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Abstract 
The dual interaction of science and technology with defence, 
security and infrastructures for service provision as energy is a 
major theme in modern times. The era after the Second World 
War and in the course of the Cold War was accompanied and 
spurred by an amazing number of great technological advances 
and changes.  

The study investigates and discusses dimensions of the inter-
action between technology changes and innovation and defence, 
security and infrastructure systems in a small country as Sweden 
after the Cold War. The main result of the study is a proposal for 
an anatomy of technology innovation which can be seen as a 
predecessor to a system (or enterprise) architecture for techno-
logy innovation in defence, security and infrastructure systems.  

The approach is developed from previous international research 
and theories of innovation systems. Infrastructure and defence 
systems are investigated on three levels, technologies, system 
integration and services provided. Establishing an anatomy is 
supported by case studies which apply a stake holder perspective 
on development and innovation in systems. 

Prominent elements of the proposed anatomy for technology 
innovation are framework conditions or context, economic orga-
nizational factors such as people, knowledge, business models 
and finance, and last but not least culture for development and 
innovation, and the customer and user in the processes. 

Contexts and environmental conditions in recent times are 
characterised by more complicated threats and disturbances 
which potentially imply larger disruptions. The study explores 
how contexts and emerging conditions translate into plausible 
scenarios and their effect on the anatomy and the various stages 
of the innovation processes. 

The vital role in the anatomical framework played by culture for 
innovation is illuminated in the case studies. Other basic 
elements of the anatomy are the people, inventors and 
developers as the knowledge underpinning. Risk taking and 
sharing and the rights and responsibilities of the stake holders 
play substantial roles in the anatomy as some main economic 
organizational factors and elements of innovation. 
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Abbreviations and Nomenclature 
Anatomy of a system or project – a predecessor to a system or 
enterprise architecture 

Armed forces – National defence organisation 

C4ISR Systems for Command, Control, Communication, 
Computers, Intelligence, Surveillance and Reconnaissance  

Context - Framing and environmental (characterising) 
conditions at a certain time for a system 

COTS Commercial Off the Shelf 

Critical infrastructures – common infrastructure for energy, 
information, financial transactions etc where disturbances may 
severely affect many systems and activities in society 

DBA Dominant Battle Awareness 

Defence services or branches - Försvarsgrenar, Armén, 
Flygvapnet, Marinen osv 

Deployment – installing new technology for a service 

Discovery – new knowledge about a natural or technical 
phenomena or principle 

Disruptive innovation - innovation with large and severe 
consequences (destroying, shaking) for companies (market) or 
public systems etc 

D-N model Deductive nomological explanation (scientific cause 
– effect)  

EBO Effect Based Operations 

EDA European Union Defence Agency 

Enterprise architecture corresponds to system architecture for an 
enterprise, an organisation or a major project 

EU European Union 

FHS Försvarshögskolan, National Swedish Defence College 

FM Försvarsmakten, National Defence 
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FMLS Försvarsmaktens Ledningssystem, C4ISR of Swedish 
Defence 

FMV Försvarets Materielverk, Defence Materiel Administration 

FOI (formerly FOA) Totalförsvarets forskningsinstitut, Defence 
Research Institute 

FTA Future oriented Technology Analysis 

Försvarsmaktens studieverksamhet – Advanced studies with all 
the important stakeholder categories for a system development 
engaged (cf IPT) 

GD Director General of an agency (for example FMV, FOI) 

Gemensam lägesbild – Joint situational awareness  

HKV Högkvarteret, Defence Headquarters 

ICT Information and Communication Technologies (in Swedish 
IKT) 

Infrastructure – a common physical system and network with 
public or indivisibility character supplying certain services 
(energy, information etc) to society  

Innovation – a new for the application product (services) or 
process  

Invention – a new technical concept  

IPR Intellectual Property Rights 

IPT Integrated Project Team (all the important categories 
needed for a specific system development) 

IVA Kungl. Ingenjörsvetenskapsakademien, Royal Swedish 
Academy of Engineering Science 

KKrVA Kungl. Krigsvetenskapsakademien, Royal Swedish 
Academy of War Sciences 

KTH Kungl. Tekniska Högskolan, Royal Institute of 
Technology 

MOTS Military Off the Shelf 

MTR Military Technology Revolution (concept originally 
developed by Russian military) 
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NATO North Atlantic Treaty Organization 

NBF Nätverks Baserat Försvar, Net Centric Defence (Swedish 
concept) 

NCW Net Centric Warfare (US concept) 

NEC Net Enabled Capabilities (UK concept, commonly applied 
in the EU) 

Networks – a common way of an infrastructure organization 

NRC (US) National Academy´s Research Council  

OSA Open System Architecture 

R&D Research and Development 

R&D&K Research, Development and Knowledge 

Risk – uncertain development with an upside (success) or 
downside (failure) 

RMA Revolution in Military Affairs 

Scenario - Imagined future, hypothetical plausible story about 
some future events and conditions (used as a context 
description) 

SOA Service Oriented Architecture 

STI Science, Technology and Innovation (an OECD concept) 

System architecture – the framework conditions and design of 
an engineering system  

Systemic – infrastructure and defence are activities characterised 
by and dependent on components and systems working together, 
a common term is systems-of-system 

Technology innovation – new technology for a specific 
application in products, services and processes 

Trajectory of technology – the conservation and tradition of a 
specific technology  

Transition or transformation – a new system of integrated 
technologies 

Utility – a public organisation for delivery of common services 
(energy, information etc) 
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1 Technology innovation in 
infrastructure and defence 
systems – an introduction and 
overview 
Technology and technology innovation are the substance of 
infrastructure and defence systems and are engines of 
development and change in these systems. Infrastructure and 
defence services are to modern society quite elementary 
functions and necessities but many times considered as silent 
servants. 

Technology on the one hand and infrastructure and defence 
systems on the other interact and are mutually interdependent. 
The shape of these systems are structured and almost identical to 
the technologies they are founded from – the system is a 
technology and technology is a system, technologies are 
systemic. A new technology may change or transform into a 
new infrastructure. A certain infrastructure can seldom easily 
adapt to or digest a new technology. There is a common 
stickiness or discontinuity of transitional change of 
infrastructures. 

Technology is underpinning of change which now and then 
grow to a larger scale. Technology innovation is a key factor in 
disruptive change and the development of infrastructure and 
defence systems. Some of this is demanded and welcome, other 
changes are disturbances to avoid and resist.  

Disruptions of critical systems tend to affect security and society 
broad and large. It is a significant characteristic of infrastructure 
of extensive relations to society and activities in society. A 
failure in a critical infrastructure system might mean direct 
major losses and many more bad but indirect outcomes and 
effects. Even a small failure could have significant and far-
reaching consequences. 

Infrastructure is providing a range of services, from financial 
transactions and information to supply of clean water and 
electricity. Sometimes activities as schools, jurisdiction and law 
etc are included in social infrastructure. The infrastructure is a 
rather heterogeneous and mixed area which concerns many 
different fields of knowledge, technologies and other 
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circumstances. This investigation is limited to infrastructures for 
technical services, and energy provision in particular. 

1.1 Research questions 
The investigation is about technological changes and innovation 
and their disruptive and substantial impact on infrastructure and 
defence systems, and inversely, how such systems impact 
technology and technology innovation.  

The approach goes from existing theories of innovation systems 
and from a stake holder oriented perspective on development 
and innovation within infrastructure and defence systems, and 
cases which are studied on three levels, technologies, system 
integration and services provided. 

The research focus is on proposing a structure or an anatomy of 
technology innovation in infrastructure and defence systems in 
Sweden after the Cold War. An anatomy is a predecessor to a 
system (or enterprise) architecture for technology innovation. 

A subsidiary question is how and under which circumstances 
technology innovation and disruptive change come about. 

1.2 The subject of infrastructure and defence 
systems 
Defence and infrastructure systems are complex entities. 
Although they overlap and have similarities, considerable 
differences exist.  

Defence systems are systems and technologies used for military 
purposes as well as support systems for defence. Support 
systems may include systems for information, communication, 
logistics and transport, sensor networks, food and energy 
provision and other functions. 

Infrastructure systems are technical systems for transferring and 
processing information, communication, transport, energy and 
financial transactions. These systems serve society and may be 
public sector systems with private sector elements. Unless 
expressly stated otherwise, this study refers primarily to energy 
infrastructure systems.  

Although there are certain convergences in the basic 
technologies for the military and for infrastructure, their 
purposes are different. This seems inherent in technological 
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development and also reflects a duality where technologies tend 
to diffuse from one sector to another. 

Examples of infrastructure and defence systems are:  

� Generators and transformers for biofuel energy for heating and 
power distribution networks 

� Sensor networks for registering and tracking moving vehicles 
� Military platforms such as Visby class corvettes 
� Decision support, communication and surveillance systems for 

the Swedish Armed Forces (LedSyst) 
� Multimodal energy supply and services in areas affected by an 

emergency or disaster or where energy supply infrastructure 
is missing (Polygeneration) 

 
Of the examples above, the last two will be further investigated 
in case studies. 

1.3 Structure of infrastructure and defence 
systems 
Infrastructure and defence systems as complex entities 
(definition of a system and their common feature as systems-of-
systems) are described and investigated on three levels. Also the 
final service supply system commonly is composed of two or 
several more subsystems and hybrid technologies. There is 
seldom one-to-one relation between one technology, one system 
and one service; most services and systems are combinations. 

� Technologies – are the basic elements of a system; gears that 
drive a System to function in order to supply the system’s 
end products, i.e. Services (Technologies level) 

� System integration – integrating and combining Technologies 
into functioning Systems (System level) 

� Services (capabilities) – providing the final product and 
output (Use and Service level) 

Table 1.1 of the three levels of infrastructure and defence 
systems studied in this investigation 

Infrastructure and defence systems are ambiguous terms and 
phenomena. These systems are referred but often are meant the 
services provide. Systems and services are not identical, a few 
concepts and notions must be considered, as follows. 

Of course there is a close relation between a certain technology 
and the particular infrastructure, for example energy conversion 
technology and an energy distribution system, but this is not 
always evident. Therefore technologies must be considered as 
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the lowest or fundamental level of a system, but they are not 
identical. The system cannot supply the service itself, there must 
be a certain distribution organization and activities to reach the 
client or user. 

The same applies to changes. A new system for example for 
transforming solar energy to heat and power may change or 
transform the services systems and the services provided.  

Another important aspect is that the value of a new service or a 
new system spills over to the technologies implied, or rather the 
other way round. Technologies are never more precious, 
however advanced, than the final service they can provide. A 
new technology may imply new opportunities and way of 
operations, which thus fall back on the technologies used.  

1.4 Technology innovation in infrastructure 
and defence systems at various levels  
The effects of technology change and innovations in 
infrastructure and defence systems at the three corresponding 
system levels as in the paragraph before are as follows: 

� Technologies – technical advancements 
� System integration – radical transitions or transformations 
� Service (capabilities) – disruptive innovations 

Table 1.2 Three levels of technology innovation in infrastructure 
and defence systems 

The progressive idea here is that innovation might occur at the 
Service level, great advancements can occur at the Technologies 
level and major transitions or transformations can affect 
Systems. 

At all levels there is a unique or possibly different set of factors 
that affect change and innovation. Technology itself and 
technical change primarily affect the technology level, which is 
obvious. On the service or operational level many other factor 
such as organization, competition and so on affect change and 
innovation. There is also a certain hierarchy of factors and 
elements that affect innovation in the final operations versus the 
fundamental technical level. 

The research issue is to develop and propose an anatomy or in 
the ending a system (or enterprise) architecture for technology 
innovation. This demands a conceptual framework that 



15 
 

encompasses all the driving factors that affect processes for 
disruptive innovations in systems at various levels. 

1.5 How does technology and technological 
innovation affect infrastructure and defence 
systems in a disruptive way? 
Technology innovation is, as stated, not definite and proven 
until it is used and incorporated in services within defence or 
infrastructure (for example energy distribution). 

The order of change and innovation depends on the magnitude 
of effects on services and capabilities. Disruptive innovations in 
critical systems have by definition significant effects and 
consequences, such as reorganising or disorganising, shaking up 
or even destroying the services’ existing markets and operations. 

A disruption to a market-oriented service may be a major 
change in the competitive situation and the service’s position in 
the market. In the case of a military system, the disruption might 
stabilize the territorial environment and to resist competing or 
hostile opponents. 

It is evident from these examples that infrastructure and defence 
systems are multi-technical and complex structures that are 
equally complex to evaluate and assess. 

1.6 Technology for innovation in Sweden 
after the Cold War  
The investigation focuses on Sweden after the Cold War – the 
era from 1990 until today, 2010, and going forward. It is a view 
that this period is different than the earlier times. Still there 
might be similarities and inherited patterns. So it must be useful 
to conjecture, discuss and compare during and after the Cold 
War. The bulk of knowledge and experience of technology 
innovation was largely founded and gained during the Cold war 
era.  

The Cold War era was exceptional in many respects. It is 
beyond doubt that the Cold War era simultaneously drove and 
was driven by science and technology (certain fields were more 
affected than others). Many of these changes and developments 
affected Sweden directly and more indirect. The Post Cold war 
era is more “normal” in terms of the role of science and 
technology in war and peace.  
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For expositions of a threat and a technology-driven world in 
international relations and science with an emphasis on the US 
during the Cold War, see Cole (2009) and Reynolds (2010). The 
Cold War period was filled with intensified technology 
innovation (for defence and national security purposes), and 
science and technology innovations in certain fields were driven 
by the Cold War threats. Drivers for many of these 
advancements were perceptions, fear and the psychological 
dimension of threat.  

The panorama of conflicts and threats etc in the Post Cold war 
era define a context for change and innovation which is possibly 
qualitatively different if not being fundamentally new. 

1.7 Scope and goal of the thesis 
The study object is technology innovation and disruptive change 
to infrastructure and defence systems in Sweden after the Cold 
War.  

The aim of the research is to investigate how innovation and 
disruptive change are affected, constrained or driven by the 
environment (context/conditions/operations) and technology 
(technology/technological advancements/innovation) with 
respect to infrastructure and defence systems. The investigation 
is supported by case studies. 

The goal is to establish, to find and describe an enterprise or 
system architecture for technology innovation for infrastructure 
and defence systems for the period in question, to be provided in 
the provisionally format of an anatomy of technology 
innovation. 

The intention is to contribute knowledge that can help and 
ultimately improve the management of technology and 
technology innovation for the benefit of infrastructure and 
defence systems, and society at large. 

1.8 Thesis and reading guide layout 
Previous research and the literature as well as theoretical 
underpinnings are reviewed in chapter 2.  

The basic concepts and elements of an anatomy of technology 
innovation are presented and discussed in the following chapters 
and synthesized in chapter 8 in a (proposal for a) new anatomy 
for technology innovation in infrastructure and defence systems 
in Sweden after the Cold War. The innovations systems theories 
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and the stakeholders´ perspective reviewed in chapters 2 and 3 
are rather well known conceptual approaches in the literature but 
new in this special application.  

The environment, from a system perspective, is of great 
importance for technology innovation as well as infrastructure 
and defence systems. Contexts and framing conditions for 
technology change and innovation which is a constituent factor 
of the anatomy of technology innovation are presented in 
chapter 3. Contexts and framing conditions are described in 
strategic terms as episodes and scenarios. 

Besides theoretical considerations from general innovation 
systems studies, the investigation is built on cases. The 
methodology for case studies and the research structure when 
investigating technology innovation for infrastructure and 
defence systems is discussed in chapter 4. Culture, and actor or 
stakeholder orientation provide a key perspective for 
understanding technology innovation processes and also define 
key elements for the anatomy. An important part of the 
methodology is ten suppositions about technology innovation in 
infrastructure and defence systems. The suppositions are 
hypothetical and were suggested in interviews with experts 
based on their experiences designing and acquiring such 
systems.  

The study is centred on disruptive technology innovations. The 
question discussed in chapter 5 is: Can disruptive technologies 
and their consequences be anticipated? A purpose of an anatomy 
for innovation is to help on the one hand profiting from 
exploiting innovations, and on the other improving resilience 
and resistance to disruptions. 

Chapter 6 dissects innovation processes and their effect on 
infrastructure and defence systems. The issues of how 
technology innovation comes about and where it comes from are 
illuminated. A three-stage sequential model for innovation 
processes – invention and discovery, production and use – is 
presented. The first stage, invention and discovery, is the focus 
object of investigation in the thesis. The section on the first 
stage ends with an analytical model consisting of four axes for 
understanding technology innovation in the discovery and 
invention phase for infrastructure and defence systems. This 
model provides a starting point and also the backbone for an 
anatomy of technology innovation presented in chapter 8.  
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Chapter 7 presents cases of technology innovation which are 
analysed based on the preceding chapters. 

The main results and findings of the study are described in 
chapter 8 as a proposal for an anatomy for technology 
innovation in infrastructure and defence systems. The elements 
of the anatomy are supported (or rejected or modified) by the 
suppositions presented in chapter 4.  

Chapter 9 is suggestions for further research and discussion. 

Last but not the least is chapter 10 a list of references and 
literature. 
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2 Literature, theory and previous 
research 

2.1 General literature on disruptive 
innovation 
The concept of “innovation” was introduced by Schumpeter 
(1934) in an economic analysis of industrial change and 
competition. Before Schumpeter “innovation” as a new product 
or process to the user and the market did not “exist”. Of course 
inventions were known before but were not understood as a 
result of conscious process. 

Inventions and discoveries are often mistaken for innovation. 
However, they do not constitute innovation as an innovation is a 
new idea or practice that is accepted and adopted by a user. The 
new idea could be a technique, a service, a business idea or an 
organisation. Thus technology innovation is a knowledge-based 
idea which manifests itself in different forms. 

The term innovation is similarly broadly applied in industry, and 
according to Nelson (1993), “encompassing processes that 
organisations master and get into practice product designs and 
manufacturing processes that are new to the firm, if not to the 
universe or even to the nation, or all other branches and sectors.” 
Technology innovations may also have physical (represented by 
artifacts), organisational and economic dimensions. 

The impact and often the value of an innovation can be 
incremental or disruptive. Christensen (1997) used the term 
“disruptive innovation” when referring to large and often 
unforeseen effects on businesses and industry. Disruptive 
innovation can change or influence a certain sector or business 
and society at large. Incremental innovations may be limited in 
consequences but are more frequent. The Apple personal 
computer interface in the early 1980s, for example, changed the 
whole computer industry. The transistor which came out of 
central labs established after WW II had a similar, even greater 
impact. 

Disruptive innovations may be the most difficult kind to 
anticipate [see NRC (2010) Introduction]. Innovations that are 
disruptive paradoxically often arise from inventive combinations 
of common and well-known technologies and systems [see NRC 
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(2010)]. This indicates that surprisal is a matter of new use or 
mode of operation, not new technology as such.  

Technology innovations that are disruptive tend to occur in 
fluent stages according to Utterback (1994). The transitional 
stages are less defined and the incremental stages commonly 
breed small innovations. These characteristics are important for 
the way in which innovations propagate and expand. 

An important category of innovation is the kind that comes 
about through diffusion by the adoption or duplication of a 
solution from another sector or application. Transitional costs 
and barriers and lack of user/adopter acceptance may slow or 
stop technologies from diffusing into or combining innovatively 
to become new areas or applications (Rogers, 1962).  Rogers 
states that the adoption of an innovation and thus diffusion is 
determined by its characteristics and how these qualities are 
valued by the adopters. 

The pioneering classic Griliches paper (1957) on hybrid corn 
exposed social and economic factors in the diffusion of 
innovation and established in a school of thought on industrial 
economics and technology innovation, David (2010).  

Bush’s (1945) classic vision of science and technology 
innovation describes the endless capacities of new knowledge 
and basic science in creating innovation. The Bush vision and 
paradigm was a capital argument for developing and expanding 
basic research funding for many decades after WW II and well 
into the 21st century. 

Jonson et al (2009) suggests strategic security and energy supply 
as a context for development and innovation. According to their 
view, the provision and supply of energy has become a key and 
critical element in today’s infrastructure and defence systems. 

Fridlund (1999) explores technology innovation in the 
development and expansion of the Swedish power supply and 
grid in the 20th century. This is a well-researched study on 
technology innovation at the system level and its substantial 
economic organisational foundations. 

2.2 General theories of innovation 
Since the 1990s the innovation system school of thought has  
been widely used in describing and understanding innovation 
and technology. 



21 
 

The innovation system approach was first launched by Freeman 
(1987). Lundvall (1992) and Nelson (1993) later made 
substantial conceptual and empirical advancements. The 
innovation system concept draws attention to culture, social 
organisation and institutions as the main foundations for and 
methods of explaining innovation and growth patterns. Prior to 
this the discussion of growth and change was contained in 
neoclassical economic theory, which was based solely on 
rationality and perfect information. 

The innovation system school of thought, which was developed 
by figures such as Edquist (2004), emphasises the interplay 
between stakeholders, organisations and institutions as the 
single most important factor for innovation. The institutional 
perspective encompasses economic organisational factors as key 
drivers.  

A variation of the innovation process model is the Triple Helix 
Concept first elaborated on by Etzkowitz (2005) and others. The 
helix is composed of three parts: industrial-corporate; 
university-academic-research and government-public-users, 
between which a rotating spiral of collaboration and interplay 
drives and is transformed into innovation. 

von Hippel (1988), not directly affiliated with the innovation 
system school, emphasises the fundamental role played by the 
customer and client in the innovation process. Customer 
supported or initiated innovation is the most productive and 
effective road to innovation. von Hippel started developing this 
concept many years ago. 

In recent times a discussion in Europe has evolved on the role of 
education, particular higher education in the universities and 
elsewhere to innovation processes and entrepreneurial 
engagement. An impression so far is that entrepreneurial and 
innovative behaviour and activity of young people is correlated 
with cultural traditions and family social background. It may 
sound reasonable to imagine that technology or knowledge 
based innovation must be supported by qualified education and 
training. 

The following four groups of factors, drivers and conditions are, 
according to Edquist (2009), crucial as frameworks for 
innovation and innovation processes in complex systems:  
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� The knowledge base: Provision of knowledge and R&D, 
competence building and learning are critical resources and 
capabilities for an innovation process.  

� The demand – customer base: Strong needs and demands by 
shaping markets (procurement) and quality requirements 
drive innovation. 

� Organisation for development: Rules and regulations, 
frameworks and institutions for exploitation and market 
organisation are fundamental for innovation in complex 
systems. 

� Supporting systems: Services as incubators, testbeds, 
demonstrators, financing, consultancy/knowledge transfer are 
important resources in complex product innovations. 

 

This applies also to infrastructure and defence systems, 
according to Edquist (2009). 

The first category of framing conditions and drivers is the 
overwhelming knowledge factor. As technology is the substance 
of infrastructure and defence systems, the knowledge factor is a 
driver of some significance for the development of these 
systems. 

The second influence group, according to Edquist (2009), is 
client and customer engagement. The client in infrastructure and 
defence systems may be a strong driver as well as a slowing 
filter. The intelligent customer and user can achieve innovation 
in the procurement process. The intelligent client dares to take 
risks – technical and economical. 

A third influence group consists of rules and regulations that 
help or, inversely, hinder innovation. Infrastructure and defence 
are highly regulated and the issue of whether the conditions help 
innovation or not is therefore a matter for discussion in each 
individual case. Defence, or actually the authority to use force, 
is a state monopoly, which is why rules and regulations matter, 
in spite of the recent tendencies in unconventional and irregular 
conflicts and wars around the world. 

Infrastructure is, in some cases, a natural monopoly and thus 
regulated and administered by state or public institutions where 
rules and regulations regarding innovation may have a very 
significant impact. The privatisation, deregulation or re-
regulation of certain types of infrastructure have resulted in new 
forms of management in the sector, which may be more or less 
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friendly to innovation, which is still an open question for further 
research. 

A fourth factor category according to Edquist (2009) is the need 
to develop complex systems in a gradual and controlled way. 
Infrastructure and defence systems are obviously technically 
complex. Strict standards, testing procedures and other 
institutional support are needed. Specialist technical consultants 
and expertise play important roles.  

The table below describes examples of infrastructure and 
defence systems. 
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The table 2.1 gives an overview and illustration from examples 
of infrastructure and defence services of how systems are 
affected by and through technology change and innovation. The 
services provided can be affected by new technology and 
knowledge and changing regulatory conditions and regimes. 
Supporting activities can also bring about major changing 
services. The customer, the client and ultimately the user may 
have a great impact on technology innovation.  

2.3 Technology innovation in military affairs 
and infrastructure systems 
A fundamental issue for innovation is what influences what, i.e. 
does technology influence organisation and/or vice versa.  

Technology innovation for infrastructure and defence systems 
refers to when technology and technical change exert a 
significant influence on defence activities or services supplied 
by infrastructure. An innovation is materialised if and when 
operations are profoundly affected or turned into a new or 
different mode – this is disruption. Disruptive innovation in 
defence, for example, is significant with regards to its major 
effect on doctrine and organisation. Technical change is not 
enough.  

Terriff et al (2010) have studied military innovation. In their 
conclusion after comparing military services in a number of 
countries, they found four basic mechanisms that described 
various alternatives.  

The first factor in change and innovation according to Terriff et 
al (2010) is the strategic imperative. Change is induced by a new 
challenge or changing environment for the military. An 
opportunity has to be taken whenever it can be exploited. 

The second factor relates to the civilian–military relationship. 
This means that the extent to which the military organisation 
will change and innovate depends on the degree of pressure 
from civilian authorities. The military itself is relatively 
conservative. 

A third mechanism, according to Terriff et al (2010), is the 
military culture. They found different attitudes among national 
defence forces and branch services.  
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A fourth factor consists of bureaucratic interests and politics. 
The literature on this type of influence is considerable. A 
number of studies have discussed the case for vested interest and 
bias in the acquisition processes relating to defence systems. 

In his study, Grissom (2006) identifies four different schools of 
thought on military innovation. These schools of thought, or 
models, are highly applicable to infrastructure systems as well. 

The first school of thought relates to Posen (1984, 1994) who 
studied the influence of civilians and the politicians on military 
innovation. This is similar to the second factor according to 
Terriff et al (2010). 

Posen (1984, 1994) stressed that civilian commanders and 
political leaders push for large-scale military innovation. The 
military branches and services are stuck in their traditions, 
existing habits and technologies. Civilians are the first to 
perceive and react to a new threat and then impart a sense of 
urgency that leads to military change and innovation. The 
mechanism here resembles the first mechanism according to 
Terriff et al (2010).  

Posen based his studies on defence changes in the interwar 
period between WW I and II; for example how the French 
established a new military doctrine and the Germans combined 
new military tactics. Many of these changes were initiated or 
originated from outside the military, but in certain cases they 
were supported by “maverick” officers in the services. 

The second school of thought, according to Grissom (2006), 
argues that change and innovation happen mainly because of 
rivalry between the services. Sapolsky (1972) in his classic 
study of the US missile program introduced the inter-service 
model as an explanation for innovation. It is mainly the 
competition between the services, for example, the army and air 
force that breeds innovation in complex systems. The 
development of Polaris spurred the Air Force to work on its own 
missions and development. The impetus for innovation was 
greater from this rivalry than from the “real enemy” i.e. the 
Russians and the Warsaw Pact. 

There are a number of studies along similar lines. In several 
studies, Owen Cote Jr (1996) has found corollaries indicating 
that too much inter-service agreement impeded and stifled 
innovation. 
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The third school of thought on military innovation according to 
Grissom (2006) relates to Rosen (1991) and stresses the 
generational aspect of change and innovation in defence 
systems. Rosen (1991) found that military innovation certainly is 
dependent on visionary military figures, but is severely 
hampered by bureaucratic sluggishness and conservatism within 
the military and the services. Progress in expanding the use of 
new technology is much more of a generational issue within a 
particular service, i.e. when young people that come in and take 
over from the older generation. Any potential new, radical 
development needs to be combined with a change in the 
organisation and personnel. This can be considered a 
bureaucracy phenomenon, but can also be interpreted in a 
Kuhnian paradigmatic framework of change; paradigms are 
never transformed, they die and are taken over by a new 
paradigm held by the new generation. One consequence is that 
existing careers and career patterns have a distinct influence on 
the adoption and adaption of new technology. The disruptive 
interchange between paradigm (for example a doctrine 
expression) and technology is slow and takes time.  

According to Rosen, innovation is normally a long-term and 
painful mode of generational (almost demographic) change, 
which does not easily occur as drastically or disruptively as is 
sometimes believed. 

One related and common theme in some studies is that the 
military is basically conservative (staying within the established 
tradition and doctrine, explicit or implicit) and resistant to 
change. Change must be induced primarily from the outside; 
change will not happen from within. For a general discussion 
and some recent examples of conservatism vs. radical adoption 
and adaption within the defence forces, see te Kulve & Smit 
(2010). These authors stress that change cannot be understood 
without looking at the interplay between technological, doctrinal 
and organisational matters, in several ways and from different 
perspectives. This ambiguity of effects from technology, 
doctrine, organisation and strategic context is pervasive in the 
analysis of te Kulve & Smit (2010), for example, when referring 
to net centric warfare (NCW). 

Lastly according to Grissom (2006), and related to the 
aforementioned third school, is the cultural model of change as 
an important perspective, where organisational and strategic 
culture plays quite a decisive role. The personality issue can, 
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according to this model and school of thought, play a distinct 
role. Farrell (2010) has explored the cultural model, as has 
Adamsky (2010) in relation to RMA technologies.  

In the cultural school of thought, cognitive beliefs and 
stakeholders’ interests play distinct roles. 

Mahnken (2008) discusses whether technology fuels the 
processes of organisational change and innovation or if it is the 
other way around; whether organisation and doctrine fuel the 
processes of innovation and technology change. Mahnken 
(1999) sees change and possibly also innovation as bureaucratic 
regulatory phenomena and processes. This mechanism 
resembles the forth factor according to Terriff et al (2010). 

This mechanism is mirrored in studies of intra or inter-sectoral 
technology diffusion, within and between the defence and other 
sectors, for example the civil sector. 

The needs of the armed forces have been a driver of technology 
and innovation, which is an idea explored by Dupuy (1984). An 
early study carried out in Sweden by the Royal Swedish 
Academy of Engineering Sciences, IVA, (1977) and a similar 
US study of defence technology and innovations found that 
military products for direct civilian purposes were rare and few 
in numbers. Both studies concluded that technological and 
systems knowledge more commonly diffuses to civilian uses 
and applications (Utterback & Murray, 1977). The idea of the 
duality of a technology means that a certain usage enables or 
inspires a transition, if not a duplication, from, for example, the 
military to the civil sector. 

Eliasson (1995) found that major military projects, e.g. the 
combat aircraft JAS 39 Gripen in Sweden, created new 
production technology which the project was only able to some 
extent to contain and exploit; the technology spilled over. This 
spillover – demonstrating that “knowledge is free” – is a 
frequent innovation outcome. 

Robb (2007) discusses vulnerabilities in embedded or stand-
alone information systems that might lead to severe or disruptive 
changes in infrastructure and other vital supply systems in 
society. Robb argues that the structure of these systems 
inherently invites disruptive behaviour. The threshold for less 
qualified entrants and actors is low enough. The innovative 
potential is large. 
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There are several studies on past technical inventions in the field 
of warfare and defence, e.g. Lorber (2003), which analyse failed 
innovations in the battlefield. Knox & Murray (2001) analyses 
from a historical perspective the drivers of military revolutions 
or innovations relating to strategy and warfare. Their analysis of 
the impact of technology on revolutions is inconclusive; 
technology may be an important factor in large-scale change, 
but it is no more of a decisive factor than creative action or 
dynamic management in the operative organisation. 

Of the schools of thought on and studies of change and 
innovation in complex systems (Nelson (1993), Edquist (2009), 
Bergek et al (2008)), we find a cultural-oriented analysis to be 
the most fruitful from a bottom-up perspective for further 
exploration and investigation. 

The schools of large infrastructure systems evolution point to 
the great systemic character of these systems and their changes. 
The systems tend to both structure the environment and restrict 
how they are affected by external change and innovation. The 
seminal work is Hughes (1983) which highlighted the pattern 
and the structuring consequences for territorial and social 
development from electrification in the Western world.  
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3 Research design and 
methodology 
To reiterate: This study aims to provide an actor-oriented or 
stakeholder-oriented analysis applied to specific cases in order 
to construct an anatomy of technology innovation in 
infrastructure and defence systems.  

This chapter presents the research design and discusses 
methodological issues with regards to the approach and chosen 
theme for study. 

The main stages and components of a general analysis of 
infrastructure and defence systems with regards to technology 
innovation are: 

� Defining the system (limitations and boundaries) and the 
system perspective, applied to specific cases, the actors and 
stakeholders 

� Environment for the system (context) and environmental 
change, boundary conditions 

� Technology (agent of disruption and change) 
� Innovation processes (activities that lead to technology 

innovation), all that connect and bind together 
 

3.1 Identifying technology innovations, 
system boundaries, processes and success 
Three groups of issues and questions are at the forefront when 
investigating technology innovation in infrastructure and defence 
systems: 

1. System definition and boundaries: How is a case of technology 
innovation identified? What are the characteristics? Where is 
the line between the system and the external conditions 
(boundaries)? What stakeholders and processes are included 
in the system?  

2. Innovation outcome: How are innovations and cases to be 
assessed and measured as successes or failures? 

3. Innovation processes: How are processes and other influencing 
and causal factors identified and assessed? How is a credible 
analysis of cause and effect or association of processes to 
outcome carried out – i.e. methodology? 
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3.2 System boundaries in cases of technology 
innovation 
An observation when assessing technology innovations in 
infrastructure and defence systems is that boundaries are of great 
importance but that they commonly are hard to exactly identify.  

Complexity and system boundaries are complementary to each 
other. Infrastructure and defence systems interact with their 
environment in many complex ways. Complexity and system 
characteristics present a problem with respect to demarcation, 
particularly in the case of infrastructure. Which elements should 
or should not be included in a system? Are the users – for 
example vehicles or businesses using energy – of an 
infrastructure system included in the system as a subsystem or 
are they separate? It is necessary for a system to have limits or 
boundaries. The boundary is subjective and dependent on 
perspective. The service – which could relate to an operative 
goal or at a higher level output, for example a certain political 
effect – needs to be defined. 

Systems, particularly infrastructure, are conceived, built, 
deployed, used and repaired, and added to over long periods of 
time (from decades to centuries). A long-lasting system consists 
of a set of layers from different eras. Single services or effects of 
a system in operation may also appear or come into practice 
long after the first parts of the system went into operation 
following design, production and deployment. The time factor 
also makes it difficult to associate changes or events with final 
successes. The time lags in the innovation process and diffusion 
can be as long as decades. Another aspect of this time 
dependence is that conditions and circumstances for the system 
in operation may be substantially different to those at the 
beginning or early stages. A practical consideration when 
conducting case research is also taking into account that it may 
be difficult to document a project when it was deployed and 
operational as sources and information from published or 
documented cases may be hard to attain or may even be lost.  

The technologies and subsystems in defence and infrastructure 
are extensively dual in nature. In the past, technologies and 
systems had more of a fixed purpose for defence or 
infrastructure etc. The growing normality of duality indicates 
that the perspective of technology diffusion and transfer is a 
more appropriate one with respect to innovation. The system 
cannot be viewed in isolation. Some of this diffusion of 
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innovation may not be directly intentional spill over from the 
primary sector of use or place of invention. 

Defence and infrastructure management was for many years 
exclusively a domestic affair. The internationalisation of 
ownership and exchange and other forms of globalisation have 
resulted in systems that are far less nationally isolated and that 
are affected to a greater extent by external influences. 
Internationalisation leads to new development methods and 
paths with less scope for national policy making. 

3.3 Criteria for innovation outcome – success 
or failure – from cause to effect 
Innovation is defined as success and acceptance by the user. 
Technology innovation is challenging in terms of user 
acceptance. 

The basic definition of innovation refers to quality, effects and 
performance in operation. A brand new method of operation or 
disruptive practice will thus define the prime criteria for 
innovation. Examples of this are a new doctrine, a new 
organisation, a new definition of a primary task, tactical 
behaviour or a primary sense of purpose for a military service. 

Since most military systems, with some exceptions, are versatile 
and not just for one particular mission, an assessment of the 
services within these systems needs to be complemented with 
more indirect criteria and indicators. 

The first level of innovation and measure of success is the 
approval of the first customer and user (these two categories 
may not be the same). This could be called the proxy usability 
criteria. This may be a variation of an engineering approach 
(described later on) depending on whether approval is from an 
end-user or customer. In an ideal scenario, the usability criteria 
validate the innovation. The customer, who is not necessarily 
identical to the user, for defence and many infrastructure 
systems, is commonly a national organisation e.g. a public 
administration. 

One measure of effect/success is performance at the system 
level (functional output and technology) – the engineering 
approach criteria. This may be defined as verification of whether 
a system fits the specifications and is technically able to fulfil 
the tasks and meet the demands that are required of it. The 
engineering approach has its limitations, however, since it is not 
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certain that the user will endorse the solution or whether the 
solution can be used as intended. A design may even solve the 
wrong problem or have the “right” properties but at the wrong 
time, or may fail in other ways. Timing and other contextual 
circumstances may greatly influence the interpretation of 
success. 

Export potential and international demand for a defence system 
or critical infrastructure usually means there will be other types 
of user approval and opinion. This is the excellence criteria, 
which strongly relates to effect/success. In the defence and 
security sectors, as well as in infrastructure, this may be flawed 
since the markets are neither open and transparent nor 
competitive. It is not an absolute measure of international 
competitiveness.  

At the technologies level, indicators of advancement and 
innovation may be identified. One indicator of technological 
innovation (or rather advancement) is national or international 
patents and patent applications. A patent is a signal of a 
technical advancement or an invention but does not necessarily 
provide a useful or accepted solution to a problem, and does not 
pass the rigorous test of innovation. 

A speculative evaluation of effect is context-related, or 
expressed in another way, scenario-dependent or scenario-
oriented. This may substantially be similar to the above-
mentioned engineering and usability approaches, except that it is 
dependent on a hypothetical scenario. If the scenario proves 
unrealistic or otherwise irrelevant and is not realised, the 
particular solution or design may never become an innovation in 
the true sense. It would be an invention that never gave birth to 
or grew into an innovation. 

As a comment on success, operational and behavioural aspects 
may be highlighted as fundamental and crucial to innovation. 
Technological change may take place, but is not innovation until 
someone is able and willing to use it innovatively. User 
participation in the innovation process is important and critical. 
Without a user, a good invention may remain a fantasy in the 
laboratory. 

Last, but not least the present approach may be aligned with the 
“enterprise architecture”, EA, development tools for holistic 
management of systems and processes in organizations, possibly 
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also applicable to further innovation processes in defense and 
infrastructure systems. 

3.4 Case study methodological issues  
The present study is based on cases and theoretical 
considerations. Which are the caveats and fallacies for cases and 
case studies when it comes to technology innovations? 

3.4.1 Theory and methodology for case studies – 
good practice 
Conducting case studies can be a useful tool in establishing 
theories on which and how framing conditions and drivers affect 
and shape history and innovation (George & Bennet, 2005, 
Trachtenberg, 2006). 

George & Bennet (2005) have strongly advocated process 
tracing as a useful tool in case studies to support and develop 
“middle-range theories”. Middle-range theories, according to 
Merton (1968), can be explained as theories that neither explain 
things in terms of the cause/effect of human beings’ actions nor 
provide an overall theory of the history of mankind etc; these 
theories are for situations in the middle range or in between.  

Conventionally, case studies consist of a simple two-factor 
analysis (factor A influences factor B, resulting in a 2 x 2 
dimensional matrix of cause and effect). However, in the field of 
technology innovation, it is not as simple. Intuitively a multitude 
of factors and causes influence the outcome. There are always 
alternative causal relationships and many possible 
interpretations are presented in these cases. Spurious 
relationships are a common fallacy. 

Thus, the following actions are needed in order to perform a 
technology innovation analysis in a case study.  

First, a system definition with system boundaries is crucial. 
What are the processes in the system? Which are the 
stakeholders and their roles? Later in this chapter we will 
present a stakeholder-oriented approach. 

Next the analysis needs to separate or isolate framing conditions 
or context. In chapter 5 we will go into more detail about 
contexts. 

In the third step of the analysis, factors that have a significant 
impact on the output level (effect) need to be isolated, which 
also eliminates spurious factors. 
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Factors that are and can be controlled by the stakeholders, 
intended actions can then be separated. This is an element in 
“process tracing” where actions, decisions and framing 
conditions, as well as other factors are associated with impacts 
of some magnitude. Process tracing is also a starting point when 
establishing theories of what influences and develops a system. 

The analytical steps in a case study based theory, according to 
George & Bennet (2005), as applied to drivers for technology 
innovation, are applied to our purposes and summarised in a 
table below. 

There may, of course, be alternative approaches and 
methodologies with respect to case studies. Neither grand theory 
which means the cause/effect model (the common principle of 
causality so widely referred to in physics and the natural world) 
nor the covering law model in the field of social sciences 
according to Hempel (the so-called D-N model) are suitable for 
this purpose because these theories and methodologies can only 
support trivial issues in relation to the complex infrastructure 
and defence systems in focus here. However, social theories of 
the middle range according to Merton (1968) or micro-theory 
based on cause/effect studies in the field of social sciences are 
fairly close to the approach chosen. 

The following table summarises the demands and requirements 
in a study of technology innovation when analysing cases. The 
first item is system definition and boundaries. The second is 
defining the actors and processes as well as the conditions and 
external factors. An important moment is generating hypothesis 
and suppositions (which are more loose suggestions) which are 
to guide the further analysis. In a comprehensive study there is 
need of identifying a spectrum of cases which supposedly will 
cover the variation needed for a thorough investigation. Then 
there is the actual case study which needs viewing documents 
and reports from the project case and supplementary interviews 
with key actors and involved personnel in the project. 

� Define the objective of the system analysis: boundaries, 
issues and processes. Define the content of technology 
innovation, success and failure (and/or other outcomes). 

� Modelling the system: The framing conditions (context 
and external factors), stakeholders, processes and drivers, 
and other factors to take into account. 
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The research perspective is actor and stakeholder oriented. The 
stakeholder perspective and stakeholders are presented in more 
detail in chapter 3.5. 

The tools for insight used for the investigation of cases are in 
the form of ten suppositions. The suppositions associate and 
connect the various aspects of technology innovation with 
contexts and framing conditions as well as drivers and 
influencing factors. The suppositions (S1 – S10) are 
heuristically derived from general theories of innovation and 
from interviews with a small number of experts on acquisition 
and operators of defence systems and infrastructures as well as 
representatives from industry.  

3.4.3 Ten suppositions 
The ten suppositions used as tools for insight when investigating 
case studies are briefly described here.  

The suppositions are collected from interviews and discussions 
with experts on acquisition of infrastructure and defence 
systems. Totally ten experts are been interviewed representing 
various key actor or stake holder categories and experiences, 
such as decisions makers, project engineers, controllers, 
researchers, policy analysts, military and (energy) infrastructure 
operators, industry and suppliers. Most of the interviewed have 
held two or several stake holder positions in the acquisition 
process. 

Several or possibly all of the suppositions are common views 
and issues shared by the majority of interviewed. Some but very 
few suppositions differ sharply between the experts´ agreements 
or disagreements. 

S 1 Threat and scenario dependence is crucial for innovation 
(the significance of timing and long lead times) 

Threats and context dependences are discussed further in 
chapter 5. 

S 2 Strong need or specific threat accelerates innovation and 
shortens time and lowers cost until innovation is ready to use. 

Need and threats are analysed further in chapter 5. 

S 3 The perception of a threat influences innovation. The media 
communicates or creates perceptions. 

Perceptive attitudes are also relevant to the interpretation of 
context, which is elaborated on in chapter 5. 
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S 4 Economic frameworks (risk sharing and business model) 
define the scope for creativity. 

Economic organisational issues in the innovation process are 
discussed further in chapter 7. 

S 5 Creative interfaces between all of the important stakeholders 
(industry, infrastructure and military operators, engineers and 
researchers, decision makers) inspire innovation in a positive 
way. A format for this interface might be advanced joint studies 
within the defence sector with all important categories of 
stakeholders participating in the process (“Försvarets 
studieverksamhet”) 

The actor oriented analytical model is discussed further in the 
chapter on methodology, chapter 4. 

S 6 It is hard to trace the process from strategic plans to 
innovations with some obvious exceptions such as air fighters 
and nuclear programs. 

Disruptive technologies are discussed in chapter 6 and the 
implications for innovation processes are illuminated further in 
chapter 7. 

S 7 The modes of management for defence systems and critical 
infrastructures change over the study period, and are labelled 
“deregulated” from Mode 1: Iron Triangles to Mode 2: 
Competition Rules, with vast implications for technology 
innovation. The “military-industrial complex” is an expression 
of Mode 1: Iron Triangles. 

The organisational aspects of infrastructural and defence 
systems are discussed in chapter 7. A theoretical perspective is 
given in this chapter 3. 

S 8 The science and knowledge base – engagement of industrial 
and technological capabilities – is needed for innovation. 

The science and technology factor with respect to innovation is 
found in many places in this study, but it is a single critical 
element in disruption as described in chapter 6. 

S 9 A tendency over time for systems to drift across borders 
(increasing complexity and cooperation) – international and 
military/civilian interfaces having a greater impact on the level 
of innovation. 
Complex system development over time is discussed in chapter 
5, and also on a theoretical level in this chapter 3. 
S 10 Instability at times: difficulty maintaining focus and 
boundaries hinders innovation. Singular to multiple threats and 
scenarios disrupt technology trajectories. 
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Instability and the dynamic dimension of systems development 
is touched upon in chapter 5. 
Table 3.2 Ten suppositions established from interviews with 
experts on defence, security and infrastructure system design 
and acquisition  

The suppositions express primary or theoretical associations 
from on the one hand causes – context, drivers etc., to on the 
other effects – technology innovation (success or failure). The 
suppositions constitute a preliminary theory which means, if the 
generation and testing of suppositions had been qualified the 
suppositions might have been legitimate elements of a 
comprehensive theoretical framework. If the theory is correct, 
the association from cause to effect can be either positive or 
negative, i.e. supporting success, failure or a combination of 
success and failure. If no such associative pattern can be found, 
the association is spurious or indefinite, and has to be modified. 
Each supposition is present in certain if not all contexts and 
framing conditions.  

3.5 A stakeholders perspective on technology 
innovation 
The stakeholder approach for understanding technology 
innovation can be described as a variation of the technology 
innovation system framework (Bergek et al, 2008), which 
developed from the national innovation systems model (Nelson, 
1993), applied to a specific technology or technology field.  

The technology innovation systems framework (Bergek et al, 
2008) focuses on actors, technologies, institutions and networks 
as the main elements. The institutions constitute cultural aspects, 
rules and regulations. The actors may, for example, be 
companies and universities. 

Grissom (2006) and Adamsky (2010) represent a similar cultural 
perspective of innovation in the defence sector. 

Technical change and development, i.e. of innovation in military 
systems and infrastructure systems, is a complex process 
involving many actors and stakeholders. Transformation, 
transition and revolution can be understood as cultural 
processes, involving interplay between social groups and 
organisations. Stakeholders that sometimes have competing 
interests try to hold their grip on the process through all its 
shifting phases. 





42 
 

energy supply. The basic driver of action and change are threats 
and potential energy failures (by intent or accident). 

Threats or potential losses drive decision-makers and politicians 
to demand action and make acquisitions from infrastructure 
operators (or other service providers) or from the military 
(defence system operators) and indirectly supply systems. 

According to von Hippel (1988), end users constitute a crucial 
actor category in innovation. The many administrative levels – a 
characteristic feature of infrastructure and defence may easily 
distort the innovation process.  

Certain functions and activities, such as acquisitions, are 
allocated not to the user directly but more often to separate 
intermediary organizations, for example in the case of materials 
administration and procurement, logistics support and service.  

The user or operator is central element in the figure. Users are 
not homogeneous but highly diverging actors. User 
qualifications vary from conservative professionals to intelligent 
clients. User competencies vary as attitudes and capabilities for 
technology innovation. 

The professional users can be divided into branches like the 
branches of the armed services with their own codes and ethos 
that affect their attitudes to innovation.  

Studies show that attitudes to change and innovation differ 
between the branches of the armed services (army, navy and air 
force). te Kulve & Smit (2010) studied attitudes to change and 
innovation among the armed services and found that it was 
technological change that changed the armed services and 
doctrines. Only in hindsight did disruptive doctrinal change 
appear. The level of acceptance with differences from branch to 
branch of the services; some actively promoting it, others 
resistant (“we are used to running things this way”....). te Kulve 
& Smit (2010) also found transformational changes being 
endorsed before disruptive changes. In the case of a radical 
change to a system or at the “platform” level of change, there is 
even more resistance and rivalry between and within individual 
branches of the armed services.  

Posen (1984, rev 1994) shows that politicians and civilians push 
for technological innovation. The users, i.e. the military and the 
military services are conservative and traditional. According to 
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Posen, senior civilians tend to perceive environmental change 
and emerging threats early on and take an immediate lead in 
improving and accelerating the technological capabilities of the 
national defences. 

There are few studies from civilian infrastructures of operators 
and other actors´ attitudes and capabilities to technology 
innovation but some observations of professionals´ for example 
doctors and other specialists corresponding way of action and 
attitudes in certain trades and branches. The professionals´ 
norms and attitudes is a subject of some importance. 

In the figure above, the provision of technology and knowledge 
is illustrated as a separate factor called Technology. 
“Technology” represents universities, research institutes and 
technical and other consultancy organisations as well as 
industry. 

The industrial sector is one of the main providers of technology 
and a key player category in the markets. Technical and 
managerial consultancy organisations are also part of the 
industrial sector. Industry can be sectored and specialised for 
infrastructure and defence or can belong to multiple sectors. 

This is not the place for analysing industry as a technology 
generator. A few tentative observations on the structure of 
industry from an innovation and development point of view will 
suffice. 

Industry and the structure of industry have over time fluctuated 
between horizontal and vertical specialisation and 
diversification. The current tendency in industry in general and 
also in defence systems is horizontal specialisation with a 
certain degree of horizontal layering (which may mean 
specialisation in the supply chain at the component and system 
levels). Internationalisation and ownership are major drivers of 
change in industrial and corporate structures (Axelsson (2009)). 

In the energy infrastructure field there has been a rather stable 
layered structure for a long time consisting of the various types 
of utilities that extract, convert and transmit energy, the 
appliances and machinery industry, the construction industry 
and industrial sectors with a large energy conversion in their 
operations (such as steelmaking, forest industry).  
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One important tendency observed during the study period that 
influences defence systems and critical infrastructures is 
privatisation and deregulation from state or public monopolies 
to market-oriented and competitive business models.  

National politics may influence defence-oriented industries. 
Industrial policy with respect to defence is still a combination of 
political and market organisation. To some degree this depends 
on market constraints. In some cases of proposed cross-border 
corporate mergers within the defence sector, national politicians 
have inflicted on such transactions and deals (particularly with 
respect to other nations when decision-making and capabilities 
are perceived to be migrating across borders).  

Industry is a competent player in bringing about technological 
change in the military sector. The question is how this power 
and capacity for innovation is exercised. Recent national 
defence and industrial policies have tended to raise the 
competitive element in policy making and implementation. 

Industry is also more and more active in markets other than the 
defence market. The general tendency for European industries is 
to move away from the defence, which have changed from a 
leading and major market to a highly specialized, smaller niche 
market. Some companies specialise in the defence market, while 
others have a combined focus and some only occasionally get 
into military or infrastructure markets (FOI, 2008).  

There are grey zones with respect to security products – in the 
semi-public and private sectors. Industries that supply systems 
and services externally may make progress in innovation, but 
may have difficulty getting over the entrance barriers to the 
domestic defence markets, which are still often protected.  

There is a historical tendency for strong links to be formed 
between the military and industry. According to Eisenhower 
(1961) this can result in a military-industrial complex, a 
“coalition consisting of the military and industrialists who profit 
by manufacturing arms and selling them to the government.” 
The “military-industrial complex” is still to some degree a living 
brand for defence markets and deals. 

Culture and the social processes of habits and traditions are 
suggested as factors in the innovative process. A corollary is that 
culture comes from interaction and links between actors. Strong 
ties – which only partly can be regulated – and pure affinity 
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based on a common education or domicile may influence 
culture. This area is largely unexplored although some research 
has been carried out. 

Two distinct social and cultural development patterns which 
have been transformed over time have been identified. They are 
called Mode 1: Iron triangles and Mode 2: Competition rules 
(Gibbon et al (1994)). Mode 1 is a traditional way of structuring 
a social process where certain relationships evolve and bind the 
stakeholders together. Mode 1 is close to the “Military – 
industrial complex” idea according to Eisenhower (1961). Mode 
2 is sometimes referred as COTS (for Commercial-Off-The-
Shelf). Mode 2 is a modern, commercial, market-oriented way 
of managing complex product development and was introduced 
alongside deregulation and privatisation with new forms of 
partnerships in various technical and industrial sectors. 

We have showed some distinct patterns of stakeholders’ 
influences on technology innovation processes. Some of these 
patterns are regulated or in some other respects structured along 
certain established norms or stated traditions. In some fields the 
patterns are walled inside a given cast of play and in others the 
play is more open for competing actors and invaders. The 
environment and contexts are presently set in the main order of 
change and deregulation with large repercussions on the rules of 
play. 
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4 Contexts for technology 
innovation in infrastructure and 
defence systems 
This chapter elaborates on and explores the environment for 
change and innovation, which constitutes the context and the 
framing conditions for technology innovation. Contexts and 
framing conditions are presented as tangible episodes and 
scenarios. The context represents the “surrounding” factors and 
element in the anatomy of technology innovation (to be 
presented in chapter 8). 

Contexts and framing conditions are exemplified by and also 
constituted as threats or energy failures which trigger activity 
and change, particularly innovation.  

The context presented by a threat or an energy failure is the 
story behind the episode or scenario. Episodes and scenarios are 
notions or labels for a threat or an energy failure which in a 
sense dominate the particular period. An episode is a situation 
in the past or the present; a scenario is an anticipated or a 
prognosticated future threat. A scenario is a mental construct 
and is hypothetical. Sometimes it is stated that reality surpasses 
scenarios (imagined futures). 

A context expressed as a threat can be an actual or an 
anticipated crisis, a natural disaster, an emergency, a hostile 
attack or other form of violence. A threat could also be an action 
that is politically and economically stifling, blackmail or other 
non-violent means of imposing one person’s will on another. 
Threats trigger events and innovation processes in defence 
systems. 

An energy failure is correspondingly in infrastructure systems 
an event that triggers innovation processes and actions. 
Examples of energy failures are a malfunctioning heat and 
power network that breaks because it is overextended or by a 
mistake from an operator or technician. 

We will in the chapter give examples of episodes and scenarios 
which can be used as testing instruments and planning tools 
when analysing and designing technology innovations. 
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4.1 Episodes and scenarios as contexts for 
technology innovation 
An episode, i.e. a historical event, can be described as an arena 
or theatre in which a specific emergency, energy failure, 
disaster, conflict or war-like situation took place. An episode is 
a strategic context; a framing condition for various actions, and 
for technology innovation in particular. 

A scenario is a constructed and imagined future situation used to 
explore a possible development and its consequences, but also 
implications for a certain technology development. 

The way in which an episode is described and framed, the 
stakeholders and actors, the origin and future course of the 
episode etc. are a matter of insight and knowledge, as well as of 
historical interpretation. Episodes in history can be re-
interpreted when new evidence, information and knowledge or 
other factors come to light. How to describe historical events as 
episodes or as periods which are distinct from the time 
continuum presents a scientific problem. 

An episode that is imagined or anticipated in the future is a 
scenario. A scenario is mentally constructed and designed – an 
imagined future situation. A scenario is a future that is 
uncertain, the probability of which is hard or impossible to 
calculate. For planning purposes a scenario needs to be plausible 
if it cannot be completely certain. Scenarios are assertions with 
indefinite truth value and may contain wishful thinking. A 
scenario can never be commanded or postulated, it is a 
conjecture.  

How are episodes and scenarios constructed? Scenario writing is 
obviously not an exact science, but is rather a product of 
imagination and intuition with a foundation in knowledge and 
preparation. A common mistake is designing the future as a 
repetition of history and patterns of the past. On the other hand, 
imaginative scenarios may be untrustworthy… “this cannot 
possibly happen.” Designing a plausible future which provides 
new insight but is not simply a replication of the past or the 
present presents a genuine problem. A scenario is often designed 
with a distinct set of drivers and a specific logic. Scenarios may 
also express certain aims and wishes, i.e. a normative scenario. 

Episodes are historical events that can be documented and 
described. An episode has consequences relating to defence 
spending and investment such as infrastructure investment, and 
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may therefore have an influence on technology development and 
innovation. The episode can be used as a testing instrument 
when designing technology innovations. A scenario can 
correspondingly be used as a planning tool and inspiring for 
future investment or technology development. 

Krepinevich (2009) launches seven “deadly” scenarios. Each of 
the scenarios provides insights into what could happen in one 
region of the world. Krepinevich is an experienced and 
knowledgeable security analyst and his scenarios are therefore 
not merely interesting stories, but are also well-informed and 
logically constructed. The seven scenarios are constructed from 
a US point of view and thus reflect a global power’s perspective 
on regional developments and conflicts. Other scenario writers 
may have perceived the course of events differently.  

Some of Krepinevich’s scenarios (2009), for example “Urban 
terrorism,” “assault on international transport lines,” 
“expeditionary forces somewhere in Africa,” involve disruptive 
attacks on infrastructure for energy, information and other 
supplies in the (US) homeland. These scenarios provide insights 
into vulnerabilities in the domestic and international 
infrastructure systems and indicate how and where these 
systems should be improved, made more secure and defended. 

Robb (2008) provides a similar analysis in his exposé of 
information systems and other infrastructure vulnerabilities in 
the modern society. To some extent (new) technology is a driver 
of new threats, which information technology gives many 
illustrations of. Technology is both a driver and a vulnerability, 
depending on from which stakeholder perspective the system is 
contemplated. 

The episode and scenario approach can be used as an instrument 
to understand the demands and the needs of technology 
innovation for infrastructure and defence systems. 
Opportunities, vulnerabilities and challenges are associated with 
technology needs and demands for each episode and scenario 
and these can drive investments and technology innovations. 

An episode or a scenario implies or causes certain challenges 
(threats or energy failures) triggering certain actions and 
opportunities. The challenges and opportunities result in actions 
such as investments or operations. 
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(threats) and opportunities. An example of this could be a 
situation where new technology for a cold climate makes cold 
regions and resources accessible, which may in turn attract new 
competition, start a race for resources or spur on open conflicts. 

Some consequences of a scenario are secondary or tertiary. 
Many of these secondary or tertiary effects and courses of 
events are difficult to imagine and predict. 

4.2 Episodes in the Post Cold war era 
Below is a list of episodes in the Post Cold war era and 
corresponding tasks and challenges as well as examples of the 
technologies affected. 
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4.3 Scenarios 
The list in table 4.3 below describes scenarios that may be 
relevant for technology innovation. 

A scenario called the The Arctic race for resources strangling 
energy supply and social systems illustrates and analyses 
possible social and economic consequences from disruptions 
arising from climate change and technological development that 
provides access to natural resources (oil, gas and minerals) for 
exploitation in the Arctic and sub-Arctic areas close to Sweden.  

In this scenario, the race to extract the Arctic’s natural resources 
fuels conflicts and the aggressive occupation of installations as 
well as military action which, as a secondary event, affects the 
overall energy supply in the region and adjacent areas. Sweden’s 
energy supply and independence is exposed to a serious threat.  

Emmerson (2010) provides some evidence for the plausibility 
and strategic relevance of this scenario of an Arctic race. 

The Arctic scenario illustrates and speculates about energy 
dependence and the vulnerability of existing energy supply 
systems in the not so distant future. The scenario could be 
expanded to include secondary consequences for infrastructure 
for information, finance etc. 

The local energy supply system in a Latin-American country 
demonstrates the strong need for flexible, multimodal local 
energy solutions and system technologies. 
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4.4 Conclusions from episodes and scenarios 
as context and framing conditions 
We have shown with a number of examples of episodes in the 
past and scenarios, which are imagined futures that these are 
possible instruments in technology planning as contexts and 
framing conditions for technology innovation and development. 

A specific planning for technology innovation can probably 
never incorporate all possible conditions and external factors 
that might affect the solution and have to be considered. A 
specific technical solution or system has to be specified and 
designed for certain rather fixed conditions and external factors. 
The context as episodes or scenarios is then a tool to test the 
solution, and its resilience, or as source of inspiration for 
developing technology and technological solutions which can be 
incremental or disruptive. 
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5 Exploring disruptive technology 
innovations 
Disruptions and disruptive technologies are on the top of the 
agenda for this investigation and study. Can disruptions and 
disruptive technologies be anticipated and can their effects be 
controlled? The answers to these and other similar questions are 
not evident so the ambition stays here with understanding the 
characteristics and the processes of disruptive technology 
innovations. Some ideas on anticipation and control will be put 
forward. 

5.1 Observing disruptive technology 
innovation 
A contrasting and common pattern of development in the past 
consisted of a few well-identified trajectories and origins (Dosi 
(1982)). “Normal” technology changes and developments were 
commonly incremental and were not a surprise. “Critical 
technologies” were few in number and easy to monitor (NRC 
(2009), (2010)). The advances made and applications generated 
were perfectly logical within their trajectories (Dosi (1982), 
Martin (1995), Hughes (1983)).  

A common belief is that disruptive technology is a modern 
feature and has become frequent and common just in our own 
time. However, disruptive innovation and surprise is not a new 
phenomenon. 

Taoist strategic thinker Sun Tzu wrote in The Art of War in the 
6th century BC: “In conflict, direct confrontation will lead to 
engagement and surprise will lead to victory. Those who are 
skilled in producing surprises will win. Such tacticians are as 
versatile as the changes in heaven and earth.”, Sun Tzu (1993). 

Surprise and disruptive innovation is as applicable in present 
day conflicts, war and business (NRC (2009, 2010)). 
Christensen (1997) saw in the spirit of Schumpeter (1934) that 
disruption was an essential success factor for innovators and 
innovations in the market. 

There is a mystique of disruptions and disruptive technologies 
that prevail. Disruptions and disruptive technology are the act of 
God-like creators and investors. The creative idea which gives 
disruptions unveils a totally new world, not before known and 
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experienced, according to this view. But disruptions are more 
common than so. 

A pattern of surprise and disruption (although they are low 
probability events at this level) from “simple” crossovers and 
new combinations of familiar standard technologies are common 
and evident (NRC (2009), Schoenmakers & Duysters (2010)). 
Still it might be an act of the greatest creation to see the 
possibility and the potential of this new combination. 

Significant disruptions might develop from the secondary or 
higher order consequences (for example a price effect from 
cheaper technology). This effect is similar to diffusion of 
technology from one application to another, which may become 
disruptive. 

Last but not least disruptions may come from genuinely new 
technologies and trajectories. This pattern is probably a long-
term process in the order of decades. An example is the 
transistor which took some twenty years after invention before it 
took off at large scale. It is still in an expansion phase of which 
we do not see the ending (Moore´s law for capacity density 
seems still to be valid). It is a common pattern that a new 
technology may sizzle in special, small applications in the 
beginning for later expansion to broadened applications (some 
“new” technologies never takes off at larger scales). 

5.2 The character of disruption 
From a functional perspective disruptive technologies fit into the 
following categories (NRC (2010)). The functions displayed 
may provide an idea of the disruptive mechanism and its impact 
at the system level. 

� Enablers, often called generic technologies, that can be 
applied sometimes in  many situations and contexts, and 
are a common cause of major disruptions 

� Catalysts that turn at the least two components into a much 
improved third outcome 

� Merging between proven and used technologies as a basic 
pattern of application development 

� Supersedence (excellence above that of existing 
technologies), could be something that is far more 
advanced than all known technologies and appliances in 
use. As argued previously, this is a rather unusual event, at 
least when seen from a short-time perspective. Advances 
in one sector tend to fuel a counter-reaction in another old-
fashioned sector, through upgrade and trimming. 
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� Breakthroughs may result in totally new activities and 
expansion, often during or after a long maturing period. 

 

5.3 Candidates of disruptive technology 
Below is a non-exclusive list of disruptive technologies 
candidates and examples (NRC, 2009). Many of these fields are 
highly generic and have dual uses. Possible arenas or origins of 
disruptive change are also indicated. It must be mentioned and 
observed that disruptions may occur far outside the most 
immediate area of application of the originating technology. 

� ICT network connecting everything everywhere 
� Materials from nanotype to zerogravity 
� Automation, controlled manufacturing, robotics 
� Energy technology (sources, storage and integrated 

application) also directed energy 
� Energy storage materials (energy/materials) 
� Transport systems and logistics (presence and delivery 

anywhere in time) 
� New biobased fuels and technologies (transportation) 
� Biomedical (extending life and healing) 
� Ubiquitous broadband wireless (communications) 
� Cloud computing (information technology) 
� Virtual reality and virtual goods (entertainment and 

simulation) 
� Autonomous combat vehicles (defence) 
 

5.4 The technology development cycle 
Most technologies develop in cycles where the time constants 
for expansion, diffusion and fading away differ to a large degree 
(Utterbach (1994)). 

An example of a classic fallacy with respect to forecasting 
technology diffusion and adoption is the forecast by inventors of 
computers in the early 1950s that the world’s computing needs 
could be handled by no more than four computers, or a similar 
forecasting fallacy by inventors in the 1940s that the world only 
needed a few copying machines. Such fallacies tend to arise 
from a static view of demand and are often made by the inventor 
who may not be able to imagine how the new technology can 
diffuse into radical new and uncommon applications. 

The diagram below from Gartner (2006, yearly publication 
about a number of technologies in different fields, Hype Cycle 
for Emerging Technologies) illustrates views on technology 
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development cycles for information technologies from a 2006 
perspective. The diagram illustrates radar screen conceptions or 
“hype” regarding the successive stages of development of these 
technologies. In the rear view, some technologies will disappear 
from the radar screen (“obsolete”) and will not reach the next 
stage in the cycle; they may be phased out altogether or perhaps 
remain stationary before popping up as candidates for a second 
wind. 

Hype Cycle for Emerging Technologies 2006

 

Figure 5.1 Gartner diagram over Hyped Technologies (2006). 
Observe that some technologies have disappeared during the 
cycle as they have become obsolete. Source Gartner, 2006 

 

5.5 Tracking disruptive technologies 
Methods and instruments for tracking and screening emerging 
technology innovations are important in the identification of 
potential disruptions (NRC (2010)). As already stated 
disruptions may occur in applications and sectors far from the 
originating technology´s most immediate area of application. 
The result and quality of the methods are all highly dependent 
on the practitioner’s expertise and imagination.  

� Identification of emerging threats – early warning and 
technology radar (dependent of well informed input) 

� Impact analysis (consequences are often more difficult than 
easy to project) 
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� Mitigating or bolstering risk from disruptions (redundancies 
can give a help for disruptions) 

� Gaming and simulation (can in worst case be futile exercises 
with little content, but when consistent foundation of 
characteristics good value for risk and sensitivity analysis) 

� Contextual database searches (needs a competent ear to 
perceive weak signals) 

� Backcasting (method to preparing for consequences) 
� Portfolio and ventures strategies (risk management tool that 

can used by a qualified futures investor) 
� Visualisation and virtual design (science fiction and literature 

for imagination) 
 



62 
 

 



63 
 

 

6 Dealing with disruptive 
innovation – invention and 
discovery 
Processes of technology innovation can be more or less 
organised or spontaneous. Due to the complexity and long lead 
times and life times of infrastructure and defences systems, the 
systems and their development are affected by many processes 
which have significant variations in terms of timeframe, scale 
and scope at various stages in their lives.  

Technology innovation may be derived from and triggered by 
many factors that are contextually related, such as the following: 

� Competition (from other providers of services) 
� Demography 
� Entrepreneurial culture 
� Geopolitical 
� Cost levels for research & development, production and 

services 
� Availability and cost of expertise, industrial capabilities and 

knowledge, raw materials, etc. 
� Quality of infrastructure 
� Cost and concern for environment 
� Quality, special demands and cost for infrastructure and 

security 
 

Infrastructure and defence systems are consequently complex 
entities with lives and lead times lasting for decades for each 
stage in their development, production and operation. 
Infrastructure systems may be in operation even longer, e.g. for 
decades or even centuries! The design, development and 
construction phases for a complex infrastructure system can 
easily last for a decade or longer. Defence systems may be 
originally designed and deployed over a long time span and 
sometimes have to be operative but not actually used for even 
longer periods of time, decades. 

The contexts and framing conditions for any of these long-life 
systems are certainly different at the end of their life cycles than 
when they were originally conceived. The importance of robust 
design to withstand wear and tear and future changing contexts 
is significant. 
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Another important characteristic of infrastructure and defence 
systems is their public ownership or that they are the 
responsibility of a public authority. 

The management of infrastructure systems is growingly a mix of 
public and private ownership, partly in combination with 
deregulation. Management, processes of change, adaption and 
innovation for defence systems are still relatively more 
homogenous and continuous, although there are similar 
tendencies of privatization of certain defence services. 

6.1 Proposal for a three-stage innovation 
process 
A three-stage innovation process is proposed. 

� Discovery and invention (first stage of innovation) - 
including research and development  

� Production (second stage of innovation) - may include 
experimentation and testing 

� Use (third stage of innovation), this is introduced by 
deployment and succeeded by disposal and/or renewal, 
reconfiguration or additions 

Table 6.1 Three main stages of innovation 

The table below describes some examples of the three stages 
and their characteristics. 
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The division into three stages suggested here parallels the 
Mahnken (1999) model of the innovation cycle in military 
systems:.  

� Speculation (corresponds to discovery and invention) 
� Experimentation (corresponds to production) 
� Implementation (corresponds to use). 
 

Utterbach (1994) presents a similar model of the 
innovation cycle – from conception to disposal and 
scrapping. 

According to Utterbach (1994), the technology generation 
(innovation) process has three conceptually different 
phases. The first phase is fluent and open, the second 
expanding and stabile and the third mature and fading, but 
is still a basis for adaptation and new development.  

Fluent  Expanding and 
transitional 

Mature and specific  

Variety in design  Standardisation of design Dominant design 

Dozens of manufacturers  Shake-out among 
industries 

Oligopoly 

High rate of product 
innovation  

Product innovation slows 
down 

Product innovation slows 
down 

Low rate of process 
innovation  

Process innovation 
speeds up 

Process innovation slows 
down 

Misalignment of 
technology and structures 

Convergence of 
technology and structures 

Alignment of technology 
and structures and lock-in 

Table 6.3 Design and technology generation phases 
according to Utterback (1994) 

The three-stage innovation cycle which is proposed here is 
in line the phases of the technology innovation cycle 
according to Utterbach (1994). 

A third concept in the development of technology is the 
Technology Readiness Level (TRL) scheme which is often 
used by engineers and engineering developers in project 
planning and development. It was originally launched by 
NASA for their space program in the 1960s and has since 
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progressed from a scale of six to a scale of nine. It has also 
generated variations and offshoots to measure innovation 
maturity etc. The TRL scheme, visualised here in six 
steps, categorises technologies and technology 
development projects depending on their relative maturity 
with regards to operative use. Gaynor (1996) and Cooper 
(2001) have developed the concept further. Cooper (2001) 
has suggested a self-instructing testing tool when 
advancing projects in various stages of development. 
Gaynor (1996) has characterised the stages of 
development. 

 

Figure 6.1 Technology Readiness Level. Source EIT 
Innoenergy Polygeneration project documents 

The lowest two degrees of readiness, basic research and 
research to prove feasibility, correspond to discovery and 
invention.  

The next four degrees of development, demonstration and 
system development correspond to production. The most 
mature level, system test, launch and operations, is at the 
boundary between production and use. 

6.1 Three stages of innovation 
A (comprehensive) innovation cycle is a defined set of 
consecutive processes or stages. Each can be an ending or 
closed activity in itself or can be a precursor or linked 
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directly to the next. Each stage is both a separate state and 
system of innovation as well as (a part of) a larger 
innovation process. An innovation can occur in each stage 
separately or in all three together. 

An innovation must prove itself in the final stage which is 
when a system service is consumed and used. An 
invention is merely a candidate for innovation until it has 
been verified and has fulfilled its promises to the user. 
Successful use proves the existence of an innovation. 

In one key perspective there are two opposing sides/parties 
in an acquisition process for the provision of a certain 
service. On one side is the user/customer/owner and on the 
other is the contractor/supplier/creator. These two 
sides/counterparts are commonly neither homogenous nor 
integrated organisations. In between and parallel to them 
are agents and supporting bodies whose roles and interests 
are not well-defined or fully clear. 

In a relatively mature stage of development – here referred 
to as a second or third stage – the innovation process 
changes from the first stage’s relatively unorganised and 
disparate activities with a freer flow of knowledge into a 
more regulated acquisition process, where the execution of 
procedures and established routines play a larger role in 
determining what may/will be developed, possibly 
resulting in innovation. These later stages are also more 
dependent on the availability of complementary resources, 
such as industrial branch and corporate structures and 
other network capabilities. (These resources are 
sometimes called clusters.)  

One example of an overall innovation process is the 
regulated procedure and model for acquisition and public 
procurement. The public procurement model and its 
application in many sectors have changed and developed 
considerably in recent years. The most important change is 
due to deregulation, re-regulation and privatisation of 
specific infrastructure services, such as electricity supply 
and phone systems. This de-regulation and re-regulation 
has also resulted in a change in the division of work and 
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responsibilities as well as liabilities of the contracting 
parties.  

The first stage – discovery and invention – is idea-based 
and undefined and its consequences can be utterly 
disruptive. In this phase no competing alternative exists, 
the invention makes something new available; a new 
spectrum of characteristics and services that have not 
existed before. Discovery and invention/creative design 
are main modes of innovation at this stage. This stage 
could in essence be called idea creation. 

The second stage – production – is competitive in many 
dimensions, but its significant characteristic is a prominent 
and dominant design. Production, including testing, is a 
main mode of innovation. This phase could in essence be 
called manufacturing and constructing. 

The third stage – use; changes may be superficially 
incremental or marginal but disruptive in use. The main 
mode here is innovative use. This phase in essence 
constitutes the intelligent and competent user. 

Sometimes innovation processes are illustrated as linearly 
connected processes. Gears can illustrate their 
interconnectivity. The three stages overlap and are 
connected. Over the life of a given system the stages 
iterate and feed backed to earlier stages. The process is not 
two-dimensionally linear, but rather helix shaped along the 
arrow of time.  
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 Discovery and 
invention 

Production Use 

Technologies Sensors Prototype manufacturing 
and software 

Automation 

System 
integration 

SOA Standards, spillover 
technology 

Interfaces 

Services 
(capabilities) 

New media Transition Defence 
doctrine 

Table 6.5 Stages of innovation, examples of advancements 
and innovative stages 

The table above shows examples of types of innovation. 

These examples of systems and innovative stages may be 
further developed along a system (and enterprise) 
architectural perspective. 

6.3 Stage 1 Discovery and invention 
Where does a creative idea and an innovation originate? 
The answer is probably a creative person or group of 
individuals, an environment or exploration organisation. 

Hollingsworth (2007) has explored where and how 
creative ideas and innovation come about. The focus is on 
discoveries from complex cognitive environments. 

A well-known originator of the inventive stage is the 
inventor and creative team – the inspired mind and people 
who imagined an idea. It is often an idea from a single 
mind, not an organisation that shapes innovation. 

One important perspective looks at whether an idea is born 
inside or comes from outside an organisation. The Rogers 
(1962) and Griliches (1957) perspectives stress innovation 
as a diffusion and adoption process (assuming the idea 
came from outside). The adopters must have receiver 
potential, which requires competence. 

Another perspective on the early innovative process looks 
at the environment and the organisation, beyond the single 
inventors and creators, where the idea was created. Did the 
idea and innovation occur in a meeting and clash between 
competencies, personified by two or several people, 
capacities or sub-organisations? Collective capacities and 
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The four axes figure can be abbreviated with the following 
quadrant, or four-dimensional space. 

People Cognitive 

Business model Finance 

Table 6.6 The main four axes of economic organizational 
factors for technological innovation 

6.3.2 The people dimension – the inventor 
and creative mind (team) 
It is the inventor, or possibly a mixed group of creative 
capacities, that initiates and pilots an innovative venture, 
and the inventor is the key person or team. The 
competence and sometimes, but less so formal education 
are important characteristics of the inventing group and 
their mindsets. The developer has the capacity to bring and 
inventive idea to reality and innovation.  

A common model of development is a provider 
(represented by an inventor or a supplier) who confronts 
and solves a problem (represented by a user, actual or 
potential). 

Most development in industry and elsewhere is not from a 
single, solitary industrious person (Edison is a well known 
example and exception to the rule), but rather from a 
creative team or group of combined competencies. The set 
and combinations of competencies in the team or the 
group is a critical factor for creative invention. 

6.3.3 The people dimension – the interplay 
between competencies and stakeholders in an 
organisation  
For innovation to come about, several competencies are 
needed. The most essential competency for technology 
innovation is a combination of technical imagination and 
knowledge.  

Another vital competency or capacity is the ability to 
imagine the innovation at work; how it is applied, solves a 
problem or fulfilling a need. The inventor may well be a 
qualified user – a user who is thinking about solving a 
problem he has experienced or imagined.  
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The actual or potential user is an important factor for the 
development to take place. Earlier investigations show that 
qualified users are the single most important driver of 
innovation, v Hippel (1988). 

Other stakeholders may also provide an impulse or an 
entire inventive idea, and subsidiary suppliers of services, 
products or technologies provide input for answers to 
questions.  

Communication between the inventor, the engineer and 
the user, and their mutual understanding of and insight 
into a problem or issue are strong engines for creation and 
innovation. 

A potentially disruptive idea may have no direct client, or 
inversely, an imaginative client or advanced user may 
demand a function that does not exist, and this may be the 
catalyst for creation and innovation. 

6.3.4 The technology dimension – the 
cognitive and knowledge factor in the 
innovation process 
The existing technology and knowledge base is, of course, 
a significant factor in each and any further development. A 
new technology may infringe upon existing protected 
technologies. IPR issues and limitations to the application 
of a certain technology may be quite significant. 
Technology ownership and proprietary rules with respect 
to technology may limit a new application or render it 
impossible. 

The use and availability of technology, for example, for 
military uses is regulated and restricted. Codes of secrecy 
may also apply to commercially useful or potent 
technologies. The market for technology is limited. 

Technology monitoring and intelligence is vital in this 
regard. A function is needed that scans and explores, 
develops at an early stage and tests new technologies. The 
experiment and testing function is of great significance for 
innovation. Serendipity is a buzz word for a prepared mind 
that searches for a solution and then “by chance happen to 
meet” a solution in arenas of technologies.  
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How are new technologies and the need for new 
technologies announced and brought together? Are there 
forums for the exchange of ideas about needs and 
demands as well as opportunities for new technology? 
Serendipity is here the buzz word for this activity.  

6.3.5 Knowledge transfer and spill over 
(diffusion and dual use of knowledge) 
Innovation may spill over or be actively transferred from 
one sector or activity to another. The diffusion aspect is an 
important factor for innovation (Griliches (1957), Rodgers 
(1962)). An adopting organisation must be open to 
importing technology. 

6.3.6 The financial dimension – affording risks 
Technical development is a risky business. Success cannot 
be guaranteed, even if the technological advancement that 
is needed may seem harmless and promising. And 
development costs money – the cost of the developer’s 
time as well as instruments, equipment and testing 
facilities to verify and demonstrate the technology.  A new 
technology may also have to be proven and tested 
according to standards or legal or other technical 
requirements and demands. Necessary adaptations (for 
example for certification) and application procedures for 
example for patenting and maintaining patents may be 
very costly in terms of both time and effort. 

One essential activity is bolstering or funding research and 
development programmes. This may be preceded by a 
decision to increase or redirect spending and initiate 
investment in research and development. Funding may be 
provided by a client or customer in urgent need of a 
certain development. First customer funding is a common 
finance model of innovation. When it comes to 
infrastructure and early-stage development, costs may 
become prohibitive and make it difficult to produce a pilot 
or test version before deployment. 

One reason for innovating infrastructure, or rather not 
innovating infrastructure, is the capital tied up or frozen in 
existing systems and technologies. System costs are 
prohibitive; it is extremely difficult and costly to switch to 
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a new “track” or a new system that is not compatible with 
the existing one (requiring scrapping the old one and 
losing capital). Substitutability and compatibility are 
crucial for all technology innovation and change. On the 
other hand, there are certain indivisibilities and step 
functions of change that implies that the new technology 
can only be adopted by a brand new generation, rather 
than piecemeal.  

6.4 Stage 2 Production 
One main concern at the production or implementation 
stage is ensuring that the product or service is 
commercially viable, i.e. production friendly and 
functionally useable. An invention or early discovery may 
not fit into or adapt easily to commercial, engineering and 
industrialisation requirements. Of course, if demand and 
need are strong enough, an expensive production process 
is feasible. If the level of demand is more moderate, price 
and cost do matter. The intended effects and affordable 
costs must always be carefully balanced  

Innovation at the production stage is to a large extent 
related to process technology, processes for acquiring and 
producing subsystems and components, and finally their 
assembly and the engineering process to make the parts fit 
into a system. The service element of delivery and future 
maintenance etc. must also be taken into account. 

The implementation and production phase is often more 
incremental than disruptive Still, reducing costs and 
increasing deliveries may increase user value radically.  

The objective of a new generation of a product or service 
may be established, for example, as a doubling of the 
capacity for half the cost. This requires an increase in 
functionality effectiveness, which may be productive and a 
great improvement for the end user. 

In the development phase there is normally a need for 
testing and experimenting with various designs and 
configurations in order to optimise the economics of the 
solution. If this testing and experimentation process is 
given proper attention, radical new designs and advances 
may arise from it. Technologies are also tested for 
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practical use. System building and engineering using 
subsystems and components – since products are part of a 
complex system – is an area requiring major effort and 
organization at this stage. 

A range of engineering issues need to be resolved at the 
production stage. For example, to determine if a solution 
is in line with standards and certification requirements. 
Specific standards and quality requirements may make 
innovative designs and solutions impossible to implement 
(prohibitively high costs). Guarantees and liabilities may 
have a great impact on choices. 

A radical new or potentially innovative idea may demand 
new manufacturing and production technologies. The 
production competence and capabilities required for a new 
idea and innovation may be used in places and contexts 
other than where they originated. This is so-called 
spillover knowledge. Spillover may well be considered an 
extra “free” resource from the development of advanced 
manufacturing and production technologies and 
organisations. Eliasson (2010) has assessed and discussed 
the substantial and frequent technology spillovers from 
fighter aircraft production in Sweden. 

Competition and industrial specialisation restrict the scope 
for innovation at the production stage. Since the solution is 
a system based on subsystems and components, the 
organisational and contractual arrangements with suppliers 
of the subsystems and components are key critical factors. 
Several possible procedures and models exist. Industrial 
structure and specialisation constitutes a key framework 
for innovative production. 

A key issue is the role of the main contractor responsible 
for system construction, assembly and possibly integration 
and coordination of subsystems and components. 
Assessing all of these industrial resources and capabilities 
can be a sensitive issue. 

Subsystems and components can be procured directly or 
through a competitive process. Partnering is a form of 
engagement with a client and/or system builder and 
integrator. One special form of partnering is public-private 
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partnering (PPP) which is sometimes appropriate for 
military systems and infrastructure systems. The potential 
for such partnerships is limited since strong public 
governance in the form of ownership and other forms of 
control is required for many functions.  

Innovative procurement has been discussed in recent years 
and preliminary findings show that the greatest potential 
for this is in the defence sector and possibly also for 
certain infrastructure systems. 

Contracts may also include responsibilities with respect to 
management, operations and use (and sometimes also 
disposal). This can induce as well as prohibit innovation 
(the contractual arrangements disfavours new services as 
competitive). The business arrangements for ensuring the 
required functionality and delivery speed are other areas of 
concern. Speed of delivery is often conflicting with 
performance and quality. 

6.5 Stage 3 Use  
The use stage is where innovations mature. Actual use is 
the proof of innovation. Use can breed innovation. Use 
can in its own right inspire or generate innovation, an 
innovative new generation and not merely innovative use. 
A use innovation or innovative use may in the last instance 
depend on a potentially innovative idea from the discovery 
and invention stage or from the production stage. 

The use stage has two phases – deployment and actual use. 
The use phase is when the product is actually in use. This 
phase is preceded by a deployment phase when post-
production testing, installation and training take place. 

A very significant third phase in the use stage is 
modification/facelifts and upgrade/regeneration, 
sometimes directly related to or inspired by user 
experiences in the field. This phase may also be related to 
a desire to integrate the latest technical developments and 
subsystems. 

New ways of using existing products and systems or new 
procedures constitute a very important category of 
innovation. In fact, much innovation in real life comes 
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from existing/well-known technology being used in a new 
way. The technologies may be well known but the 
innovation is a radically new application or combination 
from a standard usage. 

Small changes to and moderate adaptations of design and 
operation may also come about in the use stage, and this 
too can be considered an innovation or innovative use. 
There is often improvement potential, which to some 
extent is due to a learning effect, in most products and 
services after and during use (for example, in steel 
processing and process technology for steel making – a so-
called Horndal effect was observed).  

Some of the incremental changes, such as fine-tuning, may 
be necessary as a result of competition from other 
products, systems and technologies. Fine-tuning can easily 
be compared to radical and inventive new designs. The 
history of technology shows many examples where the 
improvement potential of existing technologies has been 
misjudged. 

An indirect effect in the use stage may also be technology 
diffusion and spillover – for example process technologies 
which diffuse to other areas and which cannot be, or can 
only partly be exploited in the form of the existing 
products and services. 
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7 Discovery and inventive 
phases of technology 
innovation –case studies 

7.1 Finding relevant cases of technology 
innovations in Swedish infrastructure and 
defence systems after the Cold War 
There is an amazing record of technology innovations and 
other innovations within the infrastructure and defence 
systems in Sweden in the Post Cold war era. The table 
below shows a few examples from this era from which 
cases for further investigation could be selected. The cases 
shown represent innovation in all three stages (invention 
and discovery, production, use) and at all levels of a 
system (technologies, system integration, services and 
capabilities). 
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7.2 Cases studies – analytical scheme 
Two cases – the LedSyst and the Polygeneration 
(Polygeneration is not included in the table 7.1 as being in an 
early stage of development) – are analysed focusing on the 
following issues in bullet form:  

� What were the framing situation and environment like when 
the case was initiated? Did the context change and how did 
this affect further development? 

� A general description of the system being studied, its 
boundaries and purpose. The cases selected are both 
examples of systems development. The system architecture 
and engineering are key elements to define. 

� Describes the system on a technological level. Both cases 
encompass examples of technologies that need to be 
integrated and merged. 

� Describes how the system is integrated. Both cases are 
examples of systems-of-systems. How can systems-of-
systems be built up? 

� What are the main services (and capabilities) provided by the 
system? Service provision is the ultimate purpose of a 
system, and also proof of success or failure. 

� What categories of personnel invented and developed the 
system. What are the characteristics of the leading personnel 
involved in the project? Are they effective managers, 
operators, inventors or technicians? 

� What was the knowledge base and how did the cognitive 
dimension progress? Knowledge is the basis of any 
advanced development. How was knowledge attained and 
sought? Was there room for serendipity in the project, where 
new solutions and approaches could emerge, or was pure 
linear engineering applied? 

� How were the relationships and the engagement of various 
stakeholders organised? Who has overall responsibility and 
how is the project structured? What business model was 
practised and how did this affect the solution? 
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� How did the project manage risks? Intelligent risk-taking in is 
the earmark of progress and development. Without risk, no 
development will take place. 

� What was the role of the user and customer in the process? 
The user and customer should have a key role, but should be 
in the appropriate place in the process. 

 

7.3 Case study RMA, LedSyst and innovation 

 

Figure 7.1 conceptual illustration of LedSyst. Source official 
presentations of LedSyst 

LedSyst (the name, in Swedish, of the idea and project literally 
means control system) was conceived as an innovative idea and 
concept for a world-class integrated, joint (encompassing all of 
the military services and possibly also security-cleared civil 
authorities and agencies) information and control system for 
defence and security. The first acquisition and design activity 
for LedSyst started in the late 1990 and specifications were 
decided upon for a system that would be fully operational in 
2010.  

The goal of LedSyst was to be able to define a solid basis for a 
decision in 2010 about what system the Swedish national 
defence would acquire and deploy. The intended system was a 
C4ISR system, which means an integrated Command, Control, 
Communication, Computers, Intelligence, Surveillance and 
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Reconnaissance Systems. This concept emerged in the 1990´s 
and has since received various names and acronyms. The current 
name for such a system is NEC, which means a system that 
supports Network Enabled Capabilities (this is actually the UK 
concept, preceded by the US term Network Centric warfare, 
NCW and the Swedish concept NBF, Nätverksbaserat försvar or 
Network Based Defence). 

The Swedish LedSyst can be seen as an application of RMA, 
Revolution in Military Affairs for circumstances and conditions 
in Sweden. The intention was for LedSyst to provide some 
rather unusual capabilities and applications for Swedish national 
defence and security organisations. 

In the acquisition and request stage early on in the project to 
acquire a methodology and method support to define and 
produce LedSyst, the following was required (Source: LedSyst 
request for design): 

 

� to access the latest technology, and not become confined 
within a tradition  

� evolutionary, step-by-step procurement and installation 

� international delivery and supply 

� maximise benefits of technology advancements 

� Open System Architecture (OSA) with efficient use of 
commercially available technology solutions (COTS) where 
possible, modular renewal is integrated 

� Well-planned and realistic balance of goals, objectives,  
implementation and realisation 

� System building in a network for successive expansion (it 
could be added that there was a preconception that defence 
would be net-centric, in Swedish NBF, Nätverks Baserat 
Försvar) 

The RMA concept in the Swedish debate 

LedSyst emerged from a discussion of RMA mainly inspired by 
the US military, for example from early studies carried out by 
the RAND Corporation and from US field experience in the 
1990s from the first Gulf War and the Balkan War and conflicts. 
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In the early 1980s the Russian military invented the concept 
theoretically and tried in vain to establish a practice and a 
doctrine. When planning began, the Swedish discussion was 
mainly based on US military knowledge and experience, 
communicated by Admiral Owen, and military strategic 
consultants (in particular the strategy consulting firm SAIC).  

The Iron Curtain in Europe was raised in the 1950´s and was 
demolished at the turn of the 1980/90´s but it took until the 
middle of the following decade for Swedish military planners 
and policy makers to realise that Cold War technologies, 
systems and solutions would not be appropriate for Swedish 
national defence in the new era and situation. The context and 
situation were uncertain for several years until the new 
millennium and the events in 2001, and were somewhat 
overshadowed by the first Gulf war and the Kosovo/Balkan 
conflicts and war. The Gulf War and the problems in the 
Balkans highlighted the urgent need and the opportunities within 
reach for introducing new defence capabilities through new 
systems for communication and warfare. It did also expose 
Swedish military assistance and peace keeping abroad. 

It was when Lt Gen (later) J Kihl entered (from the army) the 
Defence HQ as a Deputy CINC (functional but not formally), 
then led by CINC O Wiktorin, the idea came up for a new 
technology to be packaged in the LedSyst concept. The idea was 
directly inspired by Admiral Owens in the US and a succinct 
SAIC study (also called the DBA study). Documentation from 
the first Gulf War and the conflicts in the Balkans clearly 
showed that high-precision systems were within reach and 
would be necessary in the battlefields of tomorrow. 

A bill (proposal from the Swedish Government) on defence 
policy in the middle of the decade (1995) re-introduced “Cold 
war-like” aggression from the East as the main threat to Sweden. 
More than that it was an era of “strategic uncertainty.” The 
situation triggered an idea among military planners to look for 
something different. Kihl and his collaborators received a 
positive response from the then new Minister of Defence B von 
Sydow to their vision and proposal of a “strategic time out.” In 
the “time out” scenario, there was time to reflect on a future 
defence system. Kihl and his collaborators argued that an 
uncertain future meant there was a need for the construction of 
more flexible systems. LedSyst was an obvious solution that 
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could be applied in the future in a great variety of unforeseen 
situations.  

The 2000/2001 bill on defence policy announced that NBF 
(NBF means Network Centric Defence, corresponding to NCW) 
would be the main concept and focus of development of the 
Swedish defences. Sweden was by then at the front line 
internationally of NCW defence thinking when the LedSyst 
project was launched. 

The defence reform process started in 1999 when the foundation 
for renewal and modernisation was included in the bills entitled 
”Förändrad omvärld - omdanat försvar” (Changed world, 
reformed defence, Proposition 1998/99:74) and "Vårt framtida 
försvar" (Our future defences, Proposition 2004/05:5). These 
decisions formed the basis for a modern, flexible and agile 
defence. An important component of the proposed reform was 
the development of a network-based defence (NBF). Under this 
principle the military defence forces should be able to operate as 
part of an integrated but flexible network based on modern 
communication and information technology. This together with 
a strong communication system would create the necessary 
conditions to achieve dominant battlespace awareness (DBA or 
in Swedish “Lägesbild”). 

The goal for the NBF was to have the task forces assembled 
according the demands of a given situation that will be at the 
right places, at the right time, and can implement measures to 
achieve the desired effect (in the terminology of the time effect 
based operations, EBO). The network would be be joint for all 
of the armed forces and would function as effectively in any 
situation on a scale from peacetime emergencies operations to 
war. 

What is RMA? The international debate 

The discussion about RMA and its dependence on technology 
advancements and innovation is based on Sapolsky et al (2009), 
Adamsky (2010), Mitchell (2006), Gray (2005) and Krepinevich 
(2002). Sapolsky et al (2009) offer a verdict or testament of the 
US RMA concept so far. Farrell & Rynning (2010) give an 
overview and a discussion of the development in the first decade 
of the 21st century of NCW, NEC and other concepts. 

The RMA concept, defined by Sapolsky et al (2009) as precision 
war operations, was conceptually invented and made 
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commonplace in the US in the 1990s among military strategists 
and analysts. Admiral Owens, for example, inspired by his field 
experience in the first Gulf War and the Balkans, was an early 
propagator of the concept. The precursor, the theoretical MTR 
concept (Military Technical Revolution) was inspired by the 
Russian concept (early 1980s). The term RMA, Revolution in 
Military Affairs stresses the operational dimensions (the 
technological dimension being considered implicit. RMA 
represents a broader concept that needs to include radically new 
operational behaviour, but is quite vague. 

The term MTR tells about the opportunities afforded by new 
technologies, particularly information technology, space 
technology etc. RMA encompasses operational behaviour, while 
MTR identifies possibilities and technical means.  

Critical technologies and systems for a MTR system 

The opportunities offered by all of the elementary technologies 
and fields of operations to which the MTR refers are in the 
following areas:  

� speed,  
� contact, 
� information (real time, dominance over enemy or aggressor),  
� mobility (people, goods and objects), 
� precision (spatial, time).  
 
In all of these areas great progress was mainly made possible by 
technological development. The following are examples of 
technologies and subsystems that made this development 
possible: 

� Sensors and sensor systems (more or less specific) – physical, 
remote, on land or at sea and other 

� Communications (general development and strong dual/multi-
uses) 

� Precision (mostly military but also in civilian air and space 
exploration etc.) 

� Munitions (explosives) – conventional and calculated to be 
effective at a distance 

� Energy supply (dual development for supplying both military 
expeditions and civilian appliances and installations) 

� Stealth (mainly military) 
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Development of technologies and subsystems 

The vital and most important subsystems and technologies for 
MTR are sensors and communications as well as control 
systems. In many other fields continual development is taking 
place and may sometimes result in technological leaps and 
trigger radical advancement and innovation in unforeseen ways. 

Many new sensor categories and systems are rapidly emerging. 
Powerful tools for remote sensing and analysis based on radar, 
imagers in the optical visible spectrum or infrared and others are 
being put to practical use. These developments make it possible 
to look through the “fog” of war. On the other hand, 
countermeasures or analysis and localisation of electronic and 
other sources have improved intelligence on sources and targets 
(not to mention information on a range of other terrain 
characteristics, geographical and other aspects).  

Information and communication technologies in networks are 
becoming the backbone of a brand new infrastructure that is 
supplying and becoming accessible to all quarters of society. 
Broadband communications – integrating a variety of systems at 
sea, on land and through space – are permeating and connecting 
all kinds of activities, increasingly using mobile technology. The 
security of communication and information transfer is still at a 
difficult development stage with numerous unresolved issues, 
such as legal, regulatory, organisational or technical, 
misuse/hostile use and unintended loopholes. 

Sapolsky et al (2009) underlines precision (including sensing, 
communication and control) and stealth as the most critical 
technologies of all of these areas in order for RMA to be 
effective. The Swedish system such as LedSyst emphasized 
communication, surveillance, and control and decisions systems 
as core capabilities for an effective RMA.  

System integration 

System integration of subsystems (dual with a strong military 
tradition) can lead to innovation when technologies and 
subsystems are combined in new ways. An area of great 
importance is networks and network systems (early on 
developed by the defence sector, but soon overwhelmingly in 
the commercial and civil sectors, the best and most prominent 
example here being the Internet). A related area is information 
fusion and connection. 



91 
 

One general field of development is system integration and 
engineering. Other examples and applied system integration: 

� Surveillance – control everywhere, anytime, of anything (a 
spectrum of activities and objects etc. can be discerned 

� Logistics – instant delivery with a high capacity 
� Manufacturing (rapid prototyping and manufacture) of 

platforms – from inflexibility to versatility 
� Platforms and other military systems: land vehicles and 

robotics, aircraft UAV and missiles,  
� Simulation and gaming, design methods (SOA), decision 

support systems 
 
Services 

Services are the end product and output of a system. A range of 
technologies and (sub)systems are needed to produce a service. 
Obviously, services rely on more than technologies and the 
subsystems that are integrated. When the technologies and the 
systems stand alone and not integrated, they have little impact. 

Examples of vital and special services that might be included in 
RMA: 

� Joint operations and politics 
� Rescue operations (in emergencies and disaster events) 
� Crisis management and operation (partly civilian, partly 

military and cooperation) 
� Land operations 
� Sea operations 
� Air and space operations 
� Information domain 
 

A critical dimension for MTR at the operational level and for 
RMA is integration and fusion of technologies, systems and 
finally services. To some extent this is a technology issue, 
although it is even more an issue of organisation and culture. 
The service level is critical for the whole RMA concept and 
doctrine to come true. 

According to Adamsky (2010) and Sapolsky et al (2009) neither 
MTR nor RMA is implemented in the US Defence mainly 
because of the rivalry between the services and the lack of joint 
command. The great technological advancements and system 
transformations did not attain the service and operations level.  
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RMA and technology innovation - international comparison 

At a lower level within the services there have been great 
advances in interoperability due to new technologies that are 
dramatically improving efficiency, if not causing a disruptive 
change. Sapolsky et al (2009) find, for example, that the US 
army early in the 1990s started introducing radically new 
technologies piecemeal, but that the armed services and defence 
sector never actually modernised or transformed army 
operations in a broad sense. The authors argue, along the lines of 
Posen’s view, that a high external threat level inducing civilian 
leaders to push for transformation was obviously not present at 
this time.  

Over time we can identify incremental change, which seems to 
support Rosen’s view. New skills came into use as old staff 
were retired, and these new skills, free from the burden of 
tradition on “how it was and as a rule should be done,” resulted 
in change and development. 

Sapolsky (2009) supports Cote’s and Sapolsky’s theory that 
inter-service competition provides the biggest impetus for RMA 
transformation. The most significant and important competition 
is between the army and the air force. The Air Force has a 
tradition or even culture of radical system integration and 
transformation. The Army is lagging behind in this 
transformation. Similar tendencies on branch level can be found 
in the Swedish LedSyst case. 

Sapolsky et al (2009) found altogether little revolution (of 
operations) in the Navy, although they did found areas of major 
technical progress and advancement. The Navy has a tradition 
and culture of R&D and initiated systematic research and 
development activity earlier than the other branches. There is a 
continuous technical upgrading of ships, vessels and 
technologies, but according to Sapolsky et al (2009) no 
discernible new mode of operation and type of capability.  

The advances made during Desert Storm emphasised the 
importance of stealth, precision and communication in the US 
Air Force, making the transformation evolutionary rather than 
revolutionary, according to Sapolsky et al (2009).  

Sapolsky et al (2009) have summarised their analysis of US 
defences in the “second interwar period” (after the Cold war). 
They find examples of great technical changes and development 
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in the services, but altogether no revolution or a fundamentally 
new way of doing things (operations). The basic issue here is 
that military services are large organisations or political 
constructs that resist innovation. Sapolsky et al (2009) stress that 
organisations in the public sector do occasionally innovate. They 
may change their doctrine, primary mission, hierarchy and sense 
of purpose. This happened according to the authors in a rather 
general way in the first interwar period (between WW I and II). 
Certain radical changes at system level took place during the 
Kosovo and Balkan operations when the different services had 
to compete with each other. 

A complementary analysis is provided by Adamsky (2010) 
based on international comparisons and from a cultural 
perspective (which also is a stakeholder perspective). 

Adamsky (2010) has compared the US, Russia and Israel with 
regards to MTR and its implementation. Adamsky (2010) shows 
in an interesting cross-country analysis that cultural factors and 
traditions, which differ greatly between the nations, are decisive 
factors for innovation. The Russian military invented the MTR 
concept on a theoretical level in the 1980s, but it was incapable 
of implementing it in a doctrine of practical use. The US 
developed the technologies and subsystem components, but was 
unable to combine them seamlessly, mainly due to the rivalry 
between the branches and weak overall leadership. The Israelis 
did actually put MTR into practice, in particular in subsystems 
in field operations, but a central theory, doctrine or set of rules 
for MTR never preceded or emerged from these experiences. 

RMA, LedSyst and innovation – a case study (LedSyst case) 

The intention in this case study – RMA, LedSyst and 
innovation, called the LedSyst case for short – is to investigate 
the processes for MTR development, how the innovative 
technologies were identified, how development of parts of or 
whole systems started and proceeded, supposedly with the 
intention of being integrated and deployed into a 
comprehensive, operating system.  

The case study is based on interviews with technical industrial 
experts and key stakeholders involved in the process, as well 
suppliers of technologies, systems and components and various 
clients and users, and on documentation on the project’s results 
and achievements. 
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The case study is based also on documents and annual reports 
from the project. A general comment: the documentation – 
although of a general character to market the concept, is rather 
extensive for the very early phases of the project and in its final 
stages. The important middle intense working period is rather 
poorly documented and lacking in available evidence, other than 
indirectly. We still believe that our conclusions on why the 
project failed – which it did compared to its original aiming, are 
valid and true. The basis for this view is that key stakeholders in 
retrospect agree with the conclusions and reasoning which here 
are presented. 

Research issues for the LedSyst case study 

The research issue in this case study looks at which innovations, 
at the three levels of LedSyst, were achieved and where and how 
they came about. In retrospect, the project resulted in some 
gradual innovative achievements, although the major 
comprehensive idea failed. How and why did this happen? Were 
these inconsistencies or failures inherently part of the project 
concept itself or did it fail because of counteractions of some 
sort? Or did the external conditions change drastically that the 
project lost focus? How did the various categories of 
stakeholders receive and possibly receive, adopt and adapt the 
new system? How did stakeholders, politicians, the military, 
management, researchers and engineers, and industrialists act 
and interact? Was the cancellation of the project due to 
overwhelming technical problems or because of lack of 
confidence for success among the stakeholders? What 
conclusions and recommendations can be distilled from the 
LedSyst case with regards to innovation processes?  

How and why does innovation “happen” in complex 
technology-based systems (such as LedSyst)? 

It is always a combination of factors that breeds innovation in a 
LedSyst type of case.  

Possible important factors for innovation in this case are the 
following according to Krepinevich (2002) in his analysis of the 
NCW concept in the US.  

� Knowledgeable leaders; 
� military personnel and operators whose tenures are not too 

short-term (and who understand the simultaneous short-term 
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operational demands and the long-term more indefinite 
defined needs and technological and other requirements);  

� autonomy and access to risk-taking resources for development 
and experimentation; 

� knowledge seeking and experimentation is endorsed and 
welcome;  

� a common willingness to look forward; and  
� generally collaborative behaviour and conditions (working in 

cross-functional teams is the norm).  
 
Other important conditions of a more general nature that might 
be expected to influence are:  

� Sufficient competition (political, military and commercial);  
� availability of external and competing solutions;  
� availability of an ITC and defence industrial base (nationally 

and also internationally);  
� a common perception of acquisition as a learning and creative 

process;  
� allowing development and innovation in experimental 

conditions using the “skunk works” model, so-called black 
programmes and other forms of risk-taking ventures. 

 
Issues when the LedSyst started 

The project was launched and well received in general terms by 
the Swedish Government in the late 1990s.  

In an international comparison it is interesting to note the 
political and other arguments for launching the NBF project as 
early as the late 1990s. The Swedish LedSyst was a bold (risk) 
project at the (international) frontier of knowledge and system 
engineering. 

A need was felt at the highest levels of defence planning and 
policy in Sweden to restructure and downsize (primarily an 
economic argument) Swedish defences after the Cold War and 
after the Wall had come down. It had taken time to understand a 
new context and its possible implications for Swedish national 
defence. It is difficult to tell whether economic pressure from 
politicians was a driving factor in the development of LedSyst 
(perhaps implicit, in that the idea of the system was sold as a 
means of making more flexible and therefore more efficient use 
of existing resources and capabilities). Among defence planners 
there was a sense of an imbalance between the input of 
resources for defence and the output. Swedish defence needed to 
downsize, just like many other countries were gradually doing. 
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This downsizing was a painful process, and all means possible 
were used to postpone downsizing and to find new projects to 
divert the available resources into. A debate was emerging on 
establishing a so called effect-based operations (EBO) and 
rapid-to-deploy organisation rather than a fixed and heavy 
footed all territorial defence. There was also a certain amount of 
below-the-surface competition between the branches that was 
influencing development in certain directions (for example the 
Army vs. the Air Force, which for a long time has taken the 
lion’s share of defence investment resources to spend on 
developing fighter jets). NBF might lead to more economical 
(downsized) and efficient (flexible) forces, and could be a 
solution that would be welcome to the political decision-makers. 

Sweden had spent a lot on defence in the era after WW II 
(Sweden and Israel were the biggest spenders on defence 
investment and development in the western world in relative 
terms; the threat from the East being the main driver for the 
Swedish defence spending). Air force projects from the 1950s 
and onwards had been very large in Sweden from an 
international perspective. 

The mindset of Swedish defence doctrine for industrial delivery 
was still stuck at turn of the millennium. The belief was that 
Sweden should use its own industrial resources and technical 
skills and capabilities for innovative development and not be 
dependent on external help and forces; the policy was non-
aligned if not fully autonomous (neutral as it was once called). 
The Swedish doctrine of indigenous development and self-
reliance has been the paradigm for many years (almost fifty 
years, from after WW II until the late 1990´s). This policy 
became corroded and was phased out (although not explicit in 
political terms) late in the last millennium and the beginning of 
the new. External dependency of technology had grown over the 
years starting in the 1950s and earlier. Also, during the two 
decades after the end of the Cold War era, there was only a 
gradual shift in the mindset. It was not until a few years into the 
new millennium that this external dependency was clearly 
recognised in public. 

It is interesting to note that the Defence HQ (CINC Wiktorin 
and Deputy CINC Kihl) as early as in the 1990s managed to 
merge the Defences Services HQs into a joint Def HQ – this was 
a good foundation for joint LedSyst development.  
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Initially the politicians welcomed the LedSyst plan and project, 
although there were critical voices.  Politicians with an eye for 
development in the new era had a positive attitude to LedSyst. 
Politicians who saw their role as controlling and economising 
had a negative view of defence and the extravagance of playing 
with large projects of the LedSyst type. The past record of the 
defence department with respect to finances and IT projects was 
not very convincing or trustworthy (there had been some IT 
projects that became economic disasters). 

The organisation of LedSyst 

 

Figure 7.2 Organisation chart of LedSyst in its starting up phase. 
Source: Public presentations of LedSyst 

The project was to be organised in four working sections (or so-
called circles). 

� Personnel (to educate and train) 
� Methods (how to implement, deploy, operate and use the 

system, define the user and operational requirements)  
� Organisation (how to organise LedSyst functions in the 

Defence forces) 
� Technology circle (to develop the technologies and system 

integration) 
 
All this, in my opion was very well thought through, ambitious 
and needed for success. The problem was that the ambitious 
LedSyst organisation chart was not followed or implemented as 
intended. The organisation circle concept never really got off the 
ground and was soon discarded. The argument, if any, was that 
the organisation circle would be needed only when the project 
was in operation.  
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The Method Circle should have started, made a few attempts but 
soon came to a halt. The intended role of the Method circle to 
guide design and practices decisions was never fulfilled. In the 
very first phase of LedSyst, the M Circle educated and trained 
approx. 1,000 people in LedSyst mindset and concepts. The act 
of creating and establishing a method circle not to make it in 
operation was, in retrospect, the great strategic mistake of 
LedSyst. A comment from a leading figure in the LedSyst 
project stated that the traditional Defence “advanced study 
groups” could not be used because they “were too 
conservative.”  

The Technology Circle, which was the prestigious and also most 
intriguing and difficult part of the project, was managed by 
military personnel from the Defence HQ. The military has a 
good record in general management and leadership abilities, 
which the military believed also applied to advanced technical 
and system development. The prestigious technology circle 
attracted the top management and users in the military. This 
proved to be the second major strategic mistake and had serious 
consequences. The technically competent personnel and 
organisations, which are available in the Defence organisation 
family took second place in the technology circle if at all. 

The Personnel Circle (considered by the project management 
almost a trivial task – a sort of head count) was intended to start 
functioning only after the launch of the system in the distant 
future, and therefore never really got off the ground.  

All of this meant that the comprehensive LedSyst project in 
reality became LedSystT led by intended users and operative 
personnel, i.e. the military. LedSyst was a technical project led 
at all levels by the military/users. The LedSyst project became a 
technology-oriented and isolated project, LedSystT, in spite of 
its original ambitious and disruptive goals to serve a flexible, 
multifunctional defence. It also meant that the critical 
capabilities did not exist to solve difficult technical problems 
and challenges. 

The Tech Circle was managed in stages with interludes. One 
argument for at least one of these interludes was that the project 
had an additional goal of industrial development supporting 
technology-based small businesses. The decision on finding an 
industrial partner – which also had to look for foreign suppliers, 
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for the project took a long time. These were issues that took time 
to respond to, even if the answer was promising.  

Another interruption was caused by the introduction and 
mandatory adjustment and adaptation to NATO standards which 
accelerated in 2004. This change was paradigmatic in that it 
meant that the Swedish model for self-reliance and indigenous 
solutions had to comply with open supply from abroad. Each 
new situation and stage meant dealing with a new management 
paradigm – a challenge for the project management and 
organisation (shifting and overlaying goals caused confusion 
and lack of work focus).  

Industry quickly jumped on the train (primarily the Saab Group, 
accompanied by Ericsson but also international suppliers IBM 
and Boeing). The industrial work was initially managed as a 
conventional supplier-customer relationship, but this clearly did 
not work and the project was subsequently managed by 
“ordinary” IPT groups (where the vital functions and 
stakeholders take joint responsibility). The procedure of 
identifying and finding the industrial partners was awkward and 
time consuming. The so-called design rules played a role in the 
further development, but were not easily understood. 

A brief history of LedSyst  

The illustration below shows the project’s progress in phases 
from demonstrators to a foundation for a fully operative and 
integrated system in 2010. The phase report describes in general 
terms the dissatisfaction in the organisation and disagreement 
over conflicting goals and objectives. 

Figure 7.3 Time plan LedSyst. Source: Public presentations of 
LedSyst 
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Phases 0 (and 1) which was in 2000 

As mentioned earlier, LedSyst was a project for an uncertain 
future and had its inspiration from the international debate 
(mostly in US military circles) and the general development in 
precision warfare (the first Gulf War and the Balkan conflicts 
exhibited capabilities of this sort). 

The project was initiated with a definition and a study phase, 0 
and 1. A definition study and other activities were carried out in 
this early phase. The purpose of the first phase was to define the 
system and to maintain and harmonise the plan and the intended 
system architecture with earlier development and studies (for 
example in FoT, the defence research and technological 
development planning process). Phase 1 was started in 2001 and 
ended in the late 2002.  

Phase 0 identified the following issues for further study and 
development. 

� IT security 
� System architecture 
� Data fusion 
� Information networks (including mobile and ad hoc networks) 
� Information management 
� Sensors (particularly territorial) 
� Communication 
 
The above-mentioned DBA study by SAIC was carried out 
during phase 0. Another study by the defence research institute 
(FOI) provided a foundation and defined the next phase 1. 

The project got a political boost. Government bills both before 
and after the turn of the millennium on Swedish defence policy 
signed by the then Minister for Defence (Björn v Sydow until 
2002) referred to NBF and called LedSyst a key and valuable 
project. However, the new undersecretary at the Ministry of 
Defence (Yvonne Gustafsson from 2000) soon formed a 
financial monitoring group through the agencies of financial 
control and auditing (Statskontoret, Ekonomistyrningsverket and 
others) for LedSyst “as a high risk project.” This monitoring 
activity identified many of the core issues and problems and 
became more and more critical in its statements as the project 
proceeded. 
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Phase 1 (from 2000 to 2002) 

A Government bill in 2001 referring to NBF (Network Based 
Defence) as a primary solution for Swedish defence gave green 
light to the project. 

Phase 1 including five sub-projects in each of these areas: 
Industry, Defence HQ and FOI, was initiated and involved the 
following issues and tasks: 

� System definition 
� Architecture 
� Information security (here the multi-level security issue was 

identified as critical, and this issue remained unresolved 
throughout project) 

 
A goal for phase 1 was to end in a set of demonstrations 05/06. 

Phase 1 was really a working development and invention phase 
in the LedSyst project. There was no explicit promise that this 
phase would lead to an ultimate system goal at the end of the 
next phase, which would continue into 2005. Since some of the 
goals were not attained, a degree of mistrust began to spread 
among politicians (but the traditional military branches also 
gained support for their mischief and negativism). The 
contextual focus changed, at least among customers and in 
leading political circles. The Chechnya and Iraq wars came up 
on the screen and demanded enlarging and strengthening of 
operational capabilities. This made the LedSyst project quite a 
secondary priority for Defence management. It was not allowed 
to cost too much at the expense of other pressing operational 
demands. It was difficult to get an overview of the consequences 
of the project.  Some estimates indicated in the order of several 
tens of billions of Swedish crowns when deployed. 

The conceptual development in phase 1 produced a substantial 
amount of experience and new knowledge.  

An industrial group of design partners was procured for the 
project. The design partnership was established after only one 
quote from a consortium led by the SAAB group and Ericsson 
with IBM and Boeing as suppliers. Establishing and selecting 
one single candidate group was a cumbersome process. 

One issue was a conflict over IPR. The question was whether to 
have a policy to develop an open public system owned by the 
State and defence administration (called the public domain) or 
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whether to depend on industry-owned solutions. The working 
method of traditional integrated groups was interpreted as a 
situation where solutions and knowledge tended to be only 
shared with the partnering stakeholders. The IPR issue would 
linger on unresolved in the project. In the end it was determined 
that there are pros and cons with both a public and a private 
solution. The public domain solution was eventually chosen. 

One key task was that of defining and building the core function 
of the NBF within an integrated working group and this work 
was managed by the industry group.  

Much of the work was oriented to supporting the 05/06 
demonstrators. Aerostats constituted a highly visible activity. 
The Baltic surveillance issue was a publically recognised 
mission of the time which would to give LedSyst boost. 

One general problem with the project was how to integrate 
sectoral systems, i.e. service-oriented but also older systems, 
with each other and promote horizontal connections and 
combinatorial systems. The issues of flexibility and coupling 
issues were at the forefront. 

It was also noted that the user/operator interface (the special 
project LedSystM) was not working as well as it should. There 
were no preparations made to receive and operate a new system 
in a totally new environment in the future. There was even less 
preparation for joint or inter-service operations. 

The project was being run as a national project and the issue 
then became whether to choose to stay Swedish with indigenous 
but controlled solutions with their expected drawback of not 
being able to keep up internationally or to go for a totally open 
system approach that would be more dependent on external, 
international competencies and solutions. There was some, 
albeit limited, contact with international standards organisations 
(SIS, EU IT Security). In the beginning it was called EU 
harmonization but on and on it became overtly NATO 
standards. 

To summarise: There were limited foreign and international 
experiences of NBF systems and systems development 
available. Internationally available competence was sparse. 
Sweden and LedSyst were ahead of the game – on the front line 
internationally. No or little real help could be obtained from the 
outside (although Sweden did receive some important help from 
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the US, who told the Swedes that theirs was the one and only 
place on earth where a joint system was possible). Sweden tried 
to take an international lead which in due time became an 
overextension of capabilities.  

Besides some true technical difficulties (for example 
information fusion and system security), the LedSystem 
problems must be related to the missing links and interfaces 
between its technical work and operations/users and 
management (in particular the special M and O projects). The 
technical aspects of the project were, as mentioned before, 
developed in isolation from defence systems management. 
Defence users did not automatically request LedSyst’s 
achievements and the knowledge that LedSyst could provide. It 
also became a problem that the technical aspects of the project 
were not managed by the Armed forces technical organisation. 
For example were there contrary arguments on both sides – the 
project and the Armed Forces technical organisation – about 
system design rules, and many more matters. This meant a 
worse solution from an engineering point of view and a risk for 
a not proper implementation management. 

The project management status reports state that the project 
succeeded in combining new and old systems (which is a heavy 
burden and key task for military systems as infrastructure 
systems, to manage the established legacy and succession 
systems; systems have life times and are supposed to be active 
and maintained for decades).  

One reason for the lacking or waning enthusiasm for LedSyst 
was the new context of a rapidly growing concern about 
expeditionary forces and Sweden’s participation in international 
operations (peacekeeping and some counter-insurgency 
operations) which turned top management and decision-makers 
away from LedSyst so that it became a secondary priority. 
Funding was also scarce and had to be redirected to rapidly 
emerging new black holes in Swedish Defence – mostly of an 
operational nature. 

Phase 2 (from 2003 to early 2007) 

The main goal of phase 2 was to develop and establish a set of 
rules for technical design of C4ISR Systems such as FMSLS 
2010 in a NBF environment. 
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The summary and report on phase 2 stated that the project 
suffered from missing or diffuse or conflicting, unresolved goals 
and objectives; the goals for the project’s various activities and 
subprojects and the distribution of resources between these were 
not clear enough. In particular, the interaction was weak 
structurally between technical tasks and the user/operator 
interface, which we have seen as a structural problem from the 
very start of the project. There was a mismatch in the 
organisation between the defence organisation in its capacity as 
operator (Headquarters and Services, FM) and its role in 
technical development service and procurement (Materiel 
Administration, FMV). The legacy from the earlier phases was 
in latent conflict with the practices of the Defence technical 
organization. 

The project tended to develop as a separate organisation outside 
the established administration of Armed Forces technical 
systems. This could also imply that the system would not be 
deployed and managed correctly. It could also result in the 
knowledge and experience from project work becoming 
fragmented and distributed between too many institutions. The 
knowledge and competencies gained would soon fade away. 

The design rules project was a key aspect of the LedSyst project. 
It exposed once again the difficulties involved in the division of 
work and responsibilities between the Defence Material 
Administration (FMV) and industry, and also within the defence 
organisation itself. The integrated working mode tended to 
amplify this problem. 

There was also an efficiency problem in that work on the project 
was geographically dispersed to several locations and 
organisations. A suggestion was made regarding localising and 
concentrating project activities and subprojects in one location 
(Enköping, UtvC). 

The project suffered from high expectations regarding having 
systems ready to show the public and the user/customers. 
Project demonstrations took competence resources away from 
the project’s substantial technical work load and impeded its 
progress. 

A summary of the phase 2 project was harsh and stated that 
although a number of good systems and technical standards had 
been developed, the lack of integration and acceptance overall 
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were now putting LedSyst’s future as a candidate for innovation 
at stake.  

Phase 2 was broken down into three projects. 

� Architecture and Design 
� Demonstrations and Experiments 
� Method, Integration and Evaluation 
 
The phase 2 project thus became critical for LedSyst in many 
respects. 

The intended process of going from design rules to experiments 
and implementation did not work, or was not accepted. Some 
shortcuts and leaps had to be taken and these eventually resulted 
in an abyss of problems. 

Project work was now divided into two tracks, one for 
developing the technical final solution and one for 
demonstrations and experiments along the way. The 
demonstrations track had tough goals to reach initially involving 
many demonstrators intended as showpieces for the customers 
and the public. The demonstration track encountered a number 
of problems preventing it from reaching its targets, and over 
time a number of the demonstrators planned had to be cancelled. 
Some new ones were created but these were to “show results” in 
operations (which most of them did), not prove a new technical 
solution. 

The initial plan was for the other track to be managed under a 
more traditional business model where an industrial consortium 
would supply system solutions. This idea had to be abandoned 
in favour of a more mixed model where industries worked 
together in groups with the defence organisation (mainly the 
FMV) as a minority partner. Project technology was transferred 
to the corporations involved. 

A test centre (UtvC in Enköping) was established for corporate 
neutral testing and exercises with solutions and demonstrations. 

Phase 2 did have some achievements, for example secure 
solutions at the intermediate and low levels of security, a 
service-oriented architecture SOA (i.e. loosely connected 
elements), a network enabling environment (including “older” 
subsystems with low reliability and data quality etc.). Phase 2 
ended by identifying what innovative development should or 
must be the focus of the goals for the next phase. 
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LedSyst phase 2 recommended establishing a joint management 
and administration for Defence C4ISR System (FMLS) with 
Defence Technical services and Administration (FMV) in 
charge of all development of all other Defence C4ISR systems. 
A joint defence system and processes for managing these 
systems was also recommended as was the establishment of a 
system partnership so the Defence Administration could take 
charge of demonstrations, testing and management. 

Phase 3 (2007 – 2009) 

The subsequent phase 3 started in 2007 and continued until 2008 
when the Government decided to halt the project abruptly 
(LedSyst was cancelled in the Defence acquisition plan made 
public in the late sumer/autumn of 2008). In retrospect phase 3 
can be described as is a summing up of the fragments achieved 
in earlier phases. 

The intention was for phase 3 to develop new concepts for new 
applications and some additional experiments. Phase 3 was also 
supposed to support the implementation of certain subsystems. 
The early demonstrators were supposed to show if and how 
subsystems could be connected and combined and some major 
progress was made. A number of the intended demonstrators 
and applications were cancelled. 

In a note from the project management it was suggested that it 
may not be possible for a system to be delivered and received 
before 2015. At the same time there were expectations in some 
quarters of delivery of a finished system much earlier than that, 
and this further deepened the distrust among the public and 
defence politicians regarding the project. 

The goal of phase 3 from the start was to define and make the 
final preparations for the launch of a Defence C4ISR system to 
be deployed in 2010 (FMLS 2010). However, this phase was 
stopped in 2008 and the project cancelled (financially) 
altogether in 2009. 

FLMS TS 2010 (which emerged as new phase when phase 3 was 
cancelled) 

This phase, FMLS TS 2010, can be seen as a phase 4, the 
deployment phase of the project. As we now know, this never 
materialised. 
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When phase 3 broke down the emphasis was on the “remaining” 
technical problems, for example security.  

When the project was stopped it was reorganised to support the 
delivery of a system called FMLS TS, the Swedish Defence 
Control and Communication System.  

One showpiece was demonstrated in Gothenburg in 2006 at the 
EU Summit when various subsystems (Air control, Ground 
systems, AWACS, Police information) were connected 
(integrated, fused) in a real-time exercise, an incoming 
unidentified aircraft from Denmark towards Gothenburg could 
be tracked on a PDA/PC screen by local Police). Demo 08 in 
collaboration with NATO NEC was a demonstration of a 
Service Oriented System. An international exercise in 2008 
conducted trials for the exchange of common information 
architecture in a multinational setting.  

A maritime situation awareness exercise was carried out in 
2008. The SUCBAS, now in operation in a pan-Baltic 
surveillance and communications network, was a spinoff from 
this demonstration. 

Many other quite illustrious demonstrations were carried out, for 
example, a combined exercise with NATO.  

From now on – phase of uncertainty 

The Swedish Armed Forces is allowed, according to decisions, 
to acquire the control and communication systems it needs. 
Further development of systems and technologies needs 
authorisation from Government, which in practice means 
development is prohibited. One goal for a new system is full 
integration of all security levels (to be achieved in the period 
2012 – 2015?). This is only an estimate. 

The Swedish agency for emergency management, the Swedish 
Civil Contingencies Agency (MSB) is reported to have some 
interest in building (parts of) an information system for 
(civilian) emergency management and operations. This system 
is now being discussed and developed based on the LedSyst 
experience and possibly in conjunction with EU and NATO. 

The technological structure of LedSyst 

The following table gives an overview of the technical and 
application structure of LedSyst as achieved.  
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Three levels of LedSyst project 

� Technologies: Sensor systems (including older systems in 
operation) 

� System integration: -Information networks and fusion, loosely 
linked systems, “Situation (or battle field) awareness” 
(“Lägesbild or Lägesinformation”), General system 
integration and engineering (SOA), principles and technical 
standards, Platforms (for example the corvette series 
Karlskrona, JAS Gripen) 

� Services (the service concept extremely vital and 
fundamental): -Decision support and decision-making,  
Subsystems in operation 

 

LedSyst project organisation and management 

The traditional and conventional project organisation and project 
flow is as follows: Armed Forces Headquarters (HKV) provides 
the operational requirements; the Defence Materiel 
Administration (FMV) turns these requirements into technical 
specifications; and then industry takes over and manufactures 
and assembles he products needed to supply and deploy the 
systems. Certain operational activities may be carried out by the 
supply organisations involved. 

For several reasons this “linear” organisation and system 
architecture cannot function effectively for a LedSyst and a NBF 
type of project. A NBF project needs feedback, iterations and 
experiments and demos, a sophisticated system architecture and 
system architecture management, and special engineering skills. 
The fundamental flaw in LedSyst was the incorrect management 
of system architecture and the engineering organisation.  

The EU/EDA current development of and long-term vision for a 
NEC system, a network enabling crisis management operation 
2025, emphasises that all three components: Technology, 
Information and People, roughly corresponding to the T, M and 
O circles in LedSyst, are necessary and crucial for a strategic 
success. 
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Disruptive technology innovation – an assessment of LedSyst 

The LedSyst project achieved some genuine breakthroughs and 
radical progress, but failed in supplying a comprehensive, 
disruptive new services system. 

LedSyst’s achievements were made in the following fields: 

� Complex systems management – of a system and network for 
inter-services and functionally disparate communication and 
information system of the NEC type 

� Network enabling runtime environment for a system that could 
integrate new as well as outdated and less accessible 
subsystems and databases”  

� A secure service concept (at low and intermediate levels of 
security) 

� A comprehensive service oriented architecture (SOA) built on 
with loosely linked elements 

 

The project did not deliver the full requirements for ready-to-use 
comprehensive services of the NEC type – less disruptive 
services.  

The project delivered tentative requirements, technical standards 
and design rules for building systems of networks of the NEC 
type.  

The rules were applied successfully to a few limited systems in 
standalone operation as spinoffs to the project. Some of the 
demonstrators were launched into limited operative systems and 
network solutions. SUCBAS, the Baltic surveillance and 
communication system is an example. 

It can be noted that early demonstrators (like the Aerostats) took 
away too much effort and capacity from the project. Demos 
were required to show the credibility of the project as well as its 
usefulness and progress. 

The technical standards and design rules that were developed 
were, and still are, world class (international level) and 
innovative for the design of an effective system. The standards 
and the inherent knowledge in the standards, or parts thereof 
were materialised and exploited by the project’s industry 
partners, primarily the Saab Group and IBM, and to a lesser 
extent Ericsson and Boeing, a number of consulting companies 
and some SMEs. 
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Some of the standards developed within LedSyst may become or 
inspired de facto standards for international operations and to 
guide how multinational cooperative forces and capabilities 
should be established and built. Similar standards, 
paradoxically, are now being requested in connection with 
Sweden joining international military operations and 
peacekeeping engagements.  

Problems with the project were: 

� The project’s ambitious (but necessarily high) targets with 
respect to secure IT and systems at all levels were not 
reached. 

� The service-oriented engineering approach (defence system 
architecture) was not sufficiently understood. Here it also 
met with resistance and non-acceptance from various 
users/operators as well as from the Armed Forces technical 
administration.  

� The concept of system architecture and the procedure to 
develop design rules before executing system design was not 
well understood, including within the Armed Forces 
technical administration, and this did not materialise 
effectively. 

 
A general flaw in the organisation of the project was a 
questionable mix of technical competence and user/operator 
involvement in the management and development teams. The 
development process and the management of the systems that 
were produced suffered from this.  

LedSyst spillover knowledge and use of knowledge  

It was decided quite early on (although not always formally) that 
the COTS principles (later also MOTS) should be applied. The 
project management team had learnt from the US from highly 
advanced military platforms that were built bottom up on the 
COTS principles. It was understood, at the least superficially, 
that civilian technology must, for economic and technical 
reasons, be used (of course with a certain adaptation to the meet 
specific demands and requirements of defence).  

The so-called design partner idea for the project, i.e. the 
industrial and corporate contractors, created an arena for 
industrial competitive solutions and a sounding board for 
international and civilian solutions.  

The industrial providers that were chosen as contractors for 
LedSyst could be seen as a good compromise. This group of 



112 
 

companies established or reinforced their competence and 
capabilities in the area of network solutions. LedSyst solutions 
could be used by the participating companies as references. The 
main design partners were the SAAB Group, Ericsson, IBM, 
and Boeing. But o BAE, Lockheed Martin, Cisco and others 
were also involved. Since no operating LedSyst system was 
actually built, the reference argument is not relevant. 

One of LedSyst’s achievements was the tentative system 
architecture and the technical standards that were created. Some 
of these principles are still providing inspiration internationally 
in the design of NEC and C4ISR systems, for example in NATO 
and EU/EDA practices. 

The members of the design partnership, particularly Saab and 
IBM, are also providing commercial and developing network 
solutions internationally based on the LedSyst experience and 
systems approach. 

One outcome from the project was documented in a guide to 
cooperative network building called STIL, which provides a 
framework and rules for cooperation and networking between 
autonomous organisations and public agencies. The Swedish 
Civil Contingencies Agency is reported to be planning to 
establish a cooperative network based on these principles. 

It was intended that the project would promote SME growth by 
engaging (smaller) industrial companies and consultants from 
Sweden to participate in the project. This aim was achieved to 
some extent. 

LedSyst international side effects 

As mentioned earlier, a major advancement and achievement of 
LedSyst consisted of the technical standards and design rules it 
created. 

Sweden participates in EDA projects relating to communication 
and control systems and is also active in NATO exercises and 
development in the same field. It should be noted that the 
NATO standard design rules for integrated networks and 
development are inspired by LedSyst experience. The transition 
to NATO standards is paradigmatic and challenging. The NATO 
standards could not be solved for the whole project. The issue 
still remains. The still unresolved JAS Gripen Link16 problem 
illustrates the issues. 



113 
 

The Baltic Sea area surveillance network and SUCBAS system 
is a spinoff from the LedSyst project. This system became 
established or received a boost due to contacts and trust that 
LedSyst could provide. 

Analysis and conclusions: A summing up and assessment of the 
RMA, LedSyst and innovation – success and failure 

A technology innovation 

The following three system levels are relevant for assessment: 
Technologies, System Integration and Services. 

Technologies – success and failure 

The project made great advances and contributions to network 
and software system engineering. Much of this technology and 
technological development had been launched earlier in civil 
sector. LedSyst further developed it. LedSyst was an ambitious 
attempt at designing and establishing a comprehensive system 
for Swedish Armed Forces. The technology implied in LedSyst 
has been applied and commercialised by some of the 
cooperating industries, although in a public, open non-
proprietary standard format. The companies may have further 
developed and added new features to their offerings. 

The technical aspects of service orientation of systems (the SOA 
concept) were not well understood in all instances in the 
LedSyst environment and organisation which is why it did not 
get the full support it needed. The absence of and limited 
resources spent on methodology is mainly to blame for this.  

System integration – success and failure 

The project did partially succeed in integrating systems. 
Existing, older systems (bridging) as well as some new ones 
were able to be integrated.  

System integration was used for some specific applications 
(Baltic sea surveillance and communication). Demos were 
actually used for integration of activities. The project boosted or 
supported further development, if not radically new 
development. 

The technical standards and design rules for LedSyst of the NEC 
systems type were improved to an outstanding international 
level.  
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The methodology from design rules to applications and 
solutions did not work well due to a lack of knowledge and 
earlier practices in the organisation. 

There was a questionable tendency in the Armed Forces to stick 
to existing, specific platforms as a basis for integration. There 
were reasons for this. Crossing borders to establish new nodes 
and circuits is a risk. The verdict is that we should not get too 
attached to existing platforms. The project relied too much on 
specific platforms and nodes, for example in the case of 
Aerostats. Stated differently, platform users were too attached to 
their own platform and could not see the benefits of a common 
pool and system. This was a conflict between a new integrated 
architecture and consistent management system and a traditional 
platform oriented management. Someone said jokingly that he 
now was commander of an IP address rather than a coastal 
corvette. This implied difficult management problems that the 
project did not resolve (the missing M circle once again). 

There was clear resistance among operators to and a lack of 
understanding about system integration and this killed potential, 
new innovative solutions, such as new horizontal ways of 
circuiting command and control functions. 

Services (capabilities) – success and failure 

The project was not well received by traditional user/operators 
(platformers) and some decision-makers (branch management). 
There was no innovation in the form of actual new services. 
Disruptive innovation of services neither developed nor 
occurred. 

There is still much work to be done until any new services can 
be provided from integrated systems of the NEC type. The 
Swedish Armed Forces authority is not currently allowed to 
develop new technology or systems itself. Disruptive or more 
likely conventional new services must built on existing COTS 
and MOTS lines. 

The main outcome of the project was an understanding of the 
need for a new design and construction philosophy – an 
enterprise or system architecture encompassing technical 
standards and design rules on how to design and build an 
information and communication infrastructure and a structure 
for a loosely linked net of defence forces and units. 
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B Context and framing conditions – great changes over time 

LedSyst was initiated in an era of great uncertainty, which 
partially was a positive opportunity and a (negative) risk. The 
specific roles and precise missions of the Swedish Armed Forces 
in this new era and context of uncertainty were not very clear. It 
was understood that the Cold War era planning of cases and 
scenarios was not what the Swedish Armed Forces requested or 
needed.  

At the time there was a concern about disintegration and unrest 
in the Eastern Baltic States and that it could lead to migration 
streams and assaults in the near zone. In such situations, 
LedSyst might be able to help and provide early warning. Some 
early demos and applications were particularly focused on this 
purpose. Later, other issues changed the context and the 
operational focus. 

LedSyst needed be designed for and operate in an uncertain 
future, which was a highlighted feature of the system. This was 
an innovative approach – making a system flexible and 
workable under many different conditions and circumstances. 
The system could provide any combination of capabilities and 
forces with its ICT support. 

LedSyst had to function as a project for more than ten years and 
little was known at that time about the situation at 2010 and 
thereafter. Much of the situation changed during the ten-year 
period. Maybe not fundamentally, but in terms of how situations 
are perceived by decisions-makers and in top political circles. 

The main focus of the Swedish Armed Forces in the period from 
the late 1990s to 2010 turned to international missions. This is a 
rather peculiar change. Sweden had for a long time participated 
in international peacekeeping operations under the UN charter 
as a side operation, but in the first decade of the new 
millennium, international operations became almost the one and 
only mission of the Swedish Armed Forces. This has great 
effects from an economic point of view in that the operational 
demands push the LedSyst in priority. The near region and 
territorial defence as issues for LedSyst dissolved in the public 
attention and decision makers´ mindsets in this period. 
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C People (competence and organization) 

LedSyst was organised, in my opinion according to a thorough, 
well-intentioned and ambitious initial plan with respect to the 
competencies needed for the project and its tasks. The 
organizational ambition was not fulfilled. 

A flaw occurred in the project structure when technical 
competence and user/operator skills were confused. 

The Methodology Circle was initiated but its mission was never 
taken seriously. The disruptive innovation of services and 
operation, or potential for this, never come about. 

The Organisation Circle and the Personnel Circle were never 
initiated. 

The severe problems that LedSyst encountered must be blamed 
on bad or altogether missing management in these respects. 

D Cognitive (Technology) 

The basic technology and system engineering principles for 
LedSyst were originally developed within and transferred from 
the civilian IT system industry. This gradually became evident 
from the beginning of the project (maybe the consequences were 
not evident until after a while). Working methods in the defence 
sector are by tradition still not very open and the Armed Forces 
always had to come up with its own solutions. This tendency is 
changing. 

All of the stakeholders should have been more committed to the 
system architecture and engineering methodology and 
organisation. The system architecture approach is demanding 
and should have been better prepared for all engaged. 

There were too many technical and industrial goals and 
ambitions (including promoting SMEs and industrial policy). A 
project needs to have just a few clear and common areas of 
focus.  

The project (complex as it was with its many components, such 
as human and technical, to design and integrate) was not 
properly organised from a technological and cognitive point of 
view. Some of this was because it was a large project and the 
staff sometimes had difficulty understanding the project’s goals 
and objectives. 
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The security problem is still a major challenge for LedSyst 
because it is the most difficult from a technical perspective and 
in general.  

A rhetorical question and answer is that most solutions will 
appear internationally, sooner or later, in civilian and/or the 
defence industry and we should wait before applying this rather 
than developing white and oversized elephants ourselves. 
Sweden had still a big-power attitude (for defence and defence 
systems) in the early phases of the LedSyst project. 

The visionary, more long-term orientation was confused with 
near-sighted operational demands and expectations for the 
project. The short-term and the long-term issues should each 
have their own methods for exploring, experimenting, testing 
and demonstration etc.  

The NATO standards which came into full effect from 2004 
caused a problem in that the project could not just proceed 
according to paradigm of self-reliance and indigenous (Swedish) 
solutions, but had to define more strict interfaces with external 
solutions, why some fundamental tasks and problems were 
unresolved. 

LedSyst was a long-term infrastructure project. Complex 
software engineering projects require considerable competence, 
which was not available or organised within the project. Or 
rather, it was available but not accessible in an effective 
configuration and project structure. The availability of such 
individuals and competence is limited in a small country like 
Sweden; the home market cannot support continuous project 
work of this challenge and magnitude. This indicates that the 
project became in a sense too large for a Swedish solution to 
reach critical mass for innovation. The organization was stuck in 
between homemade solutions and international cooperation. 

E The business model: Users – clients – customers – providers – 
decisions makers 

Politicians initially supported the project wholeheartedly. 
Inventive military had a strong vision of LedSyst as supporting a 
flexible and resource efficient system. 

A problem was the mix up of users/operators and technical 
competence in the management of the project. 
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A stricter division of responsibility between system designers 
and users would be needed, but became blurred. The integration 
of the Armed Forces technical management with project was not 
well done. 

Conflicting views on IPR hampered development. Innovations 
could not be effectively produced, or they were applied, but as 
framework conditions in a public domain. 

Whether to go with open accessible standards or a proprietary 
solution from an innovation point of view is a matter for debate. 
A proprietary solution may be a faster and more effective option 
for an accepted and necessary solution. It may also provide a 
more direct boost to industry. A public solution may have 
broader applications but cannot be exploited expediently. 
Indirectly and in a long-term perspective the second solution 
may well be more effective for the customer/user. 

The idea was for design rules to precede a solution, which 
would involve a stricter division of responsibilities. This was not 
implemented and ultimately failed. 

The Swedish development and self reliance model mellowed 
during the course of the project and this had severe 
consequences for the industrial dimension of the project. 

The project also suffered from conflicting conditions and views 
on international supply and harmonization vs. a homemade 
Swedish solution. 

The introduction of NATO standards put the project on a totally 
new track. Some issues and problems could not be solved or left 
unresolved gaps in the overall concept (the mentioned Link16 
issue for JAS Gripen is an example of where indigenous 
development and NATO requirements did not match). 

The decision-making interface in the project was always critical 
and sensitive to advances and drawbacks – particularly in terms 
of funding. 

Specific user categories (the Air Force, the Navy but also Army) 
defeated the project as a “competitor” for resources. To some 
degree these user categories also saw a danger in introducing a 
new decision mechanisms and lines of control (from platforms 
to virtual network nodes) from surveillance to shooter etc., 
bypassing the branch traditions and orders of command. The Air 
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Force saw no additional benefit from LedSyst compared to their 
existing capabilities. 

The users/operators as well as decision-makers were not 
properly organised within the project. 

F Finance 

Resources were unbalanced in favour of Tech (95%) with less 
spent on project experimentation, implementation, deployment 
and use (M circle). 

Reliable financing is of course necessary and fundamental for 
any project, particularly in the case of a high risk venture.  

LedSyst initially received full support financially from the 
politicians. As the project proceeded, competition for funding 
increased and a number of black holes (operational needs) 
appeared in the integrated defence budget. Some of these 
competing demands were external. 

Resources became scarce due to the reorientation of the Swedish 
defence forces to short-term operational missions and more and 
more international operations. Some of this was also inter-
service competition, for example from the Air Force fighter 
program investment. 

Not long into the project the Ministry for Defence organised a 
monitoring mechanism for the project and this became more and 
more critical. The financial records and recollections from 
defence projects and operations in the recent past were very 
damaging. Some of the financially disastrous defence IT 
projects and their poor financial management were revealed. 

The decline in economic resources allocated for defence was a 
growing problem, as it was in many other countries in the Post 
Cold war era. Political control over economic resources for 
defence tightened. Home-grown and large development projects 
were feeling the pinch. Resources dried up. Less autonomy for 
defence and defence development became the order of battle. 

The project was competing with the armed services – first in 
functional terms (decision space) and secondly also in actual 
financial resource terms.  

The attitude to “development” among leading responsible 
decisions-makers and organisations changed quite substantially 
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from the early days of the project to a decade later. A common 
view today is that (military) technology and solutions are free 
(confusingly called COTS and MOTS) so the military does not 
need to develop itself. This statement may be true, but it is still 
necessary to be a competent buyer. There is also still need of 
competence for implementing system  integration and 
architectural solutions. 

Another aspect is also the perception of LedSyst as an ordinary 
materiel acquisition (hard ware) rather than a system and 
planning approach based on integration, networking and flexible 
modularisation (system). 

Long-term development projects need strong political support 
and trust (progress and failure, breakthroughs and drawbacks 
can happen without notice and unexpectedly). The political 
support failed to deliver for this decade-long undertaking. Some 
managerial mistakes in the early, critical phases exposed the 
project to harsh criticism. 

G User 

The user held a central position, but in the wrong way. 

One management mistake was that an advanced technical 
project was to be managed and led by prominent users. The 
users took the lead because of the prestigious technology and 
technical issues. The technology aspect of the project dominated 
but the project was not run by technically competent individuals.  

The Methodology Circle should have defined more precisely the 
user-oriented goals and objectives of development projects in 
order to keep the project design operable and useful, but it fell 
short in this respect. 

Operators from the different branches of the armed services 
resisted joint solutions. 

Concluding remarks on technological innovation and LedSyst 

LedSyst was an outstanding, highly complex project involving 
considerable uncertainty and many difficult and from the 
beginning poorly understood parts to develop and integrate. The 
project would continue for more than 10 years (and can be 
compared to other major defence projects, such as air fighters, 
with the same magnitude of challenges and time and resources 
needed). It was basically perceived as hardware acquisition but 
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should be more considered as a system and planning approach 
(with harder and softer components). 

The different contexts that existed when this long-term project 
started and into the first decade of this millennium and later 
meant that the explicit political demand for a joint system 
weakened and eventually disappeared. The changing 
interpretations of contexts for LedSyst coupled with the 
management mistakes mentioned earlier are the prime factors in 
its failure. 

Initially an innovative track in system architectural and 
organisational terms was identified and followed. In phase 2 the 
project became disorganised with too many diffuse and 
conflicting parallel (considered superfluous) goals and tasks, 
and the project consequently fell off the innovation track. The 
changing focus of Swedish defence to international operations 
and international collaboration including adaptation to NATO 
standards and the phasing out of the “Swedish self-reliance line” 
added to this. 

Still, it must be stated that the tentative technical standards and 
design rules for LedSyst constituted an achievement with great 
innovative potential. These were implemented in various, albeit 
limited, applications and solutions by the participating industries 
(the design partners) and were considered great advances. 

The project had high expectations and was perceived as a 
competitor to the branches of the armed services; it also began 
to compete for operative resources. 
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7.4 Case study Polygeneration (a Lighthouse 
Innodriver project within EIT KIC 
Innoenergy) 
Polygeneration is a Lighthouse project within EIT KIC 
Innoenergy (EIT, European Institute of Innovation & 
Technology, KICs, Knowledge & Innovation Communities). 

The following analysis concerns the Polygeneration project 
which is one out of four Innodriver projects of the KIC 
Innoenergy (of which all four would be of interest to analyse).  

Polygeneration is a project intended to define, develop and 
provide a system for a Small Scale Climate Neutral and Socially 
Accepted Energy Source Flexible Polygeneration for Future 
Energy Services. 

The present case study and analysis of Polygeneration from a 
technology innovation perspective is preliminary, since the 
project planning and activities are in the early stages. 

There are more questions than answers in the preliminary 
analysis. The questions and issues discussed are derived from 
the analytical perspective which is elaborated on in this thesis. 

A preliminary assessment of the Polygeneration project is that it 
has great potential to supply an innovative integrated system, 
and possibly a set of integrated systems and services. Whether 
the project succeeds in becoming an innovative service in 
operation in the market is still open to question. The project is 
perceived as low risk because of its early decision to integrate 
relatively mature and well-developed technologies. 

EIT KIC Innoenergy 

EIT is the European Institute for Innovation and Technology and 
was established by the European Union as an educational and 
research institution for Europe that could compare and compete 
with the top US universities, for example MIT. EIT is a young 
institution and will probably not materialise as a physical 
campus. EIT was launched a few years ago through the 
establishment of three Knowledge and Innovation Centres, 
KICs, in Europe through cooperation in networks of 
universities, institutes and corporations from several EU 
member countries. The KICs’ method of operation is in the early 
stages of development and there are no known previous 
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traditions or models to rely upon. The KICs are thus somewhat 
experimental.  

Three EIT KICs have been launched and are presently in 
operation: one is KIC Innoenergy focusing on sustainable 
energy, a second Climate-KIC focusing on climate change, 
mitigation and adaptation, and the third EIT ICT Labs focusing 
on future information and communication society. If these first 
KICs make progress and are successful, more KICs will be 
launched. The future of each KIC will depend on its own 
progress and success. 

The three KICs are somewhat differently structured and 
organised depending on their respective focus.  

According to the statutes, a KIC should be stakeholder-owned 
and managed along business lines. Each KIC is a company 
registered in Belgium. The Swedish Government owns a number 
of shares in each of the KIC companies in which Sweden is 
involved. 

A KIC should also be co-funded through national/regional and  
EU instruments (e.g. FP7) as well as private resources (also in-
kind). EIT will fund KIC value added activities up to max 25% 
of total funding. This balance of financial interests is considered 
special for its mode of working. 

EIT KICs are supposed to integrate the EU knowledge triangle 
which means a combined and balanced effort for all three 
aspects of knowledge:  

� Innovation,  
� Research & Technology and  
� Education.  
 
The Innovation aspect of the KIC triangle is supposed to operate 
by and through establishing knowledge markets, exploration 
mechanisms, innovation network oriented research, 
entrepreneurs/intrapreneurs and financial nurturing. The co-
location of education, research, business and innovation actors is 
essential. The co-funding of activities is a vital component in the 
whole concept. 

The Research aspect is intended to maintain a lower profile 
when it comes to basic research. The Education aspect has a 
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very distinct role since the KICs are largely located and 
integrated within partner universities. 

Besides the university partners, each KIC should also have 
private partners, i.e. companies, research institutes or 
organisations. From the beginning it was difficult to engage 
private companies as partners, but now this seems to be 
changing.  The KIC Innoenergy is presently a consortium of 
some 40 organisations, enterprises, universities and institutes 
from all over Europe.  

The Innoenergy project is organised into six national co-location 
centres (called CCs) at universities and research institutes in 
Europe (Sweden, Benelux – Eindhoven/Leuven, Iberia - 
Barcelona, Alps Valley - Grenoble, Germany- Karlsruhe and 
Poland Plus - Krakow) each with their own specific thematic 
orientation.  

Within the overall focus of KIC Innoenergy on sustainable 
energy systems for Europe, the CC themes, like the Swedish 
one, are energy efficient buildings, chemical fuels, clean coal, 
renewable and other sustainable resources. The Swedish theme 
is relatively well-defined, but will also include activities that are 
on the fringe of the core area. 

The Innoenergy theme 

The theme for CC Sweden is European Smart Electric Grid and 
Electric Storage, and KTH, Uppsala University, ABB and 
Vattenfall are the Swedish partners. SLU, Svenska Kraftnät, 
STING, Seabase (a sea power company established based on 
research at Uppsala University) are also involved, and Technion 
of Israel as an associated partner.  

The theme for CC Sweden does not describe exactly what the 
project should develop. The grid is the key feature of the theme 
and a major object for development. This may be complemented 
by other elements with some specific structural solutions and 
subsystems.  

Objective: The intention of Innoenergy CC Sweden could be 
described as developing technologies and solutions for an 
integrated energy system with production incl. processing and 
conversion, transmission, storage and consumption (heat, power, 
processing) of energy that is geographically dispersed 
throughout Europe. 
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The aim of the projects and activities within Innoenergy at large 
and CC Sweden in particular is to provide technologies and 
solutions that support and fit into an integrated European energy 
system. 

At the system level, Europe can be divided into regions and 
local communities where optimisation and stabilisation of the 
energy system is at the lowest level possible. 

The Nordic countries’ energy systems (with the possible 
exception of Denmark) currently have a somewhat unusual 
energy composition and configuration, especially when it comes 
to power, with a few large production sites (hydro and nuclear 
stations) and a strong trunk power network mainly to regions 
that are energy consumers. In the near future, this energy 
network is expected to adopt and adapt to many more 
geographically distributed new facilities, small-scale production 
units (after technical advances in wind, sea, biofuel and small 
hydro) and also changing consuming patterns (e.g. transport 
systems in transition). Effectively developing, balancing and 
optimising (over space, time and cost) this energy network (for 
example reducing transmission requirements and losses) 
presents a great challenge for technology development.  

A common pan-European energy system is susceptible to 
disturbances which can come from failures, unbalance or other 
emergencies. Polygeneration also has a mission to suggest and 
supply local solutions when the large energy system is failing.  

 

Figure 7.3 Organisational chart of Innoenergy, Source: EIT 
Innoenergy project presentation 



126 
 

The chart shows that there are approx. 30 thematic projects 
within the CCs and four Lighthouse Innodriver projects that 
report to the KIC.  

The estimated budget income for Innoenergy is divided between 
funding from the EU, including EIT funding (approx 50%), 
national/regional sources (21%) and the partners’ own share 
(31%). During the first full year 28% of the estimated turnover 
(€111m) will be spent on education and 48% on innovation. In-
kind resources from companies (and also some other actors) are 
included in the budget and constitute an important incentive 
mechanism within the project. 

The Innovation project’s part in Innoenergy (the four Innodriver 
projects) will be scaled up from approx €30m in the first year, 
2010, to €43m in the fifth year, 2014. The Lighthouse 
Innodriver projects will provisionally take €4m of the €30m in 
Innovation spending. The remaining budget for Innovation, 
€26m, is to be spent on the other 26 or so thematic projects. The 
Lighthouse projects are in principle considered to be 
overarching KIC projects, with some supporting elements and 
activities carried out in all of the CCs (in reality they may have a 
stronger footing in one or a few countries). 

Presently four Lighthouse Innodriver projects are planned within 
Innoenergy, of which Polygeneration is one example. The 
Lighthouse Innodriver Polygeneration project currently has 
partners from all six CCs with most of them from CC Sweden. 
KTH (the Royal Institute of Technology) is taking a large share 
of the financial and managerial burden, as well as work on the 
project, which now is in the definition and planning phase. 

There are other Lighthouse projects within Innoenergy focusing 
on energy efficient buildings etc. The 26 other Innoenergy 
projects cover all types of themes. Four of them are focusing on 
smart grids solutions are being run within the Swedish CC, 
namely: 

� Smart grids from power producers to consumers 
� Controllable and Intelligent Power Components 
� Electric Energy Storage 
� Smart Grids Materials Technology 
Some of these projects may overlap or coincide with certain 
aspects or technologies that are also the focus of the 
Polygeneration project. 
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The Polygeneration Lighthouse Innodriver project 

Polygeneration is presently in the definition and planning phase 
and is supposed to propose its overall project plan including 
contracts with the partners in late 2010 or early 2011. The first 
evaluation of Polygeneration is planned by the Innoenergy 
project for as early as March 2011. The overall schedule for the 
Innoenergy projects may seem somewhat condensed and this 
will place an emphasis on rapid delivery. 

Presently, as of December 2010 16 institutions – corporations, 
universities and institutes – are set to participate, half of which 
are in Sweden. The partners have announced their particular 
areas interest and themes and they will soon be contracted as 
project participants. 

 Participant’s legal name CC Organisation type 

1 KTH Sweden University 

2 Compower Sweden Industry 

3 Ecostorage Sweden Industry 

4 Scarab Sweden Industry 

5 GETT Sweden Industry 

6 Swedish Biofuels Sweden Industry 

7 Solarus Sweden Industry 

8 Uppsala universitet Sweden University 

9 STRI Sweden Research 

10 Fortum Markets AB Sweden Industry 

11 MIT Portugal Iberia Research 

12 SAP Research Germany Industry/ Research inst 

13 CC Alps Valley Alps Valley Industry/ Research inst 

14 GdfSvez Benelux Industry 

15 Eindhoven Energy Institute Benelux University 

16 AGH Univ., Krakow, PL PolandPlus University 
Table 7.3 Partners in Polygeneration and regional belonging 
(CC) in December 2010 Source :Project documents 

In a provisional budget covering the four-year period from 2010 
to 2013, the entire budget for Polygeneration is in the order of 
€11m. Of this amount, a vital part is in-kind contributions from 
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the partners and some are funded by the EIT KIC Innoenergy 
and the local CC. There are also activities internally from the 
partners. The total funding/budget and its detailed composition 
have not yet been determined.  

There is also the Educational part of the project which includes 
student work and MSc work.  

Polygeneration Innovation – a tentative analysis 

A tentative analysis of the Polygeneration project from an 
innovation perspective could focus on the following items for 
further investigation and discussion. Here are a few preliminary 
suggestions and tentative conclusions on each topic. 

Vision and purpose 

Polygeneration is a vision driven project to explore, configure, 
develop and design an affordable multimodal energy supply and 
management system for a small community. Specific 
applications could include emergency and disaster areas and 
situations when the normal energy supply from energy networks 
and normal infrastructure systems is cut off or lost. 

The project objectives are expressed by the project team as 
follows. 

� Better use of energy by combining different energy 
services from one energy conversion process and from 
multiple fuel sources. Thermodynamic optimisation of 
energy for “useful purposes.” 

� Identification of many existing projects in the area 
� Establish coherence between interested partners towards a 

common goal 
� Create ”start-ups” and ”real products” while integrating 

education and research  
� Establish ”EXPLORE Polygeneration: TBD” labs at 

several locations inside each CC for an ”omnipresence” for 
students/visitors  

� Create common ”contests” between students towards new 
kinds of solutions to existing challenges  

� One important element is the student “project/product of 
the year” e.g. in Masters programmes, where partner 
organisations in the “Explore Polygeneration” Lighthouse 
project are the most important source of supervisors and  
help for students preparing project activities. 
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Table 7.4 Goals of Polygeneration according to the project 
presentation 

The first level of results is an integrated energy system and 
solution that is accepted for production, transmission and use in 
a larger system. This phase focuses on system integration and 
standards for communication and physical integration. 

A standalone, self-contained package which is independent and 
can access external grids or energy supplies is a visible 
representation of a system solution from the project. This unit 
could use local biomass or sunlight for power generation and 
other services.  A physical solution of this kind requires a 
system that is cheap and easy to move, transport, install and 
operate in a harsh environment. An international rescue or 
disaster relief organisation is an example of a customer or 
intermediate provider. 

First question: The vision and the purpose of the Polygeneration 
project need to be qualified. Should it focus on standards and 
technology integration as a standard system, component or 
group of technologies in a pan-European energy network, or 
should it target a very specific physical supply unit for 
emergency situations? 

The answer to these questions is not easy to give and the 
prerequisites do not point to a specific choice, but my 
recommendation would be to focus on the emergency unit as 
“the relatively easier way”. The well integrated system 
component to an international energy network solution – which 
is heavily needed, but would imply need to solve a lot of 
integration problems which are not specifically analysed and 
articulated in the project preamble.  

A Context – some remarks and issues to be raised 

There is probably a very strong need for multi-modal energy 
supply units for a range of situations – from geographically 
remote locations with an extreme climate or severe (weather) 
conditions (incl. for space or planetary applications) to various 
disaster and accident situations where the energy supply is 
failing or access to energy infrastructure is lost. 

Although the focus is primarily on civilian circumstances and 
society, it is easy to envision applications for military contexts, 
such as expeditions. The military have considerable experience 
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of the design requirements and management of this kind of 
installation. The utilisation and practice context is similar. One 
could even call this a dual use application. 

The contextual circumstances are, of course, quite important 
when choosing and designing the technical system, e.g. for 
system management, from a professional point of view. Will the 
installation be managed by “amateurs” (people in a hazardous 
and unfamiliar situation with little preparatory training or 
without a support system) or will it be managed by well-
educated and trained personnel? 

A number of competing technical systems, offering all possible 
functions or just a few services, can already be found in the 
market and for special applications. It is important to decide 
whether Polygeneration should compete with or complement 
(not just duplicate) existing alternatives in the market, e.g. all-
function supply units, or whether an advanced application, a 
niche application with no or few competitors should be 
identified. There are, for example, well-established existing, 
rather specialised systems and applications available such as 
solar-driven mobile phone base stations for emergency 
situations. 

If the focus is on the integration and standards option, it is 
necessary to define the main suppliers and users. What are the 
main sources of primary energy, who is the supplier and under 
what circumstance are they supplied? Choosing this option 
would require the project to exploit and develop a spectrum of 
technologies for primary energy supply and conversion, 
methods and integrated solutions for storage and 
conversion/transmission of energy, and finally, efficiency at the 
user end and in operation. This would indirectly imply that the 
project would have to work in somewhat unknown and often 
territories with professionally heterogeneous cultures (with a 
risk for communication problems and possible disputes and 
differing perspectives). 

The project is being run within the EIT framework, which is still 
experimental and is part of the European educational and 
research area. Even a short-term project – in Polygeneration’s 
case five years – can be affected more or less directly by 
decisions and changes to the EU framework for education and 
research. This may affect funding and the support of 
educational and research institutions.  For example there was a 
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proposal for EIT to fund twenty five percent of the cost of 
value-added for the projects. It seems now that EIT will fund 
only half as much because there are twice as many projects as 
anticipated. This means the economic incentive for innovative 
solutions is weakened. 

Since the purpose of KIC and EIT from one perspective is to 
promote and support innovation in Europe, the general policy 
and environment in the EU with respect to innovation and 
growth – e.g. in the energy field – may significantly impact the 
conditions for the Polygeneration project. An increase in 
resources and initiatives for the European innovation and growth 
agenda with a strong emphasis on energy – which some hope 
may transform EU energy and support policies – may help and 
drive the Polygeneration project. A decline in political 
engagement and support for innovation and growth may hamper 
the project’s progress. It must rely upon the resources it can 
obtain itself. 

The EU and EIT/KIC policy triangle for education, research and 
innovation may imply that Polygeneration innovation must be 
politically downgraded in relation to other aspects in the policy, 
i.e. education and research. The educational aspect can probably 
be balanced within the project, since the project is being 
managed from a technical university. The project will be able to 
incorporate fresh knowledge and technological advances, which 
is a great asset. On the other hand, this great knowledge 
potential may require strong professional leadership and 
management in order to reach the innovation goal. 

The development of policies for EU crisis management and 
disaster prevention and mitigation within the member countries 
as well as regions outside Europe is a significant contextual 
factor for the Polygeneration project. Within the framework of 
the EU new, operational organisations and other operational 
mechanisms may be established. Such mechanisms may take 
charge, for example through procurement and by managing 
technical systems as part of a larger package of rescue and relief 
operations etc. 

A general remark from the perspective of this study is it is 
necessary to further explore and investigate markets and market 
conditions for rescue and mitigation operations and technical 
systems. As we see it the project has so far not analysed or 
articulated this which is a weak spot for its further success. 
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It could be said that the Polygeneration project is a common 
arena for packaging separate but well-established technologies 
and solutions into a common system, or physical unit, without a 
well-defined customer but with the presence of a strong demand.  

B Culture 

The project´s main challenge is system integration, which 
requires interchange and collaboration between professional 
cultures. Cross disciplinary collaboration is difficult but 
involves great potential for innovation. 

One critical cultural dimension involves cross disciplinary 
communication of professional attitudes, for example within the 
electrical and thermodynamic oriented professions. Another 
technical, cultural aspect and possible gap to be bridged is the 
communication between big power suppliers and small-scale 
energy providers and users. Here, substantial system integration, 
engineering competence as well as communication skills are 
needed. 

C System overview and a provisional analysis of orientation 

Technologies 

Which technologies can be included in the package? What are 
the criteria for inclusion of a certain technology in a system? 
Should technologies with the highest potential in absolute terms 
or technologies that are the easiest to deploy (low-hanging 
mature fruit) be integrated? 

An informal decision and assumption with respect to the project 
is that it should exploit and stick to relatively mature 
technologies. There are several choices and opportunities at the 
technology level that need to be assessed, both in relation to the 
present state of the art (so called solutions Commercial from the 
shelf, COTS) and the various technologies that have potential 
but need for further development. Polygeneration will need to 
gradually develop proven technologies rather than invent brand 
new ones. Most of the proposed activities in Polygeneration are 
categorised according to the Technology Readiness Scale as 
intermediately mature and some are categorised as mature if not 
ready for deployment. This is generally favouring the success of 
suggested subprojects and activities within the project. 

The project team has tried to engage and include a broad range 
of energy technologies, of which some at the end of the day may 
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not be possible (for cost, technical demand or other reasons) or 
easy to integrate into one single system. Some specific 
configurations or subsidiary solutions may possibly spin off 
along the road. 

For example: 

� Solar collectors for local power  
� Cultivation of biofuels and energy conversion 
� Small hydro power installations or lake and sea power 

generators 
� Village waste energy recovery 
An early survey of which areas to develop identified the 
following items as possible themes and subprojects for the 
Polygeneration project to focus on: 

� Energy services: Smart Grids and Energy Storage, Clean 
water, Chilling 

� Energy supply and storage: Transportation fuel from 
biomass/waste – methane or various fuels, combined 
electricity and biofuel production, thermal battery for steam 
power, thermal storage, portable wind power adapted for 
natural disaster 

� Energy conversion: CSP based polygeneration/gasturbine 
integration in flexible polygeneration unit, photovoltaic and 
thermal generation in one single unit, solar/biomass power, 
combined heat and power for residential – fuel cell based, 
combined heat and power for residential – microturbine-
based 

 
Examples of goals and directions for a possible Rescue Model 
are proposed as part of one of the work packages: 

1. Develop a functional specification for the Rescue Module. It 
needs to include power output requirements and size/space 
availability and location information including: solar radiation, 
wind speed, infrastructure available (fuel source, water, 
availability, etc.)  

2. Evaluate solar options/alternatives and select most 
appropriate technology. Options are:  

� Solar PV  
� Parabolic trough collector to drive an organic Rankine cycle  
� Tower concentrator to drive a gas turbine  
� Concentrated PV  
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Some options can also produce heat output in addition to 
electricity  

3. Design of solar power system  

� Sizing of equipment  
� Trade-off between electric output, thermal output, efficiency, 

etc.  
� Proposals for technology development to improve subsystems 

for specific issues  
� Adaption of the technology (example: a system that produces 

electricity and steam when steam is not needed  
 
4. Solar cooking technology  

5. Solar absorption chiller / refrigeration (storage of medical 
supplies, vaccines, etc.)  

This sounds promising but may be difficult to integrate into one 
single and affordable unit. There may be alternative solutions. In 
the same survey certain items in need of further research and 
development were identified: 

Data collection, communication, algorithms and realtime 
controllers for optimising energy consumption/production for 
different applications, integration of solar receiver/heat 
exchanger, plant integration and start-up, plant modelling and 
test, cycle studies with market analysis, material and mechanical 
design, material science and grid connection issues, interlinking 
small scale systems with the consumer in a market oriented way, 
development and demonstration, especially on the system side. 
Some of these tasks require longer-term research and 
development. 

At some point in the process a number of proposed technologies 
must be chosen not only based on their suitability, economy and 
easy application, but also with respect to how they can be 
integrated and complement a package. Complementarities may 
depend on efficiency criteria such as availability, energy 
sources, physical dimensions, energy optimisation (for example 
thermodynamic, efficient solutions such as exergy and 
cascading), costs and finance. 

Hybrid solutions are necessary at various stages. Leading hybrid 
technology projects depend on good communication with the 
participating expertise. An important category to focus on is 
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technology for conversion from available mixed sources to 
useable energy media (power) and end solutions. Storage 
technologies or technologies for power and heat that help to 
balance out extremes in the energy supply are of interest. 
Technologies for power conversion must be investigated and 
surveyed. 

Examples: 

� Fuels cells (bioresources from technical economic standpoint, 
ethanol etc.) 

� Mini or small turbines 
� Generators (from wind or sea) 
� Photovoltaic power generation and collection 
 
Which facilities and services are the most important to provide? 
(For what reason: cost, degree of need?) Which criteria can be 
used to determine which processes and services to provide? 
What will the service specifications be? This is quite complex 
and may determine success or failure in the end. Maybe only 
one or two specific combinations need to be selected and 
decided upon for the further development of the project. 

Specific processes and equipment for power processes: 

� Water processing (drinking and washing, purification, 
desalination, waste water treatment, black and grey) 

� Communication (mobile systems) 
� Household appliances (cooking & heating, washing, hygiene 

and other, cooling) 
� Power for small businesses and processing (food processing, 

clothing and textile manufacturing, light machinery)  
 
At some point technical concepts and options must be selected, 
some developed and some others set aside, spun off for separate 
development, or totally rejected from the project. What 
technologies should be disconnected? Are there overlaps and 
“underlaps” in the competencies of the partners involved? Is 
there a good or sufficient match or mismatch between the 
services supplied and the project members? How can a possible 
mismatch be dealt with? Is there an exit mechanism for partners 
that do not fit in the integrated concept? Are mechanisms for 
inviting new and needed competencies and partners to join the 
project? At some point a kind of external search could be 
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announced, or even a competition for technologies that could be 
appropriate. 

The management and especially the funding mechanisms may 
make these questions and challenges difficult to address and 
respond to. It must be a priority task for the management of the 
administration work package (WP1) of the project to address 
these issues. 

System integration 

The bulk of the project’s value-added as well as its energy 
solution relate to system integration, which is also the critical 
issue and mission for Polygeneration. System integration is very 
much a question of engineering skills, which may be difficult for 
a development organisation to manage effectively. The 
Polygeneration solution must be a user-oriented, rational, 
balanced and well-designed integration of a system (of a variety 
of technologies and subsystems). 

Technical standards and design rules should be identified early 
to address and possibly develop. This can be demonstrated but 
may not ultimately result in a service for the market. Interfaces 
from Polygeneration to higher levels of the energy net for 
regulation and control must be made. This can also be 
demonstrated and possibly supplied to the market in the form of 
test installations. It is natural to conceive of a system solution in 
the form of a modular design and a modular system of 
functional units and components. Some modular components 
can be demonstrated. Design rules for a modular system can also 
be created.  

Services (capabilities) 

Service provision will be a challenge for the project. Services 
need an orderly structure in order to operate, be maintained and 
possibly be disposed of/regenerated at the end of their life. What 
capabilities are needed to supply and manage field services? A 
user and a customer, as well as a “proxy” user and owner must 
be identified. The customer needs to play an important role in 
the development process going forward. 

Who is the owner and how does an owner manage and operate a 
multi-technology system? Polygeneration and its partners may 
stay on as the owners of the technologies with external system 
operators as licensees. Who should manage procurement 
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activities? And what happens at the end of a unit’s life? Can 
units be restored and renovated? 

Other service-related issues that must be resolved relate to 
certification, regulations, permits and customs. Logistics is 
another service-related issue: Are there plans for distributing the 
units from storage to the location where they will be used? 
Training for operations and maintenance? 

D People (competence and organisation) 

What are the criteria for participating partners? What are the 
requirements and what is demanded of partners and different 
categories of partners? The project can be seen as a coalition of 
partners with a common goal. 

The partners in the project represent capable and competent 
students, researchers and developers (engineers) at European 
technical universities and within companies. They represent 
significant potential. What competencies are missing? Can the 
right competencies and capabilities be engaged, phased in and 
phased out? Business enterprises may provide business 
managers for the project. 

The project is presently open to all interested parties, but will 
have to close its doors soon. Some partner hunting should take 
place until a preliminary grand design of the system is in place 
in order to identify and engage the appropriate competencies for 
the project. Can the project discriminate or reject partners with a 
certain capability, for example one that is in competition with 
another partner or competence that has already been recruited?  

This suggests the need for two partner categories: one 
representing the most critical and necessary core technologies 
and capabilities for the project, and the other made up of adjunct 
observateurs. The conditions under which for these two 
categories operate might differ. 

The management and leadership of the Polygeneration project as 
a project based at a technical university are critical. The people 
involved are largely young with new knowledge, open minds 
and enthusiasm, but who may need to be disciplined, managed 
and guided constructively. The engineering qualifications and 
actions of senior management are essential for the success of the 
project. 
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There are presently five provisional work packages and working 
groups. 

� WP1 Management 
� WP2 Technologies (numerous technologies covered) 
� WP3 Dissemination and PR 
� WP4 Market and business set up 
� WP5 Education 
 
A project plan including contracts with the participating partners 
is expected in early 2011. 

A proposal for the future project organisation involves 
differentiating and splitting up the current WP2 (which is very 
large in scope) into several smaller working groups and 
packages for separate systems solutions.  

E Cognitive (technology) 

Mature technologies and technical solutions are important 
because of the relative short-term nature of the project. One 
suggestion is to use some available resources and time on 
serendipity, e.g. setting some bright individuals out in pursuit of 
as yet unforeseen solutions and concepts (wild card solutions).  

There is initially a potential for an oversupply of knowledge and 
engineering involvement in the project (although the integrating 
engineering capacity may be a bottleneck). The solutions may 
surpass technologically what is requested from a services point 
of view (technical X-mas tree). There is a tipping point between 
technical sophistication and utility for services. The potential 
professional gap between electric and thermodynamic 
competencies must be identified and bridged. This is a real 
development and educational mission. 

Polygeneration might be expected to come up with at least some 
innovative solutions which demand more than repackaging and 
adding existing technologies and system. 

F Business model (users– customers – providers – decision 
makers) 

What is the business model for this project? The EIT will (as 
initially stated) fund value-added up to 25% of the cost. (It now 
appears that the funding will only cover half this amount due to 
the fact there are many more projects than anticipated.) Another 
quarter of the cost will possibly be covered by national and 
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regional funds. The biggest part will be funded by the partners. 
The success of the project will thus depend very much on the 
partners’ own incentives and realistic expectations (risk taking). 

How dependent is Polygeneration on IPR which the partners 
already possess and will bring with them to the project? This 
could be seen as a consequence or presumption when the project 
is starting with mature technologies. The project duration is not 
very long which is why protected technologies and technologies 
that are almost complete (to be protected very early on) 
constitute both opportunities and restrictions for the project. The 
scope for new development and innovation is uncertain. 

How will IPR be distributed in and after the project? The IPR 
issue is a critical one for project management to address. 
Infringement may disrupt and render some possible project 
solutions impractical and impossible to use. 

Who are the final customers, clients and recipient organisations? 
Should certain dummy or test organisations be invited to 
participate in the process? Marketing efforts to identify 
customer interest is needed early in the process. How are pilot 
installations and demonstrations funded? Are venture capital 
(VC) contacts being initiated? 

The project management is well aware of what is deliverable 
and has identified indicators and measures of results and 
outcomes in general terms early on. 

G Finance 

Overall funding and cost distribution, risk taking and sharing are 
all critical for Polygeneration’s achievements in terms of 
innovation. The finance model, as for other InnoEnergy projects 
and KICs projects, is to be based on performance and 
competition (between the other KICs and Innonergy projects). 
Criteria for performance are currently being discussed as part of 
the working packages planning. It is worth noting that this 
funding model is untested on a scale as large as this.  

An important aspect is the large share of cofounding (partly in-
kind) from the partners and other financers. The result is 
depending to a large degree on the willingness and incentives 
for the partners to invest their resources and engagement (which 
are of several kinds, as with regards to what partners and 
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potential but non-partners to get engaged or not). This is a 
critical issue to the whole project and its innovative outcome. 

We find the project concept rather fragile with regards to the 
funding model. The success may become a result by chance and 
good will and needs a very strong and active (promotional) 
management to compensate for these fragilities. 

The performance criteria, “KPI” (Key Performance Index) are 
critical for the project’s progress and should be subject to 
thorough analysis. Currently a number of specific performance 
elements and evaluation criteria are being proposed for the three 
project dimensions of innovation, education and research. The 
incentives according to the performance-based funding model 
may favour existing and proven technologies and systems before 
innovative solutions. The Innoenergy management has requested 
that risky activities still be proposed for the project, but the 
rationale – in terms of penalties or rewards – for this seems to be 
indefinite and rather limited. 

The project timeline is relatively short with regards to the 
education objectives which is why this part of the project is 
uncertain. The project is certain to supply elements to the basic 
education curriculum (primarily at the Masters level).  

The performance criteria for innovation and research may 
similarly support short-term (achievable) outcomes before 
innovative (uncertain) solutions. Categories of performance 
criteria commonly being discussed for the Innoenergy project: 

� Education: MSc, PhDs and PostDoctorate engineers with 
strong entrepreneurial abilities 

� Innovation: Innovative technology for energy processes in the 
form of patents, new products and services, start-ups in the 
energy field, upon the innovations developed internally or 
identified externally 

� Research: Scientific publications (low priority) 
 
Alignment with EU Strategic Energy Technology (SET) 
framework, i.e. EU energy policy is also to be taken into 
account. 

H User 

The user and customer perspective is vital for the project’s 
success. It is important for there to be a strong and well-
established organisation in terms of users and user groups 
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influencing and assessing conceptual solutions. There is a risk 
that products and services will be produced that no one really 
wants, and that these will remain – and may be good enough in 
some cases – to be used demonstrators of what is technically 
feasible. 

Concluding remarks on the innovative success of 
Polygeneration 

The six great challenges for Polygeneration from an innovation 
point of view can be summarised as follows. Many of these 
challenges are managerial but the most difficult have to do with 
the economic rules and conditions of the project. 

Firstly, the project has in order to focussing  to identify a user 
and a customer, or a set of well-defined user situations and 
application contexts (even as “proxies” for the user and owner). 
Some targets and goals have to be chosen and others clearly 
deselected. 

Secondly, co-operative, performance-based and competitive 
funding of the project and separate activities need to be carefully 
defined and designed. The risk element that is necessary for new 
development must be taken into account.  The cofunding 
mechanism in the KIC concept for project funding is unproven 
and encompasses fragilities that may result in success by chance 
or in a haphazard way, possibly to be compensated by a strong 
and promotional management. The project has to be carefully 
defined in these respects. 

Thirdly, the project must identify or separate a specific work 
format or set of packages that clearly addresses the issue of 
creative and logic integration of technologies and subsystems, 
not merely assembling them as the partners happen to wish. 

Fourthly, the conditions for adding or removing new 
competencies and partners (and their respective roles and 
responsibilities) to or from the process and project need to be 
addressed. The incentives for the partners in the project have 
become weakened over time (maybe idealistic motives then will 
play a larger role for the project to succeed). It can also be 
observed the overall dominance of capabilities and resources of 
KTH in the project at large.  This may strike unbalances in the 
effort. 
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Fifthly, the project has to address the issue of the cross-
integration of disciplinary and professional skills for integrated 
solutions. This is an educational task of the highest priority. 

Sixthly, the project´s educational dimension and affiliation with 
institutions of higher learning has to further explore, develop 
and demonstrate the piloting role of these institutions for 
innovation. It is a true educational challenge to foster 
innovation. The project management has so far well responded 
to this challenge. 

The project has good opportunities to advance and demonstrate 
new radical integrated systems solutions for local energy supply 
and other energy based services. Whether it succeeds to 
innovative services in the market is still an open issue. 
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� Context – the environment which defines the framing 
conditions for the system and innovations studied 

� Culture – habits, traditions and sustained competence to 
nurture innovation  

� Economic organisational factors 
o People – organisation of skills and competencies 
o Cognitive – achieving knowledge and research 
o Business model – how stakeholders are contracted and 

engaged 
o Finance – funding conditions (risk) 

� User – the user’s central role in the innovation process 
Table 8.1 The main elements of an anatomy of technology 
innovation 

The first group of suppositions emphasises the overwhelming 
role of context and framing conditions. A changing context has 
significant implications for the focus and progress of 
innovations.  

A second group of suppositions identifies the overriding role of 
culture in innovation processes. 

A third group of suppositions represents the varying but strong 
influences from economic organisational factors such as 
cognitive, people and organisational structure, business model 
and financial.  

The fourth group relates to the likely critical user role in 
innovation and the innovation process. 

8.1 Context matters  

8.1.1 The following suppositions are grouped for 
context. 
� S 1 Threat and scenario dependence is crucial for innovation 

(the significance of timing and long lead times) 
� S 10 Instability at times: difficulty maintaining focus and 

boundaries obstructs the path to innovation. Singular or 
multiple threats and scenarios disrupt technology 
trajectories. 

� S 3 The perception of a threat influences innovation. Media 
communicates or creates perceptions. Threats need to be 
thoroughly assessed through intelligence. 

� S 6 It is hard to trace the process from strategic plans to 
innovation with some distinct exceptions like air fighter  
programmes. 
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� S 7 The modes of management for defence systems and 
critical infrastructures change over the study period and are 
labelled “deregulated” from Mode 1: Iron triangles to Mode 
2: Competition rules with vast implications for technology 
innovation. The “military-industrial complex” is an 
expression of Mode 1: Iron triangles. 

� S 10 Instability at times: difficulty maintaining focus and 
boundaries obstructs the path to innovation. Singular or 
multiple threats and scenarios disrupt technology 
trajectories. 

Table 8.2 Context suppositions 

8.1.2 Discussion of suppositions on context 
It is evident from the case studies that contexts and contextual 
changes such as episodes and scenarios are of significance for 
innovative processes and technological development with 
respect to infrastructure and defence systems. 

It is almost a truism that framing conditions affect innovation. 
The contextual setting also influences the systems that are 
studied here. Defining the present context or scenario for the 
development of certain project or technology is critical. 

Contexts may influence choices and the subsequent 
development of technologies in various ways. 

One aspect of choice is the need to match context and choice of 
technologies and technological development. For any given 
context there are certain technologies that are more relevant than 
others. A mismatch between technologies and context creates 
uncertainty, which may result in unnecessary or indefinite goals. 
The development of the system will then be imprecise and 
ineffective. 

An example of match/mismatch is the development of 
multifunctional network technologies in a context that is 
uncertain. In a given context the survivability of each 
operational unit may be of great importance and many functions 
may be superfluous or ineffective. In a context with more 
variation, which can be characterised as uncertain, a 
multifunctional network might be useful and more valuable. 

The core aspect of the contextual conditions here is how and in 
what sense changing contexts affect innovation and 
development processes. How are critical contexts defined? 
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A context that changes during the course of the development 
process can be said to be a risk factor, and give uncertainty to 
the project.  

Changing contexts is a natural aspect of most long-term 
projects, which most infrastructure and defence systems projects 
are. Contexts can change abruptly. Projects may have several 
contexts to work within, either simultaneously or 
consequentially over the project’s lifetime. 

When planning and managing projects, it is important for them 
to be designed to be robust so that they can keep functioning 
when contexts change, or to meet both short-term objectives, 
current or near-term operational needs and demands, and the 
more long-term goals and requirements which will or should not 
change. 

The robustness requirement covers two objectives and goals at 
the same time – the short-term situation and demands, and the 
long-term needs and requirements.  

An infrastructure system project may develop over decades. The 
phasing out and in of a defence system is a process with a 
similar time span.  

In this study we have investigated cases which have been in 
progress a number of years and that have changing contexts. A 
change may come abruptly – in just a few years the situation and 
the consequential goals may need to be redirected.  

Both the case of LedSyst and Polygeneration illustrate rather 
rapidly changing contexts and how management adapted or 
changed the focus as a result. When LedSyst was 
conceptualised, its future focus was uncertain, and numerous 
applications could be expected to be needed for a flexible 
system. A few years later, however, a few special operational 
requirements dominated the contextual setting and framework, 
and certain functionalities deemed valuable in the past were now 
considered superfluous. This caused confusion about the goals 
and objectives of LedSyst and an ineffective distribution of 
work tasks within the project. 

It could be said that the project managers came to the wrong 
conclusion when they substituted the original specifications for 
new operational goals at short notice. We can also see that 
LedSyst had a structural flaw in paying too much attention to 
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imminent and directly visible results. This re-definition of 
context had adversary effects on the progress of LedSyst. There 
was, for example, considerable attention paid in phase 2 to 
Aerostats to survey the Baltic environment, and relatively little 
attention paid to the long-term technical challenges that the 
project urgently needed to take care of in a competent way.  

This tendency was one consequence of the way in which the 
LedSyst project was organised, with an imbalance between the 
user/military management and the technical and engineering 
functions. 

Having a period with a stabile context reduces the risk 
associated with developing new systems. The Cold War era was 
for decades a fairly stabile context (threats and threat levels did 
change during the period, sometimes dramatically, but within a 
high maximum level of threat). This stability had a favourable 
impact on certain development. The development, for example, 
of an advanced and large Swedish Air Force fighter fleet with 
the JAS Gripen programme would not, we believe, have been 
possible without the long-term stability of a Cold War context. 
We can also see some major advancement in science and 
technology in other areas that benefitted from this stability, such 
as basic information and communication technologies, air and 
space technologies and many others. The maturing period for 
many of these technologies was long and they flourished 
because of this. 

There are many more examples of how long-term projects have 
been forced to change focus and in doing so have lost their 
orientation. There are also examples of long-term projects that 
have not changed their orientation – the air fighter programme 
(which is astounding) as mentioned above and also the Swedish 
nuclear programme in the past – but these seem to be 
exceptional cases or ones that depended on stabile contexts over 
a long period, which is exceptional in itself. 

8.1.3 Does context matter? – A summary 
S 1 Threat and scenario dependence is crucial for innovation 
(the significance of timing and long lead times) 
Findings show that the long time times of infrastructure and 
defence systems make them and their evolution and innovation 
very sensitive to contextual changes. Case studies show that 
when contexts change, the innovation processes are slowed 
down. 
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S 10 Instability at times: difficulty maintaining focus and 
boundaries obstructs the path to innovation. Singular or multiple 
threats and scenarios disrupt technology trajectories. 
Instability is a context that can be beneficial for innovation 
(offering new opportunities), albeit with a high level of risk. 
Case studies show that instability is an opportunity for 
innovation.  Case studies also show that many threats can 
concurrently lead to confusion, loss of orientation and cause the 
innovation process to get off track. 
S 3 The perception of a threat has an impact on innovation. The 
media communicates or creates perceptions. Threats need to be 
assessed thoroughly through intelligence. 
Distinct and unambiguous contexts make innovation easier in 
that requirements are well defined. Qualifying the information 
content of a threat or other context needed to define the goals for 
innovation is a topic for further research. 
S 6 It is hard to trace the process from strategic plans to 
innovations with some distinct exceptions such as air fighter and 
nuclear programmes. 
There are some, if only a few, examples of large-scale systems 
development programmes in Swedish infrastructure and 
defence. Most of them (the nuclear program and the Swedish air 
fighter) now belong to the past and there are few examples after 
the Cold War. On the other hand, there are large-scale 
programmes from this era such as earlier defence IT projects 
and also the LedSyst case. 
S 7 The modes of management for defence systems and critical 
infrastructures change over the study period, and are labelled 
“deregulated” from Mode 1: Iron Triangles to Mode 2: 
Competition Rules, with vast implications for technology 
innovation. The “military-industrial complex” is an expression 
of Mode 1: Iron Triangles. 
Organisations and markets for infrastructure and defence 
systems in Sweden as elsewhere have gone through substantial 
transformation (as the supposition refers to) over the past two 
decades with deregulation and re-regulation, and the process is 
still ongoing. The transformation which consists of the severing 
of many existing relationships and networks and the 
establishment and alignment of new ones is a topic for further 
research. 
Table 8.3 Context suppositions 

8.2 Culture and innovation 
Culture for innovation is a combination and an aggregate of 
many elements which together favours innovation (or disfavours 
or is neutral with regards to innovation). 
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8.2 1 Supposition for culture 
S 7 The modes of management for defence systems and critical 
infrastructures change over the study period, and are labelled 
“deregulated” from Mode 1: Iron Triangles to Mode 2: 
Competition Rules, with vast implications for technology 
innovation. The “military-industrial complex” is an expression 
of Mode 1: Iron Triangles. 
S 8 The science and knowledge base – engagement of industrial 
and technological capabilities – is needed for innovation. 
S 9 A tendency over time for systems to drift cross borders 
(increasing complexity and cooperation) – international and 
military/civilian interfaces having a greater impact on the level 
of innovation. 
Table 8.4 Culture suppositions 

8.2.2 Discussion of suppositions on culture 
The innovation culture and leadership are two basic factors in 
technological development and innovation. Leadership and 
culture determine the climate for innovation processes and 
technological development.  

There are various important dimensions or aspects of innovation 
leadership and culture. 

The industrial structure and the industries’ attitudes to 
development and innovation is one dimension of culture. 
Innovation is a venture with risk. The attitude to risk is a cultural 
phenomenon. A risk-averse attitude is another version of a 
culture that, for example, is negative towards innovation. 

Culture is another expression of the relationships and the climate 
of contacts or trust and confidence between the stakeholders in 
the innovation process, particularly between users and providers. 

Common patterns of culture are exemplified in Iron Triangles, a 
Military-industrial complex or Mode 2 models of infrastructure 
and defence systems. These patterns describe the binding 
together of stakeholders and common interests to common 
attitudes to innovation.  

Closely knit relationships can be either innovative or 
conservative. A loose network with loosely linked partners 
exhibits less capacity and energy for innovation.  

We have found indications that the cultural dimension has an 
impact in the cases investigated. In the early phase of LedSyst 
the close contacts between project and industry boosted 
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innovative development at the system level. In the later phase 
this effect disappeared, largely because of a new industrial 
policy regime that can be tagged COTS but which may 
paradoxically have lead to services innovation. This outcome is 
uncertain and has not as yet happened in the LedSyst case. 

The military-industrial complex and the culture it represented 
have partially disappeared, which reflects a diminished interest 
in development and a shift of focus from defence to civilian 
markets. 

Industry has shifted its orientation to the civilian side of dual 
use. The defence market’s relative importance is diminished. A 
shrinking military market becomes a niche like any other 
civilian market. The home market can no longer offer references 
through installed systems and technologies to other customers 
and applications.  

The Polygeneration case shows that energy technologies have 
been more or less locked into a stable industrial structure for a 
long time. New technologies are merged or fed into existing 
structures. This may have a negative impact in the form of a cap 
on new or innovative technologies. 

The Polygeneration type of project may pilot the rather new role 
of education and training for establishing a culture for 
innovation. 

A stable structure can safeguard or benefit innovation, probably 
more in the form of evolutionary transformation than disruptive 
innovation. There are examples of innovations that have found it 
hard to penetrate existing structures and markets. It is expected 
that Polygeneration will meet a similar type of resistance or lack 
of supportive demand from the dominant players. As long as a 
project operates for a niche market, it can survive and develop. 

8.2.3 Culture and innovation – a summary 

S 7 The modes of management for defence systems and critical 
infrastructures change over the period of study and are labelled 
“deregulated” from Mode 1: Iron Triangles to Mode 2: 
Competition Rules, with vast implications for technology 
innovation. The “military-industrial complex” is an expression 
of Mode 1: Iron Triangles. 
A strong element or rather expression of the cultural aspect of 
innovation is how close and connected the actors are. The 
relationship between suppliers and customers in both 
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infrastructure and defence has been very close, but this is slowly 
disappearing. The defence market on the demand side is 
becoming more niched and specialised, which is why the 
interest shown from industry has shifted to other quarters. 
Marginalisation is still not as evident in the infrastructure sector, 
although the industry has restructured in terms of ownership and 
vertical-horizontal specialisation. The traditional structure in 
infrastructure of development pairs is dismantled. 
S 8 The science and knowledge base – engagement of industrial 
and technological capabilities – is needed for innovation. 
The notion of science and technology as a specific driver of 
development in this sector has lost some of its momentum. 
Applications and customer demand were important drivers. 
Today, science and technology is more expensive and has been 
split into specialist areas with many actors, universities, 
institutes, industry SMEs and big corporations, globalisation and 
other elements. The science and technology base has become 
more differentiated, less homogenous, and possibly more 
difficult to organise for the benefit of innovation. In the era 
during and before the Cold War, science and technology was in 
the driving seat of development, this is not the case today. 
Today science and technology trickles into industrial practices 
and innovation, rather than by one shot effect. 
S 9 A tendency over time for systems to drift across borders 
(increasing complexity and cooperation) – international and 
military/civilian interfaces having a greater impact on the level 
of innovation. 
In line with the comments on the previous supposition, a more 
complex and heterogeneous industrial matrix is evolving. 
Infrastructure is a global business more than a domestic affair. 
Defence is a niche and a follower that must adapt and adopt 
practices from the larger sectors.  On the one hand, this requires 
a sea of knowledge and a greater potential for the transfer 
technology and innovation. On the other hand, it means that 
solutions in the sector itself must be simpler and less complex. 
What this means for innovation has yet to be defined. 
Table 8.5 Culture suppositions 

8.3 The role of economic organisational 
factors in innovation 
This is a four-axis model of influencing factors. Each of the axes 
is as important as the others. 

8.3.1 Suppositions on the role of economic 
organisational factors for innovation 
S 4 Economic frameworks (risk sharing and business model) 
define the scope for creativity. 
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S 6 It is hard to trace the process from strategic plans to 
innovations with some obvious exceptions like air fighter and 
nuclear programmes.  
S 7 The modes of management for defence systems and critical 
infrastructures change over the study period and are labelled 
“deregulated” from Mode 1: Iron Triangles to Mode 2: 
Competition Rules, with vast implications for technology 
innovation. The “military-industrial complex” is an expression 
of Mode 1: Iron Triangles. 
Table 8.6 Economic organizational suppositions 

8.3.2 Discussion about economic organisational 
factors 
People 

The balance between engineering knowledge and the 
user/customer is a critical one for technology innovation. The 
user should set the goals for innovation. User acceptance is the 
proof of innovation. The role of the engineer and the technology 
manager is to create and provide the means for achieving the 
goal. If user and provider roles are mixed in the process, the 
result could be incoherent goals and efforts to find solutions. 

Cognitive 

New knowledge is incorporated into new technology. However, 
an integrated system with innovative dimensions does not 
necessarily imply that there is new knowledge throughout. The 
innovative dimension is integrating and applying knowledge in a 
new way or from another area of application.  

A service innovation may or may not depend on the application 
of new knowledge. Case studies on service innovation show 
how existing and established knowledge and technologies are 
combined in a new, innovative way. 

The ambition to exploit new technology and make far-reaching 
technological advances can easily become a risk factor, impede 
service innovation and may often result in failure. 

Balance and calibrating the amount and level of new technology 
to be applied to a new service is a strategic issue. The more that 
is new, the greater the risk. One key factor in this decision is to 
learn through intelligence and technology assessments about the 
choices and limitations that counterparts and competing 
solutions and alternatives represent. 
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Business model 

The responsibilities of the parties in an innovation process have 
a profound effect on success. 

The choice between a proprietary solution and a public domain 
solution is important; each has its pros and cons. The proprietary 
solution may make it quicker and easier to achieve specific 
goals. Although this may seem to be the more effective solution, 
it may be restrictive. The public domain solution may improve 
the general level of accessible technologies to the benefit of 
society. Sharing risk and positive incentives may be a 
reasonable compromise. 

Finance 

The financing of an innovative venture or any new or complex 
system must rest on a solid pillar of trust.  

Developing a new, large-scale system is a high risk project. The 
risk is technical: Will the technologies and systems work and 
deliver as intended? The risk is also financial: Will the project 
and the system building process succeed in time and within the 
scope of the resources allocated? Can the system deliver the 
services promised? 

A well-designed and thought-through business model for 
innovating and developing complex large-scale programmes and 
projects involving technical and economic risk is needed and it 
must share risks efficiently between the stakeholders. Risk 
cannot be eliminated but may be reduced or possible absorbed. 
Any risk taken must be balanced by potential benefits or 
incentives for future benefits. Risk adversity is no solution or 
road to success. The LedSyst case failed because it broke this 
rule. 

The cases studied were never questioned from a financial 
confidence and trust perspective from the beginning. The level 
of confidence changed during the course of the projects. 

Narrow economic control can never substitute confidence in 
competence in management of a risk venture. Risk can be 
reduced by competence.  

Due to conflicting operational goals, funding for defence 
projects, including LedSyst, became harder to obtain. 
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Opposition to military led IT-projects increased due to several 
badly managed previous IT-projects.  

8.3.3 How do economic organisational factors 
affect innovation – a summary 
S 4 Economic frameworks (risk sharing and business model) 
define the scope for creativity. 

The results with regards to the role of economic frameworks in 
innovation are inconclusive. The conclusions are tentative. 
Innovation involves risk-taking, chance or calculation. 
Calculated risk management through risk-sharing and certain 
incentives and disincentives can be argued. 

S 6 It is hard to trace the process from strategic plans to 
innovations with some obvious exceptions such as air fighter 
and nuclear programmes.  

Rational planning and implementation of long-term, 
multifaceted infrastructure and defences systems innovation is 
difficult, if not impossible. There must be flexibility in the 
acquisition process to allow external or new proposals to be 
tested. 

S 7 The modes of management mode for defence systems and 
critical infrastructures change over the study period and are 
labelled “deregulated” from Mode 1: Iron Triangles to Mode 2: 
Competition Rules, with vast implications for technology 
innovation. The “military-industrial complex” is an expression 
of Mode 1: Iron Triangles. 

Tightly connected networks and relationships instead of more 
openly managed groups of actors may impede  rather than 
promote innovation. 

Table 8.7 Economic organizational suppositions 

8.4 The user in the innovation process 

8.4.1 Suppositions on the user in innovation and 
innovation processes 
S 2 Strong needs or specific threats accelerate innovation and 
shorten the time and lower the cost until an innovation is ready 
for use. 
S 5 Creative interfaces between all of the important stakeholders 
(industry, infrastructure and military operators, engineers and 
researchers, decision makers) inspire innovation in a positive 
way. A format for this interface might be advanced joint studies 
within the defence sector with all important categories of 
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stakeholders participating in the process (“Försvarets 
studieverksamhet”) 
Table 8.8 User suppositions 

8.4.2 Discussion on suppositions on the user in 
innovation and innovation processes 
User acceptance is the last element in an innovation becoming a 
reality. In this sense, the users and operators are the single most 
important actors or stakeholders in the innovation process in 
general. 

There are examples where users have rejected a brilliant new 
technology or brand new system or refused to accept a featured 
new service. These examples may all involve great advances or 
progress, but they still fail the strictest test of innovation. 

Professional users and operators have key roles and these must 
be managed perfectly in order for an innovation to materialise. 
In some cases we have identified professional users as filters 
that can block, preserve or promote a certain development and 
innovation. 

8.4.3 The user in innovation and innovation 
processes – a summary 
S 2 Strong needs or specific threats accelerate innovation and 
shorten the time and lower the cost until an innovation is ready 
for use. 
User acceptance is obviously critical for innovation. Still, this 
supposition is only preliminary supported and needs to be 
qualified. A strong user need may speed the innovation process, 
to the extent the need is supported by decision making. With 
respect to threats in the macro range, for example when nations 
go to war and defend themselves, there are cases where 
innovation occurs. There are also cases where innovations fail 
under these circumstances. Existing knowledge and 
competencies, like other resources, are usually exploited to the 
maximum in times of war. One effect that may influence 
innovation is when knowledge and competence is transferred 
from “civilian” or other sectors to the war effort. A push for 
innovation might exist in countries that are at war coming from 
a healthy balance between defence and civilian sectors. Being 
on a constant war footing (or militarisation) inhibits the effects 
of those mechanisms in the long run.  
S 5 Creative interfaces between all of the important stakeholders 
(industry, infrastructure and military operators, engineers and 
researchers, decision makers) inspire innovation in a positive 
way. A format for this interface might be advanced joint studies 
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within the defence sector with all important categories of 
stakeholders participating in the process (“Försvarets 
studieverksamhet”) 
The conclusion goes both ways, the intelligent user may invent 
and fuel innovation processes or the user may be a conservative 
influence that blocks development if the user identifies a threat 
from innovations that may disrupt their normal behaviour and 
circumstances.  
Table 8.9 User suppositions 

8.5 Summary 
The investigation has from theoretical considerations and case 
studies through a set of suppositions resulted in an anatomy for 
technology innovation in infrastructure and defence systems. 
The anatomy is a predecessor to an enterprise or a system 
architecture for technology innovation. 

The basic elements in the technology innovation processes 
through discovery and invention are the four axes of economic 
organizational factors which are 

People – the inventors and discoverers or the research and 
development personnel or other competencies and their 
organization, 

Cognitive – the knowledge underpinning and creation through 
research and development, 

Business model – the distribution of roles, the rights and the 
responsibilities of the stakeholders (IPR), 

Finance – the risk taking and risk absorption, and distribution of 
risks between the stakeholders. 

The culture of technology change and development is an 
overarching set of attitudes and perceptions about innovation 
processes in a system. The culture conditions are needed for 
innovation to progress. Education and training is a most 
important and potentially strong component for innovation. 

The context or environmental framework conditions and their 
changes are fundamental and vital as focus to any innovation 
process to get right.  

The structure or anatomy of technology innovation in 
infrastructure and defence systems are summarized and 
illustrated in the figure. 





158 
 

 



159 
 

 

9 Science and technology in 
infrastructure and defence 
systems - further research and 
discussion 
This chapter draws some conclusions from this investigation to 
suggest topics for further studies and research. 

A general remark and reflection from the study is the need 
shown of further development of the enterprise and system 
architecture for technology innovation concept, of which the 
anatomy for technology innovation presented in the last chapter, 
is a precursor. 

9.1 Science and technology in military affairs 
and defence systems 
Technology and technological innovations have been significant 
factors in war and military affairs for a long time. There are 
many examples of incremental changes or major disruptive 
innovations in the history of war and defence. Some periods in 
history have been driven by defence technologies and 
innovations and some periods have been defined by great 
defence technology inventions and innovations. The interplay 
between defence and science & technology is complex. 

The face of war and defence as well as of other hostilities has 
changed. The panorama of aggression and hostilities has 
broadened and cannot be categorised under a single label. 
Economic, diplomatic and direct military action and irregular 
wars as well as civil disorder and terrorism have become 
methods used in everyday life. 

At the same time, the traditional causes of aggression and war 
still exist; competition and conflicts over resources such as 
energy, water and minerals, territorial power and migration 
seem to have the same intensity although geographically 
distributed. Due to technological development, the nature of 
these elements may change. Energy and mineral resources in 
places like the Arctic were never useable until technology and 
other contextual changes made these resources and their 
exploitation profitable and valuable within reach.  



160 
 

The arenas for conflict and warlike action have changed. 
Conflict areas are more globalised – from central Europe to the 
peripheral regions and in other continents and parts of the world.  

These changes are in some respects driven by technology and 
technological changes (or the expectations they provide). ITC 
and energy technology are examples of two driving and 
contextual factors of change. But as we know, although the 
methods and instruments may be very traditional and low tech, 
the effects and repercussions may be worldwide due to a 
combination of technological advances and social development. 
The confusing RMA debate illustrates this expanded pattern. 
Still, it is the inventive, practical use of a particular method that 
carries the mark of disruptive innovation, not the technologies 
themselves. The human and social intent is the basic driver. 

The contexts for Swedish defence have successively changed. 
Contexts will in my opinion change even more in the future. 

Territorial defence is as I see it faced with “multidimensional” 
distant threats and interventions. Some of these threats are 
“conventional” military ones and others are indirect in nature, 
e.g. in the cyber world or in the form of threats in economic 
disguise.  

All this makes it difficult to design a technology programme for 
defence and development. The spectrum of needs and 
requirements is broader and the time constants are greater and 
more frequent. The context is ever-growing and changing. 
Innovation processes to succeed in this era must have a double 
focus, one to the long term aiming and objectives and another to 
cope with the near term possibly rapidly changing contexts. 

It seems that the methods used recently to tackle technology and 
technological development belongs to a period of relative 
stability and slow and well foreseen change.  New types of 
technology foresight and technology planning and development 
are needed in order to match the pace. 

Neither the present market-based strategy in the form of COTS 
and MOTS, nor the more traditional and still dominant methods 
of sequential planning and acquisition, which evolved in the 
Cold War era, are acceptable or useable. They need to be 
complemented by a third method for technology development 
and innovation. This new method should master all of the 
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elements of a viable anatomy for innovation (context, culture, 
people, cognitive, business model and finance). 

One development model for this is exemplified by the practices 
of DARPA. Its operations are based on competent professional 
leadership and autonomous capable frontier knowledge 
networks. 

Specific areas of defence urgently needing further development 
are:  

1 Cyber warfare and aggression. ICT capabilities. 

2 Support (infrastructure) systems for logistics and energy 
provision.  

9.2 Science and technology in critical 
infrastructures and services 
The infrastructural systems for information, energy and 
transport are the backbone of our modern society. These systems 
are major structures and achievements of mankind and have 
evolved over a long period. Due to incremental development, 
transitions have taken place over time in these systems. This 
pattern of sedimentary change will certainly prevail. 

Still, the pace of development and change with respect to these 
systems is different today. A new element of disruptive 
innovation has emerged.  Energy and energy infrastructure 
systems are caught between a growing worldwide, intersectoral 
demand and an urgent need for system transition based on 
climate change considerations, economic development and 
political stability. Maintaining a secure supply of energy is 
prioritized at all levels – from households and settlements to 
regions, nations and continents. 

The reshaping of information and communication technologies 
is disrupting economic and social development worldwide. No 
activity or region of the world is unaffected. Secure and 
accessible ICT systems are at the top of the agenda in all 
quarters and at all levels around the world.  

There are some challenging focus areas and tasks involved in 
the development of energy infrastructure systems. These 
challenges relate to integrating a number of technologies into 
systems, introducing new integrated systems and probably also 
organising the energy supply and services effectively. The 
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geographical and technological disciplinary extensions of the 
systems are rapidly expanding. 

Progress through research and development are needed for all of 
the anatomical components of technology innovation.  

� The context component: emerging new global energy supply 
and demand situations;  

� culture: an imperative to introduce new energy provision 
systems;  

� people: a new, well educated and capable generation;  
� cognitive: better organised and networking research and 

education facilities and organisations;  
� business model: a new supply and demand structures with new 

collaborative forms of promoting technology innovation ;  
� finance: intelligent risk taking and efficient use of resources. 
 

9.3 Some practical implications and 
conclusions 
Some points for further development and study: 

� The importance of the user/operator in the innovation process 
(to establish and organise the process correctly) 

� Efficient roadmap planning to keep the short-term operational 
demands (incl. accountability) and the long-term objectives 
and needs aligned (and keep them from competing or 
destroying each other) 

� International collaboration must be improved starting with a 
small project that is a success and can be a model for 
replication 

� Establish mechanisms and procedures to identify and exploit 
early on any emerging and potentially disruptive 
technologies. A new type of management that deals with the 
current fragmented awareness of potentially disruptive 
technologies is needed. 

� Improved mechanisms and structures for acquiring and 
implementation of innovative technology – intelligent and 
sound risk-taking 

� Finding and developing forms of IPR management that rather 
boost than stifle innovation 

 

9.4 Science and technology for infrastructure 
and defence systems – some ideas for 
additional research 
S 8 Engagement of the science and knowledge base is urgently 
needed for innovation in the form of industrial and technological 
capabilities. 
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Table 9.1 Science and technology and innovation 

This study is about the role of science and technology in defence 
and infrastructure systems today and tomorrow. We have 
explored the issue and investigated cases to distil knowledge and 
provide guidance for future innovation practices. 

In intensifying the analysis we have identified a need for further 
case studies on complex infrastructure and defence projects and 
innovations processes within these. This additional research can 
expose the more detailed structure of technological cycles and 
reveal how dominant and innovative system designs are created 
and developed. Further investigation and development of a 
definite structure or system architecture for technology 
innovation have to be based on more and differentiated case 
studies of innovation processes in systems. 

Technological change can be further investigated from a 
network perspective. Forecasting, future oriented technology 
analysis (FTA) and assessing potentially disruptive technologies 
and their consequences are of great importance (NRC (2010). 
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