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Summary 

1. What were the objectives of the study? 
The context for defence innovation has changed significantly recently for two reasons. First, 
the past five years saw significant declines in both research and development (R&D) and 
research and technology (R&T) budgets, while sustained austerity is expected to continue 
to shape available defence spending. The declining investment in defence innovation and 
technology development presents a particular threat to the long-term sustainability of the 
defence research base. These changes have reinforced a wider trend in recent decades: the 
shift of the innovation centre of gravity from defence to the civilian sector. Leveraging civil 
investment – and ensuring that defence investment is targeted in areas where it can most 
add value – is critical.  

In January 2013 RAND Europe was commissioned by the Defence Science and 
Technology Laboratory (Dstl) to conduct a study on the future landscape of defence 
technology development. The primary focus of the study was to help the UK Ministry of 
Defence (MOD) assess and harness wider investment in relevant UK technology areas. The 
specific objectives of the study were to:  

 Identify where MOD and non-MOD investments in R&T are likely to shape 
future UK technology capability of relevance to defence 

 Explore enablers and barriers for the MOD in maximising the impact of its 
increasingly limited R&T budget. 

We employed a structured methodology involving a range of qualitative and quantitative 
approaches. 

 The first phase of the study was focused on mapping the context within which 
innovation takes place through stakeholder interviews and conducting a 
systematic review of publications related to emerging technologies. An inductive 
approach was developed to review published material on emerging technologies. 
From this analysis, 16 salient cross-sector technology areas were identified. 

 The second phase of the study was designed to explore five emerging technology 
areas through high-level case studies, namely: additive manufacturing, advanced 
materials, cybersecurity, small-scale energy storage and synthetic environments. 

 The third phase of the study involved more detailed case studies of two 
technologies: additive manufacturing and synthetic environments. 

Findings were drawn from each phase of the study and validated through internal 
workshops and road-testing with MOD stakeholders.  
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2. What were the main findings of the study? 
Effective exploitation of emerging technologies requires the creation of suitable 
pathways, relationships and synergies 

Innovation does not occur in isolation but relies on interactions between a range of actors 
within a complex ‘ecosystem’ comprising dynamic links between actors and rapid 
knowledge exchange. Our analysis suggests that there are five overarching roles performed 
by six key groups within the UK’s technology landscape. Table 0-1 summarises the 
principal activities in which UK technology development actors are involved; shaded cells 
correspond to significant expertise and involvement.  

Table 0-1 Primary activities of the main UK technology development actors 

 Policy and 
strategy Procurement Funding and 

investing Performing Connecting 

Government 
Departments X X X X  
Technology Strategy 
Board X  X  X 

Research Councils UK X  X X X 

Higher Education  
Funding Council   

X 
  

Academia   X X X 

Businesses  X X X  

The UK is generally perceived to be strong at early stage R&D but to have more limited 
capabilities in commercialising technology. Public sector organisations such as the MOD 
play a key role in shaping and supporting the wider innovation ecosystem, using both 
supply-side and demand-side mechanisms to stimulate innovation. It is important that the 
MOD understands the role that it plays in this regard and the consequences that its actions 
have. Our analysis suggests that small- and medium-sized enterprises (SMEs) find it very 
difficult to plug into MOD processes or lack the know-how and resources to enter 
competitive and uncertain procurement procedures.  

In 2011, the UK gross domestic expenditure on R&D (GERD) was £27.4bn, and total 
R&D expenditure represented 1.79 percent of Gross Domestic Product (GDP). This is 
significantly below the 2.5 percent target set by the UK government and also below the 
EU-27 average of 2.0 percent of GDP.  

The importance of active engagement from the MOD in stimulating, shaping and 
translating future technology was highlighted by all interviewees as critical in fostering an 
ecosystem conducive for defence innovation. Several initiatives were mentioned that 
contributed towards effective coordination – including the Centre for Defence Enterprise – 
but there were mixed views on their success to date. However, an overarching theme from 
our interviews was that the MOD has become increasingly insular in recent years. 

MOD’s concept of technology innovation is relatively narrow, with a primary 
focus on new ‘things’ and a linear model for investment in technology 

One major theme that emerged throughout our study is the emphasis that the MOD has 
tended to place on developing new ‘things’ as a result of its research spending. Our 
respondents highlighted the importance of other aspects of the technology landscape such 
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as the ability of technology to help improve processes; logistics, maintenance and support; 
new modes of training and testing; and in particular the opportunity for technology and 
innovation to deliver efficiency benefits as well as improved effectiveness. 

In addition, the MOD typically utilises a focused – but somewhat linear – approach to 
research investment, with priority given to ‘solving problems’ through research spending 
and the use of road-mapping to target relatively short-term research objectives. The 
rationale was to maximise the outputs from UK defence research spending and focus efforts 
on those areas of capability in which it was most important to develop or retain an 
operational advantage. 

The interviews and analysis we have conducted suggest that this linear approach is likely to 
be an inefficient way for the MOD to maximise returns on its investments in terms of 
future military capability. Not only has the MOD’s investment in R&T declined 
substantially in recent years but other changes have occurred too. The development cycle 
for new military capabilities has decreased to reflect changes in threats; there is greater 
application of civilian technologies to defence; and the defence enterprise is becoming 
increasingly internationalised – on both supply and demand sides.  

The relationship between civil and defence interests in emerging technologies 
varies significantly by technology area 

Based on an assessment of over 84 recent publications, we identified 16 emerging cross-
sector technologies with particular relevance for defence; these are detailed below in Figure 
0-1 which also shows the total publication activity by technology area and the split between 
overall hits and defence-specific hits. Nanotechnology, radar and cyber warfare were the 
most prominent technology areas in terms of publication activity, accounting for 
approximately 70 percent of the sources we identified.  

Figure 0-1 Publication activity in salient technology areas 

 
Source: RAND Europe analysis  
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Technology areas differ significantly from one another in terms of potential, 
profile and transformative impact 

The team performed two in-depth case studies on additive manufacturing (AM) and 
synthetic environments (SE), using a combination of interviews and analysis of the publicly 
available evidence base. Those two technology areas were selected due to their relevance to 
the study objectives, the strength of the UK R&D base and the stakeholder interest. 

Additive manufacturing has the potential to have a number of transformative effects. For 
example: increased customisation of goods, localised production, added functionality and 
more intricate design. However, how this impact will materialise is uncertain. Therefore, 
the MOD can do a lot to prepare for the uptake of AM as well as working to understand 
what this technology means for its business. There are four main aspects for which the 
MOD should prepare as AM technology matures, namely:  

 It is important for the MOD to continue to develop an understanding of the ways 
in which AM will be most relevant.  

 Although the MOD has some clear areas of interest and overlap with AM, it 
currently has no role in shaping and helping the advancement of AM research.  

 It is also essential for the MOD to actively engage with its supply chain in order to 
understand the uptake of AM and its potential consequences.  

 Finally, the MOD should assess how such facilitated manufacturing will impact on 
long-term capacity planning.  

By contrast, not only does MOD currently use synthetic environments, it was also an early 
adopter and indeed pioneered the use of video game technologies within its training 
programme. However, it seems that following this early push, not only has the MOD lost 
part of this momentum – especially in comparison with other countries – but it also has 
been more reluctant to explore and adopt additional possibilities offered by SE. Moreover, 
in addition to not making full use of SE products, the MOD has also not embraced the 
organisation-wide changes and efficiencies that SE can facilitate. 

This can be explained by the fact that MOD’s structure, processes and culture are not 
adapted to leveraging SE innovation or to influencing the technology area. The MOD’s 
structure and culture limit the adoption of an SE-enabled environment due to the high 
level of centralisation. Moreover, current MOD processes are inadequate to take full 
advantage of SE’s potential. For instance, SE is a fragmented, fast-changing landscape with 
a multitude of very innovative SMEs, which seek to sell their products quickly and update 
them on a regular basis. The MOD’s current procurement processes include lengthy lead 
times and a large bureaucratic burden, making it difficult for SMEs to engage. 

However, AM and SE have in common a transformative impact on the MOD’s environment. 
Although it is uncertain to what extent the transformative potential of AM will be realised, 
it is predicted that the technology will have a rippling effect throughout society. For 
instance, AM was identified as one technology that could partly reverse globalisation by 
allowing more localised production which could slow or reverse the trend for offshoring. In 
parallel, the democratisation of manufacturing through AM could affect the nature of 
conflict and the profiles of adversaries. For defence, AM has a disruptive potential in that it 
is likely to diffuse the threat, as individuals will be able to produce weapons from 
blueprints.  

Similarly, there are a range of emerging societal trends that have been both enabled and 
reinforced by SE. These include gamification – the use of games principles outside of a 
gaming context – and the wider use of serious gaming as a methodology applied to a range 
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of outcomes. More generally, other demographic trends will also have a wide-ranging 
impact, such as the changing proportion of ‘digital natives’ to ‘digital migrants’, which 
present a risk to the MOD: if it does not adapt internally to a more digitally enabled 
culture, the gap between its structure and processes and its staff’s habits and expectations 
will widen. On the operational side, the easier and wider use of SE technologies can have a 
disruptive impact on current MOD doctrines and operations. For instance, the increasing 
use of machines is likely to change the character of conflicts and the way in which troops 
position themselves as part of wider capabilities. 

3. What conclusions and policy recommendations can be 
drawn? 

First, the MOD should adopt some good practices from the commercial world to 
leverage commercial technologies 

In the future R&D environment, the MOD will largely be a minority actor, while the 
driving forces for innovation will be increasingly found in the commercial sector. Civilian 
organisations and investment dominate innovation and technology development, a 
situation reflected in the proportion of civilian and defence involvement in the five 
technology areas we scoped.  

Although the MOD has different priorities and drivers than a commercial organisation, 
there are similarities when thinking about research, technology and innovation. We found 
that the current culture of the MOD makes it ill-equipped to interact with and navigate the 
current commercial environment to its best advantage. In order to leverage commercial 
technology, the MOD should adopt commercial ways of working and thinking, in 
particular: 

 A greater willingness to take considered risks as part of a portfolio of decisions. This is 
especially relevant in an age when technology development relies increasingly on 
international developments and the civil sector, and in which greater information 
fluidity and considered risk-taking is essential. 

 Identifying key parts of the value chain and innovating/investing there. It is 
questionable whether the MOD should seek to ‘pick winners’ in terms of the 
future commercial potential of technology investments. However, the MOD 
should have an appreciation of trends in future technology markets – and in the 
part of the value chain in which the MOD would seek to benefit by investment.  

 Adopting the language of the technology area. Defence is a jargon-rich environment 
with a unique lexicon. Many of our stakeholder interviews stressed the 
importance of tailoring language and terminology to the community involved.  

 Transitioning to a networked, decentralised structure that encourages and enables 
innovation where it is needed. Open innovation and crowd sourcing are 
increasingly used across sectors to solve tightly defined problems. In the world of 
the app, accessing the power of wide networks is crucial. 

Second, the MOD should facilitate connections and culture as key enabling factors  
Most interviewees mentioned either directly or indirectly the importance of personal 
relationships and experience in technology development. When prompted on the factors 
required to identify promising technologies or market gaps, interviewees stressed the 
importance of personal interaction to improve understanding of future requirements.  
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However, in practice this coordination could be more effective. There is significant scope 
for the MOD to develop a more sophisticated and strategic understanding of the impact of its 
actions on the technology landscape. However, the MOD’s culture may inhibit rather than 
enable due to its instinctive insularity and a tendency to emphasise the uniqueness of the 
defence context rather than seeking areas of commonality.  

Third, the MOD should better target its engagement with its supply chain 
In the future, the MOD will have much more limited scope to influence the development 
of technologies as it seeks to leverage commercial investments. Our research on 
developments in synthetic environments revealed that to interact effectively with the large 
number of innovative small companies in the sector would require different procurement 
processes, different systems and new relationships. It also revealed that the traditional 
model of engaging primarily with primes prevents the MOD from interacting directly with 
its full technology development base, especially SMEs. Within this model, not only does 
the MOD have an already filtered view of its wider ecosystem, it also loses the ability to 
select the technologies it may want to sponsor at their earlier stages of development.  

Therefore, the MOD should adapt its procurement processes to enable effective engagement 
with all actors of the current innovation landscape, as well as across the different types of 
technology areas. Generally, initiatives such as the Centre for Defence Enterprise were 
thought by interviewees to be headed in the right direction in terms of better interaction 
with SMEs, but were still associated with a number of difficulties. The MOD could also 
consider whether there are lessons that could be learned from other actors in the UK 
landscapes. For instance, the Technology Strategy Board (TSB) has considered carefully 
how best to interact with its key stakeholders and reflected this on the profile of recruited 
individuals. Also, despite being part of the Department for Business, Innovation and Skills 
(BIS), it is central to the TSB’s identity to be staffed by individuals from a business 
background. Holding a similar reflection could help the MOD identify how it wants to situate itself 
within its ecosystem and make conscious choices as to how it interacts with every actor of the 
technology development landscape. 

Finally, the MOD should assess how it currently prioritises its investments 
The innovations taking place in the commercial sector are seen in products, concepts and 
processes. The MOD should assess how it currently prioritises its investment in emerging 
technologies:  

 The MOD should envisage adopting a more probabilistic approach to technology 
development to better account for the risks inherent to science and technology (S&T).  

 The MOD needs to think about how best to preserve an option to play in some 
technology areas and through which avenues it can best influence potential outcomes – 
by helping shape a high-level strategy for the technology area, by funding research 
jointly with a wider government funder, or procuring research directly.  

 It is currently unclear how the MOD prioritises between small-scale investments with 
large transformative potential and large investments with more niche impact. 

In the current technology development landscape, the MOD may only have a small role to 
play in the maturing of a specific technology area. This is the case for additive 
manufacturing, for instance, where market forces and interest from a large number of 
players ensure sufficient investment for maturation. In such cases, therefore, although the 
best strategy may be to ‘wait and see’, this should mean investing in the in-house 
competences to be an intelligent customer when a technology becomes both relevant and 
economically interesting for the MOD. 




