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Executive Summary 
This literature review aims to provide fresh perspectives on a critical confluence of the 

climate change and innovation literatures. Defra has recognized that public policy itself must 

take new and bold approaches if it is to promote innovation in carbon-intensive sectors. 

Prize contests provide one such potential policy and have a long history of involvement in 

innovations generating major social benefits. 

Our approach in this literature review is comprehensive in the sense that it assumes a new 

policy instrument cannot be grafted onto existing policies without careful consideration. The 

effects of a prize depend not only on its design and its economic properties, but more 

fundamentally on the nature of the low-carbon innovation that is required, the various 

barriers to that innovation and the broader policy context that shapes the opportunities and 

incentives for innovators. 

Thus, the analysis needed to test a specific prize proposal can be broken down into a series of 

steps, detailed below: 

 an analysis of the nature of the innovation itself; 

 indications of the dominant market failures, i.e. rationale for government 

intervention; 

 prioritisation of the objectives of policy intervention; 

 matching of objectives with particular policy instruments; and, 

 if a prize is deemed to be among the appropriate policy instruments, a detailed 

prize design well matched to the intent of the intervention, maximising beneficial 

outcomes and managing risks. 

The context of prize policy: The state of low-carbon innovation  

The recent literature on innovation has stressed its complexity and sensitivity to a broad 

range of variables within the broader economic system. Grubb provides the following 

summary: 

‘Systems innovation’ theories emphasise: the interrelation between market failures; 

the impact of network and related lock-in phenomena; and the need for goal-driven 

‘backcasting’ strategies, wider mix of instruments, and more direct government 

involvement to nurture the industries and institutions that can tackle externalities’. 

(Grubb, 2006) 

A range of innovation types are relevant to low-carbon innovation, and each emphasizes a 

particular barrier or challenge to innovation policy. 
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― Process innovations can deliver efficiency gains, but face escalating levels of investment 

to achieve scaling-up and commercialisation; 

― Generic and material innovations take place over long periods of time and suffer from 

limited initial market demand; 

― While large firms are disposed to sustaining and fostering incremental technology, small 

firms are a more common source of radical innovation. Yet, these small firms face 

extensive barriers, principally caused by path dependency in existing fossil fuel 

technologies, the undervaluation of carbon in both domestic and global markets, and 

limited managerial and financial capacity to diversify.  

― Systemic innovations are inhibited by path dependency and rely on the targeting of 

bottlenecks; 

Some of these innovation types are dominant in specific sectors. Yet, private research and 

development investment levels are low and falling in nearly all of the most critical climate 

change sectors of energy, construction and utilities. The alternative, the public funding of 

research and development is no panacea. Public funding of innovation suffers from 

informational failures and funding levels are often small and unreliable. 

Justifying prize policy: the economics of prizes 

Analysis of the economic properties of prizes demonstrates that they are effective at 

leveraging large amounts of investment because of the ‘rat race’ dynamics of a contest. They 

also serve to signal areas of research interest valued by society and can be vital sources of 

information, for example allowing venture capitalists to identify the most capable 

researchers and allowing them to support commercialisation. For sponsors, reduced 

procurement costs and a shift of risk to the private sector are also attractive. Prizes can seek 

to encompass a wide range of ideas and innovations, although perhaps their greatest 

weakness is that financial barriers to entry are high, except for solutions which have already 

been developed. There is, however, a fruitful role for prizes in seeking out and identifying 

existing solutions and fitting them to existing problems. In this domain, prizes can be used to 

stimulate information exchange with little new investment taking place. 

In general, prizes are likely to support innovation in specific areas better than any other 

single policy. However, it is constructive to bear in mind the complementarities between 

policies. While regulation can encourage diffusion by imposing industry-wide standards, 

subsidies can reduce financial barriers to entry, patents can ensure market rewards while 

prizes provide the flexibility for governments and potential customers of new technologies to 

lever investment in specific directions. Not only can they be complementary, prizes can be 

used to set the standards which regulation then imposes. 

Implementing prize policy: Elegant prize design 

Prize design will be most effective where it targets specific innovation failures. Sponsors 

always have to specify the objectives, the size and nature of the reward, and the victory 

conditions. Some of the considerations that might point towards the use of particular design 
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features are given in the following table, although there is reason to believe that these would 

need to be more precisely tailored to the characteristics of individual sectors. 

Table Overview of rules-of-thumb in prize policy design 

Prize design category Prize design feature Policy objective 

A. Objectives Indirect prize To promote long-run research into 

generic technologies 

 Direct prize To overcome specific scientific 

bottlenecks 

B. Size and nature of reward 1st, 2nd and 3rd prizes Minimizing the financial risks to 

new and small entrants 

 Government supply contract as 

reward 

Drive commercialisation or develop 

new markets 

 Patent buy-outs Wide diffusion of affordable final 

product 

 Auctioning prize to the lowest bidder Minimising public sector costs 

 Up-front definition of a schedule of 

increasing prizes 

Ensuring the prize value provides a 

sufficient incentive by reflecting the 

costs of research 

C. Victory conditions Entry fees/auctioned entry Minimising duplication of research, 

maximising research effort 

 Race format Minimising institutional risk and 

raising media awareness 

 Tournament format Where there are large uncertainties 

about the costs and values of 

innovation 

 Open entry Promoting small firm participation 

in pursuit of radical innovation. 

 Multi-stage contests Hybrid policy. Interim prizes allow 

financial barriers to be reduced. 

 

Conclusions 

The diversity of innovation processes that are likely to contribute towards climate change 

goals is striking and is mirrored in the diversity of prizes that could be implemented as part 

of a progressive innovation policy. While this literature review has noted a number of 

concrete findings suggesting that prizes have powerful economic properties, the success of 

prize policy is likely to be highly contingent on its design and the market and policy contexts 

in which it is applied. Careful analysis using the framework outlined in this paper would 

therefore be necessary to justify and optimise a potential prize for promoting innovation in 

support of climate change policy goals. To illustrate this point, the following example 

considers the role a prize could play in promoting low carbon technologies suitable for 

application in Africa. 
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Example: A case study for a prize promoting low carbon technologies 

for use in Africa 

There is a particularly promising role for prizes to promote poorly developed markets such 

as those for carbon abatement technologies in Africa.  

With little previous attention paid by business or policy-makers to low-carbon technologies, 

innovations may be radical and may arise from relatively small firms from outside existing 

industry players. 

The barriers to innovation are likely to include difficulties in appropriation, a limited 

potential market reflecting low average incomes, the absence of any carbon pricing, a lack of 

information about potential markets and institutional barriers to commercialisation. 

Existing policies for mitigation innovation are weak in domestic markets and generally rely 

on public or third sector cooperation agreements with international agencies to transfer 

technologies. 

Other policies designed to encourage innovation would face serious drawbacks. Regulation 

would be a blunt tool in forcing innovations of unknown nature or cost on producers and 

consumers. Subsidised research would make better progress, but ideas would be drawn 

from a small cross-section of research agencies with perhaps little experience of the issue, 

and it would not lever much third-party investment. 

A prize contest rewarding innovations of a particular type has the benefits listed below. 

 To the extent that limited information or institutional inertia has restricted the 

attention paid to innovation in this area, a prize is likely to generate research 

interest and signal the importance attached to the issue by society. 

 If operated and publicised locally, the prize could raise considerable awareness 

about climate change issues and generate demand for new products that would 

reinforce the market pull incentives for innovators. 

 Barriers to entry can be low, allowing ideas to be drawn from a broad cross-section 

of innovators. 

 Long-term commercialisation could be stimulated by identifying the innovators 

with the most promising abilities in this sector and matching them with other 

market actors. 

To maximise the chances of successful innovation, prize designs might include the following 

components. 

 The prize contest might provide the reward of a government supply contract in 

order to overcome commercialisation barriers. Alternatively, given the highly 
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uncertain costs of developing low-carbon innovations in Africa, prize size could be 

set according to an increasing schedule. 

 Open entry without fees or auctioning is likely to maximise the source of ideas for 

potentially radical innovation and also raise market awareness. 

 The wide range of possible innovations and the difficulties in defining 

comprehensive criteria point to the value of a tournament format contest. 

 A patent buy-out would allow maximum distribution of any resulting innovation. 

 A multi-stage contest might provide interim funding to minimize financial barriers 

to radical ideas from small companies. 
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1 Introduction: Highlights 

from a history of prizes 
Prize contests for innovation have succeeded in delivering everything from reliable 

navigation at sea in the 18th century to the opening of the private space market in the 21st. 

Typically, they have been motivated by the need to overcome particularly persistent barriers 

to technological progress and to realize major social benefits. 

It was the inability to measure longitude accurately that was a principal cause of the loss of 

an entire British fleet wrecked on the Isles of Scilly in 1707 and which led Parliament to pass 

the Longitude Act, establishing one of the first prizes to encourage innovation. Most 

recently, the Ansari X-Prize was intended to counter the state monopoly on access to space, 

which has inhibited the development of commercial launches and space tourism. In both 

cases, it was thought that an extra incentive in the form of a prize contest for meeting 

particular objectives might be effective in inducing the necessary invention or innovation. 

Despite producing some high profile successes and focusing on socially beneficial outcomes, 

prizes are rarely part of a government’s policy mix. Except for a number of specialist state 

agencies such as NASA and DARPA in the United States, they have typically been sponsored 

by philanthropists or private sector organisations. This suggests their potential to bring 

about valued innovation merits closer attention. While this paper focuses on the current 

opportunities to deploy prize contests rather than a historical survey, a striking feature of 

our past experience with prizes is their diversity in objectives, design and results. 

To take just one dimension of variation, in some cases a prize’s objectives are of intrinsic 

value and of substantial commercial potential. This was the case with the Cheap Access to 

Space prize. In other cases, the objectives are relatively arbitrary and seek to stimulate 

fundamental innovation. For example, the 1959 Kremer prize for human-powered flight 

contributed to the development of lightweight materials, batteries and designs that were 

only later used in the development of electric cars and military drones. 

The issue of climate change is an appropriate one for the consideration of prize-establishing 

policies because extensive and intensive innovation will be required in moving from a 

carbon-intensive economy to a low-carbon economy in a short period of time. A report 

produced for the DTI and Defra, which modelled the technological options for reaching 

specified emissions reductions, stressed that the ‘underlying importance of technical 

progress and innovation for creating options that would not otherwise be available, and for 

reducing costs, is not in doubt’ (Marsh et al, 2002). DTI modelling concluded that the absence 

of innovation would increase abatement costs by between £41bn and £168bn (DTI, 2003). 
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Since low-carbon technologies cover a wide range of sectors, it is helpful to gather opinions 

about the kind of technologies which a prize might encourage. The Carbon Trust provides 

the following sequential typology for mitigation technologies (Carbon Trust, 2005): 

 upstream—hydrogen production, renewable energy and more efficient 

hydrocarbon production; 

 generation—fuel cells, renewable energy, and more efficient hydrocarbon 

generation; 

 infrastructure—electricity, heat and hydrogen distribution, and general energy 

storage devices; 

 consumption—a broad range of energy efficient technologies from lighting and 

heating through to electrical devices and industrial process improvements. 

In addition, technologies facilitating adaptation are of relevance both in the UK and globally. 

Technological roadmaps for the coming decades reveal that in all these areas a mix will be 

required between implementing existing technology and developing new technologies (DTI, 

2003). Both of these processes involve innovation, which we define broadly in this paper as 

’the process of matching technological possibilities to market opportunities’ (Foxon, 2003).  

Globally, a number of prizes exist that are relevant to the climate change area.  

― The Rockefeller-Innocentive-Partnership seeks to combine an exchange market of prize 

rewards with challenges that generate public benefits. The Rockefeller Foundation will 

encourage organisations working in the development sector to articulate their science 

and technology challenges, which are likely to include adaptation challenges. 

― The Alcan Prize for Sustainability offers a $1m prize for organisations advancing 

environmental goals, but uses an expert panel to assess a wide range of entrants and 

generally acts as an ex post reward for contributions, rather than an incentive. However, 

since the prize is to be offered over a nine year period from 2004, the prize may serve to 

raise general incentives and awareness. 

― The Ashden Awards for Sustainable Energy offer UK and international prizes of 

£30,000. The prizes are awarded to pre-existing projects. 

― The Carbon Trust Innovation Awards are recognition awards, explicitly seeking to raise 

awareness of successful technologies and businesses, rather than to incentivise 

innovation in a particular area. The reward is essentially non-monetary, but includes 

£10,000 worth of newspaper advertising. 

― The Lemelson-MIT Award for Sustainability awards $100,000 ‘to inventors whose 

products or processes are viable and sustainable, and have high potential to improve the 

quality of life for future generations’. The scope of the prize therefore covers climate 
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change, but the breadth of the criteria mean it is more likely to operate as a recognition 

award. 

The structure of this paper is as follows. Section 3 identifies innovators and innovation 

processes while section 4 analyses economic and institutional barriers to these processes. 

Section 5 places prizes within the context of current climate change R&D policy. Section 6 

provides an economic perspective on the behavioural changes that prizes can bring about 

while section 8 compares the relative merits and weaknesses of prizes with other policy 

instruments. Section 7 looks at how prizes can be designed to reflect particular innovation 

challenges and best meet policy goals. 
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2 Perspectives on 

innovation 
2.1 Introduction 
To meet the challenges posed by climate change, innovations are needed that are no less far 

reaching than those that gave rise to today’s digital economy. However, innovation can take 

many forms and the industries in which environmental innovation is most urgent are sectors 

in which low-carbon innovation has not arisen spontaneously: construction (housing), 

utilities, energy, transport and heavy industry. A review of types of innovations and 

incentives to innovate is a starting point for understanding how innovation can be 

encouraged. 

Historically, a range of innovation patterns are apparent. Scale economies and centralization 

requirements vindicated in the 1940s continue to dominate thinking about energy. In the 

1970s, pioneering firms funded by US government grants to support computerization and 

the life sciences laid the basis for venture capital and the transformation of computing and 

pharmaceuticals. Privatization and deregulation beginning in the 1980s created a wide range 

of opportunities for entrepreneurial innovation. New entrants from outside the mainstream 

industry of their time developed and diffused steam power, the railways, telegraph, radio 

and telephone, petroleum, the automobile, the PC, biotechnology and the Internet.  

Understanding how innovations emerge is vital to assessing whether and how new policies, 

among which may be a prize contest, can stimulate innovation. Consequently, our focus here 

is centred on the contributions of management and organisation studies, which provide 

insight into who innovates, what forms innovation can take and what can motivate it. In the 

following review, we summarise prior knowledge about these processes, with particular 

reference to issues that have received little attention in the policy literature.  

2.2 How innovation takes place 

2.2.1 Types of innovation 

Table 1 sets out a variety of types of innovation as described by leading management 

scholars.  
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Table 1 Types of innovation identified in management studies 

Innovation type Emphasis Authors 

product innovation vs.  

process innovation 

emergence of a dominant design Abernathy and Utterback, 1978; 

Utterback, 1996 

generic technology or 

general purpose technology  

breadth of impact across industries Martin, 1993; Keenan, 2003; Shane, 

2004 

radical technology or 

innovation 

depth of impact on industries: 

substantial cost/performance 

improvements 

Foster, 1986; Utterback, 1996 

revolutionary technology or 

innovation 

discontinuous technology or 

innovation  

requires change in firm capabilities; 

impact on 

markets 

Abernathy and Clark, 1985;  

Utterback, 1996; Tushman & 

Anderson, 1986 

competence altering 

technology or innovation 

enhances or displaces 

firm competence (see 

(also ‘revolutionary’) 

Tushman and Anderson, 1986 

incremental innovation gradual improvement in performance  

disruptive technology or 

innovation 

new performance 

attributes/competencies enable new 

entrants to take market share from 

incumbent firms  

Utterback, 1996; Christensen, 

Christensen, 1997 

systemic innovation vs 

autonomous innovation 

(architectural innovation may be 

used in a similar way to refer to a 

novel configuration) 

co-evolution of complementary 

components in a more extensive 

system, as in networked industries 

Henderson  and Clark, 1990; 

Shapiro and Varian 1999 

business model innovations a new way of organizing the firm and 

its relationships in order to 

appropriate value  

Chesbrough and Rosenbloom, 2002 

upstream innovation vs. 

downstream innovation 

position of introduction in value 

chain 

Pavitt, 1984; Porter, 1985; Klevorick 

et al., 1994  

 

2.2.2 Innovation life cycles 

During the emergence period of a new industry, there is often a wide range of experimental 

activity centred on the design of a new product, a classic example being the multiple designs 

for bicycle that emerged in the Victorian period, including the Penny Farthing. As users and 

producers interact, a dominant design emerges. In 1911 the car design with the highest sales 

in the US was the electric car. Petroleum was a waste product of oil for lamps. However, 

petroleum refining took off and advanced rapidly at a time when battery technology was in 

its infancy and the internal combustion engine overtook the electric car as the dominant 

design. Christopher Freeman and others have explored the way in which a whole range of 

complementary innovations, including infrastructure provided by the taxpayer, created a 

new technological system or paradigm, based on petroleum and the internal combustion 

engine. 
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The product life cycle extends to an industry life cycle for products such as automobiles and 

PCs. Such life cycles points to the collective learning that occurs as technological solutions are 

developed and diffused through producer-user links, learning between firms and learning 

within firms as they address common problems, build up new competencies and diffuse 

skills into spin out firms. This is a path dependent process with mainly incremental 

innovation occurring after a dominant design emerges. 

2.2.3 Value generation through product and process innovation 

Innovations in products enable their producers to create value for customers when the 

products can meet needs in new ways, or can offer improved performance in existing 

products. Process innovations enable cost reductions to be achieved which is another way of 

creating value for customers by offering relative advantage over earlier, more costly 

processes of production. Process innovations also provide a means for producers to capture 

or appropriate value when these methods lower their production costs without lowering 

price. However, if companies do capture value in this way, they often attract competitors 

who force down prices, so that it becomes necessary to increase volume in order to capture 

or appropriate value from competitive process innovations. 

The time required to achieve economies of scale creates a vicious cycle for innovative new 

entrants, whereby they cannot scale up without profits to reinvest and cannot achieve these 

without scaling up. This is one of the causes of the under-investment in innovation found in 

countries such as the UK. The problem may be particularly acute for low-carbon innovators 

because short-term profits are constrained by the nascence of the market, the lack of mass-

market demand and incomplete carbon pricing. Moreover, scaling-up is risky because the 

value of any future market remains highly uncertain, with one of the major causes being 

policy uncertainty. The costs of R&D create difficulties for innovative entrants which are 

typically resource constrained; even those few among them that secure finance for start up 

often find the costs of scale up to be out of their reach. 

2.2.4 Generic innovation 

A generic technology has a breadth of applications across industry sectors (Keenan, 2003; 

Martin, 1993; Hagedoorn and Schakenraad, 1991) and often results from a breakthrough 

enabled by the application of scientific knowledge. Examples of generic technologies include 

steam power, telecommunications and Information Technology (Rosenberg and Trajtenberg, 

2001; Bresnahan and Trajtenberg, 1995). 

Some experts maintain that new ventures, rather than established firms, are more likely to be 

the ones that exploit generic technologies (Shane, 2004). However, there are considerable 

difficulties in commercialising generic, radical technologies that require intensive R&D 

before they are market-ready. New firms often lack the resources to engage in long term 

R&D and venture capitalists expect returns within five years. Even if the investors have an 

official longer time horizon, career structures require fund managers to show a return well 

before this time, sometimes within two to three years. This is too short a span for the fruition 

of generic technologies. In IT, many generic technologies were funded by the US military to 
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the point where the technology was ready for market and could be commercialized by 

entrepreneurs.  

2.2.5 Radical technologies make demands on users and require innovative 

customers 

Where the term generic technology signifies breadth, radical technology signifies depth and 

has the potential for creating new applications of significant utility and value.  Radical 

innovations often make demands on users. Users are more likely to adopt innovations which 

can be understood, observed, tried out and applied without incurring switching costs. The 

mobile phone shows why innovations with these attributes are more likely to diffuse 

rapidly, (see Rogers, 1995; Moore, 1991 on the diffusion of innovations). 

Innovations that lack these attributes face adoption delays and this is very likely to occur in 

the case of environmental innovations. Education of potential consumers is required which 

tends to be slow, otherwise it will not be achieved spontaneously. Procurement by 

innovative customers is critical for such products, and processes. Government can play an 

important part as an innovative customer, since over 40% of the economy is in the public 

sector. 

When radical technology enables new performance attributes that may lead to entirely new 

applications, it generally cannot be commercialized through a standard ‘market pull’ 

strategy. In these cases, customers may have latent requirements they cannot articulate, or 

even know, before an invention occurs (Freeman, 1982). Thus radical innovations are often 

commercialized through ‘technology push’ (e.g. the laser and the personal computer).  

The distinction between goods for which there is latent demand awaiting technology 

breakthroughs — and are thereby subject to market pull forces — and those for which 

demand is only realized once a technology is brought to market, and which therefore rely on 

the trialling and marketing efforts of companies, is not likely to be so clear-cut in practice. In 

both cases there must be some technology-market matching or coupling process (Freeman, 

1982; Rothwell, 1992) in order for innovations to successfully scale-up. The contrast is really 

between those innovations for which there are clear market rewards and those for which the 

innovation process is particularly risky because the market rewards are uncertain. Clearly, in 

the latter case there may be additional barriers and risks to innovation that need to be 

overcome. 

2.2.6 Systemic and autonomous innovations 

The co-evolution of related technologies complicates technology cycles. In ICT industries, 

where users need a technology to communicate with each other, most innovations are 

systemic; that is, there are close linkages between innovations which co-evolve with each 

other in a network or system. Systemic technologies give rise to bandwagon effects and 

tipping points in IT innovations, as was the case when the market tipped in favour of the 

MS-DOS operating system for PCs (Shapiro and Varian, 1999). 



NESTA and Defra  Economics of prizes for low-carbon innovation 

  8 

Beyond architectural and systemic innovations, whole systems of technology have emerged 

historically. Through technological speciation there is movement into allied sectors and 

complementary technologies are developed. This often occurs through the targeting of 

technology bottlenecks. Historians of technology have shown that during the industrial 

revolution, one such innovation after another occurred, as for example, when during the 

Crimean war, the Bessemer process developed a superior metal that could withstand greater 

pressure in artillery. This high-speed steel was introduced into machine tools from the 1850s 

which, in turn, enabled advances in precision engineering.  

2.2.7 The value chain and innovations  

An industry value chain refers to the division of labour among firms that together convert 

raw materials and information into products and services of value (Porter, 1985). Value is 

created when the value of output is greater than the costs of inputs. Value is captured by a 

firm when this surplus is appropriated. 

An innovation creates value for consumers when the products it enables outperform existing 

substitutes, match substitute performance at lower cost, or meet consumer needs for which 

there is no existing substitute. Value capture measures the extent to which the originators of 

an innovation are able to appropriate this newly created value (Teece, 1986).  

2.2.8 Business model innovations 

The business model is the design or organisational vehicle for pursuing the strategic 

direction selected for the business. This ’encompasses the firm’s economic activity, how it is 

resourced, the way it creates value and how returns are to be realised’ (Garnsey, 2003). An 

important feature of a business model is the relationship with other players in the industry’s 

division of labour (industry value chain). Thus low cost airlines involve a different business 

model from conventional airlines because they came to arrangements with airports outside 

the main hubs and found new ways to capture value by issuing tickets on the Internet. 

Increasingly, innovation in a company’s business model is viewed as a key form of 

innovation. Often product, process and business model innovations succeed each other in 

importance as industries evolve. While a business model innovation is distinct from a 

technological innovation, new business models are often made possible by new technologies. 

eBay depended on the Internet for its innovative business model. 

This definition is influenced by the resource-based view of the firm (e.g. Penrose, 1995; 

Barney, 1991) but also recognizes the importance of industry positioning for value creation 

and capture.  

2.2.9 New materials as upstream innovations 

New materials are the most important form of upstream innovations. To consider just how 

important new materials are for designers, producers and users, we need only recall that 

periods of pre-history are named after materials (Stone Age, Bronze Age) because materials 
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provide the essential substances used in artefacts. The industrial age has depended on 

materials that are highly carbon intensive to produce and to use.   

New materials challenge the standard distinction between innovations in products and 

innovations in production processes. Rather than representing a breakthrough in a specific 

production process, new materials support many layers of process innovations right along 

the value chain. Innovations in materials enable a new reduced cost substitute to an existing 

material (e.g. nylon in place of silk). A new substance may also have completely new 

functionality. The transistor and subsequent IT innovations were made possible by materials 

process innovations that included growing silicon as a single crystal and enabling 

interconnections for transistors (resistors and capacitors) based on thin films of tantalum. 

However, to achieve the potential of the new material may require changes that undermine 

the dominant product design (e.g. the new fibre, Kevlar, required redesign of body armour 

that had earlier been based on the use of steel mesh). 

2.2.10 Technology speciation 

Innovations often result from the combination of two or more streams of knowledge relating 

to technologies, or specialization of the technology for new applications. As we have seen, 

incumbent inertia tends to prevent established firms from introducing major innovations. 

However, when incumbent firms have competence in one technology, by moving the known 

technology into a new domain of application, the established incumbents may find it easier 

to introduce innovative technologies through a process that has been called technological 

speciation (Klepper and Simons, 2000; Helfat and Lieberman, 2002). 

Applying known technologies to new uses can streamline the implementation, scale-up and 

market adoption processes. This may require a new business model; for example Advanced 

Risk Machines (ARM) applied the RISC chip developed at Acorn Computers to semi-

conductor design and became a world leader in fabless chip design deploying a completely 

different business model from that of its parent company (Garnsey et al, 2005). 

In information and communication technologies, new entrants have been responsible for a 

considerable amount of technology speciation. The micro-computer was a new species of 

computer, the hand held computer likewise; both were introduced by new entrants rather 

than established firms. In brief, it is not only through completely novel innovations, but also 

by connecting up existing technologies, that new ventures are a source of innovation. Often 

this occurs as a new venture spins out from an existing firm to apply its technology in a new 

market arena. 

2.3 Who are the innovators? 
Academics, public sector organizations, small companies and large companies all engage in 

innovation. Academics typically work on fundamental research in conjunction with other 

actors. Innovations are often stimulated by new knowledge, in part because curiosity driven 

research and the discipline of scientific method produce unexpected solutions to problems 

that may not have been reached via incentives in the marketplace. Public sector 

organisations often engage in innovative public service practices.  
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However, for commercial innovation, large and small companies remain most important and 

differ in the types of innovation they typically achieve. Several experts argue that small firms 

are better at commercializing radical innovations than large firms (Rothwell, 1984; Utterback, 

1996; Freeman and Soete, 1997; Shane, 2004). 

Tushman and Anderson (1986) describe the impact of a discontinuous technology on 

incumbent firms as either competence-enhancing or competence-displacing. Competence-

displacing discontinuities come from outsiders to the industry; they are often initiated by 

new firms responding to ways to lower barriers to entry.  

The term discontinuous technologies makes it clear that new start-ups are not disadvantaged 

by lack of experience with existing technologies. However, they may lack the necessary 

resources to innovate. Concurrently, inertia may be preventing incumbent firms from seeing 

the need for and developing the required competences. ‘Incumbent inertia’ describes the 

resistance of an organisation to change, and results from organisational culture (values, 

beliefs, attitudes), structure, defensive response from leadership, traditions, sunk costs, and 

current customer’s satisfaction (Lieberman and Montgomery, 1988). Occasionally however, 

incumbent firms are able to launch competence-enhancing innovations and initiate more 

radical technologies (Utterback, 1994). 

Disruptive technology unexpectedly displaces an established technology and can be 

distinguished from a sustaining technology that relies on incremental improvements to an 

already established technology. At first, disruptive technology tends to be used and valued 

only in new markets or new applications. This is why market niches are so important for 

emerging technologies.  

Large corporations tend to be more comfortable with sustaining technologies. The most 

profitable among them excel at knowing their market, staying close to their customers, and 

having a mechanism in place to develop existing technology. Moreover, disruptive 

technology looks financially unattractive to them. The potential market is small and their 

cost structure is too high to serve the disruptive technology.  

New and more flexible companies take advantage of these technologies because they are not 

tied to sustaining past offerings. This is demonstrated by the fact that large corporations 

often create independent organisations where they recognize the need for disruptive 

technologies. Short-term pressures arise from shareholders who do not welcome high 

development costs, long lead times, and technology uncertainty. Managerial decision 

making in public companies has become increasingly driven by share price considerations 

with the wider use of share options as a form of remuneration (Stiglitz, 2003).  

Yet, small companies that succeed in developing such innovations will find no easy 

customers among the incumbents, will face large investments and the viscous circle of 

scaling-up noted earlier, and may even find themselves subject to the defensive action of 

incumbents. These large incumbents, often with extensive market knowledge, customer 

relations and market power, may be able to raise the barriers to entry for any disruptive 

technologies. 
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2.4 Innovation processes in the low carbon sector 
With an understanding of theories of innovation, it is possible to obtain a more precise 

understanding of how low-carbon innovation does or could occur. Let us begin with one of 

the great themes of the innovation and environment literature, two polar motivations for 

innovation, one which is described as pushing new technologies into the market from the 

research bench, and the other which is when markets are forced or encouraged to seek 

higher environmental performance. 

2.4.1   Technology push versus market pull 

Carbon pricing policies create market signals that the market pull (or induced innovation) 

model suggests will encourage upstream innovation. Utilities and heavy manufacturing are 

already participants in the European Emissions Trading Scheme and other policies such as 

fuel taxation may replicate some of the properties of carbon pricing. In addition, government 

regulation, including the Renewables Obligation which mandates the deployment of 

renewable technologies, create extensive potential markets for low-carbon technologies. 

Evidence on induced innovation in the context of environmental regulation is provided in 

section 7.2. 

OECD (2006) analysis of energy technologies confirms that many, including solar PV, carbon 

capture and storage and hydrogen fuel cells are all dependent on high carbon prices if they 

are to be cost-competitive against other technologies. 

However, carbon pricing is widely recognised to be an imperfect process, both due to a lack 

of credibility in government policies and great uncertainty in future costs of abatement. 

Fischer and Newell (2007) emphasise that the capacity of carbon pricing to induce cost-

reducing innovation will always be limited because ‘such high prices would no longer be 

needed once the resulting cost reductions arrive’. 

As a consequence, Hoffert et al (2002) have argued that the necessary technologies to 

overcome climate change will not emerge without actively pursuing them. The Carbon Trust 

(2007) is more optimistic, arguing that innovations are emerging due to companies’ focus on 

problems such as ‘increasing efficiency, reducing costs, improving reliability and expanding 

longevity’, but not explicitly on the problem of greenhouse gas emissions. 

Reliance on induced innovation may also be undesirable because it is unclear which low-

carbon technologies will be favoured by the full breadth of market influences. OECD (2006) 

argued that, contrary to popular expectations, increases in oil prices would not lead to a 

growth in renewable energy; 

‘while rising oil prices will certainly provide a spur for greater vehicle efficiency, the 

ability to convert resources such as coal and gas into liquid fuels competitively at 

well below today’s peak oil prices means that the next generation of motor vehicles 

will not have radically different emissions’ (OECD, 2006). 



NESTA and Defra  Economics of prizes for low-carbon innovation 

  12 

On the other hand, as Chapter 5 shows, policies financing laboratory research are now at a 

significant scale and have already generated a flow of ideas for potential new products, for 

example in solar PV and clean coal. However, whether these efforts are on a sufficient scale 

or cost-effective is unclear. 

Additional market imperfections may dampen carbon pricing signals. Jaffe, Newell and 

Stavins (2001) identify relative factor costs, the quality of the technology, informational and 

agency problems and learning processes as key determinants of the rate of low-carbon 

technology diffusion. 

Norberg-Bohm (2000) argues that the best approach combines and extends the two 

approaches: ‘Investing in R&D is necessary but insufficient; governments must also create 

markets in which to grow these new industries’.  

Since market demand is likely to be absent, latent or highly uncertain in some sectors, 

support for only those innovations with strong commercial prospects is likely to miss a wide-

range of opportunities for delivering valuable technologies. To support the creation of new 

markets, government needs to look at supporting radical innovation that is missed by 

‘market pull’ dynamics, and consider the use of wider policy instruments such as carbon 

pricing and procurement. 

2.4.2  Incremental versus disruptive innovation 

A report recently produced for the Carbon Trust noted that for many technologies, ‘cost 

reduction comprises the remaining, unifying challenge, rather than the development of the 

fundamental technology itself’, (Carbon Trust, 2007). Pacala and Socolow have identified 

twelve possible technological ‘wedges’ that could deliver carbon reductions, seven of which 

would be needed to stabilise emissions to 2050. Their striking conclusion is that ‘the 

necessary wedge technologies are already deployed somewhere in the world at commercial 

scale. No fundamental breakthroughs are needed. Humanity can solve the carbon and 

climate problem in the first half of this century simply by scaling up what we already know 

how to do’. Nevertheless, innovation will be required in adopting and commercialising 

them. Moreover, the presence of existing technologies does not preclude the opportunity of 

better performance from more radical technologies, especially in the long run. 

In a survey of US policies towards climate change innovation, Alic, Mowery and Rubin 

(2003) argue that incremental innovation that improves cost effectiveness is ultimately more 

important for successful technologies than radical technological breakthroughs. For instance, 

while some technologies such as solar PV have been around for a number of decades, further 

incremental innovation will be necessary for its broad deployment. A Department of Trade 

and Industry report applying the MARKAL model assumes that all major energy generation 

options become appreciably more cost-effective as a result of incremental innovation, with 

the result that sharp emissions reductions can be achieved with only a marginal impact on 

GDP growth (Department of Trade and Industry, 2003). 
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Grubb (2006) and Kammen (2004) both hold a view that blue-skies breakthroughs are not 

needed in power generation. They see the challenge lying in investing in the infrastructure 

for distributed generation and storage, and developing markets. However, in the transport 

sector Grubb suggests that ‘the economics and pathways appear more complex and 

potentially more costly’, suggesting more radical innovation may be required. 

In the search for new fuel sources, the application of fundamental technologies may also 

offer scope for performance and cost improvements. IEA (2007) identify a number of 

promising technologies including: 

― bio and nano-technology for lower solar energy costs; 

― thermochemical and biochemical processes which can improve bioenergy efficiency and 

flexibility; 

― hydrogen generation, storage and use; 

― advanced membranes and environmental impact modelling to lower the costs and risks 

of carbon capture and storage. 

In its energy-efficiency modelling work the Department of Trade and Industry states that 

‘The long term costs and savings of energy efficiency are crucially dependent on the rate at 

which emerging technologies replenish the cost-supply curve as the lowest cost measures are 

taken up’ (Department of Trade and Industry, 2003). 

Given the uncertainty about the relative future importance of radical and incremental 

innovations, it makes sense to build up a portfolio of innovation efforts and pursue both 

types. 

Alic, Mowery and Rubin (2003) illustrate that this is particularly striking when comparing 

PV and wind energy technologies; ‘for PV cells, learning through research and production 

has resulted in sustained improvements in performance and reductions in manufacturing 

cost; for wind turbines, learning-by-using has been important’. Hence, research into 

improved design and production processes has increased the efficiency of PV cells, but it is 

experience with siting, wind variation and airfoil performance that has improved the 

competitiveness of wind turbines. 

In summary, incremental innovation is likely to make up a large proportion of carbon 

reductions, for example, in energy generation. However, there is scope for fundamental 

research and disruptive innovation to offer more cost-effective long-term solutions, 

particularly with respect to new fuel sources. 
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3 Barriers to innovation  
While the management literature has focussed on identifying the observed range of 

innovators and innovation processes, the economics literature has focussed on the barriers 

that inhibit these processes. Even in the private sector, the effectiveness of a prize has been 

closely linked to its ability to surmount these barriers. For example, the current Automotive 

X-Prize was justified on the basis that: 

‘the industry is stalled; legislation, regulation, labour issues, manufacturing 

costs, legacy costs, franchise laws, obsolete technology, consumer attitudes 

and many other factors have combined to block breakthroughs’, (X-Prize 

Foundation, 2006a). 

3.1 Market failures and low carbon technologies 

3.1.1  Inability to capture the rewards from innovation 

If the value of an innovation cannot be adequately captured, the incentives to innovate are 

depressed. It is generally more difficult to exclude others from making use of research 

investments than physical investments, which are more tangible. Where the benefits from 

innovation are distributed widely and innovators or companies anticipate that they cannot 

gain much from their innovation, they will not be willing to invest time, money and effort in 

the research process itself. 

 

Case Study: Super-Efficient Refrigerator Prize (SERP) 

Sponsored by the US Environmental Protection Agency (EPA) and with a $30m prize fund 

financed by 24 American utility companies, the aim of the SERP was to complement 

regulatory enforcement of tighter CFC emissions standards by offering a reward for 

competitively-priced, CFC-free and energy-efficient refrigerators. 

The prize money can be interpreted as an inducement to produce more efficient refrigerators 

that substituted for market incentives. The sponsor not only awarded a prize for meeting the 

overall objectives, but also felt it necessary to provide a per unit reward (in effect a subsidy) 

for sales of the winning model. 

The patent system goes some way towards rectifying this failure by allowing innovators 

exclusive rights to the use of their innovation. However, restricting access to innovations can 

lead to monopoly pricing and a socially inefficient diffusion of the innovation. This has led 

policymakers to place a time limit on patents. Consequently, it is not clear that the social 

value of innovations is consistently reflected in the rewards to innovators. Jones and 

Williams (1998) estimate that the social return to R&D is 30% while private returns are only 

7–14%. Thus, there is an underinvestment in R&D. Kammen and Margolis (1999) find that 

the social rate of return is 50%, around double the 20–30% private return. 
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Given the global nature of climate change and the urgency with which it must be tackled, the 

knowledge emerging from the innovation process is likely to be under considerable pressure 

to be disseminated widely, rapidly and cheaply. This could work one of two ways. It could 

reduce the rewards from innovation making it likely that countries will free-ride on the 

research efforts of others, leading to a global undersupply of low-carbon technologies, (Stern, 

2006). On the other hand, it could encourage widespread adoption, increasing the value of 

the technology. Martin and Scott (1999) argue that the kind of innovation most retarded by 

limited appropriability is the development of complex systems, which may form an integral 

part of low-carbon innovation. 

3.1.2 Emissions reductions as a public good 

Even if the market value of an innovation can be captured by the innovator, the incentives for 

innovation will be sub-optimal if that market value does not reflect the full social value of the 

innovation. Recent policy developments have begun to introduce pricing of carbon 

emissions, and these may go someway to limiting the severity of this market failure. 

However, there are a number of imperfections. Firstly, trading schemes and carbon taxes 

currently only cover some greenhouse gases and certain sectors. Secondly, while there is 

considerable uncertainty about the social value of carbon reductions, current pricing of 

carbon dioxide emissions is lower than what appears to be the socially optimal level. For 

example, IPCC (2007) states that the average value revealed by studies into the social cost of 

carbon is $43/tonne of carbon. Current UK government policy is to use a range of £35–

140/tonne of carbon and a central value of £70/tonne of carbon in policy appraisal. These 

figures are above the price of allowances within the EU Emissions Trading Scheme. 

Thirdly, the instability in the carbon price exhibited to date is a harbinger of the uncertainty 

over future pricing, which is naturally of great importance to innovators. IEA (2007b), 

referring to the use of real options analysis of the impact of uncertainty on investment, 

argues that ‘incentives to invest in low carbon technologies may require carbon prices higher 

than projected, during times of greater policy uncertainty’.  

Finally, Laffont and Tirole (1996) showed that spot markets for cap-and-trade schemes are 

themselves insufficient to induce the socially optimal degree of innovation; hence developed 

futures markets are also needed. Political uncertainty greatly limits the extent of current 

carbon futures markets. 

These factors point to continuing social benefits to emissions reductions above and beyond 

the private benefits faced by firms and individuals. In certain sectors where there is no form 

of carbon pricing, the problem is most acute. In others, policy may have mimicked market 

prices but lacks the certainty and forward prices necessary to stimulate an appropriate 

volume of investment.  

3.1.3 Barriers to entry 

Barriers to entry for new innovations, including financial and transaction costs and capital 

constraints can be large. Often, industry incumbents have a strategic advantage in 
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controlling the supply of new innovations. There may also be a degree of risk-aversion 

among smaller entrants. These factors are closely related to path dependency barriers 

discussed in section 3.2.2, but the scope of barriers to entry is somewhat broader. 

Foxon (2003) emphasises that the funding sources for disruptive technologies, which are 

typically venture capital and government-funding, are often associated with strict 

conditions, high costs or strong risk-aversion. 

Arguably, a financial barrier to adoption exists with respect to domestic technologies such as 

more efficient compact fluorescent lights. Despite being more cost-effective than traditional 

technologies over their life-cycle, the higher up-front cost of fluorescent lights may be a 

significant barrier to consumer adoption, (OECD and IEA, 2007). 

3.1.4 Informational barriers between markets 

Information signals about the value of an innovation and the potential market opportunities 

may not be freely available to innovators. The induced innovation process may therefore be 

weak since researchers and investors typically respond only when quality limitations, high 

costs or high prices in a market make innovation cost-effective. 

Disruptive innovation may be particularly vulnerable to informational failures. Foxon (2003) 

states that ‘in order to create the incentives for radical innovation, which disrupts the 

existing system in some way, information about future demands and future technological 

possibilities needs to be exchanged between users and producers. This means that non-

market transactions, including forms of co-operation and exchange of qualitative 

information, may be needed together with market transactions, to stimulate radical 

innovation’. 

Principal-agent problems afflict the relationship between financial sponsors and researchers. 

On the one hand, sponsors may have an imperfect understanding of the technological 

potential of innovations. On the other hand, researchers may not appreciate an innovation’s 

commercial potential and may have their own personal or institutional research interests. 

Sponsors must therefore try to design contracts which focus the research efforts of 

researchers in the areas of most value. To the extent that they cannot do this perfectly, the 

amount of financial support they are willing to provide will be restricted since they cannot 

be sure of getting the maximum return on their investment.  

The UK represents one of the most active venture capital markets (Carbon Trust 2005), 

accounting for 42% of European venture capital investment in low-carbon technologies. 

However, European venture capital investment in clean-technology has lagged behind 

growth in North America, particularly in recent years. 

Howarth et al (2000) discuss the role of informational problems in limiting the diffusion of 

energy-efficient lighting, which is typically cost-effective.  
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3.1.5 Uncertainty and the limitations of contracting 

Contracts for innovation are usually inefficient because they are complicated by the 

uncertainty of the innovation process (Taylor, 1995): 

― research inputs are difficult to observe and verify, creating moral hazard that limits the 

incentives for researchers to exert effort and can lead to the under-provision of research; 

― there is hidden information between the sponsor and the innovator, for example over the 

potential value and costs of innovations; 

― complex and sometimes intangible research outputs are difficult to verify within the 

normal legal framework. 

These features mean that the forward-contracts drawn up between researchers and 

entrepreneurs or incumbent firms are fragile and complex. Uncertainty about both inputs 

and outputs coupled with risk-aversion or incomplete contracting can prevent society taking 

advantage of otherwise beneficial activities. Social risk-aversion points to the value of 

technological diversity which may not be adequately signalled at the research stage. 

Uncertainty is endemic in climate change and the future innovations that abate greenhouse 

gas emissions. There may be great uncertainty about the size and nature of the final market 

for a good, particularly where there is a lack of pre-existing awareness among consumers. 

This can inhibit initial funding and support. Jaffe, Newell and Stavins (2001) argue that 

uncertainty is likely to explain a considerable portion of the high discount rate applied by 

firms to energy efficiency investments. 

The European Emissions Trading Scheme is a good example of the degree of uncertainty 

facing carbon-intensive sectors. At present permit prices, only minor changes in behaviour 

are likely to be cost-effective. The stringency of National Allocation Plans after 2012 will have 

a direct impact on the price of allowances, yet there is political uncertainty over these 

allocations. As a result of these risks, Stern (2006) argues that: ‘Carbon pricing alone will not 

be sufficient to reduce emissions on the scale and pace required as…the uncertainties and 

risks both of climate change, and the development and deployment of the technologies to 

address it, are of such scale and urgency that the economics of risk points to policies to 

support the development and use of a portfolio of low-carbon technology options’. 

Long-term alternative fuels 

Technologies subject to rapid commercialization generally find it easier to appropriate the 

benefits of their innovation. By contrast, fundamental research which offers little prospect of 

commercial reward for decades, and a great deal of uncertainty about the sectors and 

manner in which the technology will be deployed, will not be able to deliver substantial 

short-term benefits to researchers. The market failure in these cases is particularly acute. 

As noted above, long-term alternative fuels, such as hydrogen, are still in the fundamental 

research stages. Developing cost-effective technologies will take many years and their 

potential commercial scope remains unclear. It is not surprising that a great deal of hydrogen 

fuel cell research to date has been government-funded. A DTI/Defra report argued that 
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uncertainty is high because the technology requires ‘new, or highly modified, distribution 

and fuelling systems, as well as innovative hydrogen production and end-use technologies’ 

(Marsh et al, 2002). 

3.1.6 Perceptions in carbon-intensive sectors 

A survey conducted by the Department for Trade and Industry (2005b) provides evidence as 

to how companies perceive the barriers to innovation in different sectors. In primary 

industrial sectors, often associated with high emissions, information issues were considered 

to be less important than perceived economic risks, dominant incumbents and uncertain 

demand. Barriers to innovation were generally considered to be higher in the manufacturing 

sector, with innovation costs and financing of particular concern. It is also worth noting that 

smaller firms reported fewer barriers in all areas than larger firms; surprisingly this was 

most pronounced with regard to economic risks and direct costs.  

3.2 Institutional and systemic barriers 

3.2.1 Regulatory barriers to innovation 

There are striking differences in regulation between sectors which alter the innovation 

opportunities for both incumbents and new entrants. Kammen (2004) has argued that 

utilities in the important energy and water sectors see ‘few attractive revenue opportunities 

through encouraging greater efficiency, and in particular distributed generation appears as a 

simple loss of revenue’. This implies that attention needs to be paid in the regulatory 

framework to utilities’ opportunities to benefit from emerging technologies. 

As a specific example, the IEA (2007c) has recently published a report on the ‘legal aspects of 

storing CO2’ which highlights the barriers to deployment that may arise from the lack of a 

legal and regulatory framework. 

3.2.2  Path dependency in technologies 

Markets that are subject to the characteristics of scale economies, learning effects, adaptive 

expectations and network economies generate increasing returns to scale (Foxon, 2003). Since 

increasing returns to scale encourage the growth of early entrants to a market, superior 

technologies that emerge later can be inhibited from increasing their market penetration by 

dominance of the existing technology. Not only can this allow more costly technologies to 

persist, but the existence of increasing returns to scale also reduces the ex ante incentives to 

invest.  

Clear examples of path dependency relevant to carbon-intensive sectors include the 

economies of scale associated with energy generation, which effectively protect fossil fuel 

and nuclear technologies against renewable alternatives, and the networks of fuel 

distribution that exist for carbon-based fuels but not for alternatives such as biofuels and 

hydrogen. Jaffe, Newell and Stavins (2001) cite the following studies that have identified 

increasing returns to scale: 

― fossil fuels and renewable energy, Cowan and Kline (1996); 
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― internal combustion engine and alternative fuels , Cowan and Hulten (1996); 

― electricity generation, Islas (1997); 

― nuclear power reactor designs, Cowan (1990); 

― hydrocarbon-based fuels, Kemp (1997). 

Unruh (2000) argues that industrialised economies are subject to carbon-intensive technology 

‘lock-in’ that limits the growth of less costly technologies. Norberg-Bohm (2000) surveyed 

four technologies and concluded that gas turbines and clean-coal have had broader 

commercial success than wind and solar PV because they are ‘complementary technological 

assets’ to existing fossil fuel technologies and were supported by in-house R&D and 

manufacturing capability. Most striking are the prevailing energy and transport networks 

which are modelled on the characteristics of fossil-fuel sources. The DTI modelled different 

infrastructure systems for the deployment of hydrogen and demonstrated that where the 

process is expensive the potential for hydrogen deployment is severely curtailed (DTI, 2003). 

However, quantifying the lack of diffusion caused by path dependency is challenging; Jaffe, 

Newell and Stavins (2001) make the following assessment: 

‘We understand the theory of increasing returns and other sources of path 

dependence, but we have little evidence regarding their quantitative 

importance…But the actual magnitude of such effects, relative to the role played by 

the superior attractiveness of the technology to individual users, has enormous 

consequences for the question of whether developing nations will be able or likely to 

find a different path’. 

Counteracting path dependency is also the opportunity for path dependency to be overcome 

if market niches exist for disruptive technologies (Schot 1998 and Geels 2002). More 

generally, path dependency is likely to be less problematic in less developed economies, 

creating the possibility that developing countries can ‘jump’ technological steps and 

implement the latest technologies (Jaffe et al., 2001).  

Case Study: Path dependency in energy generation 

Not only must new technologies aim for rapid expansion in order to reach competitive cost 

levels quickly, but they must also outpace the incremental innovation that the incumbent 

technology is able to pursue. 

At the same time, the network nature of electricity grids impedes any generation system that 

is not compatible with this technology. For example, microgeneration technologies have 

arguably been impeded by their lack of suitability for plugging into the existing grid and the 

complexities of selling any excess energy back to the grid. An Energy Support Trust study 

states that equivalence between the value of energy taken from the grid and the energy 

returned will be necessary for a number of micro-generation technologies to be cost-effective 

(Energy Saving Trust, 2004).  
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The barrier may be most acute where niches do not exist for new technologies to colonise. 

Grubb (2006) argues that in contrast to the IT sector, in the energy industries, ‘market pull 

forces are weak because product differentiation is not a key market driver’. This is less true 

of the upstream generation market, where operating cost structures are differentiators. These 

factors, among others, are argued by Stern (2006) to be major causes of the generally low 

R&D intensity in the sector. 

However, some new generation technologies have succeeded in finding niches. Kammen 

(2004) notes that cost decreases in pholtovoltaic cells have been possible due to their niche 

use for many decades in satellites and as energy sources in remote areas.  

3.2.3 Bounded rationality 

Informed by the logic of evolutionary innovation theory, bounded rationality represents the 

imperfect decision-making processes which may characterise practical innovation. There is 

some evidence that bounded rationality slows innovation and diffusion. 

A study by Sorrell et al (2000) demonstrated that barriers to greater take-up of low-carbon 

technology by businesses were most often due to competing priorities and a lack of 

awareness. Even if these technologies offered net gains, the ‘routine’ activities of the firm 

limited the speed of adoption. 

Homeowners are also surprisingly unwilling to make cost-effective investments in energy 

efficiency measures. IEA (2007) identifies a number of causes, including split incentives 

between tenants and landlords, but also stresses the simple reluctance of households to 

change their routines. 

3.2.4 Policy and systemic barriers 

Grubb (2006) cites evidence from Papanathsiou and Anderson (2002) that ‘renewable-

intensive futures may be either cheaper or more expensive than carbon-intensive futures’. 

Under such uncertainty, firms’ investments will be sensitive to the policy and institutional 

environment as well as to market factors. David (1997) proposes that an important role for 

public policy lies in delaying the market from irreversible commitments and guiding 

decision-making towards a particular equilibrium. 

The existing fossil-fuel energy regime is supported by extensive state financial support. 

World fossil fuel subsidies in 2005 are estimated at $250 billion compared to $10 billion for 

renewables and $6.4 billion for biofuels in 2004 (Stern, 2006).  

A report on private sector innovation by the OECD provides comparative evidence that UK 

science policies and institutions are only moderately supportive of innovation, and business 

R&D intensity is similar to the OECD average (OECD, 2005). 
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3.3 Failures in public innovation 
A large proportion of research, particularly into basic science, is either funded by or carried 

out by the public sector. The social remit of government may allow it to place a high priority 

on low carbon technologies. However, institutional failures are likely to persist.  

It is widely recognised that a number of government research programmes have been 

characterised by high costs and limited success. Cohen and Noll (1991) detail the waste in US 

breeder reactor and synthetic fuel programmes. However, some programmes have brought 

substantial benefits as Pegram (1991) showed was the case for photovoltaic research.  

3.3.1 Informational failures 

Norberg-Bohm (2000) stresses the problems that governments have had in ‘picking winners’ 

and channelling public expenditure to those innovations that have strong prospects of 

commercial success in the private sector. She notes the examples of large wind turbines and 

clean coal which have failed at the commercialization stage. The principal cause of this 

difficulty is that while the state’s perspective may to some extent eliminate informational 

barriers between markets, it is subject to high informational barriers within them. Thus, 

public sector managers who do not work in a market and are not rewarded on a commercial 

basis may be less motivated to prioritise the most valuable technologies. Principal-agent 

problems within the public sector are strong and aligning the incentives of researchers with 

policymakers is likely to be at least as difficult as in the private sector. 

3.3.2 International failures 

Efforts have been made by the IEA to coordinate research between countries, but it is clear 

that the dual phenomena of research replication and free-riding remain. A good example is 

the fact that national investment in low-carbon technology is not recognised as a contribution 

to the objectives of the UN Framework Convention on Climate Change. Arguably, the 

incentives for national politicians and the public sector therefore promote action in other 

domains, crowding out strong innovation policies. 
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4 Context of current R&D 

effort 
4.1 Private sector R&D 
There is considerable variation in R&D intensity between sectors, calculated as R&D 

expenditure as a percentage of turnover, see Table 2. The DTI’s Scoreboard shows that many 

of the sectors where climate change innovation will be most important have low R&D 

intensities: construction, utilities and retailers. For automotive and travel sectors, it is unclear 

what proportion of R&D expenditure is focussed on emissions reductions. 

Table 2 R&D as a proportion of turnover, Global 1250 R&D-active companies, 2006  

Sector R&D intensity, % 

pharmaceuticals 15 

technology hardware 8.2 

leisure goods 7.0 

health care 6.4 

automotive 4.2 

travel and leisure 3.5 

general industrials 2.4 

media 1.8 

electricity 1.0 

construction 0.9 

mining 0.8 

gas, water, multi-utilities 0.4 

food and drug retailers 0.4 

oil and gas producers 0.3 

Source: DTI Scoreboard (2006)  

Expenditure on energy R&D in the private sector (in OECD countries) and the public sector 

(in IEA countries) is shown in Figure 1. There is a clear downward trend. 
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Figure 1 Industrial R&D expenditure in the energy sector, OECD, 2004, US$ millions 

at purchasing power parity 
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4.2 Public sector R&D 
Public sector expenditure on energy R&D is also in decline, see Figure 2.  
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Figure 2 Public sector energy R&D by country, as a proportion of GDP 

0.00%

0.02%

0.04%

0.06%

0.08%

0.10%

0.12%

0.14%

0.16%

0.18%

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

R
&

D
 e

xp
en

d
it

u
re

 (
p

ro
p

o
rt

io
n

 o
f 

G
D

P
)

France Germany Japan United Kingdom United States
 

Source: Stern (2006) 

The high level of expenditure in Japan is explained by its nuclear power research. This also 

accounts for most of the energy R&D in France. Figure 3 gives a highly aggregated 

composition of energy R&D for 18 countries. 
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Figure 3 Public spending on energy R&D per capita, average 2001 to 2005, US£, 

purchasing power parity 
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Source: Martin, R. (2006/07), ‘Technologies to tackle global warming’, CentrePiece, Winter. 

 

The EU will spend €5 billion, 10% of its 2007–13 research budget, on energy and environment 

research (Stern, 2006). UK direct support for climate change innovation is shown in Table 3.  
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Table 3 UK direct support for climate change innovation 

Initiative Funding Description 

Carbon Abatement  £35m over 4 years demonstration technologies, 

especially CCS 

Hydrogen demonstration £15m over 3-4 years technology development 

Low Carbon Buildings Programme £70m from 2006 to 2008 grant-funding for microgeneration 

New Low Carbon Energy Technologies approx. £500m development and deployment of 

renewable and low-carbon 

technologies 

Marine Renewables Development Fund £75m bridging the ‘funding gap’ between 

demonstration and commercial 

deployment 

Low Carbon Vehicle Partnership  stakeholder group 

Sector Sustainability Challenge  supply chain initiatives to reduce 

environmental impact 

Sustainable Technologies Initiative £20m supporting collaborative research 

projects 

Environmental Industries Action Group  address institutional barriers to 

innovation in environmental sectors, 

e.g. water. 

Biomass Task Force   

Sustainable Procurement Strategy   

Source: DTI (2005a) 

Current levels of UK public grant funding for renewable energy were approximately £21m in 

2005/06 (Wicks, 2007). Table 4, listing grant distributions, shows the amount of funding 

provided by research councils (who focus on basic science) in 2005/06. Direct DTI funding 

fell from a peak of £11m in 2003/04 to £4.5m in 2006/07, while research council funding has 

increased from £12 to £16m over the period. 
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Table 4 Expenditure by research councils and the Department of Trade and Industry 

on renewable energy research and development, £000, 2005/06 

Initiative via research councils direct 

bioenergy 879 2,024 

hydrogen and other vectors 0 1,499 

solar/pv 1,782 4,065 

wave and tidal 1,655 1,026 

wind 1,137 125 

chp  51 

co2 sequestration  1,072 

fuel cells  1,207 

waste  79 

geothermal  106 

storage  789 

networks  3,666 

other renewables  114 

Total 5,453 15,823 

Source: Wicks (2007) 

Additional research council funding includes £15.6m for the Tyndall Centre for climate 

change research over 2000–09 and £13.9m for the Energy Research Centre over 2004–09, 

Wicks (2007).  

4.2.1 International adaptation research 

Recent commitments by developed countries to raise development expenditure to 0.7% of 

Gross National Income by 2015 will include investments in adaptation through the Global 

Environment Facility. However, less than 1% of these aid flows is dedicated to adaptation, 

amounting to around $150–300 million per annum. In addition, the Kyoto adaptation fund, 

financed by a 2% level on Clean Development Mechanism Transactions, is expected to raise 

$100–150m by 2012. These sums are small relative to the projected costs of adaptation of tens 

of billions of dollars (Stern, 2006). Moreover, only a small proportion of this funding will be 

dedicated to research and innovation. 

4.2.2 Summary 

The implication of this brief review is that R&D budgets have yet to respond decisively to the 

fanfare around climate change in either the public or private sectors. Key sectors in reducing 

carbon intensity are weak innovators and government funding is thinly spread. 

Stern (2006) undertook modelling of the level of innovation investment that would be 

needed to meet a 550ppm CO2 stabilisation level. He concluded that low-carbon deployment 

support would need to increase 2–5 times over the next 20 years. He also recommends 
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reversing the decline in financial support for fundamental energy R&D and doubling the 

current global budget (see chart earlier) to $20 billion per year. 
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5 The economics of prizes 
While prizes can have a profound social and political role, one of their concrete effects is on 

the economics of innovation. We focus here on how a prize can change the behaviour of 

individuals and enterprises. 

5.1 The economic merits of prize contests 

5.1.1 Leveraging and directing investment 

It is a striking fact that competitors have been collectively willing to spend up to 10–16 times 

the cash value of a prize on relevant research to meet the objectives (X-Prize Foundation, 

2007). In addition, drawing attention to a sector can lead to follow-on investment in more 

traditional forms, for example the commercial contract signed between Scaled Composites, 

the winners of the Ansari X-Prize, and Virgin Galactic. 

In sectors where there is identified under-investment, where researchers from other fields 

have limited information about the relevance of their skills to valuable innovation, or where 

there is a poorly developed market, prizes may be a cost-effective method of directing 

research efforts towards a specific goal. 

Leveraging prize money 

Why have contestants collectively spent up to 10–16 times the cash value of a prize in trying 

to win? That individual contestants make a loss is not surprising; the expected value of entry 

may still be positive, but it may often turn out that they did not win or their costs were 

higher than expected. Collective ‘over-investment’ cannot be explained in the same way. A 

simple example shows what happens. Assume that there are n competitors and each has an 

equal chance of winning a prize of value P. Then the expected value of the prize for each is 

P/n. Each entrant will only enter if expected costs are less than P/n (barring other rewards 

such as patent protection). 

However, competitors do not make a single decision on entry of how much they are willing 

to spend; rather they make a marginal decision at each point in time as to whether further 

expenditure has a positive expected payoff. Moreover, each such decision regards previous 

expenditure as sunk. If there are two firms competing for a £1m prize and each has already 

spent £900,000 they must make a decision about how much more to spend. If each still 

believes they have a 50% chance of success, then spending an extra £100,000 for an expected 

payoff of £500,000 is a good investment and can also go someway to paying back previous 

expenditure. Even spending an extra £400,000 has an expected return of £500,000, even 

though the overall endeavour would have returned a negative a payoff.  

The logic of this competition is analogous to the war of attrition model employed in game 

theory. Here, two or more contestants compete for a fixed reward while accumulating costs 
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over time. Since these costs are incurred regardless of who eventually gains the reward, the 

costs are analogous to sunk costs incurred by research investors. Sunk costs do not influence 

marginal decisions, so at any point in time the competitors need only compare the 

probability-weighted reward on offer against the marginal costs they will incur to continue 

playing. Analysis of these games by Riley (1980) has shown that there is no pure strategy 

equilibrium.  

 

Case Study: Defense Advanced Research Projects Agency Grand Challenge 

The outlook of the DARPA Grand Challenge is long-term and is oriented to meet the explicit 

goal of 30% of US military vehicles being driverless by 2015. The goal, then, is to ‘mobilize 

the technical community to accelerate research and development…to draw attention to the 

technology issues associated with autonomous vehicles and to generate breakthroughs in 

performance’ (DARPA, 2006). The implication is clear: without a clear and concrete signal 

from the government, the value and importance of the technology would not have induced 

the necessary innovation.  

Three prize tournaments to evaluate competing approaches to the challenge have been 

successful. The first Grand Challenge had a prize fund of $1m, the second was increased to 

$2m, and the third offers $2m to the winner, $1m to the second place entry and $0.5m to the 

third place entry. 

5.1.2 Achieving an efficient allocation of risk 

With extensive informational asymmetries in innovation markets it is important that 

incentives promote efficient levels of research. It is an economic principle that this can best 

be achieved by ensuring the individual most able to control risk should bear that risk. Prizes 

have the distinct advantage that risks are borne by the competitors who are in control of 

those costs. Nalebuff and Stiglitz (1983) demonstrated that innovation can be maximised 

with a prize rather than input or output-based compensation because ‘the advantage of 

competitive systems is that they have greater flexibility and greater adaptability to change in 

the environment than do other forms of compensation’. This occurs because a fixed reward 

maintains the incentive to minimize costs and maximize effort regardless of changes in the 

research environment. On the other hand, prizes will not boost research effort where the 

risks faced by researchers are uncontrollable. 

Case Study: Cheap Access to Space Prize 

Established in 1997 to encourage private sector involvement in rocketry, the $250,000 Cheap 

Access to Space Prize challenged entrants to launch a 2kg payload to altitudes of 120km and 

200km. Both prizes went unclaimed when it expired in 2000. The difficulties of these 

challenges were clearly hard to gauge beforehand, and the author of the rules commented 

later that ‘the teams did not come as far as we thought when we established the prize, but 

they did make demonstrable progress’, (Space.com, 2000). 
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Under traditional procurement arrangements, the sponsor would have needed to cut their 

losses when costs exceeded expectations, or instead increase funding. However, under the 

prize structure, the greater-than-expected difficulty of the challenge did not leave the 

sponsor out of pocket since the teams bore the risk themselves. 

5.1.3 Identifying the best innovators 

In the transition from invention to innovation and commercial application, there are strong 

informational asymmetries that separate experts. The investor may not know who the best 

innovator is, making commercialisation difficult. Establishing the signals and reputations 

that lubricate the functioning of markets is likely to improve the efficiency with which 

research is applied. The transparent and competitive nature of prizes means they can 

perform a valuable selection process, giving the best innovators the credibility and 

reputation necessary to gain commercial support. Prizes can act as a form of screening for 

backers looking to buy into the most promising technology and the most competent research 

team. Stiglitz (1975) shows that compensation schemes based on output and achievement, 

such as prizes, are particularly effective in this role. This function is fundamental, because if 

sponsors knew who the best innovators were before the contest, they would presumably 

contract with them directly. Prizes, unlike many other instruments, force researchers to 

distinguish themselves. 

Case Study: Automotive X-Prize  

The Automotive X-Prize has at the centre of its approach the creation of a forum in which the 

most promising innovators and innovations can be incubated and showcased: ‘There is no 

stronger catalyst, no clearer depiction of the possible, no more energizing event in 

American—or any—culture, than a competition leading to a winner…Winning a fair and 

open competition confers on the victors and their ideas a legitimacy that no amount of 

argument, endorsement, data, or regulation can achieve’ (X-Prize Foundation, 2006b). These 

sentiments may not resonate in all cultures. 

The automotive prize is aimed at entrepreneurs and small teams rather than the motoring 

industry, as mentioned earlier. Not only did this allow new ideas to be identified, but it 

offered credibility and additional market opportunities to the winner: ‘the AXP logo that 

finalists will be allowed to use will be a badge of honour that will help innovators succeed on 

the showroom floor’. 

While the value of the prize has yet to be announced, it is likely to be comparable to the 

$10m offered for the Ansari and Archon X-Prizes. 

5.1.4 Overcoming barriers to entry 

By establishing a level playing field for participation and a guaranteed reward for success, a 

prize can minimize barriers to entry which may otherwise be considerable. One particular 

barrier is the risk-aversion that is typical of many small research teams. Nalebuff and Stiglitz 

(1983) argue that ‘the use of a contest as an incentive device can induce agents to abandon 

their natural risk aversion and adopt ‘riskier’ and more profitable production techniques’. By 
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offering a fixed reward, increases in cost induce greater risk-taking among (even risk-averse) 

agents in order to protect their expected utility, in the same way that lenders start to take 

more risks as interest rates increase. Leerberg (2006) has described an open contest for an 

innovation as ‘path independent’ since it does not prejudge the tactics or techniques used to 

reach a solution. 

Of course, in contrast to the up-front financing of grants and some contracts, prizes can 

generate substantial cashflow constraints. Hence, they may be less appropriate, or need to be 

coupled with other policy instruments, where innovations are expected to be particularly 

expensive or working capital is particularly important. 

Case Study: NASA Centennial Challenges 

In a large and predominantly state-funded institution like NASA, research is typically 

conducted in-house or in collaboration with large research institutions and universities. With 

complex grant funding systems and considerable stability in personnel, novel solutions and 

cost-minimization may be difficult to bring about.  

In establishing the Centennial Challenges, NASA recognized the weaknesses of traditional 

research procurement: ‘Sometimes the selection is influenced by preconceived notions held 

by the evaluation committee members, thereby predetermining the form of the solution. 

Under the prize methodology, there is no need to tell the future’. Of four different challenges 

established with specific objectives, Flagship Challenges were specifically aimed at 

promoting new and external sources of innovation by appealing to non-traditional 

innovators and setting malleable rules. ‘Flagship Challenges are intended to encourage 

external teams to independently design, develop, launch, and operate space missions and 

thereby generate innovative and/or low-cost approaches to various civil space goals that 

would not otherwise be pursued.’ 

To fit these objectives, the challenges are open to private sector companies, non-profit 

institutions, university researchers and student teams. 

Prizes in 2005 were typically modest, at around $50,000 for the Tether Challenge and the 

Beam Power Challenge. However, these have both been raised to $500,000 as the prizes 

remained unclaimed. Other prizes have been established at $250,000 while the Lunar Lander 

Challenge has a prize fund of $2m. 

5.1.5 Generating market demand 

If demand is limited for reasons of information asymmetry, incomplete markets or income 

constraints, the competitive dynamics of prizes can succeed in raising consumer awareness. 

Niches can be found or created by encouraging researchers to work with potential 

consumers to meet usability criteria. In turn, a sufficient market can justify investment in 

innovation. A description of the effects of the Orteig prize on the aviation market highlights 

the potential importance of this effect: ‘It changed aviation forever because all of a sudden 

the Wall Streeters were banging on doors looking for airplanes to invest in. We'd been 



NESTA and Defra  Economics of prizes for low-carbon innovation 

  33 

standing on our heads trying to get them to notice us but after Lindbergh, suddenly 

everyone wanted to fly, and there weren't enough planes to carry them’, Jennings and 

Brewster (1998).  

Rosenberg writes ‘there have existed a variety of devices at different times and places which 

have served as powerful agents in formulating technical problems and in focusing attention 

upon them in a compelling way … the ordinary messages of the marketplace are general and 

not sufficiently specific.’ What are needed are mechanisms that call ‘attention decisively to 

the existence of problems the solutions to which were within the capacity of society at the 

time, and which had the effect of either increasing profits or preventing a decline…’ 

(Rosenberg, 1969). 

Case Study: Ansari X-Prize 

As the most well-known and successful prize of recent years, the $10m Ansari X-Prize had 

the aim of ‘challenging the prevailing global perception that space travel is limited to 

government organizations, the ANSARI X PRIZE will stimulate commercial and private 

passenger space flight for the average person’, (X-Prize Foundation, 2007b) 

The prize is closely modelled on the Orteig Prize for the first solo non-stop flight across the 

Atlantic. ‘”The Spirit of St. Louis” proved that the principal barrier to commercial air travel 

was not a technological wall as much as a psychological one’ (X-Prize Foundation, 2007b). 

Indeed, the Spirit of St. Louis was seen by a quarter of all Americans, arguably generating a 

mass market for what had previously been a luxury or daredevil pursuit. 

The Ansari X-Prize appears to have had a similar effect; at the very least the winning design 

has prompted unprecedented investment in the private space tourism market with the 

founding of the first spaceline, Virgin Galactic, illustrating the newly-realised commercial 

possibilities. 

5.1.6 Reduced procurement costs 

By simplifying contractual arrangements and leveraging investment, prizes can offer high 

value for money for a sponsor. Of particular importance is the ability of prizes to overcome 

the moral hazard problems of conventional procurement. As Fullerton and McAfee (1999) 

describe it, contracts based on absolute performance require extensive monitoring to 

maintain the supplier’s effort, while those based on relative competition have an inherent 

mechanism for maintaining effort. 

This mechanism is that participants bear the risk of failure, while sponsors only pay out the 

prize reward if the desired criteria are met. As a procurement strategy this is likely to be 

extremely attractive, particularly for governments who have historically had difficulty 

identifying the best technologies to support. It also makes sense economically because the 

sponsor has only an indirect effect over the success and costs faced by the participants. 
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The US National Academy of Engineering has argued that ‘in principle, prize contests could 

lower the cost to federal agencies of identifying capable competitors, selecting among them, 

and subsequently monitoring and verifying their performance vis-à-vis a predetermined 

objective’. 

Case Study: High Definition Television Standards 

By giving away the rights to license high definition television technology standards to the 

best proposal, the US Federal Communications Commission managed to establish an 

advanced television standard at much lower public cost than the subsidised cooperative 

R&D programmes in Europe and Japan (Fullerton and McAfee, 1999). 

The key difference between these policy approaches was not the signalling of the standard’s 

social and commercial value, which they both achieved, but rather the incentives it generated 

to develop a low-cost standard. Under subsidised research programmes, governments must 

bear the costs and the risks in the first instance, while trying to impose appropriate incentive 

and monitoring schemes on researchers. By contrast, a simple contest allows the judges to 

select the best value standard.  

5.2 Valuing the benefits of a prize contest 
Prize contests usually deliver benefits regardless of whether they are won. Yet, where the 

objective represents a specific bottleneck, then the bulk of the prize’s value will be contingent 

on overcoming that bottleneck. While it is possible, and indeed common, to calibrate prizes 

so that they are challenging but achievable, assigning a value to the probability of success is 

highly speculative. Consequently, valuing the benefits of research ex ante is exceptionally 

difficult since the path of research and the potential markets are by their nature uncertain. 

Similarly, given the asymmetries of information and possibilities of duplicated effort, it is 

unlikely that a sponsor can make an accurate assessment. This may explain Davis and Davis’ 

(2004) observation that ‘nowhere is there evidence of an a priori calculation of the social value 

of a prize’. 

Yet, a number of more qualitative approaches can be taken to gain an understanding of how 

valuable prizes might be: 

― Comparison with alternative policy instruments (whose value is more amenable to 

measurement), can show the relative merits of a prize (see Section 7).  

― A proxy for a prize’s value is to assess the amount of investment that is expected to be 

leveraged, although of course the amount of investment should not be taken as a direct 

guide to the consequent social benefits. The X-Prize Foundation justified its continued 

use of a prize incentive based on experience with the Ansari X-Prize, claiming that a 

prize could ‘stimulate entrepreneurial investment that produces a 10 times or greater 

return on the prize purse and at least 100 times in follow-on investment and social benefit’. 

These figures are based on a $10m prize, $100m spent in competing for that prize and 
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nearly $1bn of subsequent market investment by Spaceport America, Virgin Galactic and 

the Space Ship Company in the first two and a half years following the awarding of the 

prize (X-Prize Foundation, 2007). 

― Ex post assessments may be easier to make, even though they provide little ex ante 

guidance. One methodology has been developed by Masters (2007). The value of an 

innovation is taken to be the total surplus—the combination of cost reduction and output 

gain—achieved by implementing the innovation. However, the method is highly 

approximate, fails to take account of any dynamic impacts on further innovation, and 

does not separate the effects of a prize from exogenous factors which might impact on 

costs or output.  

5.3 Risks and limitations of prize contests 
There are a number of circumstances in which prizes must be carefully justified because they 

risk being a blunt or expensive tool. 

The rat race competitive dynamics of a prize may lead to excessive investment that over-

corrects for the existence of market failure. Since research costs are netted off from social 

benefits, it is important that the objective is not achieved at any cost. In section 8 we discuss 

design features that can minimize this risk. 

More generally, shifting risk to investors and away from governments creates an absolute 

increase in the level of risk faced by innovators. Large-scale investments will quite routinely 

prove unsuccessful under a prize contest and may lead to the financial bankruptcy of 

participants. Innovators making great technological strides can suffer financially solely 

because another researcher makes even marginally greater progress. In the process of 

creating highly successful winners, the social consequences of failure should not be ignored. 

Promoting more competitive research models such as prize contests runs the risk of 

segregating research efforts and therefore duplicating research effort. Not all duplicated 

research is undesirable or pointless. If there is a significant learning by doing element to 

research then it can improve the chances of further achievements by one or more 

competitors. However, in some situations the risks of duplication are significant and with 

limited exchanges of information these may not be immediately apparent.  

The counterpart to duplication is a lack of collaboration that characterizes grant funding. 

While participants in a contest will still have an incentive to cooperate where there are 

mutual benefits and they can share the rewards, in practice transactional and bargaining 

costs in such a competitive atmosphere may prevent such collaboration.  

Gauging a prize’s effectiveness by the amount of investment leveraged is particularly 

inappropriate if that investment is simply offset (or ‘crowded-out’) by reductions elsewhere 

as researchers flock to the subjects with the highest rewards. Goalsbee (1998) provides 

evidence that the inputs to research, especially researchers’ wages, are inelastic in the short-

term, which is likely to lead to crowding out. 
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General risks are also associated with the institution set up to implement the prize, which 

must be independent, transparent and credible in order to produce the right incentives. 

While there is a risk that too strict a definition can limit the chance of a prize being claimed 

and therefore the level of investment—a charge that has previously been levelled, for 

example see the case study of the Rockefeller STD Testing Prize on page 60—this can be 

minimised through active market analysis and consultation. 
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6 Comparing prizes to 

alternative policy 

instruments 
Historically, prizes that establish rewards have fulfilled a minor role in public policy and 

governments have preferred to pursue their policy goals using more compulsive instruments 

such as taxation, regulation and subsidy. In this section we identify the circumstances in 

which prizes can outperform other policies. 

The innovation systems approach suggests that no single policy is likely to succeed in 

isolation, and that approaches to education, competition, public procurement and overall 

social change can play an important role in creating the incentives and opportunities for 

successful innovation. This is recognized by UK Government innovation policy, DTI (2003).  

While prizes could play a role in raising awareness, promoting social change and supporting 

the underlying conditions for innovation, here the focus is on prizes as a means of achieving 

specific improvements in innovation performance. Responding to the market failures 

identified earlier, these improvements are likely to reflect the following objectives: 

 an overall increase in investment in innovation and R&D, in this case focusing on 

low-carbon innovations; 

 guiding investment towards the most socially beneficial areas of innovation; 

 minimising government and social exposure to unnecessary costs and risks. 

It is against these criteria that competing policy options are assessed. 

6.1 Prizes versus regulation 
On the one hand, regulations have the ability to specify certain performance criteria for 

processes or products and limits to activity. For example, by specifying minimum industry 

standards they can create demand for innovation. On the other hand, regulations typically 

do not succeed in alleviating the market failures that are the underlying cause of sub-optimal 

innovation. At the same time, they rely on the ability of government, with its limited 

information base, selecting appropriate areas and levels of regulation. Usually, regulations 

are adopted after the innovation has occurred, and act to propagate it throughout the 

market. 

Consequently, the empirical evidence on the innovation effects of regulation and induced 

innovation, summarised by Jaffe, Newell and Stavins (2001), is mixed: 
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― the energy efficiency of home appliances has responded in part to efficiency standards, 

although some innovation was also autonomous and other innovation was driven by 

rising energy prices; 

― Alic, Mowery and Rubin (2003) provide evidence that the regulation of SO2 emissions 

from coal-burning power plants was an effective spur to patents in scrubber 

technologies; 

― Nordhaus (2000) modelled induced innovation in the ‘DICE’ climate change model and 

concluded that induced innovation is modest and of less importance than factor 

substitution (a change in the input mix) in reducing emissions. 

This suggests that regulation can increase the rate of innovation and the rate of adoption of 

innovation, but that it is not the only driver. 

Prizes suffer a number of similar weaknesses—areas of desirable innovation must be 

identified by an information-poor government, and the costs (which fall on the private sector 

in both cases) are usually uncertain.  Yet, the flexibility of a prize limits its exposure to these 

weaknesses in a way that regulation, which is based on compulsion, cannot. Thus, if the costs 

of innovation turn out to be large, efforts will be adjusted accordingly. With regulation, 

tractability often requires the specification of particular technologies (for example, ‘Best 

Available Technology’) while prizes can avoid pre-defining the best approach.  

The bluntness of regulation also makes it unsuitable for promoting radical innovation. It is 

legally difficult, if not impossible, to target regulations at a sub-set of firms, instead entire 

industries must be given requirements relating to an unknown technology. This makes 

regulations effective at diffusion, but technology requirements must be moderate. Imposing 

regulations requires both diluting the incentives to radical innovation and raising the costs 

through industry-wide compliance. 

Furthermore, prizes have been shown to address underlying market failures by generating 

an additional innovation incentive and improving information flows. While the penalties of 

non-compliance with regulations might induce a similar effect, these penalties are less clearly 

linked to the achievement of innovation outcomes (rather they are related to fulfilling 

quantifiable criteria). Also, the carrot is likely to be stronger than the stick in the realm of 

innovative and entrepreneurial practices. Finally, the administration costs of a prize may be 

lower than those of regulation since compliance with prize rules is incentivised while 

compliance with regulation needs to be monitored. 

6.2 Prizes versus subsidies 
Subsidies as considered here include a range of grants and tax-breaks for research. They 

make up the bulk of government financial commitments to innovation as shown in section 5. 

Subsidies can involve a more or less formal contractual framework. For academics, grants 

may be provided without placing any conditions on research findings or publications. For 

public research agencies, complex targets and measures of success can be established, often 

supplemented by managerial incentive schemes. Subsidies are always battling against the 
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inherent weakness that, once distributed, the financial reward is no longer contingent on the 

delivery of the outputs sought by public policy. Even worse, from a position of informational 

weakness, the government has limited knowledge of whether funding has been spent wisely, 

and whether or not the cause of failure is inside or outside of the control of the recipient.  

The size of subsidies need not be excessive—competitive bidding for financial support can 

successfully identify researchers able to generate maximum value from short-term subsidy. 

However, the use of such bidding is limited and given the limited responsibility of recipients 

for outcomes it is questionable whether the ‘lowest-price’ recipient is also the one able to 

produce most social value. 

By contrast, prizes do not require monitoring of innovators’ efforts. The design of prize 

contests can therefore be much simpler. If innovation is unsuccessful, the cost is also borne 

by private investors rather than the public sector. Informational asymmetries provide a 

strong justification for requiring innovators themselves, who are most aware of the potential 

of their innovation, to bear a large part of the risk.  

Additionally, the analysis presented earlier suggested that £1 spent as a subsidy would not 

deliver as much absolute investment as £1 offered as a prize. Finally, a more general asset of 

prizes is their flexibility. By altering their design, prizes can combine a range of functions to 

target particular market failures in a sector effectively. 

Subsidies to private enterprises may play a role in remedying market failures such as credit 

constraints, although they are often subject to their own institutional weaknesses that are 

biased towards particular recipients or subjects. 

6.3 Prizes versus direct contracting 
Direct contracting (public procurement) can be as effective for R&D as for standard product 

and service procurement: ‘If the desired innovations can be marketed to the public or 

procured by contract, then doing so is almost certain to be faster and more effective than 

offering prizes’ (Masters, 2007).  

However, it was argued in section 4.1.5 that contracts for the most uncertain and long-term 

innovations are complex and subject to hidden information between sponsor and 

researchers. Contracts are bypassed by the use of a prize because the incentives of the 

innovator are made incentive-compatible with those of the sponsor. Further, the open nature 

of a prize can appeal to much wider sources of innovation than traditional contracting which 

depends on existing institutional relationships. It may therefore be more effective at solving 

radical innovation challenges. 

6.4 Prizes versus patents 
One particularly important form of regulation is the granting of a legal monopoly to 

patented innovations. This essentially monetary reward has certain parallels with a prize 

contest. However, prizes and patents will typically have a different impact on innovation 
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efforts in different markets. Wei (2007) emphasizes the fact that patents are only effective 

where there is a potential market to take advantage of. The pharmaceutical industry 

demonstrates the difficulties of using the patent system to guide innovation towards the 

most socially beneficial sectors which may have poorly developed market institutions. 

Moreover, there is a deadweight (social welfare) loss associated with the sanctioned 

monopoly pricing. The trade-off is that it is difficult to design prizes that can mimic the 

incentives of the market and provide an incentive not just to innovate, but also to 

commercialise and market products. 

A further difficulty of using patents is the ‘hold-up problem’, whereby another player 

(especially a monopolist) down- or up-stream from the innovator is able to extract the value 

of the innovation at the expense of the innovator. This can also occur horizontally where a 

complementary piece of intellectual property is needed to commercialise the first innovation. 

Of course, prizes and patents are not mutually exclusive policies; indeed, the combination of 

the two may be an effective way of retaining strong commercialisation incentives while 

providing a tool to guide the direction of innovation investment. Masters (2007) argues 

‘There is a long history of using prizes alongside patents and grants, because they 

complement each other: like patents, prizes reward innovators only in proportion to proven 

results; like grants, they reward innovations that are publicly valued but not privately 

marketable’.  

Commercialisation of innovations 

A particular stumbling block for innovations is the commercialisation stage of innovation, 

which relies on rapid scaling-up prior to the generation of profits and an iterative process of 

learning from customers in niche markets. Barriers to entry, regulatory obstacles and path 

dependency may all be obstacles. Traditional policy instruments are poor at overcoming 

these problems. 

Regulation is often a barrier to commercialisation by favouring particular technologies or 

imposing standards that favour incumbent technologies. 

Subsidies can support basic research, but restrictions on state aid generally prevent them 

supporting product roll-out. From the sponsor’s point of view it is not clear that this funding 

will be used to support innovation and not other activities. 

Direct contracting can play an important role in developing previously under-exploited 

markets. However, the ability to pick the best technologies is not a relative advantage of 

government and contracts for delivery are likely to be complex. 

Patents can provide incentives for market growth, but the incentive may be less effective in 

underdeveloped markets, or where value is likely to be extracted by other players in the 

value chain. 
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Prizes also have drawbacks—their design can be complex, significant risk is transferred to 

the private sector and financial barriers to entry may remain. However, an appropriately 

designed prize can: support small firms overlooked by subsidies by permitting open entry 

and level the playing field against incumbent technologies by being technology-neutral. A 

particularly effective type of prize might involve a government supply contract as the 

reward. This would be superior to direct contracting because by forcing the best innovators 

to distinguish themselves, prizes support only the most promising technologies at the 

commercialisation stage. 
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7 Elegant prize design 
Taking into account the various market failures, objectives and risks of a prize, there are a 

wide range of design choices that a sponsor must make. To borrow the framework used by 

Newell and Wilson (2005), any prize consists of three core elements: the objectives or 

‘technological target’, the size and nature of the reward, and the victory conditions. 

7.1 The prize objectives 
Newell and Wilson (2005) distinguish between a prize’s overarching goal and its proximate 

means objective. If specific research bottlenecks have been identified, the two may broadly 

coincide and a direct prize is possible. These prizes, such as the Cheap Access to Space prize, 

are of intrinsic value and typically have substantial commercial potential.  

In other cases, where there is only a broad vision of the sectors in which progress needs to be 

stimulated, the overarching objective might not be amenable to specification as a prize. 

However, an indirect prize is able to target a proximate and more basic objective and 

thereby pushes the boundaries of innovation in the direction of the overarching objective. 

Here, the objectives may be relatively arbitrary and the commercial value of the innovation 

less immediately apparent. This in turn may suggest a larger prize is needed to generate the 

relevant interest. For example, human-powered flight may not have been of great value in 

1959 when the powered version had already proved so successful, but the Kremer prize for 

human-powered flight was nevertheless established because the feat stretches the limits of 

design and engineering. Subsequently, the successful entries developed lightweight 

materials, batteries and designs later used in the development of electric cars and military 

drones. The weakness of indirect prizes is that they depend on the capacity of the sponsor to 

specify the criteria for appropriate indirect prizes. 

An additional attraction of indirect prizes is that they reduce the scope for subjectivity in 

judging between diverse submissions, as may be required in a direct prize contest. This 

subjectivity might reduce ex ante participation incentives. 

7.2 The reward 
The reward is the essence of the prize and the source of researchers’ incentives. The sponsor 

must specify (a) the type of reward, (b) the size of the reward, (c) how the reward will be 

allocated across participants at the end of the contest and (d) whether contestants and 

winners are able to retain their intellectual property, or whether this reward is appropriated 

by the sponsor. 

7.2.1 Reward type  

Most prizes offer a cash reward. Kremer (2000) has suggested that winning firms may 

instead receive (government) supply contracts. This process is commonly used in US defence 

procurement, particularly for new aircraft acquisition. A virtue of this form of reward is that 
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the government can specify the scale of procurement after considering the proposals from 

the most successful entries. Promising entries are rewarded with larger contracts, so firms 

have an incentive not only to beat the competition, but to maximise the value they can offer 

the government in order to receive the largest contract. 

Supply contracts can be effective at supporting the emergence of niche markets or the early 

stages of poorly developed markets. By procuring emerging rather than dominant 

technologies, learning processes can be promoted so that new technologies can become cost-

competitive sooner. Alic, Mowery and Rubin (2003) cite examples of US agricultural and 

manufacturing policies which have successfully supported learning processes by nurturing 

niche markets. 

7.2.2 Reward size 

The size of a reward has a bearing on who enters a contest and how much effort they exert. 

Newell and Wilson (2005) argue that three factors: higher development costs, greater social 

gains from innovation, and a lower probability of success all justify higher prizes. 

The optimal size of a prize is not normally equal to the value of the market failure it is 

seeking to correct or the social value of the innovation being sought. Newell and Wilson 

(2005) show that contests with a ‘winner-takes-all’ reward make competitors respond to the 

average probability of success by any firm, since their personal chance of success depends on 

the failure of others to get there first or outperform them. By contrast, the optimal social level 

of research is determined by the incremental probability of success from another £1 of 

investment. If we make the reasonable assumption that stubborn problems become 

increasingly expensive to overcome (i.e. that the incremental probability of success falls as 

investment increases), the average probability will always be higher than the incremental 

probability. Consequently, the prize leverages investment many times its social value and 

need not itself fully compensate for the market failure.  

Assuming that the sponsor is altruistic and internalises full social benefits and costs, the 

problem they wish to solve in setting a prize sum is to maximise the net present value of 

social value per pound of prize money offered. 

There are two reasons to believe that providing a prize of the correct order of magnitude is 

more important than its precise value. Firstly, some less quantifiable objectives of the prize 

might be achieved as soon as the prize passes some threshold value. For example when 

trying to identify the best innovators, the actual reward need only be enough to attract 

qualified entrants and generate credibility for the winner.  

Secondly, while a larger prize increases the reward for success and attracts more entrants it 

may also reduce the expected value of the prize for each competitor if new entry dilutes their 

probability of victory. This may in turn limit the amount of effort and investment they exert 

as Taylor (1995) demonstrated. Within close proximity to the optimal prize size, these 

opposing effects are likely to be closely balanced and the resulting research outcomes may be 

relatively insensitive to the precise level of the prize. 
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Innovative approaches to setting prize sizes 

Increasing rewards One truth that flows from the observation that more difficult 

innovations require larger prizes is that (particularly for race formats), the longer a prize 

goes unclaimed, the higher is the optimal size of the prize. A number of prizes including the 

Orteig Prize and NASA’s Tether Challenge have been raised before they were eventually 

claimed. Note that such an increase does not necessarily reflect greater than expected net 

social benefits from the prize being won; indeed, we have earlier noted the assumption that 

incremental costs increase over time. Instead, the justification is that the initial prize size was 

based on the expected costs and benefits of research, trading off the need for a large prize with 

the additional social gain if the cost of handing out prize money and undertaking research is 

minimised. Once the outturn costs are revealed by a lack of early success, the optimal prize 

needed to deliver positive social benefits is increased.  

Rather than increase prize money during the contest, sponsors may wish to establish a 

schedule of rewards from the outset of the contest. This will be particularly valuable where 

the difficulties and costs faced by researchers are uncertain because the prize adjusts to 

reflect the outturn difficulty of the activity, providing appropriate incentives. It is important, 

however, to avoid the risk of collusion between participants, or steep jumps in the reward 

that could create incentives to wait before claiming the prize. 

Auctioning prizes Che and Gale (2003) suggest a radically different approach where it is up 

to the contestants and not the sponsor to determine the prize. They show that the optimal 

reward is not fixed, but is proposed by each entrant. Those with high value or high cost 

innovations may only wish to accept a large reward for their submission, while others may 

be content with a much smaller reward. This creates much stronger incentives for firms to 

offer a valuable innovation, since ‘in a fixed-price tournament, a firm with a low-quality 

innovation poses no threat to a firm with a high-quality innovation. In an auction, by 

contrast, the former firm can still compete effectively by asking for a smaller prize’. The 

sponsor then chooses the winner based on both their innovation and the cost to themselves, 

so that they can maximise overall value. 

Auctioning is a relatively common procurement tool, but more commonly for concrete 

product and service purchases than in R&D procurement. For example, Che and Gale (2003, 

p.648) cite the example of a high-speed Korean train system where competing firms bid 

prices that they would be prepared to accept. Defence contractors in the US often have to bid 

for the production contract component of new weapons systems.  

In the context of highly uncertain innovation, the risks of auctioning remain unknown. While 

the sponsor is likely to benefit by not having to accurately estimate the optimal prize value 

and by capturing much of the surplus, uncertainty among innovators themselves might 

create high risks that dissuade participation by smaller firms fearful of the ‘rat race’ 

dynamics of the contest. Additional complexity may also reduce the openness of the contest 

to new ideas. 
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Ex post prizes Since the value of the innovation may not be clear to the sponsor before it is 

actually realized, one option is for the prize to be valued ex post. Clearly this relies 

considerably on the credibility of the award committee, but it might serve to encourage 

optimal effort by researchers by calibrating the reward more closely to the value of the 

innovation provided. This approach is being proposed by William Masters for innovations in 

African agriculture: ‘offering prizes proportionally to any measurable improvement, 

anywhere in Africa, allows donors to identify and reward successful innovations wherever 

and however they may occur.’ This may be most appropriate where the type of innovation 

needed to produce certain social benefits is unclear and where the value of benefits is highly 

uncertain. The mechanism faces the challenges of establishing a clear and accurate 

methodology that can be understood by researchers, and having adequate funds available to 

meet the possibility of a number of highly valued innovations. 

7.2.3 Allocation of prize fund 

Although we have identified clear benefits to the competition induced by a ‘winner-takes-all’ 

prize, if there is social value in the innovations of many competitors and not just the winner, 

arguably there is a justification for distributing a prize fund more widely. However, on the 

assumption that contests have linear or concave cost functions, Moldovanu and Sela (1999) 

show that a single prize is optimal since the sponsor wishes to maximise the average bid of 

each contestant and under these conditions the marginal effect of the first prize is greater 

than the marginal effect of the second prize. Two or more prizes may be optimal where the 

cost function is convex, and here the allocation depends particularly on the number of 

contestants. In practice, of course, the sponsor is unlikely to have detailed information on the 

cost function of contestants. 

However, other considerations, for example a desire to minimise the risks to small entrants 

with good ideas but who are uncertain of their competitors, points to wider prize 

distribution. 

7.2.4 Intellectual property 

The sponsor must choose whether the prize will also buy out any patent on the winning 

design, or if it will instead make no claim on the intellectual property. The issue is of more 

importance in those areas where there is a potential market in the innovation.  

On the one hand, buying-out the patent eliminates any commercial incentive, which may 

lead to innovations the contest produces being less ‘market-ready’, and requires the prize to 

cover the value of the patent, so a larger prize will be required to generate the same interest. 

On the other hand, if there is high social value in the innovation and widespread and rapid 

diffusion is valuable, a buy-out can avoid the deadweight loss of a monopoly-priced patent.  

This trade-off between ex ante research incentive and ex post efficiency is a persistent issue in 

the innovation literature, and the balance must be made on the basis of the individual 

characteristics of the innovation. Wright (1983) concludes that ‘assuming patent revenues 

incur a higher deadweight loss than an equivalent amount of public funds financed by less 

distortionary means… [then] appropriate prizes or government contracts are socially 
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preferable to patents with optimal lives’. So the static inefficiencies of monopoly pricing need 

to be compared to the marginal social cost of public funds. Even if there is justification for a 

buy-out, the practical difficulty of assessing market value of a patent is substantial. Stern 

(2006) argues that there are problems with patent buy-outs, including the difficulty of 

picking the right technology and negotiating the right price. 

Since the fundamental issue of climate change is usually framed in terms of minimising the 

cost of achieving emissions reductions, i.e. taking account of ex post efficiency, there is no 

clear answer to this trade-off. 

7.3 The victory conditions 

7.3.1 Race or tournament format 

The choice between a race, which has a fixed objective, and a tournament, where the best 

entry wins, is not merely an aesthetic choice; it can change the nature and distribution of 

risks faced by both competitors and the sponsor. 

Holtz-Eakin (2004) suggests that races introduce one more element of risk to an entrant’s 

success. In a race, the best team may find it simply too difficult to meet the precise criteria 

within the time limit, denying them the prize. However, in a tournament teams need only 

believe they have a reasonable chance of relative success, i.e. of being the best team, and not 

of meeting a set of absolute criteria. So where there is substantial uncertainty about the 

difficulty of innovation, tournaments might induce greater participation. Conversely, for the 

sponsor, expected costs will be lower under a race since there is a chance that no-one will 

win, in contrast to most tournaments. Of course, the commensurate reduction in 

participation and effort under a race will also produce fewer benefits. 

Examining the institutional nature of the two formats, Newell and Wilson (2005) suggest that 

there is additional risk involved in a tournament because assessment typically involves a 

greater degree of subjectivity. By contrast, a race reduces political and institutional risk by 

setting clear criteria and only concerning itself with the first to meet those criteria. Yet, for 

the sponsor, there is an additional source of risk in a race; the risk of lock-in to the first 

technology that wins the race, rather than the best that may simply have taken an extra few 

months to develop (Newell and Wilson, 2005). 

More generally, races may be more appropriate where the value to the sponsor is ‘all or 

nothing’, for example where there is a discrete technological or scientific bottleneck that 

needs to be overcome. Tournaments that reward whatever progress can be made in a 

particular time period may be more appropriate where there is uncertainty about the 

difficulties of innovation. Finally, the adoption of a race format may also be more suitable to 

contests intended to stimulate consumer awareness and market demand, since the event may 

stimulate more media interest. 
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7.3.2 Entry restrictions 

In general, sponsors should not try to pre-select the research teams most likely to 

successfully innovate. To do so would be to negate one of the key advantages of prizes over 

other funding mechanisms. However, depending on the nature of the market and the market 

failures present, it may be desirable to structure a prize in a way that attracts particular types 

of entrant. For example, a prize intended to appeal to entrepreneurs across a range of sectors 

should be widely marketed and the compliance burden minimized.  

Where the main policy objective is to leverage investment and research effort from existing 

research teams, open entry is less likely to be optimal. Taylor (1995) demonstrates that each 

additional entrant exerts an externality on other competitors by reducing their probability of 

success and therefore the expected value of the prize. Since effort is costly, less effort can be 

justified in pursuit of the prize by each competitor, reducing the overall probability of 

anyone meeting the objective. Indeed, Fullerton and McAfee (1999) suggest that the optimal 

number of contestants is two, although this relies on the auctioning method described below 

to screen entrants, and also probably ignores the value of attracting researchers from distant 

or smaller research domains. The problem, in short, is that there could be a number of 

entrants with a low chance of success who would impose an excessive cost on the prize’s 

operation. 

The question then arises as to how best to reduce the number of participants without relying 

on the sponsor’s imperfect information about competence. 

Entry fees The use of entry fees is suggested by the analogous situation of congestion 

charging. Each person must decide whether to make a car journey independently, but in 

doing so they do not take account of the fact that they slow other drivers down, contributing 

to congestion. In turn, they themselves are slowed down by others. The social costs of 

congestion produced when the drivers can not overcome this collective action problem are 

high. A congestion charge imposed on drivers can mimic the social costs they impose on 

other drivers, causing those who value driving the least to not travel or to use alternative 

transport. This helps guide their decision-making to the benefit of all. In the same way, an 

entry fee to research tournaments can induce those with the lowest chance of success or the 

highest cost ideas not to enter, raising the probability of success and the value of 

participation for the remaining contestants. 

Auctioning entry An alternative or extension of the entry fee is the auctioning of entry into a 

tournament. This has been analysed by Fullerton and McAfee, who argue that entry fees are 

blunt instruments that if set inaccurately may lead to insufficient or excessive numbers of 

contestants. Instead, by deciding how many contestants is optimal and auctioning this 

number of places to contestants, the best firms are likely to progress because they will have 

the private information of their own likelihood of success. The auctioning method is 

preferred to an entry fee because in the case of a prize contest the risk that needs to be 

minimised is the number of entrants (fixed under an auction) rather than the amount each 

entrant pays (fixed under an entry fee). 
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Multi-stage contests One variation that can make use of the above mechanisms is a multi-

stage contest of the kind used in the Super-Efficient Refrigerator Programme. In this contest 

there was a preliminary stage to attract a wide range of ideas before identifying the two most 

promising and requiring them to complete full-scale prototypes (Davis and Davis, 2004). A 

key advantage was that duplication in research was not carried beyond the concept stage. 

Cooperation between firms with complementary technologies is also encouraged.  

More generally, stages can help identify the most promising proposals for development 

while retaining the accessibility of an open prize contest. Thus, the earlier stages of a contest 

could be designed to maximise participation and originality while the latter stages can 

maximise investment. Multi-stage prizes might also address a key drawback of prize 

contests, which is that capital constraints can harm smaller entrants; by offering a reward at 

each stage, funding can be drip-feed to match the value of entrants’ innovations and permit 

further development. 

7.3.3 Award criteria  

Clarity is of paramount concern in establishing the objectives and rules of the contest. The 

strictness with which criteria are set can determine the probability of the objective being 

achieved, and if there is uncertainty about the relative difficulty or value of criteria then a 

degree of flexibility can be valuable. The Rockefeller Foundation prize for STD testing was 

established in 1994 but expired unclaimed in 1999. Kremer has argued that a major reason 

was the strictness of the criteria, which required the test to be 99% accurate, use little 

electricity, cost less than $0.25, be storable in tropical conditions for up to 6 months and be 

non-invasive. There is a judgement that needs to be made between the specificity of the 

criteria and the possibility of making reasonable trade-offs between criteria. 

7.3.4 Establishing credibility  

Where a prize lasts a number of years there may be political risk faced by competitors where, 

for example, political priorities change in the future and funding is withdrawn. Research 

effort will only be maximised where the prize is credible. This means the prize committee 

must be transparent, independent and expert. More formally, the funds can be placed in a 

ring-fenced account, or an insurance policy can be taken out to guarantee payment to 

competitors, as was the case with the Ansari X-Prize (Newell and Wilson, 2005). 
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