than pure financial terms can drive 
industry forward and identify the most promising suppliers. It can drive uk businesses to 
produce technological products that are then competitive globally. the public support 
for applied research and technologies in the uk is low by comparison with the funding 
invested in earlier fundamental research. better use of public procurement actions can 
effectively complement sponsored research, demonstrations and trials by creating an early 
customer base that gives credibility to other potential customers, investors and businesses 
in the supply chain. the government purchasing power is very substantial in some sectors 
of the economy and this creates opportunities to influence the uptake and diffusion of 
technologies in these sectors. scandinavian countries, in particular denmark and sweden, 
are successful in using innovative procurement effectively.

a major obstacle is that buying innovative products and services requires more 
‘intelligence’ on the part of the purchaser to support the complex trade–offs involved 
and handle responsibilities in taking the associated risks. procurers must give potential 
suppliers the freedom to develop new means of meeting the desired end. In particular, 
they have to effectively manage partnerships between businesses and this is especially 
important to increase the proportion of public contracts that go to smes. they have to 
specify and assess levels of performance or quality that are not achievable with ‘off–
the–shelf’ solutions and set outcome–based purchasing specifications. When significant 
technology elements are involved, requirements and tender selection criteria must not only 
ensure that the capability provided is state–of the–art, but also enable technology–based 
solutions to be upgraded. all this requires technical expertise that very often procurers do 
not possess or do not have ready access to. however, this expertise exists elsewhere in the 
innovation system, as seen in this report.

the ministry of defence has recognised the need to act as an intelligent lead customer and 
has created the Centre for defence enterprise, which works with internal mod directorates 
to identify appropriate challenges and then works with the technology strategy board 
to engage with a broad range of innovative businesses, often from outside the normal 
defence community, to seek better solutions. for the many public organisations that lack 
the scale to justify such an approach, a central structure could be put in place to deliver a 
similar service, aggregate fragmented demand and bring together the expertise available in 
the innovation system. the technology strategy board could use its unique position in the 
innovation system to extend its activities and set up such a lead market Centre.

one area where there is strong direct incentive for public agencies, from central 
government to local authorities, to procure innovative goods is in the built environment. 
the combination of regulation aimed at cutting greenhouse gas emissions and the 
considerable financial savings that can be achieved through energy efficient buildings is 
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a major attraction and illustrates how innovation and value for money can be compatible 
goals. It is also an area where a significant proportion of the supplier base is composed 
of smes operating in a relatively large sector of the economy where there is limited 
investment in innovation, technology and workforce training.9 using innovative public 
procurement could directly contribute to a better uptake of technologies and improve the 
innovation performance of smes in this sector. energy efficiency in the built environment 
could therefore provide a promising initial focus for the lead market Centre. 

through the Centre, the technology strategy board would extend its technologies 
activities and bring together a mass of critical skills. the experience of major innovative 
public procurers such as mod and the nhs, could be combined with the expertise of 
support partners, such as npl and bsI. they would bring in the expertise to set flexible 
performance metrics for energy efficient buildings which track technological innovation 
and facilitate access to experts across a range of technologies. they would also provide 
frameworks for ways of working that are suitable, and advise on options and technological 
opportunities. other potential support partners would be the Intellectual property 
office (Ipo), to devise more flexible arrangements for property rights produced in these 
collaborative contracts, and the design Council, to advise on building modification 
challenges. It would be essential for the Centre to provide systematic economic evaluation 
of both the savings achieved by public agencies and the subsequent commercial outcomes 
of companies that received public contracts. such a Centre could provide a step–change 
improvement by bringing in multiple actors in the innovation system to deliver joined–up 
thinking on a major issue with social as well as economic and public finance implications.
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APPENDix – HOw ArE iNDustriAl 
tEcHNOlOGiEs DEvElOPED? 

the development of industrial technologies is often presented as a ‘black box’ where 
new technologies are developed from research and development (r&d). very few 
economic models make the attempt to disaggregate the interactive and complex process 
through which technologies flow from the science base to commercialisation. however, 
understanding this complex mechanism is crucial to accelerating the ability of businesses 
to develop and adopt innovations. Indeed, the shortening of technology life cycles due to 
rapidly expanding research and innovation capabilities, especially in asia, have created 
an imperative to better understand the r&d investment process so that public policy can 
better match incentives and capabilities for the participants in each phase of the r&d 
cycle. It is important to emphasise that first commercial applications cannot be efficiently 
derived directly from the science base. metrology and standards play a pivotal, if less 
acknowledged, role in the transition phase between science and business innovation, 
thereby reducing business risks. 

from scientific research to market applications – the industrial technology 
process

the industrial technology process is complex because it is based on complementary 
technical relationships among physical, human and technological inputs from both public 
organisations and businesses. the american economist tassey has built a body of work 
analysing this innovation mechanism and developed a technology–element model (see 
figure 3) and technology life cycle (figure 4) that provides a helpful insight into this 
process.
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figure 3: technology–based industry model

Industrial technologies are derived from the science base, which is a public good mostly 
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investment decisions in technological development are then affected by the interactions 
with and between:

•	the ‘generic’ technology base. this is a pattern of solutions of selected problems 
derived from the science base. In essence, it is a ‘proof of concept’, which reduces 
risk sufficiently to enable applied r&d investments. this is a quasi–public good. 
both researchers in businesses and, increasingly, in universities, conduct generic 
technology research. the Internet is an obvious example of a generic technology 
base. technological advances (such as queuing theory, packet switching and routing) 
were first required to develop a communication network. prototype networks were 
developed in the 1970s (arpanet) and 1980s (nsfnet), which eventually led to the 
Internet.

•	Infratechnologies that facilitate the development and utilisation of the generic 
technology base. Infratechnologies are solutions to technology–related problems. 
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applicability across a number of related industries. they include tools such as 
measurement and test methods, scientific and engineering data, the technical bases 
for interface standards and quality control techniques. the r&d process and marketing 
productivities of the typical technology–based industry depend on a large number of 
inputs. they often require a costly infrastructure ubiquitous across technology–based 
economic activity and hence are underinvested by industry. for instance, measurement 
of the effects of nanostructure on product performance leads to new processing 
techniques that are fundamental to the design and manufacture of all nanomaterials 
and devices. 

•	proprietary technologies that are market applications. both generic technology 
and infratechnology are drawn upon by competing businesses to produce private 
goods. It is the combination of the underlying generic technology and the 
supporting infratechnology that determines the direction of subsequent market 
applications, together with other factors specific to businesses that come into play 
in the commercialisation process, such as internal technical skills, organisation and 
management.

technology life cycles – reducing business risks

It should be emphasised that technology trajectories are not linear but display cyclical 
patterns over time, which are reflected in the shift in the composition of r&d over time, as 
illustrated in the figure below. 

figure 4: risk reduction in technology life cycle

Risk

Basic
research

Science base

Commercial products

Generic
technology
research

Applied research
& development

Measurement and
standards infrastructure

10 years 6 years R&D
cycle

3 years

source: tassey, g. (2008), modeling and measuring the economic roles of technology infrastructure, nIst.



43   INfRATECHNOlOgIEs  the building blocks of innovation-based industrial competitiveness

the early part of a technology’s life cycle is characterised by high risk but also increasing 
returns as the proof–concept effect, i.e. the generic technology, unleashes market 
applications. Within the generic technology’s life cycle, major technological opportunities 
decline over time as the set of potential applications of the underlying knowledge base is 
exhausted. Competition then shifts to incremental product improvements tied to shorter 
times to commercialisation and to process innovations that focus on reducing cost as the 
basis for competition. It is at this stage that substantial efficiencies are realised, such as 
economies of scale in production and distribution, and economies of scope in markets 
penetrated. It is also in this part of the cycle that efficiency–enhancing infratechnologies 
are important to develop commercial products.

the ‘spike’ in the investment risk curve represents the fact that technology research 
encounters an initial major increase in risk associated with the target return on investment 
from commercialisation. It occurs in the early phases of technology research and acts as a 
substantial barrier to business investment and later–phase applied r&d. such a risk profile 
explains why inventions based on emerging technologies can languish for years, even 
decades. the availability of infratechnologies is essential to overcome the ‘risk spike’. When 
the infratechnologies are then adopted as the technical basis for standards, they increase 
the potential economic benefits from inventive activity and therefore provide incentives for 
businesses to commit to new technologies and markets.

looking more closely at the technological innovation process therefore suggests that, 
although an adequate and accessible science base is a necessary requirement, businesses 
also have to draw upon other types of knowledge produced in other parts of the innovation 
system to acquire technologies and reduce their investment risks. the effectiveness and 
networking capabilities of this technical infrastructure is a critical component of the high–
tech innovation process. 

what is the macroeconomic impact of measurement and standards?

assessing the economic impact of measurement and standards is a difficult and costly 
task. this is typically related to their spillover and quasi–public goods effects. they are 
ubiquitous across technology–based economic activity, which decreases their visibility. 
they are delivered through complex systems of hardware and software, so difficult to 
visualise and understand. besides, although their aggregate impact is substantial since 
most are eventually adopted as industry standards, they can be individually small. any 
one element can have a modest economic impact, but a high–tech industry depends on 
hundreds of such elements. 

over recent years, studies conducted under the auspices of the department for business 
Innovation and skills (bIs) in the uk have attempted to better quantify the total economic 
impact of measurement and standards. they find that they generate a high level of 
economic benefits. 

•	swann10 conceptualised measurement as a general purpose technology (gpt) i.e. very 
widely applied across economic activities. he found that the use of measurement is 
closely related to innovation and increases the productivity of businesses. the more 
precise the measurement and the more rapid the feedback from measurement to 
control, the greater are the effects on efficiency, quality and productivity. It indicates 
that measurement supports innovation in business r&d and gives businesses a way to 
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demonstrate to customers that an innovative product is superior to the competition in 
performance, composition or quality.

•	temple11 used data from firms purchasing measurement and the Community Innovation 
survey to find a positive relationship between the extent of measurement knowledge 
available to business sectors and the types and degree of innovation carried out 
by firms in those sectors. In particular, he showed that measurement knowledge is 
more strongly associated with novel rather than ‘catch–up’ innovation i.e. it underpins 
leading–edge products and process innovation. 

•	other recent studies12 examine the impact these inputs have on national economic 
performance and find that measurement knowledge has a positive and statistically 
significant contribution to productivity and growth.

these studies therefore converge in concluding that measurement and standards inputs 
make a significant contribution to business innovation and economic productivity. 
they also suggest that there are strong complementarities between measurement and 
standards, the public research base, and other forms of knowledge creation and use such 
as design and intellectual property rights. they point to interlocking roles and impacts 
between institutions in the innovation system. however, whilst this type of approach aims 
to tackle all of the economic activities of measurement and standards, it is conducted at a 
high level of aggregation and provides limited insight into how these institutions add value 
to innovative businesses in practice.
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