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Abstract  
Governance of innovation – deploying an architectural framework for 
innovation of technological systems for energy, security and defence  

Innovation has a great deal of attraction but is associated with serious uncertainties and 
downsides. It is potentially beneficial for growth, sector and industrial development 
and competitiveness. Innovation brings hope of solving societal challenges, such as 
climate change and environment protection, and could help secure a supply of energy. 
Furthermore, it improves resilience and strengthens security and defence.  

The downside of innovations of some magnitude concern severe transitions and 
disruptions. Digitisation, with associated net technologies, is an illustrative example of 
an innovation that creates new services, competitiveness and other benefits which is 
enormously positive and attractive, while simultaneously dismantles and destroys 
existing systems, firms and branches, and whole sectors and practices. 

The thesis deals with promoting innovations at large but specifically systemic, defined 
as a value-adding (to customers and users) set or convergence of new products/services 
from technological systems in processes which emerge by evolutionary association and 
integration of systems transforming businesses, industries and sectors (with disruptions 
as consequence). Innovations are distinguished by certain structural properties namely 
systemicitiness. The systemicitiness of innovations suggests a distinct architectural 
framework that determines the structure of innovations. The purpose of the proposal 
for an architectural framework for innovation is guidance to governance of innovation. 
Platform based ecosystems exemplifies an emulation of systemic innovation that aligns 
with the proposed framework. The framework is distilled from cases, events, patterns, 
landscapes and models of innovation in the literature, connected with examination of 
systemicitiness and governance approaches to innovation and innovation processes. 
The architectural framework is conjected as compatible and complementary to 
common policies and instruments for innovation and innovation processes as holistic 
systems engineering, standards and protocols (e.g. ISO/IEC 15288:2015, ISO/IEC 
42010:2011, NISP). 

Keywords 

Systemic innovation, disruptive innovation, technology innovation, innovation 
deployment, platform-based ecosystems, governance, innovation life cycle, systems 
integration and association, systems of systems, energy, security, security of supply, 
defence, evolutionary development, holistic engineering, systems engineering 
standards, protocols and methods, enterprise architectures and frameworks 
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Sammanfattning (in Swedish) 

Ett arkitekturramverk för innovation av tekniska system för energi, säkerhet och 
försvar (eng.: Governance of innovation – deploying an architectural framework for 
innovation of technological systems for energy, security and defence) 

Innovationer är överlag positiva och eftertraktansvärda, men också förknippade med 
utmaningar och ibland negativa konsekvenser. Innovation anges ofta som lösningen på 
samhällsproblem och utmaningar t ex klimatförändring och miljöskydd, för att stärka 
ekonomisk tillväxt och konkurrenskraft samt för att öka välfärden. Innovationsförmågan är 
av synnerlig vikt för landets energiförsörjning, säkerhet och försvar. På den negativa sidan 
innebär t ex disruptiva innovationer ofta stora osäkerheter och kostsamma omställningar. 
Digitaliseringen är ett exempel som i och för sig skapar stora värden och nyttigheter som nya 
tjänster osv men medför som regel samtidigt att etablerade beteenden, företag och 
organisationer måste förändra sig, kan bli utkonkurrerade och t o m försvinna helt. 
Innovationer med någon dignitet innebär avsevärda omställningar och kostnader men kan 
samtidigt frigöra eller skapa stora (nya) resurser vilket är dess egentliga drivkraft och syfte. 

Studien består i en undersökning av innovationernas roll för de tekniska systemen för 
energiförsörjning, säkerhet och försvar. Syftet är att se hur innovationer kommer till och kan 
främjas. Uppgiften är att utröna om det finns någon metod som åstadkommer detta samt i så 
fall föreslå ett tillvägagångsätt som med större sannolikhet åstadkommer positivt värderade 
innovationer. 

På grundval av en genomgång och analys av innovationer inom utvalda områden (tekniska 
system på energi-, säkerhets- och försvarsområdena) tar studien fasta på innovationernas 
speciella struktur nämligen systemicitet. Med utgångspunkt från analysen av innovationers 
systemicititet och struktur konstrueras ett s k arkitekturramverk – ett verktyg som kan vägleda 
innovationer och innovationsförlopp inom aktuella områden. Plattformsbaserade ekosystem 
är exempel på konfiguration som i stora drag liknar ramverket. 

Arkitekturramverket är tänkt att komplettera gängse strategier och policies för innovation 
och innovation processer samt diverse metoder och standards för holistisk systemutveckling. 
Fördelen med ramverket är enkelhet och överskådlighet i jämförelse med andra metodiker 
likväl med ofta förenklade antaganden om lineära samband osv samt omfattande krav på 
datatillgång och kontinuerlig projektverksamhet. 
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Background and acknowledgements 

The interest in innovation and innovation policy arose from my work at close 
quarters at the Royal Swedish Academy of Engineering Sciences (Kungl. 
Ingenjörsvetenskapsakademien, IVA) over several decades (from the late 1970s until 
the mid-2010s) on future-orientated technology analysis and studies broadly to 
advice and support industrial and national policy making for technological 
education, research, development and innovation. 

First, thanks for help and support when doing this research go to IVA, the Swedish 
Royal Academy of Engineering Sciences, and its incredibly knowledgeable and 
supportive community dispersed in a large and qualified network of personal 
competencies and nodes over the globe, complemented with colleagues and 
members of staff at IVA headquarters – no-one mentioned, no-one forgotten! This 
worldwide technology community, with all kinds of capacities and competencies, has 
been closely involved in variable formats of studies and projects in which I have 
myself been engaged for a long time across a spectrum of technologies, and other 
activities of interest, and where technology innovation has been a central topic of 
interest. 

It all started with a major comprehensive study at IVA in the late 1970´s on Sweden´s 
technological industrial development and future. The background for the study with 
several subgroups on specific issues was the deep and rather rapid change and 
deterioration of the Swedish industry´s strong international position it used to have 
before the international oil crisis in the 1970´s, and as it looked at the late 70´s its 
doubtful prospects for the future. The project team was fascinated by technology and 
technological advancements and competences and saw them much as determinants 
of a country´s long term competitiveness and capability for development and 
growth. A study group investigated the technological industrial history of Sweden. I 
myself was engaged with scenario writing on the globalizing contexts for industrial 
development in Sweden (among many other issues), and took active part in a heated 
discussion on the “technology factor” for development, actually a residual in 
neoclassical economics (the Solow model of growth from the 1950´s is the mark for 
this), which then was widely believed underpinning and prove technological change 
and innovations as being the most forceful factors for Sweden´s long term growth 
and prosperity in the future. And then  

In the further work at IVA, I made major contributions to, and was intermittently 
also responsible for studies and activities such as technology forecasting, 
assessments, a series of foresights and other future studies on energy, materials, 
nanotechnology, engineering systems, management of technology and industrial 
development, environmental impact analysis and management, life cycle design and 
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analysis, industrial quality management, industrial design, building and 
construction, transport, defence, security, emergency and crisis prevention, among 
a few more topics and areas. 

Many or most of these studies and activities with their differing objectives and 
subjects, aimed at innovation and technological development and progress to the 
benefits of industry and society. 

A capital and for long ongoing activity in this category were “science and technology 
foresights”. The fundamental idea of foresights is to prepare for the future and 
technological advancements, or innovation. I made a substantial contribution to the 
IVA program of pioneering foresights for Sweden. (The science and technology 
foresight was initiated and practised in the UK in the decades before the millennium, 
Irvine & Martin (1984) and Martin (1995); the many foresights, about different 
topics and subjects managed at IVA got much of their inspiration from the UK 
foresights.) 

A series of Technology Foresights were carried out from the late 1990s onward on 
for example science and technology policy, energy, homeland defence and security. 
Technological progress and innovation were still key subjects in many of the 
foresights. 

For example, I was engaged as a leader of a study group on technology foresight 
directed to innovation and competitiveness in Sweden. This study, Inspiration to 
Innovation (IVA, 2004), was set to identifying areas where Sweden might have 
potential to gain competitive edges and achieve innovation in the future. The study 
designed a methodology for identifying such areas by expert panels (a modified 
Delphi-study) as from data on for example domestic economic activity and 
competitiveness, trade patterns, human capital and intellectual property 
(patenting), and other metrics. The methodology of this study to identifying 
potential areas for future innovation has inspired the present thesis. 

An experience from technology foresights and other futures studies on technology 
was that technology development and innovation was difficult and hard to foresee. 
The path of technology development wasn´t tracked, reflected and supported by 
many, even the most capable and experienced science and technology futurists. The 
noted grand future study of the AAAS (1967) “Toward the year 2000: Work in 
progress” led by Daniel Bell (sociologist, “the post-industrial society”), Herman 
Kahn (RAND, Hudson Institute, “thinking about the unthinkable”, “The next 200 
years”) and others illustrates this (Daedalus, 1967). Some highly qualified scientists 
– both social science and technology wise, were rather good, surprisingly at 
foreseeing certain specific social problems and trends but tended to miss “curve 
bending” (disruptive) technological developments.  

An experience of similar kind from studies of technology development was that 
innovation and advancement of some significance often occurred at peripheries, or 
in areas that were unexpected. To use terrestrial maps and map pages as analogues 
of systems and their two-dimensional representation, development tended to occur 
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at the page folds, at the fringes – usually blurred, to other map pages and systems 
rather than in the page centre which usually catches the eye. This observation and 
experience have led to an idea that disruptive developments “usually” occur by 
“creative” combinations of several factors, which could be technological, social or 
economic etc, and which mostly lie outside the vision range of the observatory (the 
“peripheral” vision is limited). The apprehension of technology change and 
development was commonly biased by bad or lack of peripheral vision. 
Parenthetically it can be mentioned a parallel analogue from military operations and 
strategy; already Sun Tzu (1993), a legendary Chinese strategist in the fifth century 
BC recommended attacking from peripheral and surprising directions. 

Futurists tended to project the future as mere extrapolation of technology; if it 
existed a technical possibility this would also occur. The mistake was to stay within 
the extrapolated technical limits and possibilities of performance. This bred an idea 
that development and surprise might happen when fields of knowledge and systems 
cross and cooperate, sometimes or most often unexpectedly. 

I also participated in studies of the state and future of institutions and framework 
conditions and policies for research, development and innovation within the 
technological field, with e.g. universities, industrial corporate research organisations 
and institutes and laboratories, technology procurement, international technology 
transfer and exchange, patenting and intellectual property rights, public private 
partnering, and a few other sector research and development programmes. The 
institutional setting and framework of governance were vital regarding innovation 
and technological advancements as often main objectives of the institutions.  

Starting in the late 1970s, I participated in a series of studies over a decade or so 
about national industrial and technological competitiveness and development, 
where capabilities of innovation and innovation advancement were prominently 
interests. The studies dealt with engineering, energy, building and construction, 
transport, quality management and other issues concerned with innovation. The 
result from many of these studies may be labelled “innovation policy” or contained 
elements of this, for the area or domain that was under the looking glass. 

Several projects were industry-orientated, multi-client type of studies. A video-based 
tutorial programme on Management of Technology (with the purpose of 
encouraging engineering excellence and innovation) was based on a series of 
workshops on outstanding corporate cases in Sweden of industrial research and 
technological development and innovation. A complementary study investigated the 
management of technology and corporate research and development of 
multinational companies, in view of an expected coming era of intensified 
globalization and cross-national giga-size mergers and acquisitions (which also 
happened around the turn of the century and is continuing).  

A special activity got support from the Swedish Government to promote and 
configure industrial and academic collaborative research groups with a progressive 
potential for innovation to engage in EU European framework programmes for 
technological research, development and innovation. 
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An example of a study which shows the combined interest for defence and innovation 
is “Cooperation for growth – Sweden and security and defence policy” (IVA, 2003). 
This study, managed in cooperation with the Swedish defence research institute 
(FOI) and in close cooperation with defence industry, analysed long-term research 
and development for Swedish security and defence and the influences and 
consequences for growth, technology and development policy in Sweden. The joint 
interest for defence and security on the one hand and economic growth, development 
and innovation on the other was explicit. Could these objectives and interests come 
together (1+1 equal more than 2) was the question. Another study was a system-
orientated security foresight on behalf of the Swedish agency for emergency 
planning, safety and security (IVA, 2008). 

At the turn of the millennium, IVA was commissioned by the Swedish government 
to make a study on the future context and prospects for Swedish national defence. 
The study brought attention to defence in an uncertain world and made several 
suggestions and proposals for approaches and strategies for Swedish defence to cope 
with uncertainty that multiplied in a multitude of dimensions. The study was system 
oriented and discussed the interaction between defence and industry extensively. 

A study with a committee of which I was the project leader discussed Swedish 
defence and security from a perspective of cooperation for economic growth and a 
broader application of netcentric systems and solutions (IVA, 2005). 

Another foresight (“Framsyn för krisberedskap”, 2010) on behalf of the Swedish 
Agency for Contingency Planning (formerly KBM, later MSB) investigated the 
institutional settings in society and critical areas for action and remedies in 
emergency situations and crisis, and particularly improving the incentives and 
conditions for collaboration of systems and organisations to meet future challenges 
and threats.  

I was actively engaged in the “Quality assurance movement”, for example helping to 
develop methodologies and approaches such as TQM (Total Quality Management) 
and QFD (Quality Function Deployment). The innovation and development factor 
were a key topic for viable quality improvement. A study in the late 1980s about the 
quality component of Swedish industrial competitiveness verified the significance of 
this dimension and helped to establish a Swedish Quality Institute to promote and 
improve quality concerns, primarily for industrial branches but also for public 
sectors and services. Innovation and quality were or should be well connected. 

Another programme managed at IVA investigated improving Swedish building and 
construction sector competence and capabilities (quite quality-dependent). One 
special study concerned organisation and assessment of large multi-technical 
projects (megaprojects). They gave insights into effective management of complex 
projects, for example hospitals, transport terminals, energy installations, urban 
developments. 

A programme in the 1980s and early 1990s under the umbrella term Technology 
assessments (TA, an approach and methodology imported from the US) captured 
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interest in risk analysis and the social consequences of technology, with social factors 
influencing the future development and paths of technology. The “TA movement” 
developed into a broader perspective on technological evolution and choices, as 
reflected in the Technology Foresight movement mentioned before. A purpose of 
these studies was to bring attention to and to promote technical advancement and 
innovation with a social acceptance.  

Finally, many studies and activities by me and my colleagues provided or supplied 
underpinnings for policy advice and recommendations, to Government, Industry 
and Academia. Advice was asked for or sometimes commissioned, and directed to 
ministries and authorities (for example Agencies for Technical development and 
Research) as institutions and organisations for education (for example ‘Engineers 
for the Future’ on the education and training of engineers) and research agencies, 
universities (for example the University of the Future, IVA (2006) for of which I was 
an assistant project leader, selected branches and occasionally the public and society 
in wider terms (the Swedish Parliament for example). Advice was given regarding 
research and education policy and programmes, but also other thematic or sectoral 
issues, e.g. quality management (implemented in the mentioned Institute for Quality 
Assurance), prospects for industrial automation and advanced manufacturing 
technologies (for the Agency for technical research and development), energy, 
security and defence. Advice on policy for innovation and promoting innovation was 
often requested. 

Much of these activities aimed at promoting and defending the room for 
technological research and development in various ways. Frameworks that helped to 
encourage technological development and innovation was a capital interest of the 
Academy. 

Last but not the least to mention I was project leader and manager of a joint study of 
the Academies IVA and the Royal Swedish Academy of War Sciences (Kungl. 
Krigsvetenskapsakademien, KKrVA) on technology and technological development 
for national security and defence – “Teknik och teknisk utveckling för Sveriges 
säkerhet och försvar” (Mölleryd & Näsström, 2012). 

The present thesis intends to distil much of the experiences and learning achieved 
about technological development and innovation in large and small projects and 
studies in a range of subjects and fields during several decades of a professional life 
connected to the IVA-network. 

A preliminary outline and precursor of this venture was supplied in my licentiate 
thesis (Mölleryd, 2011), from which many of the ideas put forward and digested in 
the present opus emanate. It was already at an early stage of the present project 
considered appropriate to compile a monograph as the present thesis to allow the 
complex to matter its needed space and thoroughness of research. 

Great thanks to my supervisors at the Department of Energy Technology, with the 
School of Industrial Management (ITM) at the Royal Institute of Technology (KTH), 
particularly my main supervisor Prof. Per Lundqvist for his supportive patience and 
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scrupulous and helpful reading of numerous layouts and versions, former supervisor 
Prof. Torsten Fransson and their colleagues, including Prof. Björn E Palm, Asst. Prof. 
Anders Malmquist, Prof. Viktoria Martin and others, and, at the Department of 
Military Technology (MTA) at the Military Sciences (MVI) section of the Swedish 
Defence University, formerly Defence College (abbreviated SEDU, formerly FHS), 
my assistant supervisor Prof. Gunnar Hult, former supervisor Prof. Stefan Axberg 
and their colleagues. 

I would also like to acknowledge colleagues and researchers at several independent 
universities and research institutes and other technical academies in Sweden and 
abroad: the universities of Uppsala, Lund, Chalmers, Linköping, Umeå, Stockholm 
and others. Thanks to the Royal Academy of War Sciences (KKrVA). Universities and 
Institutes of Technology in Copenhagen, Helsinki, Manchester, Utrecht, Maastricht, 
MIT, Stanford, North Western Case Reserve, Australian Defence College and others. 
Thanks also to representatives of the authorities and agencies for research and 
education in Sweden, Ministries for Education and Research, Commerce and 
Business, Defence, the Agency for Innovation Systems VINNOVA (and its 
predecessors NUTEK, STU and STATT), Energy Research and Development (and its 
predecessors), Agencies in the military and security sector: FMV, FM, FOI (formerly 
FOA), as the Agency for Higher Education (UHÄ-UKÄ), Agencies for “Growth and 
Analysis” (Tillväxtverket and Tillväxtanalys), Inst. of Future Studies and others. 

I particularly want to thank Dr Gunnar Holmberg, Saab Group and adjunct professor 
at Linköping University, for valuable comments. I also thank Prof. Mats Magnusson, 
KTH, for pertinent comments on earlier drafts that greatly improved the thesis. Ass. 
Prof. Pär Blomkvist injected thoughts and views on the connection and order of 
conjectures and empirics that turned the laying of the table with new angles. Tom 
Strandberg, Syntell, is thanked for insightful and constructive remarks from a system 
engineering perspective. Last but not the least, Harold (“Bud”) Lawson is thanked 
for giving insight and good inspiration for the venture. 

Thanks for good language support from Mary McAfee. 

Consequently, the motivation for the present research is directed to enhancing 
opportunities for and promoting innovation and development for welfare and 
competitiveness of a dynamical and complex society by and through keen 
engineering and economic sciences. The venture is intended as a humble 
contribution to innovation and social industrial development policies broadly and 
an emphasise of the more than vital importance of energy, security and defence for 
this. 

The research takes a start from an experiential and noted systemicity of 
innovations and innovation processes. The research is then oriented to further 
investigation of the systemicitiness of innovation and the conditions and 
circumstances that help and exert association of systems aggregating into true 
innovations. To go the history at advance the investigation intends to show and 
verify that systems under certain requisites, under and within the umbrella and 
enclosure of an architectural framework can successfully integrate into innovations.  
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To achieve the objectives knowledge and evidences from a range of disciplines and 
research fields must be absorbed and processed, in the engineering sciences, 
particularly industrial economics, systems engineering, technology history and 
science and technology studies, together with associated fields in the social sciences 
as governance and policy science, business administration and economic growth 
theory. Knowledge and experience of the contexts of the domains of the inquiry, 
energy, security and defence might also help. 

Metaphorically the project´s evolutionary path can be rendered as a years long 
journey on a vast ocean occasionally with tail, but more often tacky winds along 
craggy coasts and through narrow sounds scattered with unknown reefs and 
shallows – although I had a good catering load of knowledge and experience with 
me, and also a good feeling of direction and ideational pole star to navigate 
towards. It is of course up to the reader to evaluate the present claimings - probably 
not discovery or conquering of terra incognita but still valid exploration of a mark 
and lighthouse island of some significance when navigating in the sea of innovation 
science! 

 

Stockholm in October 2018 
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1 Introduction to governance of innovation 

 

1.1 Features of innovation 

Innovations affect all quarters of society and are continuously changing people’s 
daily lives and how they live, travel, communicate and work. Innovations drive 
industrial dynamics and competitiveness and create new services, activities, 
branches and sectors, but also shake up or destroy existing systems and sectors in 
society. Innovations do support welfare and growth that is sustainable and 
prosperous. Technological changes and innovations affect and transform 
infrastructure, e.g. for energy and transport. Innovations drive activities and sectors 
in society and industrial branches to develop and transform to new directions, and 
make existing systems disintegrate, dissolve and fade away, vanish and die. 
Innovations also bring hope, of a political nature of solving the great challenges 
society faces, e.g. climate change, sustainable and secure supply of energy and 
threats to the environment.  

 

A double-edged phenomenon – creation and destruction  

Innovations balance to the positive, but there are darker sides. Innovation has been 
called a double-edged sword (Nowotny, 2016), i.e. in the best of worlds it brings the 
most desired advantages and profits but can also be accompanied with severe 
dissolution and disruptions, which feed frictions and resistance. 

The innovation process is twofold, combining creation and the new with growth and 
diffusion (Rogers, 1962). Innovation is not a new phenomenon. It has existed and 
been appreciated since the beginning of human history as material advancement, 
inventions and new principles of thinking. A modern view of innovation, with its 
broad and disruptive, economic and other repercussions, was established by Joseph 
Schumpeter in the early 20th century. Joseph A. Schumpeter set new tracks for 
economic development. Schumpeter, 1934 (1983) has a foreword by the editors at 
Harvard University that lays out these distinctions and nuances. The early 
Schumpeter identified the daring entrepreneur for creative destruction and 
disruptive economic change and forced major industrial transitions. The late 
Schumpeter (Schumpeter, 1942) focused on the wider industrial dynamics (usually 
an oligopolistic context) and sector effects of innovations and developments. The 
early and late Schumpeter views are nowadays considered complementary.  

Innovation and innovation systems in modern times with a new sense and as an 
object of systematic study (since Schumpeter) originated with Professor Christopher 
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Freeman at the Sussex University Policy Research Unit (SPRU) from the late 1960s 
onwards (Freeman, 1974) Over the years, a range of studies on innovation were 
carried out at SPRU and its offspring at other universities and research groups (of 
which many are cited later in this thesis). RAND in the US and OECD, as MIT CPA 
were early in studies of the area. The portal figures of the modern era innovation 
studies from the early 1980´s and onwards for decades were besides Christopher 
Freeman, Richard E Nelson and Bengt-Åke Lundvall. The innovation system view, 
developed by Freeman, Nelson, and Lundvall has over the years developed and 
diversified, to be gradually centred on transactional issues, of which the complex 
product system concept (CoPS) is an example. The classic line of innovation studies 
and development policy – state of the art and issues for further research is 
summarised in a volume from a seminar in honour of 70th birthday of Bengt-Åke 
Lundvall (Fagerberg, Martin, Andersen, 2013). It can be noted that Lundvall in the 
publication in his review of future research projects and problems from the year 2013 
puts the military industrial complex, warfare and technology as one main item on 
the ten-point listing of top issues for future research and development (some other 
mentioned were redefining the role of national innovation systems in an era of 
globalization, the financial industrial complex, financial innovations and their role 
for growth and stability, and also migration and green innovation). 

The dynamics of the innovation process – in contrast with the somewhat static 
perception of innovation systems in the past has recently met a greater interest. 
There is today a portfolio of perspectives and alternative approaches to innovation – 
a common denominator addresses the knowledge factor in the process. This is 
illustrated by the before mentioned Solow model (Solow, 1962). 

Obviously, innovations and innovation processes are associated with uncertainties. 
Uncertainty exists in many dimensions, from ignorance and lack of knowledge to 
unforeseen events and reactions by competitors and in the market, for example new 
behaviour from customers and users. To innovate implies risk taking. Uncertainties 
are prevalent. 

Innovation is driven by innovators and other agents/actors, usually with a strong 
purpose, which could be multi-faceted. The exact definition of innovation depends 
on context and setting. What is imitation, state-of-the-art and common practice in 
one area may be innovative in another. Innovation commonly means migration of 
ideas and concepts from one field to another. The basic ideas existed before, 
somewhere. 

The present study goes from innovation being an evolutionary and combinatorial 
process, which means that it tends to develop by twists, turns, and halts, rather than 
straight along unidirectional paths. Development needs experimenting and learning 
from experiences, and from failure. Failure in the courses of their activity is a 
common experience with most, or all innovators. If a concept or an idea survives, the 
experience along the way provides learning for life and development, and sometimes 
innovation at last. 

 



23 
 

Mastering the governance and deployment 

This thesis examines the role that technological innovations play and may play for 
certain sectors in society with strong needs, namely provision and secure supply of 
energy and energy systems, and the security and defences of a nation and a small 
country. The aiming and objectives of the research are ways of governance of 
innovation for the mentioned applications and purposes, particularly concerning the 
technical systems which are so useful and necessary in these areas. 

To achieve the objectives, the thesis should investigate the conditions and 
propensities for innovation, the procedures and progress of innovations and their 
implementation and promotion. Opposing and mitigation of the disturbing and 
negative sides of the transition is also on the agenda.  

However, knowledge on promotion or governance and engineering innovation is 
scarce, or even flawed, although innovations and their repercussions are well noted 
- when they are encountered. Myths, and half-cooked stories about “innovation” and 
innovation creation flourish. Exaggerations about the quick fix to mastering 
innovation thrive. Innovation still is an outcome and shaping from processes that 
cannot be easily grasped, the processes are so often non-transparent and 
intermingled. It can be stated that implementation and acceptance of the services 
produced with users and customers and the diffusion (to a second user and so on) is 
what proves innovation (innovation needs diffusion to prove itself). Innovation does 
not equal discovery, an amazing invention or a wonderful scientific breakthrough, 
however the great vision of their impacts and future importance might be. 

The focus is on whether and how innovations can be explained, understood, 
architected and constructed, managed, governed, implemented and promoted. This 
capacity – deploying innovation is called “governance of innovation and innovation 
processes, for short governance of innovation”. “Governance” pronounces the 
intention and agency of deployment, to suggest and implement a strategy in a certain 
context to practise and to guide the implementation or (holistic) engineering of 
innovation. It should be borne in mind that governance of innovation and innovation 
processes is non-deterministic, furthering of innovation can and should be promoted 
and supported, but final success of the objective, innovation is not guaranteed.  

It may be possible to apply the similar criteria to discovery and scientific excellence 
to innovation at large. Creativity and imagination, as knowledge are important, or 
the most vital elements and resources in the processes. Ability to innovate is 
dependent on institutional leadership, its insight and competence, the organisation’s 
communication skills and its autonomy and flexibility. As Hollingsworth & 
Hollingsworth (2011) remark, a true discovery process is “normally” chaotic, random 
and usually a chance. Luck and contingency play roles, making it impossible for 
“discovery” to perfect planning and promises to hit the bull´s eye of the target. 
Innovation, like “discovery” may come from randomness and luck, as a fortuitous 
extra benefit or a side-effect from even misdirected or thoroughly failing 
experiments etc. – in the literature enlightened by a bliss of serendipity; the inverse 
tells the unknowledgeable and unprepared mind will never apprehend or perceive, 
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less identify the breakthrough opportunity. 

For more narrow settings and contexts Keil et al. (2008) and Gawer and Cusumano 
(2014) state that the style of business leadership, control and management will have 
a significant and decisive effect on innovative performance. Deschamp and Nelson 
(2014) also stress the role of corporate leadership and effective everyday 
management and operations for innovation. 

Background and experiences influence a leader´s capability for leadership (for 
example as in this case innovation) in decision making and action. Leadership`s role 
is to attract and engage commitment and resources, particularly human needed. For 
example, the leader´s attitude and propensity to risk – which is a pertinent factor in 
innovation promotion and management – depends on previous experiences. 
Horowitz et al. (2015) points to personal background factors that are critical to 
leaders´ actions and attitudes to risk (and thus innovation).  

 

1.2 Portal approaches to innovation (commonplace innovation policies), and 
a suggested systemic mode for innovation deployment 

In the public debate a few, more exactly three approaches to promote and institute 
innovation collectively labelled innovation policies are commonplace. These three 
prevalent portal approaches are called the entrepreneurial, the research driven and 
the missionary modes of governance of innovation. We will look closer into these and 
suggest a new comprehensive, fourth mode. 

A long story short is the entrepreneurial approach leaning on venture capitalists and 
entrepreneurs that inventively exploit and creatively combine low hanging fruits of 
opportunities. The research driven approach is propelled by scientific endeavours 
and a vision towards a creative application at, or beyond frontiers of the hitherto 
identified and common knowledge. The missionary approach has a clear-cut political 
direction from strong needs driving and married to proper technical insights and 
capability for development (a missionary mode is sometimes generically labelled 
“Innovation policy” – a topic to which we will soon return). There are mixes and 
combinations of the approaches and modes, but they are altogether well 
representative as the grand ways and means of innovation. So, it is natural in the 
present context to deal with them in some detail in chapter 3. 
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Figure 1.1 Three modes of governance approaches and modes of innovation (“innovation 
policies”) in the public debate on promotion of innovation supplemented with a fourth 
suggested in the present study and thesis. The modes are ideal types and may appear only 
partial or mixed up. 

 

A fourth mode of development and innovation – which will be a suggestion and 
capital contribution of this thesis, combines elements of the three first mentioned 
portals, to enhancing some combinatorial and associative features. It is a conjection 
and presupposition of the present study and its proposed mode that innovations 
evolve from radically new and fruitful associations and combinations of systems. 

However, the fourth mode should not be considered a simplistic combination of a 
few elements and steps of procedure (which might be described by simple 
algorithms) – rather a result of evolution and emergence, tentatively in a 
multidimensional (and multi-agential and sometime multi-domain) space that 
under favourable conditions “happens to” single out as an innovation in a dwindling 
process. The requirements and conditions – as tools and instruments for this to 
happen, and to lead, successfully to the goal which is innovation is the main object 
and objective of the present study. The approach entails the systemic character of 
innovation which also is an assignment of innovations´ evolutionary development.  

In the next chapter on research design and strategy, the fourth or systemic mode for 
innovation will be articulated as well as the objectives and the questions of research 
stated and discussed. 
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2 From the themes to questions, design and layout of the 
research 

The chapter opens with a resumé of the evolution of the research and study, lays out 
the research questions and consequently outlines the research design and ventilates 
methodology. The chapter explains the research questions and some central and core 
concepts and definitions, supplemented with comprehensive strategy and the 
procedures of the research. The overall aim is a creation of a systemic view of 
innovation, “a fourth mode of governance of innovation” (parallel to the three 
commonplace “innovation policies” mentioned in the former chapter). This mode 
will be developed stepwise in some following chapters and followed finally to its 
deployment and implementation in later chapters. The venture is an exploration and 
vindication of a customary system architecture of innovation, and its structural 
determinant, a framework (for innovation). It will be a complex and comprehensive 
journey in a landscape – or as we pictured in the background chapter navigating over 
an ocean with craggy coasts and lots of shallows sounds and reefs, which are only 
fragmentary known. 

 

2.1 A note on the progress and evolution of the research 

The prime and short objective and goal of the present work is to define an 
architectural framework for innovation (AFI) that can be employed and 
implemented as a guidance to governance of innovation and innovation processes. 
An AFI concept must for usefulness be operable (deployable) and applicable to a 
broad range of innovation ventures, abstracted as system architectures (SAI) of 
innovations. The AFI may be interpreted as the structural determinant of innovation 
through systemicitiness, and alternatively as the ontological space of the system 
architecture of the innovation. The usefulness and necessity for an ontological 
definition of models is explained by v Ruijven, 2014. 

The research questions concern the assumed functions and processes of association 
and integration of systems which is systemicitiness as pivotal for the governance and 
the making of systemic innovation. 

The layout and structure of the thesis and the research methodology developed 
stepwise during the work over some years of evolution. Since innovation is a complex 
matter the research also will be complex to find ways and effective solutions, if not 
the simplest and most comfortable ones.  

What might be called a deductive analytic way (hypotheses, observation, analysis, 
laboratory test, and uniform result, falsification or approval) of research is not 
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available or useable for the present purpose. The “innovation” phenomena cannot be 
lift out and isolated, put on a dissection table for close observation, exercised for 
conditional experiments or rigorous testing of hypotheses. Instead, we must 
investigate history and past events, and usually investigations into shadows and dark 
matter, secondary sources, lost memories and hear say. The phenomena we would 
like to analyse, are dependent on or influenced by innumerable factors, some at the 
best known, some other only partly known or heard of, usually affected by probably 
uncountable unknowns, a real mismatch. In a dark moment of thought, innovation 
might be a class of messy problems, even a wicked one that nobody has a solution or 
useful strategy for (the classic paper Rittel & Webber, 1971 is often referred for this 
despair of the analysis). 

Various ordering of perspective, theory, conceptual developments, empirics and case 
studies have been exercised and examined, before the present layout of research.  

First, it should be noted that an important source of interest and knowledge as 
inspiration and intuitive understanding of innovation and the conceptual processes 
to approach innovation came from my experience and career as project leader and 
manager at IVA (see Acknowledgement for further details). 

 

Figure 2.1. Diagram showing conceptually the evolution of the study from its ideational 
origins and working life experiences to the holy grail of an architectural framework of 
systemic innovations through qualifying profiles of innovation. The select bibliography is a 
rich well of references to source insights and empirics from. 

 

Secondly, I have learnt a lot from previous research in the field, very much from 
certain self-biographical exposés and thinking about the systems field and the 
research process about complex phenomena. For example, I was inspired by Martin 
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van Creveld, the grand military historian and his auto-biography, Clio & Me, An 
Intellectual Autobiography (2016), for his rather “free” unbound approach and 
development as a historian and understanding war and technology, and by Harold 
(“Bud”) Lawson for his quasi-biographical truly holistic journey through the 
landscape of systems, systems thinking and engineering (Lawson, 2010). 

 

2.2 A complex issue at stake 

The basic conjecture of the thesis is that innovations breed from an “intelligent” and 
fruitful combination of systems.  

It is a view and an assumption that innovations are complex structures of systems 
(usually “system of systems”). Complexity is a distinguishing attribute of innovation. 
Complexity has two distinct and connected dimensions, one for the structural-
combinatorial and the other concerning the character and content of the relations, 
also dynamic between the members in the structure. The complex structure or 
complexity of a new development or innovation is measured by the number of 
components and systems contained in, or associated with, the system of interest. 
Complex product systems (sometime abbreviated CoPS), for example an electric 
generator is intermediate on a complexity scale, while infrastructures such as the 
Smart Grid have a complexity that is large and heterogenous. Pure materials can be 
considered in principle as uncomplex (but they never exist in this state). By the way, 
the cases of innovation dealt with in this study cover a breadth of varied degrees of 
complexity. 

Viewing the world as sets or groups of systems that are connected, and interacting is 
fundamental to systems thinking and the systems view. The constellations 
particularly regarding boundaries and connectivity (interfaces) meet great interest 
and attention from the systems view. From a systems view is emulated a constructive 
(or design oriented) perspective. This view orients an interest for the conditions of 
systems building connected with the processes to design, assemble, join and build 
structures (of systems). An imminent figure for reasoning about these matters is “the 
innovation system”. The meaning of “innovation system” is that a certain 
constellation of elements in a system is a self-regulating/propelling or an 
autonomous mechanism for innovation. However, as it will be shown later, that this 
figure is neither fully satisfactory nor enough. The contracting or combining 
elements and systems do not always associate as perfect and harmonic as assumed. 
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Figure 2.2 The conceptual layout of the study. The box in the middle, AFI is a main result 
of the research. Applying the AFI (by governance and deployment) will produce a system 
architecture of innovation (SAI) that can mould into innovations (I). It is hinted in the 
figure that there may be other (unknown and investigated) ways and roads which might 
lead to innovation. It cannot be proved or defeated that the systemic view of innovation 
(AFI and SAI are central concepts of the study) is the single and sole road to innovation. 

 

Systemicity is a key concept for deployment of innovation. A governance mode for 
innovations of this sort called systemic is suggested. As the name suggests 
systemicity is elemental and a necessary condition for aggregates of systems to 
associate to ordered (fruitful) complexes and innovations. 

Architecture describes structure of a complex of associated systems, and its 
behaviour. A framework constitutes the structural determinants, the dimensions of 
an architecture. The research task is to define an architectural framework for 
innovation. The framework can be described alternatively as an ontological space or 
structure of systemic innovations (v Ruijven, 2016). The framework is thought to be 
a central feature and component of a deployable governance mode of innovation. 
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Figure 2.3 Symbolic illustration of the world of systems, commonplace “innovation policies”, 
and among them the special modality of this research, the systemic mode. The size of circles 
should not be taken as factual. It should be noted that there might be combinations of 
systems and systems-of-systems – some of which also are innovations, outside all four 
circles – something we do not know much about. 

 

2.3 A methodological challenge 

The overall approach of the study is heuristic with views and frameworks rooted in 
systems thinking, science and engineering. In methodological theoretical terms the 
research design is abductive and empirical. Abductive reasoning means – with just 
a few words, that validation interpreted as broad generalization and truthfulness of 
the hypotheses and research questions are made or amplified from the evidential 
basis of a relatively small number of cases (what small here means is less than ten 
cases in our own study, together with several studies from the literature). Controlled 
experiments and so on are neither useful nor applicable. 

Ideationally cases should display distinct and clear evidences of causation. Causation 
is a strong concept – here it is interpreted more like a credibility for the direction 
and amplitude of a parameter´s change of a system; plausibility may be a more 
correct epithet. (Parenthetically, the other main modes of reasoning to discuss, but 
retained for the present purpose are the inductive, which supposes large baskets of 
well documented and sharp evidences, and the deductive which demands a strong 
and convincing logic to end in exact syllogisms. The Popperian demand of 
falsifiability does not apply well to qualitative social science, which this venture is 
about.) 

Fundamentally the research questions, that we will suggest in a moment, assume a 
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causal relation between systemicity and innovation, but this is as mentioned hard or 
impossible to verify/reject. A strong and directed correlation is an alternative 
criterion to validate the connection of systemicity and innovation. A common 
statistical criterion (lent from Bayesian statistics) for a research question about 
systemicity and innovation to be defeated when there are (too) many innovations 
that do not comply with a systemic view or indirectly with a corresponding systems 
architecture for innovation. Alternatively phrased the conjunction of systemicity and 
innovation can be defeated, or rather considered as irrelevant when and if many or 
most associated systems, or more generally groups of associated systems are non-
innovations. The systemicity filter certainly is a large net that will also catch 
associated systems that clearly are non-innovations. So, the systemicity factor (its 
dimensions, or “sizes of the mesh”) must be qualified, for the sake of innovation 
discrimination. (For a discussion of the logic of systemicity and innovation 
concerning the role of causality, direction of influences and correlation of 
phenomena and systems along these lines see Pearl (2018).) We would neither say 
that causality is unnecessary nor that the approach annihilates or dissolves the 
causal direction from one entity to another. 

Our position about the validation of the framework – the methodology as abductive 
means that the propositions cannot be exactly and fully either supported or defeated 
since we cannot cover or identify all and every innovation, neither historically nor in 
the future that come about, with or without the framework (the black swan analogy). 
So, if the framework – the “mesh size of the net”, even if not exactly proven or 
falsified, improves the catch, hit rate and score of association of systems that goes 
the innovation way the framework is judged to be supported. Supposedly, there is no 
deterministic procedure or strict link relation between the notions. There is rather a 
probabilistic or stochastic correspondence between the main concepts, which means 
that there is no absolute certainty - only a probability for success (it is a research 
question of itself if this probability can be calculated; when modelling innovation 
estimates may be possible, as what governance can achieve). The ambition and 
criteria for proof is plausibility - to show with as much evidences as possible, strong 
covariation and correlation if not prove the causal relation between systemicity and 
innovation.  

 

2.4 From themes to questions of research and the research layout 

Let us take a closer look at the design of the bresearch. From the themes of the 
inquiry mentioned before the following two main issues and questions are raised. 

While searching for systemicity of innovations can one identify a system 
architecture of innovation that is a uniquely characterising and distinct feature of 
innovations and their emergence and evolution? 

Secondly, answering the preceding question – assuming innovations feature 
systemicity, is it then possible to define an architectural framework for innovation 
(structural determining) that envelopes all or most innovations, and their 
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corresponding system architectures. This framework can in ontological terms be 
described as the system architecture of the innovations at interest. 

The first issue deals with the role of systemicitiness in the shaping of innovations 
and innovation processes. Provided the systemicitiness is a potent factor in the 
shaping of innovation, the second issue deals with the assignment of an appropriate 
governance for innovations to emerge and evolve. The two issues combined is a 
systemic view of (or governance approach to) innovation. The ontological structure 
of this concept is then the architectural framework for innovation, AFI we are looking 
for. 

 

Figure 2.4. A symbolic outline of the research design with investigations of theory, as 
background studies and evidential analysis to final proposition of an architectural 
framework for innovation. The framework is duly validated. A systemic approach permeates 
the whole exercise. 

 

The thesis layout is structured into three main parts which are foregone with some 
extensive professional and research experience earlier in the career (not documented 
but referenced in the background and acknowledgements chapter). 

The first part of the study is exploratory and empirical, with empirics collected and 
investigated by four case studies and evidences from examples, patterns and models 
extracted from the literature (chapters 3-6). The second part is prominently 
theoretical and conceptual (chapters 7-8). The two capital concepts for the study of 
systemicitiness and governance are here developed.  

The third, synthesising part of the study where the result of an architectural 
framework for innovation is launched, is constructive (chapters 9-10). It is based on 
the exploratory part and from the theoretical and conceptual deliberations. In this 
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part it is demonstrated how the framework is supposed to become deployed and 
operational, and it is also validated. 

The intention of the first, exploratory and empirical part of the study is to fully 
understand and grasp innovations and innovation processes, and how these come 
about and successfully proceed (or fail or take another direction). The idea is to 
demonstrate the systemic properties of innovation (systemicitiness), identify a 
profile of innovation (from the systemicitiness) that is relevant and trustworthy, and 
from that distil and construct an instrument, a prescription or “recipe” of systemic 
innovations (in the second, synthesising part of the work). 

For the benefit of overview and consideration of the research layout the following 
seven research questions (RQ1 – RQ7) are raised; the procedures when 
“answering” follow each question. The considerations do, if not otherwise stated 
refer to the designated areas of the study, which are energy, security and defence. 

RQ1: What are the main characteristics of innovations and innovation processes in 
the energy, security and defence domains? Can we identify the same or similar 
characteristics also of disruptive innovations? Can one identify unique systemic 
dimensions with innovations (systemicitiness) – is systemicity a prominent 
distinction and feature of innovation? 

Answering RQ1: Data is supplied from empirics using concepts and 
considerations from chapter 2.  

Empirics on innovation and innovation processes more broadly are examined in 
chapter 3. 

Chapters 4 and 5 oriented to the energy, security and defence domains respectively 
elucidates patterns of innovations in these areas. 

Chapter 6 supply four case studies extending and illuminating innovation and 
innovation processes in the designated areas. 

Outcome from the empirical studies of chapters 3-6 is that systemicitiness is an 
identifiable and discernible quality of innovations and innovation processes in the 
designated areas of energy, security and defence. 

RQ2:  Which implications from systemicitiness of innovation are prominent and 
should be emphasized for the purpose of promoting innovations? 

Answering RQ2: If we can have a proper understanding and insight of the nature 
and potency of ”systemicity” there is a hope/possibility to govern (manage) inno-
vations and innovation processes. The concerned and relevant concepts are dis-
cussed in chapters 7 (“systemicity”) and chapter 8 (“governance”). Chapter 7 on 
“systemicitiness” explains the concept, what it means, types, drivers, effectiveness 
and emerging patterns etc. The chapter also deliberates on how systemicitiness is 
connected and useful for governance and deployment of innovation, the “gover-
nance” concept is explicated in chapter 8. The investigations in chapters 7 and 8 are 
intended to explore and wind up in identifying the ontological structure of the ´ 
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systemicitiness, in other words the characterising architectural framework. 

 

Table 2.1 Key concepts and terms in the study (more terms and concepts are explained in 
Annex Glossary for terms and concepts) 

• Innovation (I) – defined as a new, and supremely valued services or products 
to the customer and user (subjectivism is implied). It can be noted that 
“innovation” often is misinterpreted and stands for conditions (business 
climate), intermediaries (patents, technical maturity) or other concepts 
(discovery, invention, even imagination). 

• Disruptive innovation (I) – innovation (I) with large impacts, i.e. when 
systems associate, merge or technologies converge to creating a new market 
(new and supreme values to the customer and user) and destroy or transform 
existing businesses, industry or sector (smaller and larger disruptions, 
depending on the circumstances and the dynamics of the area affected).  

• Innovation processes is a common name for governance mode of action, can 
be associative or integrative (from loose to fixation) resulting in innovation. 

• System (S) – elements (which could be systems themselves) working, 
interplaying and bounded together (the delineation or boundaries of the 
system is to observe). The degree of boundedness varies. 

• System of systems (SoS) – two or more systems (S) that are associated or 
integrated in a complex of systems (S or SoS depending on the viewpoint).  

• Systemicity describes the complexity of a SoS structure.  

• Architecture (A) – structure and behaviour of a system or some other object, 
artefact or service. Configuration is a term for architecture in a provisional or 
preliminary state. 

• System architecture (SA), in accordance to international standards and 
practices in systems science (ISO/IEC 42010:2011) defines the structure and 
behaviour of a system, which can be a system of systems. 

• Systems integration and association – processes that are shaping complex 
systems and innovations, according to the present line of study. The 
integrative and associative processes regarding and resulting in innovation 
are to be demonstrated. 

• Architectural framework (AF) – a framework that displays the dimensions 
and elements of an architecture of a system  

• Governance – a directed mode of (agile) action, deployment to achieve and 
implement certain goals and objectives. 
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RQ3: Can one identify (and select) governance approaches that are valid and 
potentially useful for the present purpose of promoting innovation? What are 
criteria for validity and usefulness of governance? In what regards are governance 
approaches confined or stipulative (from the point of view of innovation 
promotion)? 

Answering RQ3: Chapter 8 develops conceptually “governance” from “system 
architecture” and “architectural framework”. This part of the study intends to give a 
sharper picture of the qualities of the governance approaches and other proactive 
models of innovation and innovation processes. Governance approaches and their 
capability of agency as to effectively reach present innovation objectives and goals 
are compared and contrasted.  

Three commonplace approaches and policies for innovation (“innovation policies”) 
are discussed at length in chapters 1 and 3 and found to have certain requisites and 
supplementary conditions to be effectively useful for their goals and objectives. 
Policies sometimes – it happens - are deployed partial, with flaws or short cuts in 
crucial matters, why they don´t reach their goals and objectives satisfactory. Just 
two examples: the research driven mode of innovation is more than often conceived 
and practised with a causal linear correlation between input (research and 
development, R&D) and output (innovation) – which experience (displayed in 
chapter 3) tells is far too simplified; another example: the” innovation system” 
mode is usually static and little dynamic. Other modes mentioned in the review are 
merely ex-post descriptive although usually insightful, or are lacking agency to 
fulfil stated goals. According to the discussion in chapter 9 a well-designed 
systemicitiness functionality is useful for most governance modes for innovation.  

RQ4: Given the preceding investigations and discussions, what is a good enough 
and useful (new) systemic governance mode for innovation? Can such a mode and 
its architectural framework dimensions (ontological space) be more precisely 
defined and demonstrated? 

Answering RQ4: Based on the exploratory and the empirical evidences (chapters 
3 – 6) and the theoretical conceptual parts (chapters 7 and 8) a conclusion and 
synthesis, tentatively via an integration to a profile of innovation to an architectural 
framework (ontological space) for (systemic) innovation is launched (chapter 9). 
Important and capital answer to this investigation in the study is the architectural 
framework for innovation (AFI) concept. This concept - an architectural framework 
of innovation (AFI) is validated in chapter 10. 

A subsequent chapter explains deployment, the operations and workings of the 
framework in action. Related approaches like the three commonplace governance 
modes for innovation, but also standards and systems engineering and enterprise 
architectures are also displayed and compared for reference. Here are as well further 
reflections on the methodology, anticipating answers to criticism to the research 
design and methods of the study. 
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RQ5: Is the architectural framework for innovation (AFI) generally deployable into 
system architectures for innovations (SAI) - alternatively phrased: on what 
conditions and extent can the AFI become ramped up (scaled up) to different 
conditions and contexts, or domains? 

Answering RQ5: The concept system architecture of innovation (SAI) is distilled 
from and supported by empirics from the literature (chapters 3-5) and from case 
studies (chapter 6), that is the energy, security and defence areas. The AFI and SAI 
concepts would be generally relevant and applicable in these areas, and probably 
also in others (which are systemic, infrastructural etc).  

Figure 2.5 below shows the conceptual development, stepwise of the research 
theme.  

(Background professional experience and studies) 

    Surveys of innovation (energy, security and defence) 

     ->Systemic innovation 

          ->Systemicitiness 

               ->System architecture 

                    ->Profile of innovations 

                         ->Ontology 

                             ->Architectural framework 

                                    ->Governance 

                                         ->Framework operations 

                                             ->Validation 

                                                 ->Architectural framework for innovation 

                                                     ->Guidance to governance of innovation (deployment) 

                                                                ->(Future prospects and research) 

Figure 2.5 Conceptual development in stepwise order during the course of the research, 
from empirical surveys of innovations in the designated areas to the capital result an 
architectural framework for innovation to guide the governance of innovation. 

 

RQ6: How and in what ways are the AFI and the SAI, the architectural framework 
and the system architecture for innovation to become practised and deployed? How 
does the framework refer to commonplace (portal) approaches to innovation 
(“innovation policies”), or other means, for example standards, systems 
engineering and enterprise architectures? 
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Answering RQ6: Chapter 10 displays the deployment and the operations of a 
SAI, and the prominence of the AFI. The chapter also discuss the practise´s 
relations with commonplace innovation policies, standards, as with certain 
(holistic) systems engineering and enterprise architectures. The validation in 
chapter 10 shows the concepts´ application to the cases (chapters 6). 

RQ7 –What is the potential for future development and further application of the 
AFI and SAI concepts?  

Answering RQ7: Chapter 11 accounts the achievements of a new governance 
mode and architectural framework incorporsating AFI and SAI. The chapter claims 
the framework´s validity and potency for innovations as well of smaller magnitudes 
as for complex and large systems solutions and even societal challenges. The 
chapter 11 concludes a vision on the applicability in the future and the concpts 
further need of research and development. 

 

2.5 The empirical foundations of the research  

The study is prevalently empirical and explorative in two sections – one section with 
four case studies, and another of examples from the rich literature on innovation and 
technology for energy, security and defence. 

 

Figure 2.6 The iceberg conceptual model for systems thinking and analysis, configured for 
the present purpose of investigating innovation, adapted from Monat & Gannon, 2017. At 
the top are singular events and instances which can be innovations and other 
developments, mostly excerpted from the literature. Further down – on abstracted level, 
the instances and examples are complexes, forces or models. The case studies of our own 
lie somewhere in the middle at the “wave line”. 
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The case studies and examples from the literature cover a spectrum of events, cases, 
patterns and landscapes as models of innovation in the selected areas of study.  

The explorative procedure and structuring of investigations of “innovation events” 
from the literature and case studies applies the “iceberg” concept for systems 
thinking and analysis (Monat, J. P. & Gannon, T. F., 2017). Figure 2.6. 

The categories of empirics – picked and distilled from the literature (see Select 
bibliography) represent a scale from singular interesting events to broader 
perspectives and models, with observed and direct evidences at the top along with 
the iceberg analogy, but also cases which are more like structured patterns and 
models, with or without explanations, at the bottom of the iceberg. A problem with 
cases from secondary sources (which means brought in from studies with another 
context or background than the present), description of events and cases from the 
literature then, is that the interpretation of the instance in its original context may 
differ from the present purpose and context. We have tried to adjust and take notice 
of this. A certain deconstruction and re-reading of the cases is needed. 

Research layouts and methodologies of the four study cases vary, table 2.2 above. A 
few cases are true participatory studies in which analysis can draw on the author´s 
own observations. However, they are not experimenting where background factors 
are fixed and constant. Some others of the cases are more traditional case studies 
where study must rely on interviews and document reading and analysis, and 
possibly indirect inferences (George & Bennett, 2005). A critical matter from a 
research methodological point of view is if presuppositions are projected in the 
study. As can be seen in the case studies of chapter 6 a reflexive process has been 
applied, which means that interpretations have evolved parallel to the overall 
research development and design. 

The cases were all intended, and often explicitly pronounced from their start as 
“innovative” (although with slightly different meanings). This ambition of the project 
owners was seldom fulfilled (innovation is hard and demanding and go often short 
because depletion of time and resources). For some ventures the cases cannot be 
labelled successful; several of the cases failed from their high ambitions for 
innovation at outset. Most cases gained some advantages and progress – although 
not all expected. It shows well the frequent misunderstanding that a good invention 
or discovery equal innovation (which they are not!). In chapter 10 there is a 
“backward” application of the architecture for innovation on the cases (a validation 
procedure).  
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Table 2.2 Methods and layout of study cases. See chapter 6 for case studies. 

Case Way and method of study Outcome and strengths/ 
weaknesses of method 

Polygeneration 
Innoenergy 
Lighthouse 
(innovation 
project at an early 
stage) 

Participatory observation and 
involvement. Contributed an 
analysis to concurrently defining 
tasks and identifying potential 
coalitions and associations of 
competencies and partners. 

The close view by participating 
and involvement gave excellent 
opportunities to identify and 
measure potentials for 
associating partnering 
competencies and systems, and 
the need of governance of 
building coalitions and tasks. 

Polygeneration 
(installation to 
produce energy-
based services 
from several, 
often mix of 
energy sources) 

Study and analysis of alternative 
installation designs and 
configurations. Defence of 
configuration issues at seminar. 
Inspection of a demonstrator with 
a standard configuration. 

The analysis was technical and 
did well reveal the composed 
systems´ external and internal 
boundaries and interfaces. 
Need of governance for 
interfaces were identified. 

Smart Grid 
(power network) 

Analysis and study of 
investigative scientific papers and 
reports (from a Swedish 
Commission on Smart Grid, and a 
similar study from the US 
NAS/NAE).  

Quality, rigour and depth of 
investigations (from the 
Swedish Commission and the 
US NAS/NAE) were generally 
high. Opportunities of 
analysing issues about systems 
integration were rich and 
purposeful. 

LedSyst (an early 
Swedish C3I 
network project) 

Interviews (7) with selected key 
actors and stakeholders (project 
managers, science advisors, 
financial controllers, ministers, 
potential clients and 
representatives). Analysis of open 
project records and diaries. 

LedSyst was a piloting 
advanced information network 
project at the international 
frontier that received a great 
deal of prestige and attention, 
from the public, and from 
stakeholders and clients 
directly or indirectly (Services 
as the Air Force and the 
Marine, but also the Army had 
great stakes, and raised serious 
arguments) which should 
influence storytelling. Project 
only semi-public (financial 
control was semi-open, initially 
“free”, then squeezed, and 
abrupt ending; secrecy of 
technical design issues). Open 
or available documentation 
might be misleading and 
incomplete. 
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It has a value to investigate failed, dubious or half-successful cases because we can 
then learn something about if and how a proposal for a governance mode can be 
supported, amplified or even become falsified. It might be argued that failing cases 
will learn more (Jernelöv, 2018 has an interesting discussion of this). But it is also a 
question of learning the right thing. There is often a hype of successes, which is then 
commonly attributed to some unknown or imagined star quality and excellence of 
skill rather than mere chance or coincidence, as is the more probable. 
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3 Innovation and processes for innovation examined 

This chapter goes into the differing faces of innovations and processes to innovation 
primarily within the fields of energy, security and defence as they are described in 
the literature (that is the Select bibliography). The introductory chapter has already 
supplied examples and perspectives of the innovation phenomena. This chapter 
intends based on the “innovation literature” (that is literature that deals direct or 
indirectly with the innovation phenomena and innovation processes and noted in the 
Select bibliography at the ending of the thesis) to systematize the structure of 
innovations and their constituting processes, or how they have had come about. It is 
focussed on trends and background factors that influences the designated areas 
(energy, security and defence) regarding paths and patterns of innovation. 

The examples of innovations and the patterns of innovations and the inherent or 
underlying processes are picked or are inspired from the general history of 
technology and technological development and the histories of energy technology 
and military affairs. Innovations and innovation processes will be described in a 
generalising and stylised temper, noting their evolution and consequences. From the 
events and the patterns described, some conclusions and lessons regarding the 
evolution and governance of innovation are distilled. 

 

3.1 Triggers of innovations and innovation processes 

Innovation is both abundant and exceptional. Many innovations advance in small 
steps with little observable effect, but a few exert, sometimes unexpectedly large 
consequences, disruptive effects. In retrospect, some of these effects may seem 
rather direct and self-evident, but in advance the processes and possible changes 
were utterly uncertain, and usually hard to believe. It is difficult to forecast or 
imagine the scope and effects of an innovation. Views tend to both underestimate 
and exaggerate consequences and impacts; Kahnemann (2011) supplies illuminative 
examples of distorted, and sometimes greatly different perceptions of positive or 
negative, big or small outcomes from about the “same innovation or change”. 

What initiates or generates an innovation? The word ‘initiate’ indicates that an actor, 
commonly a potent “stakeholder”, which could be a group of interested parties takes 
an initiative. A typical stakeholder, and starter of an innovation process, is an owner 
(of resources and ideas, and possibly some expert knowledge). Generation of 
innovations has some contextual or situational conditions to blame or credit (in the 
ordinary world necessity is the mother of invention; in more sophisticated 
terminology imbalance or surplus of resources and opportunities creates tensions 
and stress i.e. with a strong need that feeds invention). Both components must 
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probably be present and engaged, with ‘fuel’ (needs and demands, and resources, 
prominently financial and knowledge) and ignition (actors and stakeholders-to-be 
with determination and hope) associated and combined. 

The following bullet points, inspired by Drucker (1985), show the major and most 
frequent categories of economic conditions where innovations take place, and 
contexts where innovations are induced: 

 

• External influences (oil crises, annexation of a nearby region by a foe, firms’ 
competition, industry and market structure change, new knowledge), 

• Internal changes (strong need and demand for more or new capacity, 
demographics), cf. v Hippel (1988) on sources of innovation, 

• Reverse salient according to Hughes (1983) (capacity ceiling, urgent process needs, 
shortages or externality blocks that must be broken, overcome or passed, and which 
may inhibit change), 

• Politics (regulations, taxes) – inventiveness of escaping taxes or vanquishing public 
rulings and monopolies is ever strong. 

 

3.2 Discriminating facets of innovation 

Innovation is a new thing or feature –products or services that are new or provide 
better value to the customer and user. Innovation refers to a value-added new 
product or service. Most products and service are complex regarding the dimensions 
and characteristics they represent, or how they are produced. A disruptive or radical 
innovation has certainly larger scope and greater consequences than ‘normal 
innovations’ or innovations in a traditional sense, which are built on re-design or 
changed appearance and image of an existing product or service. 

Following Ulrich & Eppinger (2008), the variants (they distinguished eight 
elementary types) of product development and innovations can be roughly divided 
into two main categories, type A and type B. A common dimension is the technology 
component for the categories. 

The newness may come from type A, a new capability to produce a value-added 
product or service, or type B, a (re)designed or new perception (image) of an existing 
product or service. For any case, the degree of newness can be debated. Is it new in 
its present context, which can be a large enough effect, or is it totally new in the 
universe of products and services, or for the specific industry or company? Both ways 
can be disruptive, in their separate ways, and with their differing scope of 
consequences and implications. 

Type A innovation can be a consequence of new knowledge (A1) or a reconfiguration 
(A2) of earlier products and services and their production. The two types (A1 and A2) 
can be combined into a single major innovation type – a new service and product. 
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New knowledge is commonly produced through R&D of some sort. Research and 
development may produce new discoveries (theoretically founded or new 
understanding of phenomena) and inventions (which may be patentable), and 
consequentially with luck also innovation. Research is usually limited to new 
knowledge or support of knowledge, often called discovery or better understanding 
of (natural) phenomena (which can also be technical processes). Development from 
an available knowledge base may produce new services, products or processes, as a 
knowledge foundation is necessary for further development to services and products. 

Discoveries and inventions do not necessarily lead to innovations and are not 
innovations in themselves. However, discoveries and inventions often lead to further 
developments, which eventually may result in innovations. There are numerous 
examples of time lags of several decades from a major scientific discovery to 
innovation (of practical use to the world outside the laboratory). Transistor and laser 
technology are but a few examples; it took decades until they innovated practices, in 
the laser case more hesitatingly. The originator of the discovery usually 
misinterpreted or did not foresee the innovation and its true innovative use. 

Reconfiguration is an important category of integration of systems, existing or newly 
developed, and other combinations. This category of innovation is a major interest 
to the present study. 

Type B innovation, redesign or re-image, may be called design innovation and 
sometimes to be based on a type A mechanism. It is then difficult to differentiate 
from type A innovation. A new application or a new use of an existing product or 
service can also be included in this category of innovation. The new design may be a 
slight adaption to user demands and perceptions, for example. The generic product 
development variant is a proxy to this type. 

There may also be a third case, type C innovation, which covers large-scale changes 
in social and behavioural patterns. In this case, it is uncertain whether and how the 
change refers to and depends on technological changes. This innovation may lie in 
values and consumer behaviours, the markets and their organisation. Peter Drucker 
(1985, 2015) emphasises this category in his treatise on innovation. 

 

3.3 Innovation accounting and economics 

Statistics on innovation are scattered and often skewed. According to certain 
statistics, two-thirds of all presumed or attempted ‘innovations’ fail. Other statistics 
say that 25-45% of attempted product innovations fail, which is a low figure (Best 
practices study, 2004). Anyhow, failing is frequent and “normal”. Failings may be 
learning and spring board for innovation (in a second and better life). 

The record of success or failure is a matter of how ‘innovations’ and ‘candidates of 
innovation’ are defined and measured; innovation is difficult to measure. A common 
misunderstanding and source of confusion for the statistics is to equate innovation 
with invention or discovery (of scientific and nature phenomena, principles and 
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processes). Inventions may turn up in the patenting statistics. A lot of “innovations” 
is mere novelties.  

The European Scoreboard of Innovation (EU, 2017, EU, 2018) aggregates about fifty 
parameters into a single score of member states´ innovativeness (also some affiliated 
countries). It is a flawed measure of innovation and innovativeness since the score is 
an arbitrary aggregate of groups of indicators of inputs and framework conditions, 
intermediaries (for example patenting, educated) and a limited number of output 
factors (sales of “new products” and others). The broader effects of innovation, also 
second and third order of effects from disrupted markets or sectors are also beyond 
measure. As a parenthesis it can be mentioned that Sweden for many years comes at 
the top of the EU scoring (what that means regarding the disparate composition of 
the score, it is quite indicative). 

Innovation is a process which encompasses adoption and diffusion (in which 
disruptions may occur). An invention or an advancement becomes innovation when 
it is adopted. In the earlier stage, it is just an idea or invention, maybe with a 
potential. The perception of user value changes over time, and on occasions, or in 
another context a “useless” invention becomes or triggers a valuable innovation. A 
premature idea for one field may find a new soil to grow in, or appearance, maturing 
in the new context to innovation. 

On the one side, there are small steps, or incremental innovations, and on the other 
there are large steps, or disruptive innovations, but it is difficult to state the relative 
proportions of these. An estimate would be a relative factor of one thousand to one 
or ten. It is of course a matter of the definition of how and what “large consequences” 
are to be measured.  

A complementary view to the large-scale disruptive innovation perspective is 
proposed by Nobel Laureate Edmund S. Phelps, who worked as a professional 
systems analyst at RAND Corporation but later went on to macroeconomic research 
and changed the focus from large-scale science-based inventions and discoveries to 
small steps of advances and incremental changes (Phelps, 2013). These small steps 
and incremental changes occur everywhere – ‘mass flourishing’ in the terminology 
of Phelps – and have individually and each a relatively small direct consequence and 
economic effects but put together and aggregated their effects and macro-
reorganisation consequences can be enormous, even paradigmatic, and extensively 
path breaking. He also tried to show that the mass effects from “tiny” innovations 
exceeded the effects of the single breakthroughs combined. 

Rosenberg (1982), in his classic study on technical change, also considered many 
small incremental innovations as the main motor and order of economic growth and 
advancement. 

In conventional socio-economic analysis within neo-classical economics, 
technological change and innovation is a ‘residual’. Conventional analysis (that is the 
Solow model, Solow 1962) accounts for the value added by a new service or product 
to increasing intensities of standard factors such as capital and labour, and/or 
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sectoral interchanges and organisational inputs (sometimes incorporating ‘quality’ 
of factors). The unexplained remains a residual, considered to reflect effects of 
technical changes, re-organisations, sectoral composition etc. Innovation is 
embedded in this residual and cannot be isolated and appreciated exactly. A counter-
case may be a disruptive innovation, which has structural effects that can be difficult 
to identify, separate and assess. Conventional neoclassical analysis is a narrow and 
reductive view on the dynamics of innovation.  

OECD studies in later decades on technological change and the economy reflect the 
arguments for and against the impact on growth from innovations. “Investments in 
information and communication technologies may fill statistics of investments but 
show less in the productivity statistics”, as some other economist put it (Strassmann 
in his early analysis of IT investments). The OECD research consider the slowdown 
of business dynamics and diffusion, and indirectly innovation activity a prime cause 
to secular stagnation of the economy and productivity (Andrews et al, 2015). 

In a working paper, Braunerhjelm & Henrekson (2015) identify the bridge between 
industrial dynamics and growth of the economy as a matter of building and 
investment in knowledge, and in which processes innovation is a paramount 
element. The mechanisms and incentives to knowledge accumulation and upgrading 
are essential pillars in a framework for a knowledge-based growth and welfare 
society according to this view. The effects and causes of innovation are not simple 
one-way relationships. 

In an assessment of knowledge accumulation and knowledge spill-over from 
advanced industrial and defence projects, Eliasson (1995, 2010) found the 
knowledge and technology diffusion from e.g. developing modern aircraft to be 
extensive and numerically large (a factor of 3 from investment to spill over was 
calculated). (New) knowledge jointly produced with large advanced technical 
industrial projects is impressive (Martin, 2010). 

The commercial context is hypothetically important for innovation activity. The 
commercial factor is somewhat disputed for example by Mazzucato (2013) that 
accounts all major innovations to public research, which certainly reduces an 
innovation phenomenon to foundations of knowledge (and suppresses the role of 
exploitation and entrepreneurial effort). 

Another view is presented by Erixon & Weigel (2016). Real innovations might be 
scarce (although small changes wrongly labelled innovation also exist). Erixon & 
Weigel (2016) explain a secular diminishing role of large-scale innovations in the 
present world by a secularly weakened propensity for sustainable investment and 
interest in innovation, as a reflection or consequence of modern-day greying (rentier 
type) and overregulated capitalism (implicitly underestimating the knowledge 
factor). 

The Swedish Institute (Svenska Institutet, 1995) describes a handful of great Swedish 
inventions and innovations in the past hundred plus years of industrialisation in 
Sweden. Most of these twenty or so inventions and innovations are associated with 



48 
 

companies and commercial successes (as far as can be inferred, only some 
discoveries and innovations in medicine can be accounted primarily to academic 
practice and research). 

Sandström (2014) provides a listing of 100 great innovations in Sweden, and from 
where they came from (by academia, technical research or companies). About half of 
these innovations appeared in industry, in companies (this comply with the 
entrepreneurial mode of innovation), thirty percent at first with inventors and the 
remaining twenty percent primarily connected to academia and research institutes 
(this comply with the research driven mode of innovation). The distribution seems 
rather representative to other innovation data.  

A critical question is what drives innovation and what innovation drives. Are there 
mainly economic drivers to development and innovation (led by investments in 
capital and knowledge) or do some discoveries and inventions drive the pace of 
innovation? The causes, and the effects, are probably combinations of many factors. 

An influential and commonly cited factor is the Schumpeterian view that disruptive 
changes in an economy or in sectors of an economy can be induced by an innovation 
that emanates from a major discovery or an invention (the transistor is a prime 
example) – but needs an entrepreneur to speed it up. The first step of advancement 
in this evolution usually is research (science and knowledge) driven. The 
entrepreneurial mode then takes off along the road of myriads of (minor) steps of 
developments and innovations. A certain linearity of cause and effect is supposed. 

Gordon (2016) assigns the rapid growth of the US economy and welfare in the period 
1920–1970 to major inventions and innovations. These innovations contributed to 
unprecedented growth even after the period of exploding total factor productivity in 
the US economy (a neoclassical framework) and savings of time and effort of 
household activities (the washing machine being an illustrative example) and 
increasing resource reach and utilisation through the automobile. Gordon takes a 
distinctly more pessimistic attitude to the innovation influx for the period beyond 
1970, at the present and the future. 

Technology changes and develops in phases and cycles. One level of change is the 
substitutions and transitions of technologies over time. Adner & Kapoor (2016) give 
an insightful description of the pace of substitution which depends on the emergence 
of the new technology and the extension of the old. Another level of change is the 
evolution within a specific area and application. Technologies develop and combine 
along trajectories and vortices in a complex flux. Science and technological change 
are drivers or push innovation in the long run (Arthur, 2009). 

Grübler & Nakicenovic (1991) take a long historical view and conclude that economic 
and technological cycles largely were induced by scientific discoveries and inventions 
in the transport and energy fields. Sectoral substitutions take place, but with inertia 
and a slow pace of change. Sets of innovations can be connected to these long cycles 
and fundamental changes. 
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Kondratieff (1925), a reputed Soviet economist, suggested a long cycle whereby a 
major technological advance (for example railways and electricity) will have an 
impact (from invention, expansion to stagnation to recession) for the economy in 
about fifty-year cycles. 

 

3.4 Balancing disruptive innovation 

The disruptive side of innovations is challenging. Whether it is possible to 
accomplish disruptive innovations concurrently with mitigating and moderating 
their destructive side is a pertinent question. In a certain sense innovation evolves 
from unbalances and non-equilibria. Evolutions usually are disharmonic, but 
dynamic. 

The disruptive challenge, according to Christensen & Rosenbloom (1998) and 
Tushman & Anderson (1986), lies in that well-established organisations actively 
resist new technologies and potential innovations which threaten or make obsolete 
their investments in production systems, people, knowledge and competence. 
History is full of organisations that were put out of business by new technologies 
which they resisted and rejected. Starting a new organisation (for example a 
company) to exploit a new technology or an innovation is an option in this situation. 
However, start-ups and innovations are exciting, but the road ahead is commonly 
fraught with impediments and risks. 

Often-mentioned factors in failure and disruptions are organisational and general 
resistance to change, lack of communication and decision problems. 

Christensen and co-workers and others have explored the phenomena of disruptive 
innovation and technological discontinuities. A common pattern according to their 
findings is that radically new technology usually creates advantages for entrants over 
incumbents. Historical evidence suggests that entrants find the greatest advantages 
when innovations disrupt established trajectories of technological progress. A 
proposition in the literature is that the new technology is pioneered by firms that are 
new to the industry. The attacker may have an advantage when new technology 
emerges. A view among Christensen and others in the spirit of (early) Schumpeter is 
that the force of creative destruction is accomplished by invaders, not insiders. Based 
mainly on an analysis of the rigid disc drive industry and its transformation in the 
1980s and 1990s, Christensen aimed to show that the advantages are gained or lost 
because of keeping business model and strategy, or rather lack of business strategy 
from the incumbent´s side (Christensen & Rosenbloom, 1998). The attacker’s 
advantage comes from another new and “better” business strategy and market 
approach, and choice of a new value network, rather than residing with technological 
capabilities or technical superiority in themselves (Sandström 2011). 

As also pointed out by Christensen et al. (1997, 2015), a disruptive technology 
commonly performs better on some new, unusual or unexpected dimension from the 
user´s or customer´s perspective, but with a substantially higher added value or 



50 
 

lower cost per function, and at best is equal to the existing solution. It usually feeds 
a response and reaction from the incumbent, which is an illustration of the 
evolutionary process; evolution proceeds stepwise as act-react-act-react- etc. The 
incumbent is usually stuck in existing infrastructure and history of investments and 
cannot easily change track and substitute for the new technology and solution. 

The Christensen approach to disruption has been criticised for alleged biased 
selection of cases (some of the “losing cases” have later survived, and other “losers” 
have regained vigour and even surpassed competitors). Definitions of disruptive are 
said to be dubious and misleading (in the original writings (Christensen, 1997), the 
cause of disruption for the incumbent was associated with a lower-cost but worse-
performing attacker, which seems just a part of the story) (see Weeks, 2015). The 
term “disruptive innovation” can still be used if carefully defined. One suggestion is 
that disruption is caused by a new value offering (of a product or service) based on 
new technology or better market insight. However, the concept “disruptive 
innovation” is not fully effective as a predictor of the death of an incumbent (which 
may counteract and come alive again). A case where an innovation fails competition 
and returns to a niche stage or moves to the landscape of unused, sleeping or “dead” 
systems and technologies may be noted. 

 

3.5 The conjunction of innovation and uncertainties means taking risk 

Disruptive innovations are inherently difficult to foresee and forecast. The US 
national academies (NAE, NAS and NRC) have tried to establish a persistent (with 
some credibility) forecast of disruptive technologies (e.g. NRC, 2009; NRC, 2010). It 
is easy to be incorrect about the future (Danzig, 2011). From this and other history 
of technology and predictions, it can be concluded that the new and disruptive 
almost always comes from quarters and directions that are unexpected (“at the map 
folds”, lesser known peripheries, as was referred in the Background and 
acknowledgements).  

An innovation expresses, and comes from, a new paradigm, which means that it 
presupposes new thinking and perceptions, e.g. on user values and the potential 
capabilities of new technology. Innovation presupposes a radical change in existing 
mind-sets and ways of thinking, as well as a change of practices, physical goods and 
entities, systems and services and their appearances. Innovations disturb and even 
shake up the ordinary or habitual ways of thinking and practices.  

A changed paradigm means new thinking about what can be done, which demands 
a new perception (and evaluation) of conditions and circumstances. Limitations are 
loosened. ‘Before’ the innovation, it could not have been done and was not believed 
or imagined possible. Paradoxically, after the innovation has happened, it was 
possible! It may also have meant adding a “new” user value that was not possible or 
present with the original idea and solution. An innovation is occasionally a 
“creative”, radical reformulation of a well-known problem and a “common sense” 
solution. Innovations are often connected to technological discontinuities (Anderson 
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& Tushman, 1990). A new technology creates or opens new opportunities. 

In opposition to a conventional view that innovations fail from ignorance, Firestein 
(2012) suggests that innovations and discoveries significantly appear and turn up 
from ignorance. The ignorant mind (often a young person) is not limited by 
conventional or “common-sense” solutions and ideas, which the ordinary often old 
minded believes are only possible and conceivable option and way out. 

One conception is that innovation is a matter of the ingenious sudden imagination 
of a mind, rather than contained in rational planning and methodology (or a 
combination: the knowledgeable mind makes real and sense of an imagined 
opportunity). Other narratives describe the innovator’s hard and enduring labour, 
from vision to reality, as more sweat and toil than inspiration (Edison is credited for 
the common saying that invention is 90 per cent perspiration and 10 percent 
inspiration). Of course, imagination is needed to guide and direct the hard work 
needed, which must have a vision and goal instead of mere chance and myopic 
behaviour. This conforms well with the entrepreneurial mode of innovation. 

An important side of a radical innovation is its scope, sometimes impressive effects 
and consequences, which earn an innovation the disruptive label. ‘Innovation’ 
focuses on the effects and consequences of a development/change, which can be 
major, but this is still a posteriori assessment of its effects. It is innovation that some 
of these effects are not obvious and recognised a priori. The potential is not imagined 
and foreseen and the new solution often comes from an outsider to the game. The 
outsider is not stuck, and their attention is not diverted by ties to existing solutions 
and earlier investments. 

 

3.6 The shaky shapes and shaping of innovation, or why it is so unusual 

One prime and common observation is that innovations spring from the interplay of 
technology, users and user systems (v Hippel, 1988). A pertinent observation, to go 
somewhat ahead in the present thesis, is the systemic character of innovations, i.e. 
they emerge and prosper when systems connect, collaborate or merge (Fagerberg et 
al., 2005). Association and integration of systems, or orderly and conjoint action play 
pivotal roles for innovation (Aasen & Amundsen, 2013). Processes and mechanisms 
that help to find and smooth opportunities to associate or synchronize systems for 
innovation are thus key subjects and themes of concern (and in this study). 

Competition among suppliers feeds creative new offerings and innovations. A 
standard behaviour in the market is imitation of the leader. Diffusion is the proof of 
innovation. On the other hand, paradoxically, every innovative solution needs a 
follower; solutions that are solitary, not followed or adopted after the first mover are 
not innovations (Rogers, 1962).  

Development usually follows certain routines or trajectories. Innovation tend to 
disrupt the existing pattern. Hughes (1983), and Arthur (2009) discuss the inertia 
and association with existing trajectories that persists in technological developments 
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and infrastructures. There is an abundance of good reasons why developments tend 
to follow or remain close to existing paths and trajectories. Investments in 
technology, infrastructure or systems and learnt operations and behaviour are just a 
few factors to inertia or keeping to well-trodden paths. 

 

3.7 The way ahead - governance of innovation and innovation processes 

Our discussion of governance of innovation and innovation processes further on 
start by and through references to the three prominent portal governance 
approaches (“innovation policies”) in the introductory chapter. 

As a general remark, it should be noted that governance of innovation and 
innovation is broader than “innovation policy”. “Innovation policy” is in the public 
debate a common name to all politics and programs, private or public that deal with 
innovation in one way or another. Governance is broader and implicates agency. 

Each portal and mode have strong and weak sides. They are ideal types 
complementing each other. The entrepreneurial mode is expedient and forceful on 
processes for innovation. The visionary, science and research driven mode, is strong 
on creativity and knowledge advancement. The third, mission-orientated mode 
responds to social values and needs. 

 

3.8 The industrial entrepreneur or venture capitalist exploits and leads the way 
(the entrepreneurial or Schumpeterian mode of governance) 

In the entrepreneurial mode imaginative venture capitalists and industrialists act to 
create breakthroughs and innovations by exploiting technological and other sort of 
opportunities that are mature and easily accessible. The first mode has good stamina 
for innovation by its credible capability for leadership and management but limits 
itself to skimming the accessible cream on the top. More fundamental scientific 
technological breakthroughs of knowledge, such as exploring paths of systemic 
advancement, are disregarded and out of reach. Still, this mode figures the classic 
Schumpeterian entrepreneurial view on innovation. 

Most innovations appear and are driven by firms and in an industrial context (Nelson 
& Winter, 1982; Sandström, 2014). 

Organisational capability and particularly entrepreneurship, the innovative spirit, is 
a prominent factor in achieving innovation. Without the entrepreneurial drive and 
organisational skills and endurance, the subject remains an idea, or concept, 
however promising. The entrepreneurial contribution is to master and defeat the 
blocks, lags and laps that lie ahead to accomplish the innovation. This view on the 
innovation process refers to Schumpeter (1942) analysis of the business cycle and his 
findings on the entrepreneurial function and role for creative destruction and change 
(cycles, clusters) of the oligopolistic capitalist economy. However, Bergwik et al. 
(2014) explored the inventiveness in Sweden in the past two centuries, under the 
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headings of entrepreneurial spirits and engineering and inventive minds, and 
attributed development extensively to entrepreneurs and inventors. 

The pieces and the processes brought together by the entrepreneur must be 
recognised and standard technologies and systems. The entrepreneurial mode and 
core of innovation lies in integrative design and the creative combination of what is 
known and accessible. The innovation effort combines and stretches a few or several 
features of the product and the state of the art, which then makes it a winner.  

One of the success factors for innovation progress is capacity and enough room to 
experiment and to learn. This needs learning space – resources and spare capacity 
for experiment and trials but carries a great risk of failure or no immediate success. 
(Some spare resource capacity should be here to survive the failure.) This means that 
testing and verification, reflection and feedback are all necessary and vital elements 
for learning, and ultimately the innovation process of the entrepreneur. Senge (1994) 
stresses the vital need for space for learning to any development and innovation. 
Successful entrepreneurs have a record of failures as well. 

The new product or service of the entrepreneur is sometimes seen as “too simple” by 
the contemporary competitors; its superiority is its better integration of some simple 
“standard” elements or it is less costly (Christensen makes this a strong argument). 
It lies in the model that it is seldom a new technology alone that supplies the basis 
for the winning concept.  

When it comes to invention and innovation, it is often a new combination of existing 
items and ideas, not just an amazing new concept. This is also true in engineering, 
where the innovation usually lies in an incrementally better idea or marginally better 
overall combination. The inventive idea was in understanding how a new 
combination of systems and elements could be made. This faculty may be called good 
engineering, or good sense of innovation. 

The first inventor of new product or technology tends to make a clumsy combination 
and design. Utterbach and Clark among others, press this point. The concept is 
usually improved by the followers. It is the first mover´s disadvantage to carry the 
mistakes which must be learned (Nelson & Winter, 1982). The second mover has 
learnt how to fix the primitive invention to an excellent useable innovation. 

Clark (1983) stresses the dominant design concept as important in the innovation 
design process. Dominant design is another expression of a well-performing 
combination. In this is often implied a new perception of the service or product of 
interest. Chesbrough (2005) interjects viewpoints about the relation of technology 
and organization, which he finds need a more dynamic attitude to be properly 
aligned in the corporation - adaptation is difficult. 

An illustrative example of an inventive business model of an entrepreneur is Steve 
Jobs and Apple. The superior success phase was his second session; it should be 
noted that Jobs´ first session with Apple abruptly ended with the disastrous Apple 
III and Lisa failures; the successes iPhone and iPad came out later, during his second 
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and final leadership of Apple. 

A study by Yoffie & Cusumano (2015) examines three innovators and innovative 
business leaders, namely Andy Grove, Bill Gates and Steve Jobs. These three have 
been extremely successful, although with different backgrounds and personalities, 
but sharing some common features and experiences which are quite relevant when 
it comes to governance of innovation. Andy Grove, with a thorough academic 
background, made Intel into a dominant microchip and processor manufacturer. Bill 
Gates, an early hacker and Harvard Business School dropout, led Microsoft 
Corporation to become a world leader in software systems technologies. Steve Jobs, 
an integrative designer, with his two sessions made Apple a great business model 
innovator and leader (first the early Apple computer interfaces, which were ideas 
“stolen” from Xerox Parc, and later iPhone and iPad, with an inventive 
amalgamation of design, existing technology and business model). 

Yoffie & Cusumano (2015) identified five common traits or rules for the successes of 
these three immensely successful innovators and business leaders, even if each of 
their stories has its own twists and turns, and in some important regards is different. 
An added observation is that innovations and business development go hand in 
hand. Innovations need shelter or will be easily killed in their virgin and sensitive 
stages. 

 

• Rule 1: Look forward, reason back – this rule stresses their ability to learn from past 
strategy, execution and developing (including failures and mistakes), new domains 
which made them effective as leaders over long periods of time, not staying in past 
failures, not giving in. 

• Rule 2: Make big bets, without betting the company – this rule underlines their 
careful and calculating risk-taking attitudes. The calculating mind has a better 
chance to succeed. 

• Rule 3: Build platforms and ecosystems – not just products. The extended platform 
(that may be system of systems) for products and services provides a basis for 
expansion, development and repeated innovation. 

• Rule 4: Exploit leverage and power – play judo and sumo (in parallel) – this rule 
underlines the importance of combining breakthrough products and dominance. 

• Rule 5: Shape the organisation around a personal anchor – which can be translated 
as streamlining the set of competences and business operations to its goals. 

Source: Yoffie & Cusumano (2015). 

 

Complementary descriptions of the leading R&D labs (Hughes, 1989; Gertner, 2012; 
Isaacson, 2015) support many of these statements. The rules aligns with platform-
based ecosystem and dominance. 
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Economics of innovation 

The traditional ‘orthodox’ view on technology, change and innovation was that it is 
a residual or entity of unknown origin (the Solow model, Abramovitz, 1989). The new 
approach would be more dynamic and evolutionary (disequilibrium the ‘normal’ 
state of change), holistic and systemic. It would rely on Schumpeter and his views on 
innovation (Schumpeter the early on the entrepreneur and the later market and 
branch evolution), the role of technological revolutions and the long cycles of 
economic development applied by Nelson & Winter (1982). This approach aligns 
with the entrepreneurial mode of governance (for innovation). 

The economics of technological change and innovation, which usually applies the 
disequilibrium view, is highly relevant for governance and promotion of innovation. 
The economics of technological change and innovation is a seminal issue of primarily 
British and US research (but also from Sweden and Italy), for example Stoneman 
(1995), Dosi et al. (1988) (which was the start of academic research on innovation 
and technical change), Freeman & Soete (1997), Carlsson (1995) (who took on 
studies of sectoral technological change and innovation, on the branch/corporate 
level), Chandler Jr (1962), Drucker (1985/2015) (laid the foundation of a business 
perspective on innovation), Hammer & Champy (2006), David (2010), Kondratieff 
(1925/1984) on economic and technological cycles , Forrester (1961) (technology and 
economic cycles, and dynamics), Griliches (1957) (an early work on discovery and 
innovation diffusion), Larsson (2015) (the absent entrepreneur) and Schon (1967) 
(economic impacts from innovation and inventions). These provide a solid 
background for the economics and management of technological change and 
innovation. 

Dosi et al. (1988) distils technological trajectories developing over time and Freeman 
& Soete (1997) stress the paradigmatic character of those technological changes and 
trajectories. According to Freeman et al. (1988), the paradigms are glued by 
institutions and regimes of regulations. Allen (1960) proposes self-organising 
evolutionary systems as constituting the basis of change. The changes and 
innovations consist of a combined technological regime, economic regime and 
institutional conditions. The institutional conditions concern regulation, behaviour, 
form of organisation of economic activities, political conditions etc. 

The technology change paradigm from the SPRU “school of policy” emphasises the 
search and cumulative character of the innovation and change processes. The 
existing technology and the market structure will influence the processes and the 
pattern of development. The maturity of knowledge and appropriability conditions 
of the technological progress are also influencing factors for the pace of development. 
It is an evolutionary approach. 

Anderson & Tushman (1990) explore the role of technological discontinuities and 
effects on design, innovation and industrial change. Teece (1988) sees firms as 
hollow organisations with distributed but integrated resources in a network. 
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The Schumpeterian view on innovation (expanded by Nelson & Winter) 

The Nelson & Winter (1982) study is a criticism of the orthodox economic (lack of) 
view and proper understanding of industrial change. Their criticism follows in the 
footsteps of Schumpeter. There are parallel economic schools and traditions, for 
example the ‘behaviourists’ – H. Simon (1969), O. Williamson (1996), W. Baumol 
and others – who discuss corporate development in a rather narrow single case firm 
perspective. Nelson & Winter (1982) apply a broader industry-wide aggregated and 
dynamic view of change and innovation. The basis for their analysis is an 
evolutionary microeconomic perspective. They model an economy in transition and 
change parallel to a Schumpeterian view. The focus is relatively more on 
technological progress than on market structure only, which was Schumpeter’s 
focus. Schumpeter also made some projections that monopolism would become a 
natural and efficient end state, and argued for a socialist regime as the most 
“rational”. 

Nelson & Winter strongly recommend a flexible and variable governance of evolution 
as most productive for change and development. It must rely on several dimensions 
of the framework. An evolutionary perspective underlines a more complex, or 
“dialectic”, pattern of transformation and change. 

Greenspan & Wooldridge, 2018 expands Capitalism in America as the prototypes 
model for disruptive innovation and economic growth. 

Here might be added the ecosystem model. The ecosystem model uses a parallel to 
biological evolution where organisms compete for the same space (with certain 
dimensions or quality). The fundamental force of change is the necessity of 
specialisation, for example to keep the dominance for a resource or space in the 
habitat. The system will change from expansive survivors overtaking whole habitats 
and others invading niches, and so on. The ecosystem approach has some attraction 
for modelling and forecasting transitions of systems of industrial innovation and 
development (Ritala & Almpanoupoulou, 2017). Platform based ecosystem 
strategies have been quite successful for continuous innovation and dominance, 
Apple and the Iphone as prime examples (Isckria & Lescop, 2015). 

 

Values and value changes drives entrepreneurial led innovation  

The eminent management philosopher of the firm Peter Drucker had a consistent 
and close interest in innovation. Drucker worked all his life to build a political and 
social theory for growth and continuity, with the entrepreneur as a major agent and 
actor with innovation as a major goal. Peter Drucker´s thoughts on what drives 
change and development emphasise imbalance and disequilibrium rather than static 
equilibrium, a way of thinking which obviously refers to the Schumpeterian view on 
innovation and the far-reaching role of the entrepreneur. In his seminal work on 
innovation and entrepreneurship Drucker (1985, 2015) propounded his view on the 
fundamentals of innovation processes, in his terms “systematic innovation and 
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entrepreneurship”. On the commercial side of innovation, Drucker emphasised four 
windows within the firm and three outside the firm as influential or decisive, when 
triggering change and innovation: 

• Unexpected events (chances and opportunities which could encompass success, but 
also failure), 

• Incongruities (a certain discrepancy between what is and what ought and expected 
to be, economically and otherwise may trigger change), 

• Process need (the standard saying of “necessity is the mother of invention”, i.e. a 
firm must invent the means if it has a strong desire and need), 

• Changes in market structure (for example competition or opportunities from new 
demands that drive new ideas), 

• Demographics (migration and urbanisation, for example may feed new demands 
and innovative services), 

• Changes in perception (habits and attitudes change and drive new developments), 

• New knowledge (the most uncertain factor and may cause great leaps and variations 
and challenges in time spans, causality rates and predictability). 

Source: Drucker (1985, 2015). 

 

Maturity of technology helps the entrepreneurial exploiting for innovation 

The entrepreneur tries to minimise technology risk, or exploits technology where it 
is mature, available and well-performing. 

A standard classification of technologies regarding development and maturity is the 
Technology Readiness Level (TRL), a scale that classifies the maturity of a 
technology in nine steps (TRL 1 to 9) from basic research and knowledge building at 
the bottom to practical application and use at the top (Table 3.1). The scale originally 
referred to space flight and mission technologies (NASA supplied and still uses the 
terminology) but has become applied to other areas and technologies. 

The scale assumes that technologies are created and then ‘move’ in a one-way 
direction from the bottom level (basic research and knowledge building at TRL 1) to 
the upper levels (application and actual operation TRL 8 or 9), i.e. it describes linear 
change. All levels on the scale are premature until the take-off and the mature stage, 
at the two highest levels (8 and 9), can be entered. Progress from lower to higher 
levels is inherent in the scale. Solutions at levels 8 or 9 can be but are not necessarily 
innovations (since the scale values technological performance but says nothing of the 
quality and acceptance of services supplied). The levels 8 and 9 tell that the 
technology does work in a “technical sense” but does not tell usefulness or value to 
customers and users. 
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Table 3.1 Technology Readiness Levels according to NASA. Source: NASA (nasa.gov) 

• TRL 1 Basic principles observed and reported 

• TRL 2 Technology concept and/or application formulated 

• TRL 3 Analytical and experimental critical function and/or characteristic proof-of 
concept 

• TRL 4 Component and/or breadboard validation in laboratory environment 

• TRL 5 Component and/or breadboard validation in relevant environment 

• TRL 6 System/subsystem model or prototype demonstration in a relevant 
environment (ground or space) 

• TRL 7 System prototype demonstration in a space environment 

• TRL 8 Actual system completed and “flight qualified” through test and 
demonstration (ground or space) 

• TRL 9 Actual system “flight proven” through successful mission operations. 

 

The entrepreneurial venture for innovation in a complex world of products 

Innovation is obviously a high-risk project and may not come about without a 
capability to manage and absorb risk. Innovation processes parallel advanced 
management of risks. Risks in the innovation business are multifaceted – cognitive 
(knowledge wise), technical, economic or business orientated and usually also social 
and organisational. At the extreme, all risks will kill innovation.  

Since risk has hazard and cost sides, many or most entrepreneurial development 
efforts prefer incremental change and to keep within trajectories of development 
which are familiar, to reduce and more easily absorb the risks and keep costs of 
potential failures to a minimum. Competition still steadily compels innovation. 
There should be a balance between rocking the market with a disruption, or to stay 
calm in the boat while it still floats. 

A standard textbook on product development (Ulrich & Eppinger, 2008) 
distinguishes eight variants of generic product development, together covering the 
whole scale of products for innovation. 
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Figure 3.1. Illustration of the domain space and typology of cases (examples in the listing 
below) of product and services innovations. Products and services are characterised in three 
dimensions, namely type of technology (maturity and technical risks of processes, inverted 
scale: the highest maturity at the origin), type of market (a scale from households over firms 
to institutions) and systems complexity (from materials to complex systems and 
infrastructure). This last dimension is of special interest. Source: Adapted from Ulrich & 
Eppinger (2008). 

 

Products and types of product development, or innovations, are variants in Figure 
3.1 (adapted from Ulrich & Eppinger, 2008) along three axes – technology, market 
and complexity (i.e. systems level). The technology axis can be characterised 
regarding type and maturity of technology and processes, for example stage on a TRL 
scale and technical risk. The variants can also be characterised by type of market, for 
example from individual households and intermediary organisations and firms to 
institutional customers.  

 

• Generic Products (a direct hit from an identified market opportunity) 

• Technology-Push (a new technology or technical invention finds its way to a market) 

• Platform Products (a system is built from a certain core technology in association 
with technological subsystem, this variant may expand, with a governance regime to 
an ecosystem, see examples by Isckia & Lescop, 2015) 

• Process-Intensive Products (the product is to a large extent defined by the 
productions process, for example chemicals) 
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• Customized Products (a variation of an existing product configuration, and very 
structured development) 

• High-Risk Products (technical and economic uncertainties create a high risk of 
failure, for example pharmaceuticals and spacecraft) 

• Quick-Build Products (rapid modelling and prototyping speeds up from ideas to 
reality, for example software) 

• Complex Systems (system of systems to be decomposed and integrated, for example 
automobiles and airplanes) 

 

The other dimension of complexity when it comes to these products and services 
concerns governance or the relations and dependencies between the systems and 
subsidiary components. Products and services on the complexity axis (above the 
lowest level) can be called systems products, the products are systemic and their 
innovative version or counterpart systemic innovations. A systems product 
comprises two or several systems levels. Jamshidi (2009) lists a range of complex 
systems projects and applications which can be characterised as system-of-systems 
products and examples of systemic innovation:  

 

• Policy making to reduce carbon emissions, 

• Medical and health management systems, 

• Micro grids (local power networks), 

• Intelligent decision support systems, 

• Defence operations, 

• Air vehicles and traffic monitoring and control systems, 

• Airport operations, 

• Space applications, 

• Deep water and coastguard programmes, 

• Combat missions, 

• Robotic swarms, 

• Sensor networks, 

• Global earth observation systems. 

Source Jamshidi (2009) 
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3.9 Exploring the frontiers of knowledge (the science and research driven 
mode of governance) 

The classic science and research-driven mode for innovation and scientific 
technological discovery and knowledge advancement (commonly labelled basic or 
blue-sky science), where research relies on a serendipitous and “free” unbound 
knowledge search. The mode is researcher-driven, powered by the knowledge 
formation, imagination and curiosity of the individual scientist or research group 
(celebrity and intellectual capital formation may be strong motivations of the 
researchers). It is also popular with university departments and research institutes. 
The corporate research lab of the past is another example (this type of organisations 
has hardly survived in the modern corporate world). This mode has a propensity in 
the long run for great successes, although it is stochastic, rather unpredictable and 
unforeseeable and commonly stuck in a fancy and superstitious belief in the 
immediate utility of scientific and technological breakthroughs and progresses (this 
belief is a frequent misapprehension of the researcher). 

It does seem uncertain, and it is not very common that innovations flash out of the 
blue sky, but such thunderbolt moments in the minds of inventive people and 
discoverers are often mentioned in the research sagas. Innovation in the limited 
sense of a discovery or an inventive idea as a blueprint sometimes has this character, 
or origin.  

An organisation that is prepared to pick up and take care of flashes of this type should 
have a higher probability of getting it through the valleys of death for innovation. 
Implementation of a discovery in the real world does need a rich organisation and 
wealthy of resources, and good support for processes ahead.  

The visionary mode of innovation derives from R&D, through knowledge 
development and serendipitous insight, discovery and occasionally invention and 
further development, the cumbersome way to innovation.  

This model, usually practiced in the research laboratory of universities and 
institutes, but also in corporate research labs (Bell Labs as a prime example, IBM 
Labs another), occasionally results in major breakthroughs and innovations, which 
usually take place much later in the distant, foggy future at the horizon from the 
viewpoint of the discoverer. The model celebrates the ingenious scientist and 
discoverer (today more often a research team) as the visionary explorer, pathfinder 
and inspiration for inventions and future innovations.  

There are also commonplace versions of this model, e.g. university-based innovation 
centres, or innovations led by researchers and research teams at universities and 
research institutes. It is acknowledged that universities and research institutes are 
superior in creating a multitude of ideas and insights for technologies and 
innovations for the future, a productive bed for start-ups. An associated view is that 
growing the body of knowledge through education and research will improve and 
expand the storage of ideas and opportunities for innovation, but rarely in 
predictable ways and places. Usual products of these organisations are patents and 
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pools of knowledge. 

A mode and suggestive characteristic of innovation processes, or rather invention 
and discovery, is serendipity. This means the invention or discovery is disclosed as a 
revelation, not on purpose or the result of rational planning and linear thinking 
(going a straight road from goal to solution). Serendipity is ascribed as the bliss of a 
researcher and research process, and a fruitful source of innovation (Nelson, 1993). 
Of course, the qualified and prepared mind has a better potential of looking to where 
an innovative idea or invention might turn up. This is the classic research paradigm 
and rationale. 

Evidences for the model of discovery and innovation are anecdotal. The successful 
outcome rate is uncertain, but if success is achieved, it generally happens in the long 
run and usually in contexts different, unforeseen and surprising from the original 
vision. The outcome does not directly reflect the originator’s perception. 
Consequences and scope, although not immediately obvious, may go far, and may 
even be revolutionary. Bush (1945) launched the science-based vision of ever-
expanding opportunities and picking innovations (“the endless frontier”), a vision 
that was highly influential on science and research policies for many decades. The 
Bush´ ideology was also based on making very large resources available and 
spending them on further expensive research, development, deployment and 
implementation. 

Examples are numerous Nobel prizes in physics, chemistry and medicine, graphene 
being an illustrative case (the founding invention was made almost by mistake, or 
play; only in a few cases an immediate use of the invention for innovation does work, 
some careful engineering is needed). 

 

Creativity and innovation 

Creativity, occasionally imagination, is obviously a vital component and a great force 
and driver of innovation in general and of this visionary mode. Creativity is often 
associated with single individuals and their imaginations but can also be a more 
universal propensity connected to a working group, department, institution or 
another organisation for knowledge. 

Törnkvist (2009) pictures a rough landscape of creativity. Invention and innovation 
are irregular and may not occur where commonly expected. 

Hollingsworth & Hollingsworth (2011) investigated the scientific creativity of 
organisations and institutions. Creativity and innovativeness regarding discoveries 
are defined in scientific terms as new knowledge. Their investigation concerns the 
institutional settings and conditions associated with major discoveries in the 
biomedical area. Their analysis is based on interviews and data from several hundred 
discovering research organisations, mostly university departments and independent 
research institutes. Most of these organisations show excellence in research in one 
or several regards. A major discovery in the survey is defined as new knowledge 
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recognised through Nobel prizes or world-wide recognition at a similar status and 
level. 

Hollingsworth & Hollingsworth (2011) summarise their findings in a list (Table 3.2) 
of important characteristics of organisations and contexts that facilitate major 
discoveries: 

 

Table 3.2 Key factors for an outstanding research unit for discoveries, according to 
Hollingsworths & Hollingsworths, 2011 

a) The organisation has a capacity to understand the direction of scientific research and its 
progress, enhances a vision to focus research to emerging areas, and an ability to secure 
funding for activities in these areas (technical scientific competence). 

b) The organisation exerts moderately high scientific diversity and organisational context 
variation (ability to cross-cut and integrate knowledge). 

c) The organisation can manage communication and social integration (of diverse scientific 
fields) and externally (communication skills) – within or outside the parenting institution. 

d) Recruitment is a central function (of personnel that fit and power the above criteria). 

e) Organisational autonomy (external) and organisational flexibility (internal) are valued. 

 

According to these authors, the conditions and the consequences of the summary 
items may change due to ongoing globalisation and further commercialisation of 
research. Globalisation may dissolve and diffuse highly concentrated research 
centres (separate institutions, university departments or corporate labs) into looser 
international networks, with less inherent capacity or critical mass to discover or 
innovate. The emerging distributed networks will need a new kind of management 
to survive and develop. The commercialisation process may change the research 
focus from discovery and new knowledge to applications and other similar objectives 
(lucrative markets, industrial benefits, flat basic research funding, income of the 
research team for example). Indeed, the outcome in terms of innovation might 
increase, at least in the short run. Hollingsworth & Hollingsworth (2011) found the 
driving and major incentive for the traditional research team for discovery to be 
esteem and recognition from the scientific community and peers but noted this may 
change in favour of tempting commercial success, and perhaps greed. It can be added 
as a footnote that the forces and drivers for a single researcher or a team that are so 
important for creativity and discovery might well also feed fraud and deception in 
science. 

The biography and ‘judgement’ on Edward Teller (2010), ‘the father of the 
thermonuclear bomb’, stresses that the origin of major discoveries and inventions is 
disputed and may be difficult to localise more exactly. A certain idea or new concept, 
or a group of ideas and concepts, is often floating around at a certain stage of 
development and may be explored and exploited by several, sometimes in parallel 
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and unknown to each other. It might be a matter of chance as to who is the first to 
discover or invent (sometimes the research groups are not aware of each other, 
occasionally there is an atmosphere of competition). A second discovery, as a matter 
of confirmation, may appear soon after. 

The physicist Thomas Kuhn in his classic study The Structure of Scientific 
Revolution (Kuhn, 1962) showed that in the science field it may well take thirty years 
before a new scientific theory becomes widely accepted. The way down the road of 
application, exploitation and innovation may take even longer. The Gartner hype 
cycle (for example the publication of 2014, the chart is published and revised every 
or every second year) seems in general to have much shorter time constants. The 
position of the technologies along the cycle varies drastically from one year to the 
next, forecasting is not that easy and straight, linear evolution is improbable. 

It can be added that the public political debate often offers a simplified model of 
“innovation policy”, a panacea that simply exploits linear modelling from R&D to 
business reality (see the next section for further of “innovation policy”). 

 

3.10 Research and development for a mission, for social benefits and goals 
(the mission driven mode of governance, occasionally labelled “innovation 
policy”) 

The mission-orientated or sectoral mode for innovation and research mainly directs 
its attention to strongly embraced social purposes and goals. National security and 
health and medicine for example are usually strong goals that bring forces and social 
movements together. Goals are expressed, or postulated by politicians and decision 
makers, sometimes with prominent industrial or economic motives. This mode has 
usually a strong technology dimension; mostly technological research has practical 
aiming and objectives, which serve a mission. The mode is where a need and demand 
meet a capable supplier. The third mode persists through the urgency of the social 
needs and demands it speaks for but is often fragile in its scientific technological 
underpinnings and may easily go astray. It is popular in the political world but may 
turn into scandals and economic cost overruns by ignorance and lack of managerial 
competence. 

The mission-orientated research and development model, which is the third mode 
of governance of innovations, applies directed basic research and development for 
socially accepted and moored goals and purposes, but usually there is a sense of 
urgency. In this context the third mode of governance also may be called (standard) 
innovation policy (we will come to this in a second, and about a theoretical 
modernization). 

Missions are usually set for solutions with a prominent technological content, e.g. 
fast inter-continental transportation, non-polluting secure energy supply, and 
occasionally projects at the very far edges such as putting a man on the moon. Health 
issues like fighting cancer might also be on the agenda. The goals of the mission are 
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set with a high political contribution. Leadership is strongly needed to have the 
mission arrive at the intended goal. The management is critical for success and 
attaining goals. It is here failure often occurs. 

Propositions are applied from rationalistic planning and development, and closely 
connected to an institutional environment that is well defined. Much mission-
orientated R&D is executed in laboratories and research institutes. There is usually 
a mode of “planned innovation”, a main category within the governance mode of 
mission-orientated research and development. 

 

National innovation systems and “innovation policy” 

The root to the third mode of governance is “innovation system”. The policy aims at 
establishing and supporting the transformation of an innovation system in its 
present context, usually social prosperity in a wider sense and sometimes certain 
more directed missions with a social content. Examples of this more generally 
mission-orientated modes of governance at national level are the innovation system 
cases of Sweden and Israel (Edquist & Lundwall, 1993; Senor & Singer, 2009; 
Goldberg, 2012; OECD, 2012, 2016).  

Sweden comes always very high, in the top group internationally, on innovation 
scores. Results on inputs (spending on R&D for example) and intermediary activities 
(patenting for example) are high, but output figures are rather modest.  

Public spending on research and development in Sweden, which in relative terms is 
still is at an OECD median level, has over the last decade gained somewhat increased 
support from government. The bulk of public funding for research goes to the 
university sector, which also takes a major proportion of public and performed 
research. National research institutes and public agencies (partly also called sectoral 
research) performing research are traditionally small in Sweden, with defence being 
an exception in the past (when sectoral research in Sweden lost its reputation, it was 
transferred to academic governance and institutions). Universities, according to the 
Swedish doctrine since World War Two (WWII), are the research institutes of society 
(not like other countries that have national research laboratories separate from the 
academic system). Research institutes exist in Sweden, but are limited to specialist 
areas, like for industrial technologies. In the last decade the industrial research labs 
have received more public funding directed to generic technologies. Universities are 
by public law (owned by the state) in their operations characterised by academic 
governance (academic criteria for funding with a certain autonomy but still state 
organisations). Universities in Sweden are research hotels according to these 
circumstances – mainly competitive peer reviewed but sectored funding. According 
to the same view knowledge is produced, necessary but insufficient for innovation.  

Despite increased allowances in later years from the state to universities, the 
performance of academia measured as citations and representations in international 
publications is still mediocre compared with that in other small countries (Denmark, 
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Switzerland). Indicators of the so-called third mission of universities (beside 
education and research), which is to produce knowledge to the explicit benefit of 
society, for example innovation, are significantly weaker, although it is difficult to 
measure. Initiatives have recently been taken to link the university sector to society 
and the innovation system. As the main funding for public universities goes to 
academic products and the governance is purely academic, little goes to “national 
strategic” areas or issues of social interest. Accompanied by increases in public 
budgets for research, education programmes for strategic innovation areas (SIO) 
have been launched to improve the technical and industrial outcomes in this 
direction. The (innovation) outcome of these bottom-up programmes with a 
conservative orientation is so far limited, and uncertain. According to international 
comparisons the innovation mode of Sweden is based, and indirectly on educational 
and knowledge dissemination. 

The research institute sector in Sweden was once small, specialist or acted as a 
common laboratory resource or the like for a branch (usually an unfaithful partner 
and short-sighted client) but has reorganised in recent years to larger and better 
funded units. 

A national agenda and new strategic goals for research (called the “Lund 
Declaration”) have been launched, to cope with the great societal challenges, such as 
climate and the environment, but with effects so far difficult to substantiate. This 
may be called an innovation policy agenda with a Swedish accent of social 
environmental concern. 

To summarise, Sweden is a knowledge-based (education plays the prominent role) 
society funding large volume of (higher) education and mostly private research and 
development (technical) and is good at producing (in industry) intermediary 
knowledge-intense products and services at a high growth rate but is as an 
innovating nation somewhat fragmented (the “innovation system” is as fragmented 
as its governance). The traditional view of Sweden as intermediary developer but 
relatively fast in picking up and adopting new technologies from elsewhere (thanks 
to its educational investments) is valid. 

Israel has an outstanding record on innovations and technological economic 
successes and is in somewhat contrast to Sweden an innovation system and nation. 
In a few decades, Israel has launched more than one hundred IPOs and companies 
on the technology-orientated US Nasdaq. This is more than all of Europe put 
together in the same time span. The success is attributed to two decisive factors: a 
steady inflow of highly educated migrants (Ashkenazi from Eastern Europe) and a 
strong social network of skilled people based on and around the heavily supported 
military services, but also working outside these in “civil society” and businesses. 
This defence-based social network, together with a conducive business climate and 
easy access to capital (mostly foreign, from the US), makes it possible to organise 
technically advanced small-medium enterprises (SMEs) and other capabilities. The 
slowing world development in later years, the financial crisis from 2008 has hit 
Israel too. Another wave of immigration (mostly Sephardic Jews) and changes in 
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government regulations and standards is also slowing the pace of development and 
innovation ventures. Israel might still be called a strong networking nation. The 
mission of the nation and its survival is a strong force of governance for innovation 
and prosperity (the country is strong on innovation both for defence and the civilian 
economy). To use an analogy the Israeli “innovation system” is bred from its “genes” 
(basically culture) in combination with a strong networking society (strong military-
civil interface and interchange). 

An effort to update and underpin the “classic” innovation policy mode of governance 
to modern theoretical standards – called a “holistic innovation policy” is made by 
Borras & Edquist, 2018. The classic innovation policy mode is considered from this 
point of view compartmentalised and too much reliant on a linear R&D model for 
development and innovation (close to the second portal mode of innovation 
governance).  

 

“Innovation policy” – a short note  

“Innovation policy” is a common label for policies and programmes, mostly public 
but to some extent also private that in way or another deals with innovation. 
“Innovation policy” still will fall under the portal mission driven governance mode 
for innovation.  

“Innovation policy” has underwent an evolution since its beginning in the 1970´s 
and earlier of for example OECD programmes that framed an analysis of the role of 
technological change and development for economy and growth. The “policy” soon 
got into “innovation system” as a figure as it was defined by Freeman, Lundvall and 
Nelson and others. Successively a system view became added and applied to the 
policy, by which innovation policy was shaped like with a metaphor of a three-party 
dance of practitioners (who they are), policymakers and public-political 
administrators and academics on innovation (and on science of science and research 
on research) (Smits et al (ed), 2010). A rather more functionalistic perspective on 
innovation processes have substituted the static “innovation system”. “Innovation 
policy” is still institutionally and politically flavoured, although in the tradition some 
pioneering work on the industrial economics of innovation also can be spotted. The 
essence and meaning of “innovation system” in the “innovation policy” context is a 
sum or aggregation of all the conditions in the environment in which innovating 
actors are operating. As was mentioned in the section before there are misfits of 
“innovation policy” based with thinking of a straight linearity from R&D to 
innovation and reality. 

 

3.11 Fields of study – choosing the domains of energy, security and defence 

The history of energy, security and defence sectors includes a broad range of 
innovations and types of innovations, the majority incremental and a few greatly 
disruptive and transformative, even on a global scale.  
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This section discusses the selection of domains and sectors in the study as change, 
trends and innovations in the three selected domains and sectors: 

 

• Energy systems technologies (does overlap with the Security domain) 

• Security (does overlap Energy and Defence) 

• Defence systems technologies (overlapping Security and to some extent Energy). 

 

The sectors are certainly different in certain regards, but with overlapping or 
joint/common areas and issues. Security of supply of energy is a distinct issue of 
security, as defence and military protection of energy systems is a major social 
concern. Energy supply to the military and for the security of society is a prime and 
critical concern for their functionality. Moreover, the change and transformation of 
the sectors shows strong influences and dependency on development and 
innovation. The defence and energy sectors are in a sense characterised by inertia, 
slower paces of change, although disruptions do happen. The rigidity or stiffness, 
and even lack of resilience, is due to their systemic and infrastructural properties and 
bureaucracy (which means the sector is inhibited or poorly organised; the goals and 
interests of the constituting elements deeply conflict or diverge). Legacies play a 
major role. (Of course, attitudes and wishful thinking for their transformativeness 
and volatility may be different.) 

 

• Security and defence have civilisations´ long records of prioritising superiority of 
performance and innovation. Cases can be picked up from millenia of human culture 
and warfare). History demonstrates a never-ending series of innovations, and 
succinct innovation patterns (this is by the way a good argument for having military 
innovation as a research topic; cases and examples are “flourishing”). The ancient 
strategist Sun Tzu emphasises surprise and advantage. Military innovations are, 
almost by definition the most disruptive (intended) of anything whatsoever (Bobbitt, 
2002). In Western World countries such as Sweden, looking into more modern 
times, the area has shown large changes and transformation recently, with greater 
emphasis on security issues. The post-Cold War era faces more disperse and 
complex threats to security and defence, but also technology-intense new services 
and systems. Defence, or the use of violence is a state monopoly affair. Security is a 
mix of state-military and civilian-commercial interests and functions. The 
technology strategic planning perspective is a focus of defence but has increasingly 
become complemented with business and economic concerns. The technological 
transition and imperative have been, and still is, a dominant factor of change. In the 
national prerogative, internationalisation, primarily the European Union (EU) and 
beyond, weapons and equipment trade are balancing factors. Defence technology 
and innovation show the national and the strategic interest for technology and 
innovation at their peaks. 
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• “Energy” at large is a standard kind of industrial sector with a high dependency on 
technology and development. Energy and energy technologies are infrastructural 
and strongly systemic. Innovations are rare and visible (another argument for 
selecting energy as a research topic). The infrastructural parts are public or semi-
public with important elements of regulation. Recent changes are 
internationalisation and commercialisation associated with deregulation, from the 
1980´s on. Security of supply is a major concern of many countries (has some 
overtones of a non-commercial objective, or protectionist tone). Change combines 
economic and technological impulses. The business perspective on change and 
innovation in the sector is growing. A pertinent feature of the sector is bundling of 
services, to deliver ‘pure energy’ together with various information and management 
services. The energy web, which represents a complex mixture of technologies and 
services, is an evolving perspective. The market-infrastructure interface has become 
prominent. The business process comprises an expanding flora of developing 
equipment companies, ‘prosumers’ of joint producers, distributors and consumers 
mixed together, technical consultants, R&D institutions, and others. The 
combinations and the potential for combinations flourish. 

 

The energy, security and defence sectors are like each other in their dependence on 
advanced technology and their systemic character (infrastructural). Systemic means 
that a system´s ultimate outcome and effect depends on the inherent systems and 
other elements that are associated and cooperating.  

All three areas are partly, or wholly, parts of the public sector, and/or strongly 
governed and influenced by public laws and regulations. The energy sector has been 
substantially de- and/or re-regulated in recent decades. The energy sector is a mix 
of public and private affairs (not least it is popular for taxation). The supply side is 
quite private, and the infrastructure show much public interest. Defence, or use of 
violence, is a state monopoly, with certain services e.g. logistics supplied by private 
companies. Security is a mixed picture of the public and the private. 

Collaboration or partnering between the public and the private sectors is a common 
feature. The mix and degree of public-private differs. The degree of decision making 
from markets and/or politics varies between the sectors and between sub-areas 
within the sectors. Governance may have to take a different shape. 

Trade of defence products and systems supply evidences that national interests, 
pride and idiosyncrasies strongly affect international exchange and opportunities. 

The balance of the enterprise (private) – infrastructure (public) dimension varies 
sector-wise and within sectors. Infrastructure, the producer of collective goods and 
services, is governed by public control, but can be privately administered and 
operated, like an enterprise. 

Infrastructure is characterised by a certain inertia, and usually has a long-time 
dimension, depending on investment cycles and strong couplings between 
stakeholders – users, suppliers etc. of the system. The evolutionary and 
transformational (change over time) aspects or obsolescence and renewal are central 
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characteristics. The evolutionary dimension means that the system changes status 
and character over time, a process which can be smooth and/or volatile. It is 
characterised by a certain inertia, or stability. The systemic character means that a 
change in one element affects other elements and the systems at large, which 
impedes radical change and transformation. Standardisation and common frames 
do play a significant role for evolution and development. On the other hand, new 
ways to integration or new combinations of new elements of the infrastructure might 
produce innovation and innovative services.  

Energy and defence/security are vital important when discussing the great 
challenges our common world and our societies are facing. Energy and energy 
utilization are a major and utmost, if not the only driving, factor in global climate 
change. Security is a great concern, and a consequence or even secondary or third 
order effects of other major transitions and challenges. 

At the micro and macro levels, all sectors are radically transformed by digitisation. 
Digitisation and the net exemplify a family of technologies with an extreme influence 
and disruptiveness on energy, security and defence systems and many other areas in 
society (Brynjolfsson & McAfee, 2014). 

In the military and defence fields, this digitising transformation has been given the 
acronym NCW, for Net Centric Warfare (or NEW, for Net Enabled Warfare; the 
international terminology varies). More of this later. 

In the energy domain, change is mainly incremental. The ‘smart grid’ development 
is an example of a radical change and the corresponding stepwise evolution and 
transformation of the energy system and systems towards an energy web. The 
‘energy web’ as an emerging concept and convergence signifies the trend and 
direction of the present energy development. 

The reasons for selecting the three domains and sectors for study are about the 
following. Some reasons are general and obvious, some are pure selectivity and need 
of concentration and closer scope of analysis. The three sectors are connected and 
similar in many regards, which is one reason to choose. 

The sectors are interesting for analysis with their many cases of innovations and 
some great technological changes and transitions. All three have a long history. They 
are technologically complex and driven in the long run to a large extent by science 
and technology advancements. They are representative for many other sectors and 
activities in a modern society like for example transport, communication, health and 
medicine, even economy and finance, still with prominent infrastructural legacies 
driven and pushed by knowledge and technology advancement. The defence and 
partly the security areas are pioneering innovation and technological advancement. 
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Figure 3.1. The domains of research and inquiry, technological systems for energy, security 
and defence and their contexts, commonalities and differences. To the listing can be added 
“sense of urgency” as a common strong driver for development and innovation. The domains 
are in many respects similar but also diverse in important regards. To the listing can be 
added the strong and extremely long historic dimensions of defence and security. Eneergy 
has a relatively wide potential of combinatorial visibility. It is an open question whether the 
domains are singular disparate or within the same, and large family of technological systems. 

 

At the same time targeting three domains mean a selectivity and certain limitations. 
Defining the exact generality of the findings and conclusions of here is an issue but 
lies somewhat outside the scope and available resources for the study. This does not 
mean that a similar analysis shouldn´t be applied to other sectors in society, for 
example health and medicine or transport. It could have great values added and 
would certainly be relevant. 
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4 Energy and innovation 

 

4.1 Innovation in the energy sector 

The purpose of this chapter is on the basis and outlook from the preceding chapters 
to identify and exhibit conceptions and patterns of innovation and innovation 
processes in the energy sector and energy technology area. The energy sector is 
defined here as all energy technologies (processes and products that are intense in 
supplying, transforming or “consuming” energy) and all systems that are using and 
applying some of these technologies. A loose definition of the sector would then be 
in rough terms “energy technology-using systems”. This obviously quite open 
definition means that energy technology and the energy sector can be expected to be 
represented everywhere, in all quarters of society. The energy sector is much broader 
than the core of “energy technology” (engineering or technical application of 
thermodynamics, energy processes, conversion, like heat pumps, combustion, 
turbines, energy storage etc.). 

The open, and somewhat arbitrary, definition also suggests that innovations in the 
energy technology-using systems sector can take myopic patterns and paths, 
presently with energy and innovation as common themes.  

In the energy sector, a semi-analytical method (besides exploration of the sector) was 
used to identify and bring attention to specific or potential subareas and items in the 
energy sector where innovation can make a difference about disrupting existing 
structures and constellations.  

A simple survey of energy technology systems and innovation from the basis of the 
definition of the energy technology sector essentially provides the following 
categories or classes of innovation: 

The energy sector has two principal parts, processes for energy-supplying systems, 
for example carriers (of energy), and energy-using systems for production of services 
and products (energy is an input factor). Of course, there are mixes of these, from 
one angle one activity is about use, and with another it is merely supply and 
conversion. 

In broad terms, two distinct sub-areas were thus identified, one of which was major 
technical advancements which can substantially change the energy supply and 
security of energy supply. The great changes, disruptions and innovations might 
then appear in primary energy supply systems and the primary energy-supplying 
sector. 

The second type of potential innovation concerning energy-using systems, where 



74 
 

the energy factor is one of sometimes several inputs to produce services. An example 
is the pulp and paper industry, which is an intense producer and user of energy, but 
where the main output is of course paper products (“energy products” and products 
with a high “energy content” may be supplementary). New energy technology or 
energy-dependent new technology might help or favour a new service or advanced 
product, for example shorten the production cycle time or make a cost reduction, 
better product quality to the consumer, or even become a secondary source of 
income. In contrast to supply systems (application of the first type), the energy factor 
is secondary in this type, but is still vital. The analysis of an innovation for (or in) an 
energy-using system hence becomes more complex, and not so clear-cut. The results 
will become difficult to interpret and are usually uncertain. Innovation related to 
energy may have a limited interest depending on interest´s and stakeholder´s 
perspectives (energy is a far interest for these categories). 

The distinction between the two types of application is not sharp and has softened 
over time. There is a certain interchange and cross-evolution, to a substantial degree 
driven by technology development itself to produce more intermediary or integrated 
systems over time. In an evolving system, energy can be an internal supply function 
as well as a value-adding factor (at the outcome). Similar changes, from singular 
technologies and supply functions to mixed multipurpose systems, can be observed 
in industry at large. 

Cases in the energy sector for study were initially intended to be selected from both 
types of application. However, the field of interest and cases identified mainly fell 
within the first category of applications, energy supply systems and security of 
energy supply. Studies on the second type of application were fewer and analysis of 
them more schematic. One reason for this is the much broader context involved 
when it comes to energy as a minor factor of input in relative terms. Energy 
innovation per se is of marginal interest. However, a surprising new energy 
innovation or “source” in this application could disrupt a whole sector or industry. 

In contrast to the other areas selected for research (security and military, for which 
a broader historical perspective is valid) the energy section is orientated to, and 
mainly emphasises, modern (i.e. the past roughly 100 years) development in energy 
technology and systems and their evolution. 

Supporting the analysis in their general direction, but also as useful secondary 
sources, were two reports from the US national academies of science (US National 
Academies, 2016a and 2016b), one on analytical issues with smart grids and the 
other about future technical challenges for clean energy. These two reports cover 
highly interesting topics regarding some relatively fluid and rapid developments in 
technology and infrastructural systems at the present, and clearly show the potential 
of attractive opportunities and demands for innovation in these areas. 

A fundamental order and type of innovation with an energy theme might be 
invention or discovery of a new energy source or new technology to exploit or 
convert energy sources with a radical improvement of energy supply and availability. 
This could be a new material to catch solar energy at a lower price and distinctly 
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higher efficiency rate than usual, or a new nuclear energy process at lower cost and 
less contamination. The usual pattern of development in these and other areas is 
incremental, rather than radically innovative. A true breakthrough or sudden 
discovery would be difficult to foresee or forecast. Findings of new carbon-containing 
minerals, petroleum or any other energy source at a distinctly lower cost and 
availability would not qualify as an innovation, even if of immense economic value. 

To summarise the preceding discussion, two distinctly different patterns of 
innovation with an energy theme can be defined: 

The first, type A, is an advancement or radical development of ‘energy technology’, 
as a new technology to catch and “process” (which could be conversion to other forms 
of energy or a chemical reaction to bind, store or emit energy) energy, or more 
broadly energy relevant technologies. The innovation of this type means quite lower 
energy costs and availability, at the production end. In most cases the new energy 
source is not used or usable in a direct way, as a product or service. The energy must 
be converted and fed into a system where it drives (not only mechanical) or is used 
for certain processes, with downstream users. Energy is an intermediary (from one 
place and energy state to another) and a driver (of processes). 

It follows that innovation type A concerns development of energy processes, from 
the actual source to end user. It can be called innovation in the energy system. The 
type A innovation is energy process- and system-orientated. 

The second type of innovation with an energy theme, type B, concerns innovative 
development of end- or intermediary user’s products or services where energy 
factors play a significant role. Energy improvements and energy technology 
advancements can help and support a new product or service. In the type B 
innovation, energy is an input into larger processes and systems and is valued by and 
through the end-use products and services. This type of innovation is end use-
orientated and can be called innovation in the energy-using system. The energy 
factor is not usually explicit. The innovation is accounted for through the new and 
better end products or services. 

There are examples of innovations, or new products and services, which are a mix or 
combination of types A and B. One example is a radically new domestic energy 
management system that combines information and communication services with 
‘pure’ energy services, for example power and heating delivery, which is both a type 
A and type B innovation since the system allows lower and better energy 
consumption and control supplemented with new information and communication 
services to the consumers (which may have a value for the customers´ own 
processes). This type of joint development (of energy and 
communication/information supply simultaneously) may have become more 
common. It usually results in industrial branch drift and sector reorganisation. In 
this sense, it is a Schumpeterian innovation. It encompasses both the early 
development phase and the later transitional era. 

Contexts and conditions for A and B types of ‘energy innovation’ usually differ. 
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4.2 Innovation and energy supply systems 

It is obvious that “energy innovation” type A is an innovation system that emerges 
in interplay with other elements, systems and a broader context (in which other 
energy technologies may mix, coalesce or compete). The innovation is systemic and 
should be regarded as an innovation system. 

Examples of innovations were selected here for closer analysis from various stages 
of the energy system seen as a cascade from primary energy sources through various 
stages of energy utilities to downstream and end-user usage. 

The following listing gives examples from the different stages of the energy ‘cascade’ 
and tentative examples of innovations that may apply. Some of the examples have a 
combined role – often called ‘presuming’ (agent called “prosumer”) – of ‘producing’ 
or converting energy and ‘consuming’ energy. The systems also represent various 
degrees of integration (of stages in the “cascade”).  

 

• District heating and heat/power production from biomass, urban waste (provider to 
an urban area): an innovation would be a new way or technical system to connect 
producers and consumers. 

• Smart grids and storage (transmission and conversion to and from different places 
and energy suppliers/consumers): innovation would be new ways of integration and 
new interfaces of the supplying, transmission and consuming sides. 

• Petroleum and gas extraction and refining (various fuels, fractions and formulations 
for chemical processing, power production, transport etc.): a process innovation 
would be more efficient making of fractions or using new sources for oil-substitutes 
and production, for example seaweed.  

• Geothermal (mainly district heating): innovation would be for example new drill and 
piping processes. 

• Renewables for primary energy supply: Solar, photovoltaic and heat, wind, sea wave, 
biomass etc. (various intermediary and end products and services): innovation may 
be new discoveries and development of primary technologies and system 
technology. Jacobsson & Bergek (2004) study the evolution of technological systems 
based on renewable energy sources. 

• Hydropower production – basically technical infrastructure (civil engineering, 
power production and transmission systems) where innovations may develop from 
single components to system level. 

• (New) primary energy technologies (conversion, reformulation, transmission and so 
on): Fuel cells, Stirling power, heat pumps, wind power turbines, polygeneration 
stations. There are many inventions, inventors and innovators in this group. One 
special case is powered cars that combine energy for transport and storage 
(functions not only for the driving the vehicle, but also supplying the larger energy 
system). 
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Interesting cases of study within the energy supply systems and security of energy 
supply application were the progress and development of a national power grid 
system, one historical about the Swedish HVAC grid in the first part of the last 
century, and the other recent and ongoing about developing smart grids in Sweden 
(as globally).  

The first of these cases (development of the HVAC grid 1920-1960) is well analysed 
and discussed in a research publication from the Department of History of 
Technology at KTH (Fridlund, 1999). Here some smart “technology procurement” 
cases turned up (an alternative term is ‘pairs of development’). The Swedish smart 
grid development case was studied using reports of a public inquiry (SOU 2014:84) 
on Smart Grids and other documentation (e.g. NAS, 2016a). 

Two cases on polygeneration systems (which can use multiple energy sources and 
convert them to other energy-related services), one from a preliminary project (in 
principles of polygeneration system, were included as case studies in a following 
chapter). 

The rationale for selecting these cases for further exploration was that they expose 
(complex) systems, although at different levels and scales, and with exciting 
potential for technological advancements. 

 

• Innoenergy Polygeneration – a project within the EIT (European Institute of 
Technology) package to design and prototype a flexible energy supply module for 
emergency situations or to support and complement a weak local energy system, for 
example in a developing country (production of power, heat, cold, fresh water etc. 
from a variety of primary energy sources such as solar, wind, biofuels, waste etc.). 
The project could qualify as a type B innovation venture depending on the breadth 
and width of the products and services (for example fresh water, cooking facilities). 
For a further analysis, see the case studies in chapter 6. 

• Smart Grids and Storage – a large international research and educational project 
with KTH as one of its European educational and management nodes for further 
education in the area and to investigate and develop (commercially) interesting and 
new technologies and potential innovations, which are expected as multi- and cross-
technological advancements in a developing emerging power and energy web. Smart 
Grids is internationally a strong and intense research and development theme. For 
a further analysis, see the case studies in chapter 6. USAID (2011) provides an 
analysis of mini-grids for rural areas in developing countries. Lin et al. (2013) 
provide an analysis of national contexts of Smart Grids for innovation policy 
development (in the energy area). Reports from the Swedish Commission for Smart 
Grids have published studies that provide insights into the development potential, 
as innovation in the area (SOU, 2014:84). The report of the US National Academies 
on the Next-Generation Electric Grid gives an excellent overview of the analytical 
issues and challenges of the Smart Grid of tomorrow (US National Academies, 
2016). For a discussion of a related topic, the “microgrid” see Philips (2009). 
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• Svenska kraftnät (the Swedish Power Grid Agency) – a historical case of the 
development and construction of the Swedish power grid (and network, in double 
senses –history shows its development as dependent on close collaboration between 
professions at both the producer and user sides, from the state and private industry) 
during a few decades in the middle of the last century, transmitting the prime energy 
source hydropower in the North of Sweden, later also from nuclear power plants 
along the Swedish central and southern coasts to the consuming industrial and 
urban regions mostly in Central Sweden and the South. The case was a pioneer in 
Swedish technology procurement and ‘network-type development’, an important 
type of development and innovation. The area in general, or main parts thereof and 
the Swedish case, have been investigated by Fridlund (1999), Glete (1987) and 
Hughes (1983). Verbong & Geels (2007) analysed the transition of the Dutch 
electricity system in the latest fifty-year period by which lessons about socio-
technical dynamics were learnt. The analysis focussed on renewables exhibited 
barriers as opportunities for transition, which explained slow transition that 
appeared. 

 

The first two cases are further studied in a later chapter, chapter 6. The development 
of the Power Grid in Sweden in the 20th century is investigated in the sources cited 
above. 

A long-term trajectory of energy system development (with all its parallel systems, 
subsystems, specialities and applications) is in the direction of an emerging 
(integrated) energy web. A web has – almost by definition systemic properties. All 
various kinds of production, transmission and distribution and usages of energy are 
becoming more and more connected and mixed as interfaces are opened. A major 
trend is to close and bring closer the loops, from a large transmission net to nets with 
smaller, well-integrated loops (in districts or even local areas). A tendency is also 
that unidirectional flows become bidirectional or multidirectional over time. This 
requires a very capable technical control system and well-developed interfaces 
between associating but disparate systems. 

Another feature and technology trend, also with a systemic orientation, is to 
incorporate stand-alone systems with larger networks. An integration of the system, 
which means integration of the subordinate systems from both the production and 
the usage sides into a common energy web, is evident. There will still be isolated and 
separate networks not connected to the web. The subsystems may have a certain 
autonomy but will have interfaces to the system at large. Many of the separate energy 
systems, producing and consuming, also appear to adopt web properties, although 
on a smaller scale. 

Transformation and innovation of the energy system depends on effective 
integration. Integration can go at the bottom scale, from a loose coupling to 
amalgamation and total integration at a larger system level. Integration varies in 
degree of connecting into and coupling with the larger system for production, 
transmission and end usage. For coupling to be effective, it may need complementary 
or spare capacities for storage, conversion and transmission (in space and time). 
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Connectivity is a paramount factor for emergence of innovation at system level. 
Conversely, integration may demand complementary and innovative technological 
advancements. 

The connectivity of new (and old) sources is central for innovation through systems 
integration. Connectivity has both technical and managerial dimensions. 

Innovation of and in energy systems may mean more efficient energy services, less 
losses, higher quality of services supplied (improved or added values to the 
customers) and a higher security of energy supply. New or formerly little utilised 
sources may be improved and better exploited. Reasons for need to integrate and 
system change depend on the availability of new sources of energy or new 
technologies. 

The integration of new knowledge and technology is a challenge to this innovation. 
Control is another central issue. Control implies flexibility of use of resources and 
has quite technical and managerial dimensions. Control of webs and integrated 
systems is a technically very complex matter. The control system then becomes an 
innovation agent and arena for major innovation and transformations of the system 
at large. A long-term perspective, such as ‘sustainability’, may also be interesting in 
this category of development as a trajectory for innovation. 

A dominant part of R&D in the energy sector is organised and directed to type A 
innovation, which means it has mainly a technical orientation. This technical 
orientation of energy system research refers to industrial organisations, national 
authorities and international energy research organisations (see for example IEA, 
2014 that provides a suggestive analysis of this). 

The main type (type A) of innovation and development of the energy system can be 
summarised thus: 

Type A energy system innovation makes strong reference to innovation along a 
systemic dimension and expressed otherwise along the energy web trajectory. 
Technologies must fit into an existing or evolving web/net. See Silberman (2007) for 
the web analogy. Development can be characterised as technology push (strong 
push). Innovation is mainly technical. Integration supported by connectivity, control 
and flexibility is a central concern. The services provided by the system have a higher 
quality, being better and more available through this development. The end products 
and services from the energy system (mostly) correspond to their earlier states. 
Services are differentiated and more reliable, and therefore of better quality. The 
energy web and systemic character of the energy complex are prominently evolving 
features. Innovation and change are induced from introducing new or other sources 
and categories of energy and technologies that substantially improve the energy 
system connectivity. This development concerns control and management (of 
systems/net/web-orientated) technologies (sometimes called the grid for power, 
sensible energy etc.). 
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4.3 Innovation and energy-using systems 

Type B innovation concerns technological changes or innovation in an energy-using 
system. The innovation is evidently part of or interacting with a larger system, or a 
broader context. The innovation has systemic qualities.  

From a systems point of view, all the different modalities and situations are 
represented in the innovation system paradigm: 

 

• Innovation has a systemic character. The system is initiated, develops, interacts, 
diffuse and grows from adding, combining and incorporating other elements and 
systems. Innovations are systemic. 

• The innovation system emerges by interplay and interaction between the system and 
context, which can be broad and global. Context can be markets, branches or sectors 
that become “invaded” and consequently, in a late phase overtaken. The incumbent 
or existing systems become absorbed, and even “annihilated” and abolished. There 
are two-time perspectives, the early innovation development phase and the second 
transitional phase with possibly large repercussions on the sector and system level. 

• Innovation systems may be highly localised or/and diffuse/develop from lower to 
higher or multiple levels, for example from a tailored project to a specialised niche 
market or a whole sector. 

 

Type B energy system innovation is characterised by a new or changing role of energy 
supply and services in user systems. The type B innovation refers to energy 
technology in systems. The innovation type can be divided into classes by the user 
sector and type of end or intermediary services supplied. Examples of end services 
and products are transport, domestic heating and chemicals. Examples of sectors 
and branches affected are: 

 

• Food/agri production – energy plays a substantial part in the cycle, process 
development; innovation may occur increasing efficiency and reduce costs, 

• Buildings (urban areas) – which are large energy users, may economise by 
developing more efficient energy supply and use, as control 

• Automotive and transport – the sector is highly energy-intense (here as in other 
sectors change and innovation may depend on type A innovation, e.g. new 
automotive solutions tend to make the system and the energy it uses less dependent 
on oil and non-renewable sources of energy) so more efficient solutions induce more 
competitive transport and distribution, 

• Industrial: chemical, forest, automotive, etc. – economising on energy content may 
inflict an expanding and differentiating flora of chemicals and substances. 
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A common trait of energy development, rather than better utilisation of energy, is 
energy efficiency. Higher efficiency triggers development of new processes or 
substituting processes. 

The Royal Swedish Engineering Sciences Academy (IVA) has carried out studies of 
energy efficiency and effectiveness in industrial branches, transport, housing and 
other sectors of society (IVA, 2014). One finding is that the greatest potential for 
change depends on many every day and small-step improvements, rather than single 
disruptive innovations. The IVA studies are orientated only marginally towards 
innovation, which may mean change is mainly incremental. In the IVA report on 
industry and energy efficiency, new industrial processes are discussed, mostly 
regarding systems change and in a perspective of developing processes which tend 
to be prohibited or slowed in their introduction in the short term. It is believed that 
dramatically new processes with substantially lower usage of energy might be 
invented, but these are usually implemented only when the sector expands. Forced 
or regulated change for innovation has negative side-effects. In many sectors and 
situations there is slowness, if not absolute resistance to change. Some changes come 
about through branch or sector research, which has been effective for development. 
The diffusion gains speed when the parties do not have to compete, thanks to a 
market that is growing for all and everybody. There are other experiences that branch 
research may have marginal effects only, depending on the competitive situation and 
context. 

Type B innovation means more efficient and secure energy supply, thus increasing 
the utility and security/availability at the system level. Type B innovations may 
depend on the former category of energy innovations (type A). 

Type B innovations can become a new business. This new business can be aligned 
within existing business, but more often needs a separate organisation to develop 
and prosper. The business innovation aspect of the energy sector has been at the 
forefront since the deregulation of the energy sector (which in Sweden started in the 
late 1980s, in the UK somewhat earlier). Development and structural change since 
then have come to a halt, partly due to monopoly and oligopolistic tendencies as is 
often the case with infrastructure. Some counterforces halted further deregulation, 
demanding re-regulation. There is therefore commonly a kind of quasi-business (or 
mixed engineering and business) hybrid culture (partially contradictory) in many of 
these utilities. 

Regulation has an important effect on the sector’s change and development. At the 
same time as regulations may improve the climate and setting for technology 
evolution and innovation, they may hamper and freeze the pace of change. 

Energy input and energy conversion are a common component and subsystem in 
larger systems. A constant concern is then the integration of the energy technologies 
into the systems. Energy management is usually secondary in importance to the 
systems and its main purpose, the business concern and interest. For intense energy-
using systems, there are commonly incentives for efficient and innovative (energy) 
technology. 
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Innovation which mainly concerns efficiency and lower price comes from effective 
integration. Effective integration may have other advantages (and sometimes 
disadvantages). An innovative energy supply may help redefining the end service 
and/or add complementary/alternative services. As the approach is described, the 
product is specific and conserved (it is rather process innovation and renewal). 
Radical innovation which could mean disruptive effects on the system must mean a 
new service (and business). Energy efficiency is commonly a part of an ongoing cost 
reduction and continuous development. 

Type B innovation in energy-using systems can be summarised as follows: 

Type B innovation in the energy system refers to (market- and) business-driven 
development rather than pure technical change and development. The energy-
related business conditions have shifted focus and interest from technological 
progress and advancements exclusively to services and market operations more 
generally. New business models are of interest. Adaptation and change depend on 
customers and markets, so the business perspective and model rather than the 
technical quality and standards (often in a competitive situation) is prominently in 
focus. New commercial offerings and business innovations are sought. Effective 
business strategies and enterprise architectures conducive for innovation are 
preferred. User needs and requirements play a greater role for development and 
innovation. 

 

4.4 Concluding remarks on energy and innovation 

Energy technology innovations excel significant characteristics of disruptive 
innovation. The pattern for innovation and disruptive change in the energy area is 
overall blurred. A prominent dimension along which “energy innovations” tend to 
move is systemicity. The following summarises the examination of energy and 
innovation. 

 

• Systemic character of the energy sector and its development prominently innovation 
is evident. The systemicity factor grows depending on more and more complexity in 
systems building and evolution today. 

• Systemic innovation is a relevant object of study. Systemic innovations are evolving 
systems of systems. The structure or architecture of the systemicity is a study object 
for further considerations. 

• Emergence, developing over time, growth and diffusion are characteristic of systems 
in evolution. There is a change from an early development phase and speciality to a 
broader transformative transition. The transformation is multi-level. 

• Another feature is the interplay and co-evolution with the context (a multi-
dimensional environment, in the sector or branch) in the growth and transformative 
phase. 
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• Last, but not the least governance and agency, or leadership and management of the 
project or venture has the greatest influence on the outcome. 

• All the three usual innovation policies, the grand portals of governance of 
innovation, the entrepreneurial, the research driven and the mission oriented can 
be found in the energy domain, and in variable mixes. 

 

Further investigations and case studies in a later chapter seek to find dominant 
architectures for innovation when it comes to energy systems and their evolution and 
development. 
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5 Innovation for security and defence 

 

The chapter aims to identify patterns of innovation and innovation processes in the 
security and defence domains. The chapter is empirical based on events and cases 
from the literature in the Select bibliography in the ending of the thesis. The layout 
of the chapter mirrors the “iceberg” analogy of empirical research, exhibited in 
chapter 2 on the research design and layout: the spectrum of investigation goes from 
singular events and cases of interest to extensively pronounced patterns, landscapes 
and models.  

To start, two types of “innovation” can be singled out. Innovation for defence and 
security purposes has for centuries and in all human history been a crucial concern 
for survival – the two sides of opportunity and threat. To a certain extent innovation 
is planned and may be anticipated. “Planned innovation” is a prominent category of 
innovation in the defence and security domain. However, the venture has weak sides 
and caveats, it also accounts successful records. 

Another type of innovations are outfits from the strong urgency and push of adversity 
and surprise which exist in the defence and security areas. The category surprisal 
innovation is therefore a strong candidate of innovation in this area. An eminent 
category of innovations are born, directly och indirect from competition with a real 
or projected antagonist. 

The review and examination of innovation in the defence and security domains 
intends to cover “planned innovation” (or intended innovation), and their adjunct 
rather hard and stiff governance modes and regimes, and “surprisal innovations” 
that are discrete and intended disruptive (if that not always succeed). 

 

5.1 Notes and features of defence and security innovation – changing 
frameworks and paradigms 

The sources for the section on innovation and radical change in the military sector 
and security are mostly historic literature and other secondary sources with a 
reference to military technology, innovation and strategy. The literature is enormous 
and rich, covering millennia (with legendary Sun Tzu and T´an Tao-Chi from China 
in the fifth century BC until today spanning a couple of thousand years). The present 
research therefore in this part is a sort of metastudy, which relies on and can compare 
a rich amount of qualified literature and secondary sources about the matter. One 
case was selected for closer study: the development of a Swedish C2I system multi-
service (or joint) project for military communication and control and is included in 
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chapter 6 of case studies. 

The exhibition of change and innovation in the defence and security arenas that 
follows is lapidary and rather disparate. An immediate impression from the vast and 
varied literature is that technology and innovation have been, and pervasively are 
prime interests in the evolution of warfare, defence and security in human history. 

Technological innovations in the military sector can be (and are frequently intended 
to be) the most disruptive and far-reaching of any type of innovation. Innovations of 
military capability can and could help shape and disrupt states (Bobbit, 2002). There 
is simultaneously at the end of the spectrum plenty of room for minor and 
incremental developments. 

In modern times, during the Cold War with its concern for terror balance and 
strategic large weapons systems, the bulk of interest and study was on defence 
economies and very advanced technologies and innovation. The analyses and studies 
in the period after the Cold War identified new threats from emerging hybrid wars, 
counterinsurgency and cyberwarfare, which caused innovations to proceed in new 
directions, where technology might have a most surprising role to play (the 
amateurish IED became a devastating game changer). 

Within the frame of the present “metastudy”, and based on my licentiate thesis 
(2011), I identified from the long and shifting history of technological development 
and warfare a handful of major modes or grand patterns of technological innovation 
in the defence and military sector. These altogether eight or ten modes and patterns, 
which are stylised sets of processes for technological development and innovation 
can be aggregated into a single scheme. The aggregated scheme can then be 
differentiated or applied into certain paradigmatic or main patterns or modes of 
technological change and innovation (stylised architectural regimes) in the military 
sector. 

Talking about planned innovation as a model for military innovation, history is rich 
of failures. The planning or organisation paradigm and pattern (some would say 
“bureaucratic” regime, or heavy-footed over organisation) looms over defence and 
security agenda for development and innovation. 

Development in the military sector has a tendency for monopsonic-monopolism (cf. 
Eisenhower on the military-industrial complex), with low tolerances for change of 
organisational configuration, standards and protocols. The control function, which 
sets special demands and requirements for governance, usually plays a role. Strong 
qualifications are set for the partners´ eligibility, only legal entities are accepted. 
Experiments in limited segments, for example of certain specific supply and logistics 
functions, have been implemented as partnerships supported by public 
(government) – private (industry) collaboration (this resembles the “Public-Private-
Partnership”, the PPP configuration mentioned elsewhere, but here it is usually 
practised serially). The effectiveness and public acceptance of these partnerships and 
collaborations are sometimes questioned. 
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A growing internationalisation of (formerly national) defences has opened the way 
for federative solutions and other preparations of building coalitions and 
collaboration with broader missions across borders. 

Rasmussen (2015) opened an exploration of newly developing business models and 
enterprise architectures for Western military powers and activities. The study 
pointed to architectural frameworks for military operations as an area with growing 
interest and a potential for common development. 

Farrell and co-workers (2010, 2013) discuss and compare various aspects, including 
approaches of NATO and US military transformation and technological change after 
the Cold War and during two decades at the turn of millennia. The technological 
transformation is deemed a great challenge. Developing international standards and 
protocols for architectural frameworks might help. 

Freeman, J., (2015) (another Freeman, not Christopher!) is concerned with 
innovations, the role of science and technology and new defence solutions and 
approaches presently in Europe. Architectural frameworks might give a clue and 
indicate a way ahead, 

Legal and national political dimensions exert strong limitations on cross-country, 
particularly cross-Atlantic, associations and integration in the defence technological 
and industrial field (Lundmark, 2011). The transatlantic experience shows the 
significance of overcoming the divisions of legal and political-cultural dimensions 
for integration. Big deeps and dips retain. 

The US National Academies (2016c) propose several schemes for innovation, for 
example advanced procurement, skunk works and agile acquisitions, all of which are 
well aligned to the “military paradigm” (to be exhibited in a moment). 

Technological innovation has a grand place in the struggle for power (and peace) in 
military international affairs (Morgenthau, 2006).  

Military frameworks raise many urgent issues of innovation view and frameworks 
for innovation. 

 

Innovation and technology advancements 

The development and “invention” of invention (Van Creveld, 1989/1991) and 
innovation in the last two centuries is according to van Creveld’s knowledgeable 
assessment the single strongest and most frequent method and contribution to 
military services and utility. 

Grissom (2006) starts his exposé of the development of military technology and 
innovation with the description by old Thucydides’ (transl. 1954) of a flame-thrower 
in his history of the Peloponnesian wars, as an early example of an innovative means 
in warfare. Picking up the subject of surprise recalls Sun Tzu and his treatise of 
strategy (Sun Tzu, 1993). 
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Van Creveld (1989) states in his grand and eminent overview of technology and war 
the frequent conservative attitude of military organisations to technological 
innovation. Still, the history of war parallels a history of technology. Technology and 
innovation are core elements and fundamentally drivers of defence and military 
strategy. Van Creveld (1991) points out inflexibilities, frictions and uncertainties as 
the main challenges for strategic transformation and innovation of military affairs. 
Inflexibility is a function that comes from the legacies and stickiness that tend to 
exist from traditions and past investments. Frictions, which frequently occur, arise 
from unforeseen barriers or counterforces that have not and could not easily be 
foreseen. These factors can be compared to the ‘frictions at the battle space’ 
mentioned by Clausewitz (2007). Uncertainties include all things and events that 
just happen, are unpredictable or not foreseen.  

Scharre (2018) supplies an overview of the recent development of automated warfare 
and technological advancement of intelligent systems. These systems have a great 
potential to reshape, destroy and disrupt the military arena. 

Reviews of the forces that tend to produce innovations, a value-added (superior or 
equal to that of presumed antagonists) new service or product (system), indicates 
that technology of course is one or the main factor, but it is filtered and shaped by 
the constellations of the situation and social context. Military innovations must as 
well pass the test of superiority regarding their potential adversary powers. There is 
sometimes a well-defined antagonist, to which an intended innovation seeks 
retaliating or balancing the counterpart´s strengths and weaknesses. The response 
to and race with the antagonist, real or imaginary, is the most common argument for 
developing military technology and engineering (Hartcup, 1970). 

The study by Murray & Millett (1996) of military innovations in the interwar period 
concluded that no single factor, rule or methodology could explain or ensure 
continuous innovation. A general finding, particularly in peace time, is that visionary 
leaders that could cope with (the military) bureaucracy had an advancing (short 
cutting) effect for change and innovation. The resistance is internal, or friction to 
speak in the terms of Clausewitz. 

Morgenthau’s seminal and classic treatise (Morgenthau, 2006) and (realist) theory 
of international relations depending on the balance of power – which is a context for 
security and military force, cites national resources (oil is particularly mentioned), 
industrial capability, technology and technological innovativeness as prominent 
elements of national power. Other important elements of national power in 
Morgenthau’s analysis are geography, leadership and quantity of military forces, 
population and national character and morale, and quality of diplomacy and 
government. 

 

Disruptive military development and innovation – revolution in military affairs 

A topic in the written history from the last fifty years or so of military development 
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is revolution in military affairs (RMA). A famous speech by Michael Roberts at the 
inauguration of Queens College in Belfast in 1958 introduced the concept RMA. 
Bobbitt (2002) recapitulates the speech. Roberts identified some profound changes 
and development (disruptive is on the lip) in warfare in the 16th and 17th centuries 
that were triggered by new technology and innovations. The first development was 
the changed tactics when archers and infantry with muskets defeated knights and 
squares of pike men. Since then, into modern ages the RMA concept has been widely 
applied and is flourishing in the public debate on military development and 
innovation (Matthews & Treddenick, 2001, Knox & Murray, 2001). 

Insights into RMA and the role of technology for innovation and change in modern 
times was initiated in the 1960s by Soviet Russian general staff officers on what they 
imagined as a potential of military-technical revolution (MTR). They understood at 
an early stage that technical changes and development, mainly information-related, 
could have an enormous effect, certainly disruptive, on future combat systems and 
their potential. 

The RMA debate continued in the late 20th century by the Western countries, 
primarily the US, but also France, Canada, Australia and other states. Sweden was 
early in picking up the idea, a long history it became…. The underlying and basic 
forces of the transformation, which should be labelled digitisation (Net Centric 
Warfare became the appropriate term here), are still acting strongly. The first and 
pioneering RMA actions and net centric solutions failed. The later generations of 
development, under the heading of digitisation and NCW, have become rather more 
successful, even if more complex. There are several studies and reports about NCW 
and its introduction and progress, for example Mitchell (2006), Collins & Futter 
(2015), Knox & Murray (2001) and Krepinevich (2002), which all come to similar 
conclusions. 

A recent RAND study also verifies that a systemic or systems of systems warfare 
approach is of great significance for the present Chinese military (PLA) doctrine and 
practice (RAND, 2018). 

Adamsky´s (2010) study on comparative attitudes to military-technical revolution 
(MTR) in the former USSR, the US and Israel contends the social organisational 
elements and culture as decisive and extremely important. The USSR was inclined 
to see the issue as a scientific technical problem which it could solve theoretically but 
not effectively implement. An US attitude is to use large resources for crash 
solutions, that also may fail. The Israelis will take a pragmatic attitude and solve the 
problem in the field using ‘social net’ resources effectively. 

Dombrowski & Gholz (2006) explore the evolving patterns of military innovation in 
an era, at the turn of the millennium of great information and communication 
technological development, catch words are Net Centric Warfare (NCW).  

One conclusion from their study is that a military-technical revolution occurs only 
when new technologies harmonise with operational and organisational practices, or 
the bureaucratic context. This change, which can be disruptive, mixes and combines 
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technological change, military systems evolution, operational innovation and 
organisational adaptation. 

An example of a military strategic-tactical concept that developed from RMA is 
dominant battlespace awareness (DBA). A technical challenge herein is data fusion, 
which was identified early as the game changer and a vehicle for innovation. At the 
same time, data fusion (both between services, and laterally between operational and 
strategic levels) was a disruptive element in the process, giving way to resistance to 
change and stalemate, a category being the most invisible, rigid and difficult to 
change.  

In a recent assessment (Collins et al., 2015) of the RMA debate, it was recapitulated 
that RMA was an innovative application of new technologies which, combined with 
dramatic changes in military doctrine and operational and organisational concepts 
and practices, fundamentally tend to alter the character and conduct of military 
operations. Ben-Ari & Chou (2009) raise the general issues of organising for 
tomorrow’s ever more complex defence systems. 

 

The emerging hybrid faces of war and conflict 

A specific mindset or pattern of innovation was dominant during the Cold War. The 
antagonist was well-defined, there was several duel situations, and large resources 
were spent on technological leaps and breakthroughs to overcome the gaps and 
counterpart in all strata or sectors, at sea, land or in space, technical or economically. 
It was a technological capability war rather than on a physical battlefield. Kennedy 
(2013) relates to this view about the duopolistic competition of forces. 

The goals of military action are becoming complex and more indirect when it comes 
to so-called hybrid wars, which have become more common. The “conventional war” 
was duopolistic with “easier” to define goals in theory, victory of battle before 
surrender and defeat. The new face of hybrid warfare concerns political, economic, 
civilian and military objectives in new combinations, which is a complex and difficult 
mix to assess and address. Innovation in this case shows the same magnitudes of 
assessment difficulties.  

 

Innovation and military power – the role of technology 

Luttwak (1987, 2001) in his strategic overview discusses the role of technology and 
engineering in war and conflict. The ultimate role of engineers and engineering he 
states, sometimes is exaggerated; scientists and researchers designing and 
producing new weapons and superior technical performance is not equal to military 
utility. Military innovation (aiming to surprise and advantage) is a more 
comprehensive phenomenon than single inventions, breakthroughs and technical 
advancements (“the wonder weapon”). Kennedy (2013) provides a complementary 
view that stresses the progressive role of the engineering infrastructure, and the 
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operators relatively far from the battlefield. 

Success in the field does not solely depend on the technical “theoretical” performance 
of the weapons themselves; success and victory often rather come from creative 
management and surprising operative use. Lorber (2000) is rather pessimistic as to 
whether traditional intelligence can pinpoint and understand the function of services 
and operations (a lack of apprehension and anticipation). Intelligence, relying more 
on systems for hard ware data collecting, tends to look rather narrowly at the 
technical specifications, disregarding the broader system capabilities and the users´ 
and operators´ intentions, even morale, qualifications and skills in performance and 
operations.  

Intelligence always imply uncertainty. Betts (2007) vividly describes the fads and 
fallacies of the soft side of intelligence. Faults and distortions, of course wishful 
thinking of the perception of antagonist are created in the intelligence bureaucracy 
and apparatus. Eriksson (2013) unwillingly finds strong tendencies of consensus and 
common storytelling. 

Kennedy (2013) focuses on the role of technology for the infrastructure of warfare. 
Enduring logistical capacity and potential to develop may in the long run outweigh 
the sheer direct force of the weapons. Kennedy´s mode of development concentrates 
on the interplay between users and technology suppliers. This interplay and interface 
are complex. Ambrose (1983) discusses the military industrial complex as an 
inhibitor or an accelerator of technology opportunities. Compare with President 
Eisenhower in his speech of warning that the “military industrial complex “might 
inhibit or constrain development (Eisenhower, 1961). 

Edgerton (2011) grants in his thorough analysis technology and technology expertise 
(of the UK) a substantial part, often underestimated, in the great victories in the WW 
II. Although the public debate and parts of the intelligentsia in the UK at that time 
were unknowledgeable and sometimes even adverse to the practical (for profitable 
or military) use of technology, the practices and application for war efforts resulted 
in many innovations and well exploited inventions. 

Rasmussen (2015) sets out a new agenda while thinking on military power and 
potential for innovation applying a business strategy philosophy rather than the 
conventional military thinking (relatively narrow view for operational efficiency). In 
a business strategy the organisation is set relative to the task and issue at stake 
(rather than the other way around, as using available resources). The point of 
Rasmussen´s exposition is to see military strategy and new capability (for 
innovation) as a design issue within a broader envelope of national security rather 
than military operational force. 

Biddle (2006) provides the most up-to-date operations analysis and method for 
estimating military power – which may be an innovation goal, such as the capability, 
or the integrated capacity to destroy the largest possible defence force over the 
largest possible territory for the smallest attacker causalities in the least time. 
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Rose (1991) in his classic study of the “next war” addressed intra-organisational 
(bureaucratic) competition as a main driver of change and innovation (and of 
deadlock and lack of change). Officers recognised as having outstanding experience 
and competence tend to become leaders of change. This analysis is close to politics 
of (the military) bureaucracy. There is a common joke, with some truth, that the 
worst adversary of change and development in all categories is not the evil enemy in 
the battlefield, but rather the colleagues in the competing services or at a higher level 
of command in your own administration. 

One of the conclusions from the NET studies of US Defence (the earlier mentioned 
Rose and v Creveld participated in the NET group studies) was that the ‘quality’ and 
skills of personnel and information, on some conditions and terms are more 
important than materiel (technical performance) or money (resources). 

It is of interest, and useful to analyse military and technological innovations from 
the perspective of the school of social shaping of technology (sometimes abbreviated 
SST studies, or SHOT, social history of technology) where Pinch & Bijker, 1984 is an 
early reference. Glete (2010) exhibited a grand analytical concept with a SHOT 
accent on the development and overwhelming strengths of the Swedish Naval 
Administration in the 16-18th century. 

Glete (2010) focuses on and identifies the organisational capabilities of the state 
powers to “collect”, organise, use and develop scarce maritime and mercantile 
resources and flows to its superior advantage in competition with other states. This 
view and configurative thinking are inspired by Dosi et al. (2000) which have 
produced several similar studies of technology, technological change and society, 
about defence issues as with many other sectors of society. The social organisation 
of technology and its development is the strong and common theme in this research. 

Hoffman (2o15) in his long-term history exposé explores and models the economic 
evolution of major regions (Europe, China, the Americas, the Arab world etc.) and 
why the Europeans during the last half millennium took over the other regions and 
continents. Military technology and advances are strong elements in his analysis, but 
they cannot in isolation explain this evolution. Hoffman proposes that the special 
adverse and competitive (largely military-connotated) configuration of nations or 
similar organisations in Europe had a great role to play. 

 

Military development, politics and bureaucracies 

Referring to old Clausewitz (2007 ed) it might be said that military capabilities 
ultimately service political ambitions and requirements. Military actions take place 
in a political context, which can be expressed as to win, defeat or not lose, keeping 
the aggressor away. From this it follows that the communication and the relation 
between the military and the political level is an important factor for innovation and 
for change and development of the defences. 

Doctrine is a generalised and abstracted form of relationship between the military 
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and political leadership. In other words, it can also be a bureaucratic mechanism 
connecting politics and the military. To again paraphrase Clausewitz, war and 
warfare is a continuation of politics and diplomacy by other means. In some quarters 
it is called the Clausewitzan gap. 

Huntington (1957) in his classic study on the military and the civilian pointed out 
that strategic objectives and defence utility must be imposed from the outside, by 
politicians and civilian leaders, thereby limiting the impact from the military’s own 
(conservative) traditional and service-based systems analysis. 

Sapolsky et al. (2017) vividly describes the various regimes of the US military in the 
post WWII era and consequences for efficiency of operations and acquisitions. 

There are diverging views on which directions influences for development and 
change go, from the operational upwards and horizontally, or from the top 
downwards. 

Kennedy (2013) strongly underlines the merit of general technology and capability 
for the long-term endurance. 

Following Lorber (2003), the main driver, and proof of successful innovation is in 
the field operations. The Lorber (2003) view might be called a bottom-up 
mechanism of innovation. Gudmundson (1995) and Lupfer (1981), in their studies of 
German warfare in WWI and intriguing analysis, cite exciting examples of the 
horizontal bottom-up type innovations. 

Farrell et al (2002) identify the intra-service culture and its openness to 
technological and strategic opportunities as a decisive factor for change and 
innovation. 

As can be inferred from a range of studies, by e.g. Kier (1997), Posen (1984, rev. 
1994), Rosen (1991) and Adamsky (2010), to mention the most often cited, the 
organisational and social culture serve a significant and overriding impact on 
innovation and change.  

It is common for resistance or pressure for or against innovation to come from inter-
service rivalry. Innovation become stuck in the military bureaucracy. Sapolsky 
(1972) in his pioneering study of the US Polaris system development explores this 
mechanism, the internal resistance and rivalry of services, for a specific advanced 
weapon development. In view of the rivalry of services, the “jointness” of forces is 
critical for radical development of military technology.  

Coté (1995/1996) has a similar view on change as an effect of intra-service or inter-
services competition. This is also one of the major reasons for failure according to 
Hartcup’s (1970) thorough review of science and engineering contributions to the 
World Wars. 

Zisk (1993) in her study of Soviet military innovation 1955-1991 challenged the view 
that military services are stuck in their own bureaucracy. The military could well 
adapt to and pick up emerging external threats but tend to reinforce their current 
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war planning. 

Zabecki (1994), in his study of WWI German artillery barrage tactics developed by 
the legendary Colonel Bruchmüller, draws attention to horizontal integration of 
systems and decision domains (intelligence and artillery) as a source of innovative 
breakthroughs. It also shows the significance for innovation and development of 
local independence and large freedom to horizontal association (joining forces). 

It is a long historical experience that central command of forces in war is uncertain 
and has great limitations because the great frictions (Clausewitz, 2007 ed) that 
always characterise war and dependence on unforeseen local conditions (weather, 
terrain, failing operations and mishaps, sudden attacks from the enemy and so on). 
From time to time there is great technological optimism, as when the telegraph 
around the former turn of centuries was invented or when the modern concept of net 
centric warfare (NCW) appeared in the last decade of the past century about the 
unmistakeable possibilities (and advantages) of centralised command and 
information management (Mitchell, 2006; FOI, 2008). 

 

Acquisition and innovation 

The relative cost levels of any new generation of weapons system are constantly 
increasing; fewer pieces cost ever more. Augustine (1982) phrased his famous “laws 
of defence expenditure and technology” as the conflicting trends of escalating 
relative costs of defence technologies and of availability of budget frames, which 
converged or crossed in the long term at affordance of at most one only (sometimes 
even just half!) advanced aircraft, submarine, aircraft carrier or other major piece of 
defence technology. Augustine´s law has received support for almost four decades 
(RAND, 2016, Bellais, 2009). 

One factor in this escalation concerns the steady increasing complexity of a new or 
new-generation weapons system. This is illustrated from the aircraft business, for 
example by a recent RAND report on the cost escalation of the JSF (joint strike 
fighter) (RAND, 2016). The main reason for the cost escalation of this aircraft in 
planning for two decades is the growing complexity of “jointness” – with regards to 
service versatility and multi-nationality, with widely differing, occasionally 
contradictive demands and requirements. 

Acquisition and logistics are possible frameworks and structures of social 
organisation. For example, the US military forces’ acquisition of materiel, equipment 
and services has long (from the 1950s, through the Cold War and afterwards) 
strongly relied on private enterprises and industry. The relationship is characterised 
by its emphasis on incorporating the most advanced technological innovations and 
a single buyer/monopsony – mono/oligopoly market regime. 

A classic major study in the era after WWII (Peck & Sherer, 1962; Scherer, 1964) of 
the economics and successes of US military weapons and services programmes in the 
1950/60s pinpoints certain fundamentals in the US context for development and 
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innovation when designing acquisition programmes: 

 

• External factors (mainly threat perceptions, the (perception of) current security 
threat but is seldom reliable and true proof, Betts (2007), (perceived) future threat 
(intelligence is a vital factor) 

• Technology and changes in technology (forecasting needed) 

• The capability against the current threat, the best weapons mix to meet the current 
threat, given the available funding (optimal configuration within a budget 
constraint) 

• Domestic support, in the US Congressional support (obviously a contextual factor of 
great importance).  

Source: Peck & Scherer (1962), Scherer (1964). 

 

Peck & Scherer identify six specific problems in the internal management of 
research, development and production conducted by industry and defence 
authorities which might inhibit or direct innovation. A recent study (Fox, 2011) of 
US defence acquisition from the 1950s to the present, stated that reforms fifty years 
later continued to seek remedies to same problems as were in the 1950s according to 
Peck & Scherer, see their listing below. McNaugher (1989) reached similar 
conclusions. 

 

1. Schedule slippage (processes take longer time). 

2. Cost growth (any ambitious project is twice as costly). 

3. Lack of qualified government personnel (competence in the bureaucracy needed). 

4. High frequency of personnel turnover (a problem of military career planning that tends 
to underestimate accumulation of knowledge and experience) 

5. Inadequate methods of cost estimation (economic frameworks broken) 

6.Insufficient training in the management and control of contractor performance 
(governance a major issue). 

Source: Peck & Scherer (1962). 
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The US military acquisition system and planning was re-designed and implemented 
in phases and analytical steps according to Fox (2011): 

 

1. User needs and technological opportunities 

2. Evolutionary acquisition 

3. Materiel solution analysis 

4. Technology development 

5. Engineering and manufacturing development 

6. Production and deployment 

7. Operations and support. 

 

A recent study on improving innovation and advancement of the US Air Force 
stressed the need of space and time for experimentation as highly important and a 
priority (NAS, 2016c). 

 

Defence logistics  

Defence business and procurement, or what is usually called military logistics is an 
illustrative but complex example of mixed administrative-market organisation of 
technological change and innovation (Eisenhower, 1961, Sapolsky et al., 2017; 
McNaugher, 1989). The defence affair has elements of both Schumpeterian 
monopsonists/oligopolists and v Hayek hardcore competition.  

The market for defence products and services is politically determined (state powers 
are the sole legitimate customers; criminal elements and organisations operate and 
trade weapons). Technological risks are usually covered by governments. The 
defence industry becomes quasi-private and quasi-public. Still, reform proposals 
and criticisms are mostly market-modelled. Market solutions are restrained to 
functions and capabilities that are peripheral or infrastructural. The tendency is that 
marketing overrides industrial R&D efforts, which inhibits technological 
development and innovation (Sherer, 1964; McNaugher, 1989). The evidence for 
innovation and radical technological changes is mixed. 

 

(Military) mission (or task force) 

Mission is a generic term for a spectrum of military-orientated associations and their 
corresponding frameworks for operations. Synonyms to mission that are adequate 
are campaign, field operation and expedition.  

Mission and task force, which is usually a military operation (can also be an 
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emergency or rescue operation), is a configuration that is needed and effective when 
forces must provide superior, implicitly innovative services. Innovation in this 
situation can be defined as services that are superseding and surprising to the 
adversary, or that effectively defeat an “unknowledgeable” aggressor.  

The principal for a mission can be a federation or an alliance. A federation is a union 
of nations within a common and strong political and administrative framework. An 
alliance is a formation of nations for more specific military, security and political 
purposes. There are usually limitations or weak spots in the theoretically reciprocal 
obligations that the alliance prescribes. A coalition is a military cooperation between 
states dedicated to a specific purpose, campaign or counter-action to a common 
adversary. 

The mission framework is commonly used when nations and military forces coalesce 
in a coalition or an alliance for a common task and cause in political and military 
terms. A mission is demanding in that coalition values must be held and applied in 
sharing and a “fair” or negotiated distribution of resources for inputs and 
obligations, as well as a fair share for the contractors in the outcome of the operation.  

Morgenthau´s theory of international relations based on a realistic view 
(Morgenthau, 2006) pinpoints the balance of power as the gross and pivotal role for 
integration and cooperation between nations. Effective governance – for example 
diplomacy – can shift or modify the balance in favour of closer military and 
technological international cooperation and even alliances, but this has its 
limitations. 

For an insightful discussion of the military and political dimensions, uses and 
limitations of military coalitions see Wolford (2015).  

Analysis has revealed major costs and benefits from transactions of alliances and 
coalitions. Lundmark (2011) provides empirical evidence that defence industrial 
integration is imperfect or tends to be heavily skewed in international defence 
alliances (military operational associations and integration may be more successful 
and balanced). The cases discussed are trans-Atlantic alliances and coalitions. 

Governance of missions is highly dependent on legal requirements. Wolford (2015) 
argues, based on simple models, that there are explicit values of a political and 
economic character for the cooperating partners, and a corresponding calculus of 
effectiveness that will be decisive if a certain coalition is to sustain, function and 
succeed in its tasks. “Friendship” or common cultural values between states will 
certainly also help formation of an effective coalition. 

 

Military and/or civilian technology for dual use 

Many of the relevant technologies for security and defence are dual/multiple use. A 
current position on this issue is that the technological race – for defence and security, 
is overwhelmingly led by civilian industry (and providers) but that the military still 
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has an exclusive interest in a few relatively narrow technical fields, see te Kulve et al. 
(2003), Mollas-Gallart (1997, 2001), Serfati (2001) and Utterbach et al. (1977). 

Posen (1984) in his study of military doctrines in Britain, France and Germany in the 
between-war period laid ground for studying why and how military innovations 
come about, with references to the doctrine sphere, and the duality issue. According 
to Posen, the military services are entangled in their own worlds; impulses to change 
must come from the civilian politicians. Alexander (1981) discusses in a RAND 
memo the linkage between technology, doctrine and weapons innovation, along 
similar lines. The classic Huntington (1957) study of civilian politics and military 
transformation (concerning Truman, General McArthur and the Korea war debacle) 
can also be referred. 

The organisation of defence business and procurement is an example of a mixed 
market-administrative governance configuration with some dubious effects on 
technological advancement and pace of innovation (McNaugher, 1989; Sapolsky et 
al., 2017). The production of military capabilities, services and systems, and hence 
innovations in these sectors, as a matter of social organisation was also one of the 
insights of the US Defence NET assessment group.  

 

Surprise and failure – limitations of intelligence and the quest for innovation 

War and defence comprehend large measures of uncertainties (Clausewitz and the 
fog of war, 2007). Intelligence has an obvious role to reduce uncertainty and assess 
the risks. 

Luttwak (1987, 2001) in his seminal treatise on strategy points out the paradoxical 
character of war. The rules of war do not follow the ordinary “linear” logic, a “bad” 
solution can be the good, winning, and vice versa. War and conflict are associated 
with secrecy, surprise, deception, unpredictability and friction, which implies 
uncertainties and risks (depending on whose perspective is applied) (Sun Tzu, 1993; 
Luttwak, 1987, 2001; Freedman, 2013; McNeilly, 2015).  

Handel (1989) describes the forming pattern of technological change in the military 
sector as a matter or consequence of intelligence. Strategic surprise is difficult to 
detect (Betts, 2007). It is embedded in use and doctrines. Technological surprises 
can inherently be relatively more easily detected and measured (even if this may 
suggest miscalculation and lack of validity). Here is a field of deadly misconceptions, 
with failing innovations as a result (the inventive idea may have seemed bright). 

Foresight and intelligence (Betts, 2007) are unmissable for defence planning but not 
without difficulties (Danzig, 2011). Misperceptions and misinterpretations and 
straight failures and mistakes are the usual. 

Dupuy’s (1980) and Edgerton’s (2011) surveys and Lorber’s analyses of failures of 
weapon systems technologies (Lorber, 2003) list several common types of failure or 
success. One common failure is incompetent administration of development. The 
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developer´s intention simply does not fit into operations and the field situation. 
Another common failure is hubris or superstitious beliefs, from the developer about 
the capabilities to achieve. Yet another is misconceptions of what technology can 
achieve and the antagonist´s debility. This fits with the Hartcup (1970) exploration 
of failures and factors impeding development of technological innovations during 
and before the World War II (see also Hartcup, 1988). 

Many or most tests of innovative ventures (even more pronounced in the military) 
are hypothetical, or at best test-bedded (laboratory tests or ‘dry swimming’). The 
antagonistic attack is only a hypothesis, or at its best a plausible scenario (with a 
certain probability). Military innovation and superiority depend on many factors, 
such as people´s morale, togetherness, politics and other, not only technological 
performance or numerical capabilities. 

Uncertainty is complex and ever present. The antagonist, the enemy in the real 
battlefield, does not appear at the expected front, or appears in another direction or 
location than expected (Sun Tsu, 1993; Luttwak, 2001). The proposed system and 
venture then never meet a real test. This miscalculation is specific to defence, since 
military capability has a preventive, last resort function; military capacity is not 
necessarily there to be used (the concept “miracle weapon” belongs to a similar 
category). 

The US Defence NET organisation viewed intelligence as a filter to perceive threats 
and the adversary. The filter distorted or over-simplified the original signals and 
‘facts’ on the way to the decision makers. Within the same scope, the classic study by 
Wohlstetter (1962) (Pearl Harbor: Warning and Decision) was carried out. Betts 
(2007) and Eriksson (2013) takes a similar line with intelligence as a complex and 
ambiguous amplifier or filter. It cannot guarantee validity or truth. 

An innovation can be a direct response or anticipatory consequence according to 
Mahnken (1999, 2002). A direct response need not be an innovation but can be a 
relatively small step improvement and development. The anticipatory response may 
be more of a surprise, or radical innovation. It need not be a technological 
advancement or breakthrough or ‘rocket science’, as the improvised explosive 
devices (IED) shows. 

Farrell (2010) and Harkness et al. (2015) put forward adaptation on certain 
requirements as a more important mode of change, rather than innovation. 
Requirements for a greater change potential concern leadership and 
decentralisation, flexibility, ability to learn and memory. 

 

DARPA – US agency dedicated to defence innovation – but possibly also a role 
model for innovation in the civil world 

The US Defence Advanced Research Projects Agency (DARPA) is an agency and 
organisation dedicated to providing advanced developments and potential 
innovations for US security and defence purposes. The organisation is a 
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comprehensive and ‘complete’ architecture for innovations-to-be. DARPA keeps its 
agility by not being concerned with the implementation, deployment and diffusion 
of its piloting concepts and solutions for innovation. 

DARPA operates at the highest level of excellency of management, with sovereign 
expert and technology-competent project teams with a high degree of self-
governance in projects sufficiently supplied with adequate risk non-averse untied 
resources well adapted to its mission and intended purpose.  

DARPA has an unprecedented record of innovation achievements (Weinburger, 
2017). As a risk-taking organisation, it also has a record of failing innovations. As an 
example of its achievements, DARPA invented and provided the original technical 
concept and architecture for a future internet.  

Fuchs (2010) discusses the role of an organisation such as DARPA to be a template 
for state and government in technology development. 

DARPA with its ‘architecture and governance of innovation’ is a ‘role model’ for 
innovative configurations and organisations, implicit and articulated, led by an 
architectural framework and view and should be further studied as a standard model 
of innovation and excellency. The key elements in the organisation and its 
superiority lie in its superior governance and confidence of expertise (a solid 
cognitive dimension well served). Sense of urgency with tasks and projects is a 
prominent success factor. (DARPA, 2016) 

DARPA as a model organisation and architecture for innovation may apply also to 
other fields than the security and defence, but still with strong strategic demands 
and national and social urgency, possibly energy, transportation, medicine and 
health.  

A “test” if and whether the “DARPA principles” can be transferred or applied in other 
areas and contexts than defence and security is ARPA-E. E stands for energy. ARPA-
E became operational in 2009 with a mission “to overcome long-term and high-risk 
barriers in the development of energy technologies”, resembling the DARPA mission 
in the defence sector. The new agency would achieve its goals through “energy 
technology projects by identifying and promoting revolutionary advances in 
fundamental and applied science, translating scientific discoveries and cutting-edge 
inventions into technological innovations, accelerating transformational advances in 
areas that industry by itself is not likely to undertake because of technical and 
financial uncertainty”. (The US National Academies, 2017b) 

Although energy is different from defence (energy and security are although 
intersecting) the same or similar principles as of DARPA would be applied by ARPA-
E. ARPA-E has recently become assessed of its achievements in its first six years, in 
which evaluation the key findings in the large corroborated the “DARPA principles” 
applied to ARPA-E as perfectly valid and effective. The assessment underlined in its 
key findings the vital role of the selection process to go (only) for projects that 
contribute to the agency´s goals (a framework for measuring and assessing the 
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progress and impact of achievements is a vital part of this), that the program 
directors have the authority and resources to develop new focused technology 
programs that are truly transformative, and an active and effective project 
management (distinct and flexible). The assessment supplied clear indications that 
ARPA-E had made progress to its statutory mission and goals during the six years 
period the assessment covered (although it was admitted that full implementation 
and commercialization of new technology and energy infrastructure seldom may 
take place in this short time frame). (The US National Academies, 2017b) 

 

The MITRE Report on Agile Acquisition and Programme 

The “MITRE approach” on agile development (MITRE, 2014, Modiglianio & Chang, 
2014) summarises experiences from systems engineering and IT-orientated systems 
development and innovation to be applied in defence and another complex systems 
development. MITRE Corporation has an outstanding record of excellency in 
development and engineering for the defence and security sectors. Four core 
statements and recommendations from the reports are: 

 

• Focus on small, frequent capability releases, 

• Value working software over comprehensive documentation, 

• Respond rapidly to changes in operations (also other requirements), technology, 
and budgets, 

• Actively involve users early and throughout development to ensure high 
operational value. 

 

Agile development has better chances, and is probably necessary at all means, to 
achieve innovation. The MITRE Agile Acquisition and Programme is a governance 
programme for primarily defence acquisitions, but certainly also for wider 
applications which responds well to the requirements of an architectural framework 
and view of innovation. 

Danzig (2011) argues along with MITRE that agility is one of the most important 
remedies and correctives for planning and prediction mistakes and failures of the US 
defence forces. 

The US National Academies report (2016c) verifies MITRE findings that agility and 
frequent experimentation are main ways of improving the innovative and advanced 
manufacturing capabilities for the US Air Force. 
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5.2 Patterns of military innovation – the military paradigm 

At this stage is useful to try to summarise some, or as many as possible of the events 
and patterns of innovation and big, disruptive changes in the defence and security 
domains. The overall picture is disparate. A figure below is a try to help us summarise 
some major patterns of innovation, and thus mirrors several layers or areas of the 
“iceberg”. The figure on the next page intends to cover this wide span of cases and 
configurations of defence and security related innovations. For simplicity the figure 
is named “the military paradigm”. 

The figure 5.2 is a template and a summary of stylised architectural frameworks for 
innovations in the military arena. The template synthesises a meta-model of military 
technology innovation and development. It is an all-embracing military innovation 
framework and might be called the military paradigm for innovation. 

The military innovation framework covers many types of innovation and 
developments of systems and technology in the defence sector. The framework goes 
from technology and technological change. Diachronic support and supply 
functions, usually logistics systems with sources from technological research and 
industry, play important roles for the long-term effectiveness of the configuration. 

To cut a long story short, innovations and innovation systems can be small or large, 
they can be minor within a larger context, concentrated or emerging from a lower 
operational to higher decision levels or staying within a context at an intermediate 
level. The innovations may be early phase innovations, with moderate repercussions 
or later phase transformational disruptive innovations.  

The model is a generative template of an architectural framework for military 
systemic innovations.  

The framework template displays the organisational interplay and the main drivers 
and contexts for innovation and transformation in the military arena. The 
mechanisms that are relevant for innovation are displayed in yellow. The 
anticipatory innovation mode, that is connected to or triggered by intelligence is red.  

In the diagram the support and supply function are illustrated perpendicular from 
the right into the diagram. It means that the support and supply functions work 
diachronically (over time) when it comes to the other synchronic (concurrent) 
elements, the services and functions of the architecture. Innovation fed from the 
logistical function (or technology) exerts a transitional change, which means changes 
might occur at several levels in parallel. 
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Figure 5.1. The “military paradigm” is a stylised and aggregated architectural framework for 
changes and innovations in the defence sector: Template and meta model for military 
innovations and technological changes. A short explanation - The military forces and 
services (Navy, Army, Air Force etc.) are on the bottom line with their faces turned to the left 
to a (hypothetical) antagonist. The antagonistic relation concerns three levels, the highest 
and strategic, the operational and the tactical in the field. Intelligence (Betts, 2007) about 
the antagonist and his deliberations and intentions is inherently uncertain (as is predicting 
the future). The importance of intelligence is what can be learnt – for everybody and other 
domains, from the military experience. The military bureaucracy is symbolised by the 
defence forces´ headquarters, usually is a joint command or section for the separate services. 
The military reports and is connected to the central civilian government, politicians, usually 
by directives, sometimes mediated by doctrines. The discrepancy of aims and means 
between civilian political leaders and the military is called the Clausewitzian gap (Blanken 
et al., 2015). A diachronic (over time, with time lags) support and supply function (with a 
strong industrial association and input) is illustrated as perpendicular to the synchronic 
(everything at the same time) architecture. Compare Grissom (2006) for situations and 
circumstances that may affect military innovation. 

 

The term doctrine in the figure can be expressed in alternative ways. Doctrine stands 
for accepted rules and setting of governances and agency which express political 
acceptance and endorsement of habits and practices. These rulings can also be 
expressed in manuals or other instructions. An example is the COIN manual, which 
is a set of instructions and rules of experience for US defence counterinsurgency 
operations (it was developed in and during the Iraqi wars). 

Military services are usually assessed with a principal-agent perspective, concerning 
the term Clausewitzian gap. The principal-agent relation is asymmetrical in that the 
agent, or in this situation the military has an advantage regarding reporting vis-à-vis 
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the principal, the politicians. Blanken et al. (2015) talk about a Clausewitzian gap, 
which is the discrepancy between on the one hand the political goals and ambitions, 
and on the other the military activities in their capacity regarding operational 
objectives, benchmarks, information and incentives. The discrepancy may be 
shrouded or distorted, somewhat miscommunicated by and through the lenses of 
military bureaucracies. It also affects innovation and the interpretation of 
innovation. 

The military paradigm, or framework for military development is conventional for 
military strategy in that it sees battle and war by using existing instruments and 
systems. Depending on imagination and foresight, the resources and instruments 
available in a future conflict or war may be adequate and balanced. 

 

5.3 Profile of innovations in the defence and security domains – a summing 
up 

The figure 5.1 summarises some major patterns of innovations and disruptive 
changes in the military sector. These together with other events and changes in the 
defence and security domains are reflected by the following profiling characteristics. 

 

• Advances and developments in the military domain are systemic. Cross-wise 
combination of resources and capabilities, sometimes a new way of integration of 
military functions and services (good leadership and management is vital for this 
mode). It is obviously a complex socio-technical system. Technologies for military 
use are system-orientated. Anteroinen (2013) applies the systems perspective to 
encircle and catch the potential of improved military effectiveness. Superior 
performance is acquired by combining and incorporating a variety of services, 
systems and elements in smarter ways. These innovative systems combinations 
sometimes develop under the label joint operations. From another, engineering 
views the platform configuration, or “prime contractor” principle so frequent in the 
military services, is an example of “systemicity”. The architecture of the systemicity 
displayed partly in figure 5.1 is a relevant object of further study.  

• Innovation systems discerned in the defence and security domains emerge by 
interplay and interaction between developing systems and a context, which is 
multiple-layered. The multiple-layered context broadly corresponds to the military 
hierarchy (with civilian leaders at the top, and the enemy-antagonist at the 
confronting “bottom” or transverse). The innovative service and system expand 
from a specialised and tailored project to sometimes substituting other services (a 
new service is usually created and positioned beside the existing parallel 
organisations and seldom overtakes it all). The potential antagonist must adapt to, 
counteract or surpass the system. Both types of innovation systems can be found, 
the early and restrained systemic innovation phase and the consecutive larger multi-
level transition from an initial disruptive change and innovation. 
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• As a general or rather aggregated mode of development, the “military paradigm” 
emerges as a multi-level innovation system of systems. Solutions cross levels. 
Examples of levels of a system are fighting unit, brigade, army and general 
command. The military innovation cycle, since its systems usually have a long life, 
goes in stages from development to experimentation and deployment, possibly 
renovation and phase out. The innovation life cycle and its stages, sometimes legacy 
is ever present and a major concern. 

• Technology and technological change-driven (change is driven by supply side 
research or industrially induced, for example from logistics) (research and education 
characteristically at the forefront) - technological war is the name of the game. v 
Creveld (1989/1991) succinctly showed the great significance of technological 
advantages. 

• Becoming at parity with or superior to the antagonist, imagined or real. 
Intelligence is here a vital function but encompasses great uncertainties and trickier, 
Betts (2007)). The impoertance of intelligence is what can be learnt for everybody 
and other domains, from the military experience. Farrell (2010) cites the adaptation 
aspect as strongly influential. This indicates a competitive or rivalry element in the 
military technological race. 

• Inter-service rivalry and competition (bureaucracy) drives development and 
possibly innovation (propensity to research and development is a basic concern). 
Jointness of services is a critical feature and pre-condition of a positive development 
process. It is classic topic in the military technology literature, for example Posen 
(1984, rev. 1994). 

• Freedom of action and trust at the middle level of forces in their capacity to develop 
and experiment, also with risk present (trust and leadership in the organisation a 
prime resource to its ability) - “Auftragstaktik” is a matching concept. Management 
is an important overall factor. 

• Development and innovation strongly induced from doctrine or 
civilian/politician/military relationship (which is what governance and reflections 
from the civilian level on to the military mission and purpose is about) – also 
through procurement. Rosen (1991, rev. 1994) gives ammunition to this view. It is a 
classic item on the agenda, see Huntington (1957) as the classic treatment of the 
subject. 

• The mission mode governance of innovation, as occasionally the research driven 
mode of innovation and more seldom the entrepreneurial mode of innovation all can 
be found in the defence and security domains. The governance function is ever 
present and many or most occasions decisive for the outcome. Sometimes 
governance is equal to bureaucracy and over planning (failing planning). 

 

The frequency and presence of each of the types and categories of innovation and 
modes of governance vary between times and places. More than often types and 
modes are combined and intermingled. The spectrum of innovation in the defence 
and security area in this overview may seem lapidary and disparate. All, or almost all 
variations seem to fit with, or are enclosed within, the “military paradigm” (figure 
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5.1). The varied set of cases of innovation and disruptive changes well “proves” and 
illustrates the systemic character of military innovations, as the importance of 
governance and agency - leadership and management.  
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6 Case studies of innovation and systems for energy, security 
and defence 

The purpose of this chapter is, through analysing cases of innovation and 
technological change, to understand the mechanisms and conditions that affect 
innovations to develop. It is thought as complementary to the expositions of the last 
two or three chapters. Closer case studies at their best could supply clues of a more 
general nature about the structure of innovations and great technological changes 
and developments. The ideal study set would be comparing cases of which some 
succeeded and other failed innovation. Lessons may well be learnt from cases that 
failed innovation. Close observations of innovation cases may provide clues for 
structures and frameworks that are supportive to innovation. A critique could be that 
cases are weak, or no proofs (“the black swan” is possible, but not easily predicted or 
anticipated). Still, cases and case studies can show or indicate the relevance or 
plausibility (or truthfulness) of an approach. George & Bennett (2005) provide the 
classic methodological overview of case studies and theoretical development in social 
sciences. We have as far as possible followed their advice. Beach & Brun Pedersen 
(2013) qualify process tracing as a method in explorative social science research 
which is relevant in the present study, namely in that a heuristic approach which will 
be applied here, is the constructive counterpart to explorative analysis. For at least 
some of the cases studied the processes are tracked closely. In the methodological 
chapter 2 some critical issues about the methods, strengths and weaknesses for the 
case studies were mentioned. 

Cases that fit and are supposed to be good representatives when it comes from an 
innovation view were selected from the areas of energy and energy systems and 
systems for security and defence. “Good” in this respect means that they have a 
development element, or are in a development phase, and show certain systemic 
properties (in other words, are complex). There were prospects and explicit 
ambitions for innovation in all cases studied – even if these were not fully achieved. 

The cases studied are: 

• Case 1A: The InnoEnergy Lighthouse Innovation Polygeneration project, definition 
and planning phase, 

• Case 1B: Integration of a Polygeneration systems and the energy web 
(Polygeneration and the Smart Grid) – a rather large, complex energy system, 

• Case 1C: The Smart Grid – a complex energy system 

• Case 2: A piloting Swedish C3I system – LedSyst – a complex system for application 
in the security and defence sectors 
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Information on the two main cases, one (case 1) of which has three sub-cases (1A, 1B, 
and 1C) and case 2, is presented below. Each case presentation ends with a summary 
and remarks on its main characteristics and potential in terms of hypothesised 
framework for innovation. Factors and elements that were beneficial, or impeding 
innovation were noted.  

All cases are analysed from written published or unpublished documents 
complemented with personal interviews with project officers. An overview of the 
cases and methods of study, strengths and weaknesses is given in table 2.1 (in the 
methodological chapter 2). 

I myself participated in case 1A – the Innoenergy Polygeneration project – in its 
preparatory and development stage. My role in the project was to sketch systems 
architectures and configurations that were possible or prone and potentially 
profitable for development with regards to the resources and partners invited and 
available. 

The case 1B, a follow-up of 1A and project phase of the same Innoenergy 
Polygeneration, was also the subject of a PhD course at KTH. The purpose of the 
course was to make contributions to the design and solution of a Polygeneration unit. 
In my case, I chose to analyse and propose a systems architecture for the project and 
illuminate critical issues related to the project´s configuration of systems association 
and integration. These aspects are considered highly relevant for the system´s 
development and innovation potential. 

The usual assessment criterion of a potential innovation is success or failure, flip or 
flop, as simple as that. A distinction between success and failure is seldom clear cut, 
more often diffuse or depending on perspective. The case can be a success, in part, 
from certain standpoints and interests, and not from some others. It should also be 
borne in mind an evolutionary perspective, which makes it reasonable that success 
seldom is a result of a single first shot, the immediate result usually is a half-measure 
or an intermediate product or service. At another step of development, it may be on 
its way to success of delivery, and towards the goal objectives in way or another, if 
not originally intended outcome (processes doesn´t develop linearly rational). The 
final verdict is not settled in the cases which here are studied, and a few of the cases 
studied are still in some progress (not time set). Identifying specific causes (literally) 
of success or failure is difficult in any case. LedSyst, for example, which will be 
covered and discussed in a minute, may be called a failure, at least from the goals 
and objective, and expectations at the project start, but applying an evolutionary 
perspective to the project it should better be called a learning phase, into an early 
transitional phase that would emerge into a more mature phase to develop and reach 
an operational (that is inter-services) state and working mode (which should be after 
the LedSyst project was finished).  

In most cases, the progress is a mixture of factors and circumstances, which are 
difficult to entangle, all of which do not fall easily and nicely into some pre-conceived 
or fixed pattern.  
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6.1 Case 1A: The InnoEnergy Polygeneration project, definition and planning 
phase 

The Explore InnoEnergy Lighthouse Polygeneration (hereafter ‘Polygeneration’) is a 
project within the KIC InnoEnergy programme. It is designated as a “lighthouse”, an 
explorative research project that should throw some light on the way ahead on the 
innovation road. 

The KIC Innoenergy programme is a Knowledge & Innovation Community (KIC) 
activity and programme of the European Institute of Technology (EIT). KIC 
InnoEnergy is formally managed as a European company (with headquarters in the 
Netherlands and national offices in cooperating countries at technical universities, 
in Sweden at KTH) dedicated to promoting innovation, entrepreneurship and 
education in the sustainable energy field by bringing together academics, businesses 
and research institutes. The InnoEnergy programme overall has several foci on 
sustainable energy, but Sweden puts its focus on Smart Grids and Storage. The KIC 
InnoEnergy with EU funding started in 2010 and will continue for a few more years. 

The project Polygeneration started and entered its definition and planning phase 
2010-2011. A description of the Innoenergy Polygeneration definition and planning 
phase given by Mölleryd (2011), strategic thoughts and a suggested road map for the 
KIC project at large supplied in KIC InnoEnergy (undated) and documentation to 
the workshop EXPLORE Polygeneration (2010) are the main sources for the present 
case and the next case presentations and are summarised below and in the next 
section. 

Polygeneration continued to 2012 and beyond, so the present assessment, which 
considers 2010- 2011, could be called a provisional or definition phase assessment. 
An assessment may be early to identify issues that may become critical for 
innovation, and which would need to be managed to increase the chances of success 
for the project. 

The study method applied in this case had a good help from the authors participation 
in the project. The present author took part in planning meetings and had 
conversations with the project manager. The case study method might be labelled 
participatory observation and involvement. The author contributed an analysis to 
concurrently defining tasks and identifying potential coalitions and associations of 
competencies and partners in the project. Building coalitions and associations in the 
project were viewed at close, which gave good opportunities to identify and exhibit 
the present needs for governance in the project. There was still a risk for bias of 
preconceptions of what associations should be productive and viable. 

The next section returns to the Polygeneration theme (integrating multiple energy 
sources and converted in an effective way) more generally and in detail, in Case 1B. 

The project team defined the objectives of Polygeneration at an early stage as a 
combination of three directions or tracks or purposes: innovation and technology, 
business development and education (with overall emphasis on education). 
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• A general task was to develop technological solutions and alternative projects within 
this frame to improve efficiency of energy use by combining multiple energy sources 
(hence ‘polygeneration’), using efficient conversion techniques and thermodynamic 
optimisation (this could be called the technology and innovation track and purpose 
of the project). 

• Increase and possibly maximise technological and commercially available coherence 
(which means using compatible associations and combinations of technologies) of 
and between the partners (also the technology and innovation track and purpose of 
the project). 

• Combine educational, research and business purposes in the project, through 
establishing laboratory and demonstration resources at research and partner sites, 
primarily with the university partners; a student contest for new and innovative 
contributions to polygeneration design, and awards for best student achievement in 
the field (emphasis on educational matters). 

 

Physically, the objectives of Polygeneration were design and physical construction 
and assembly of a transportable module for emergency multiple energy supply 
(power, heat, cold, purified water). It had to be assembled and enveloped in an easily 
movable catastrophe container. The catastrophe container goal and objective were 
only partially realised (a demonstrator was finished) before the project changed 
orientation. 

In the early definition phase in 2010, Polygeneration had 16 organisations in six 
European countries (with the majority from Sweden) as patrons and possible 
partners. The organisations, of which eight were firms, four universities, two 
industrial research institutes and two independent research institutes, were not 
contracted until later. The partners had differing roles; some were suppliers of 
technology, equipment and services (firms), other mediators and explorers (research 
institutes) and others doing education and research (universities) etc. However, 
during the project period some partners quit, and the number of organisations 
engaged as partners decreased to less than ten. 

The project was organised in several work packages with different tasks and scope. 
The work package for technology had to cover a very large and complex domain. It 
was the idea to break the packages into smaller or more dedicated packages as time 
went by, so they could be properly defined. 

The project issues in its definition and planning phase, based on Mölleryd (2011), 
were as follows: 

Regarding context, it might be stated that there is a global need for rescue end 
polygeneration containers. There are competing technological solutions, e.g. for use 
with military expeditionary forces. The EU programmes for energy supply policy and 
for crisis management and disaster prevention and management might demand a 
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polygeneration container. A related question is whether a catastrophe container 
would be operated by a professional, or by an ordinary citizen, a farmer in Africa, or 
any amateur – which has strong implications for the technology choices. And what 
about maintenance? Another issue is whether the container will be a solitary 
emergency solution, or a reserve supply in a grid (for power, heat etc.). Regarding 
the educational goals and objectives (the project is within an educational institution, 
EIT) the project must be considered in the terms of EU research and education policy 
and other matters. 

In cultural terms, a cross-technological Polygeneration project implies deep inter-
professional challenges. 

Regarding technology, it is obvious that Polygeneration had to cover a very broad 
range of technologies, a full description of which is not possible here. The scope was 
so large that there were great cognitive and intellectual gaps and challenges in how 
to select, combine and integrate the diverse technologies and the range of suppliers. 
Technology integration and looser forms of association of quite differing and diverse 
technologies were obviously key challenges of the whole project. The integration and 
systems integration issue were right at the centre of the project. 

The project had a distinct technological orientation and the user perspective was less 
developed or present. Who was or were the customers was a question with no well-
defined answer. 

In the organisational and competence dimensions (also cognitive-related), the 
project had to cover large areas, and their coverage became rather thin and uneven. 
It could even be called stochastic and haphazard. However, from chance and 
disorder can come true invention and innovation. The strong university and research 
presence relative to commercial interests in the project meant that 
commercialisation and exploitation that had to do with innovation received less 
attention. The business models to use were not well defined from the start. A critical 
issue was that intellectual property rights (IPR) could infringe on the solutions 
possible. 

Finally, the financial solutions of a joint private-public partnership were not well 
designed until later. Some performance- or incentive-based funding was discussed. 

Looking back, the Polygeneration project had to reorientate because of the initial 
lack of architectural analysis and conclusions. The original idea with an open and 
unrestricted architecture was to bring as many resources, technological capabilities, 
technologies and systems as possible without prior selection to be decided between, 
to enhance the chances of achieving at least some useful combination and integration 
of systems. Since this did not work too well, the design procedure then had to be 
more selective (regarding context of use, sources, choice of technologies and systems, 
and expected output and services). All combinations were not possible and did not 
occur, were difficult to achieve, or forbidden and impossible. The architecture had to 
become more focused on a couple of opportunities, rather than keeping all options 
open. Some partners from the start had to be left out. 
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The Polygeneration case illustrates the role of the internet (or corresponding 
worldwide communication system) for integration (internal coordination) and 
disintegration (a distributed system). These or similar mechanisms must work 
effectively and efficiently for both levels of integration (internal and distributed). 

All this underlines the great complexity of Polygeneration regarding goals and 
objectives, conditions, modes of operation and scope and diversity of technologies to 
master. 

 

Conclusions and findings from the case 1A of the Polygeneration project in its 
defining and planning phase  

First, one can consider the complexity of technologies the project encompasses. The 
functionality was dependent on successful integration of these technologies. This 
was a great challenge. The approach to this challenge in the project was to collect the 
widest possible set of resources/suppliers/partners of the technologies that could be 
concerned and actuated. By bringing in a redundancy of competencies, it was hoped 
that some, by chance, would fit and associate, and feed a chain reaction to fusion of 
some elements and systems, and a positive outcome.  

The spread, heterogeneity and diversity of the technologies which are possibly and 
probably applicable to use in a Polygeneration project was a major challenge for the 
project (concerns severe restrictions and limitations due to IPR, standards and 
cognitive skills available and appropriate).  

Stakeholders, particularly users and operators of systems, must be identified and 
their respective requirements aligned and associated, e.g. in a joint coalition. Here it 
was the same procedure, oversupply of actors involved might happen or trigger 
cooperation between some in a fruitful way. This was a weakness of the project. The 
standard “working package” (according to EU project rulings) is a rather open and 
loose association. The procedure, or lack of procedure, to select and integrate the 
actors and technologies available was heuristic. 

An expected output from the definition and planning phase of the project was a 
demonstrator, which is a rather low or insufficiently adequate level of ambition, with 
innovation as the measure. By “insufficiently adequate” is meant that project 
formation will not happen, too much loose elements. It is of course good for a 
demonstrator to show the usefulness of a specific technology, e.g. for educational 
purposes. Operation and maintenance requirements and ownership are difficult to 
set for a demonstrator, in a definition and planning phase. To summarise, the 
Polygeneration pilot phase was a typical development project, and a little too early 
to deem and validate as a pretender for innovation.  
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6.2 Case 1B: Integration of polygeneration systems and the energy web 
(Polygeneration and the Smart Grid) 

This study investigated a general type of polygeneration system, of the same type as 
the Case 1A, a Polygeneration system possibly integrated in the energy web regarding 
optimisation and innovation as a complement to the Polygeneration definition and 
planning project. The project was a continuation of Case 1A intended to go into some 
concrete design and construction issues of a Polygeneration unit.  

The project was combined with a PhD course intended to introduce insight into, 
illuminate and give recommendations on concrete design and construction issues 
with a Polygeneration unit. The documentation was partly from the same sources as 
for Case 1A, e.g.  work by Mölleryd (2011), strategic thoughts and a suggested road 
map for the KIC project at large supplied in KIC InnoEnergy (undated), and the 
documentation to the workshop EXPLORE Polygeneration (2010). 

The documentation consisted also of course material (for example design diagrams 
of Polygeneration systems) and lectures, and the written contributions and reports 
from the participants in the course. I participated in the course and the topic of my 
report was an analysis of systems architectures for a Polygeneration project in the 
mini or medium scale, and possibly enlarged and inserted into a regional or national 
grid system. The following gives the main content of that report. 

The case study method might be called participatory. It gave good insight into 
designing polygeneration systems, the critical technical issues and reflections on the 
finished product, a demonstrator. It also gave a possibility to compare industrial 
solutions (Stirling compounds from three Swedish suppliers).  

The contribution and analysis carried out was technical but did well reveal systems 
external and internal boundaries and interfaces, and thus well identified places with 
a need of governance. 

 

Introduction to the Polygeneration systems case 

A polygeneration system supplies a multitude (more than two kinds) of energy 
services from one or several energy sources. An energy service may be distribution 
of energy in any form (power, heat, cold, mechanical, but also energy-intense 
products and services like pure water etc.). The most common and simple 
polygeneration system, as an example, co-generates heat and power from a single 
energy source, usually coal or biomass (which can be complicated enough). A more 
complex polygeneration system can deliver e.g. energy services such as heat, power, 
mechanical and purified water from sources as urban waste biomass and wind. A 
polygeneration system can be autonomous about the energy web or the grid. Case 1B 
highlights the role of association and integration for innovative and 
effective/efficient polygeneration solutions as either an autonomous system or a 
local part/component of a larger energy web or grid. It illustrates the imperative 
nature of a governing architectural framework (implicitly an innovation view). The 
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framework sets up and defines the modalities and interfaces for energy exchange – 
the integration mechanisms, from and within a polygeneration system. Economic 
incentives are addressed as an important and foundational category of integration. 

 

The Polygeneration concept 

The study explored how a Polygeneration system can be configured to become well 
integrated and balanced, particularly by using prices (and implicit costs) as methods, 
besides applying ordinary physical integration through thermodynamics, in the 
design process of a polygeneration system. The study discussed how a (local) 
Polygeneration system can be connected and managed as a part of a larger energy 
system, the energy web or the grid, and the use of prices as a complementary 
parameter to integrate the design of the system, as well as for its own configuration 
and control. A requirement when designing local Polygeneration systems is of course 
to consider the local conditions, the specific demands for energy services, the sources 
of energy available etc. It is argued in the study that the physical configuration and 
design can and should be accompanied by an economic analysis and perspective, 
using prices etc. or resource costs, to attain a good or even better solution both 
physically and economically. A solution that is thermodynamically efficient may be 
satisfactory from a physical point of view (e.g. it can be built and contained in a small 
box), but economically not as good, and not even the most efficient solution. Using 
prices allows balancing, from an economic viewpoint, of the processes, functions and 
subsystems within the envelope of a Polygeneration system. Using prices as an 
explicit parameter also supports and helps integration of the Polygeneration system 
with a larger system, e.g. an energy web, the grid, when applicable. 
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Figure 6.11A typical polygeneration system, graphical presentation. It should be noted that 
the heater and batteries are not shown in the diagram. Source: KTH, Energy Technology. 

 

A polygeneration system 

Figure 6.1 shows a simplified diagram of a representative distributed energy 
generation system and grid, which can be called a polygeneration system. It shows 
some main components of a system, its control system and how the system and its 
components are connected. There is a heat generator, for example biomass-driven, 
combined with a microturbine which feeds a generator. A wind farm is also 
connected to the system, and there should be batteries for (chemical) electric storage 
and heat (latent or in another form) (not shown or included in the diagram). There 
might be also other components in the system, for example to produce cold air and 
clean water (e.g. heat-driven membrane filtering). Important parts of the system are 
rectifiers and transformers that shape the energy output (stabilising voltages and 
frequencies, as distortions) from the vital, primary energy transforming components 
in the system to be in coherence with the other components and external 
connections, such as batteries and the grid. Certain other components and 
subsystems might also be present, such as driers of biomass or waste energy feed. 
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The constitution of a polygeneration system 

A local polygeneration system consists in principle of: 

 

• Energy “production” and transformation processes (wind rotors, micro turbines, 
gasifiers, other combustion units, motors, generators etc.). These are the vital parts 
of the system, but there may also be delivery systems of energy services, cold, clean 
water etc. 

• Sourcing systems (biofuel, wind etc.), depending on the conditions and place, might 
also be used as subsystems for drying etc. 

• Buffers, which can be batteries, mechanical storage (swing or inertia wheels), hot 
water tanks etc., which may play an important role in this context 

• Other transforming components, such as rectifiers and so on, which are necessary 
for both internal and external reasons, e.g. thermodynamic efficiency, utility and 
adjustment to the grid. 

 

The role of buffering (storage) in polygeneration systems 

Buffers are necessary in most or maybe all polygeneration systems. This is because 
power and energy processes naturally fluctuate (and deviate from planned or 
assigned values) and are not perfectly balanced to each other at every moment. Some 
of this variation comes from the operational demands, equipment must be 
maintained and serviced, or through breakdowns which brings interruptions of 
services etc. The balancing through buffers, such as batteries or heat storage, is 
needed for both short- term and long-term reasons. For example, the system must 
produce certain energy services (or embedded energy services, e.g. membrane-
filtered water) which do not fit with the energy input regarding flux and distribution 
over time. 

Short-term fluctuations in flows must be handled by the control system. Some of this 
control of variation is thus due to the inherent dynamics of the processes and their 
interactions. 

 

Flux and variations in energy flows 

Diurnal, seasonal or long-term fluctuations or deviations may originate and depend 
on the dynamic characteristics, e.g. become out of step and time of the processes 
themselves, and partly because output of a certain energy stream has a greater (user 
or economic) value for consumption at a later stage. The buffers have this primary 
role to balance the system and its component subsystems within their cycles and 
fluctuations. Sometimes excess production is just a waste; it cannot be saved. 

The ‘marginal’ (or short-term) excess production (an energy output that cannot be 
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consumed when it is produced) may still represent a value which can be appreciated 
in economic terms or/and as a complementary energy source in the system (but must 
be buffered, for example). A necessity is that the excess production can be caught 
and saved until later use. 

The cycles, but also irregular fluctuations of energy production and consumption 
that are irregular or unplanned, are of great interest when designing a 
polygeneration system. The system should be designed to handle these variations 
efficiently. The variations may be hourly (e.g. wind and sunshine may vary from 
minute to minute, even second to second), day-night, weekdays-weekend, good-bad 
weather (from energy, i.e. wind or sunshine perspective), seasonal (winter-summer) 
etc. Buffers thus play an important role in polygeneration systems and are essential 
in their control systems. 

As stated, there must also be some preparation for handling stops, unplanned 
breakdowns or even maintenance stops. There may be special start-up cycles to be 
aware of. 

An important aspect is how well buffers are designed and operate in the system. 
Buffers have some critical characteristics. Most batteries have a certain degradation 
of accessible capacity over time and cycles. A hot water tank loses its heat energy over 
time. Long-term storage may then be an energy loss affair, and of course should be 
avoided. Still long-term storage can be a strong need, and quite economical under 
certain circumstances, for example when the primary energy source is occasionally 
abundant, or when demand is changing substantially over time, for example 
seasonally. Of course, the balance is dependent on the magnitude (and regularity) of 
these balances and variations in demand/output and production/input, and the 
actual capacities of the various components in the system relative to each other. 

A first-hand choice might be increasing the capacity of the buffers or batteries, to 
have savings potential at any moment, when a primary energy input or production 
suddenly becomes excessive. The capacity expansion needed for this has a cost, a 
long-term cost (depending on its use at a much later time, e.g. next season). It is also 
dependent on the degradation of the buffer or battery capacity that occurs. Batteries 
are a (costly) burden in any case, and it is then an objective to minimise or optimise 
their capacity (and flexibility to load or unload). 

A second alternative is to expand the production capacity regarding a later demand, 
as can be expected. This increased capacity of production implies a long-term added 
cost. In this case, there is a risk factor if the calculated rate does not come about. If 
the primary energy source is scarce, the added capacity might be added as another 
cost factor. If the primary energy is less costly or free, it might well be an overall 
advantage. 

 

Choosing components in a polygeneration system 

Of course, the overall design and configuration of a polygeneration system depends 
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on the context and the local conditions where it is to be applied. Questions arise 
about what kind of services are demanded and what sources are available and are 
some of the basic issues and questions when designing a polygeneration system. 

The argument here is that variations on the output side and input such as the 
capacity variability of the subsystems must influence the design. Examples are: 

The wind varies and therefore a buffer or battery is needed in wind-generated 
systems. This applies also to solar equipment (day and night, cloudy and clear sky). 

Certain energy services (which can be embedded) are demanded irregularly or 
variably, which requires buffers to cope with these variations, e.g. in rush hour in the 
morning when everybody is cooking breakfast and making toast. 

Most systems and subsystems have operating cycles or certain time patterns for 
start-up, closing, maintenance and so forth. A diesel engine (coupled to a generator, 
for example), which is strongly dependent on expensive diesel supply is of course 
rather flexible in its use, with short start-up times. That is why diesel engines are so 
attractive in local energy support systems with high delivery expectancy. But all this 
is costly. The logistics for this type of system are of course critical (even if the energy 
density and the transport supply systems for diesel are well developed and efficient). 

A photovoltaic system may produce a lot of power at a low (even almost zero) 
marginal cost under good circumstances (at the least momentarily), and this must 
be stored effectively. The initial (investment) cost may be very high. If the sunshine 
parameters are favourable this cost can be compensated for in the long run, but there 
are also maintenance costs (polluted panels, for example). 

A biomass-driven gasification installation with a microturbine-driven generator 
needs competent management to maximise operational hours. There is also a need 
for regular maintenance, causing quite important and time-consuming breaks and 
start-up activities. The repair and maintenance function need care and attention. 

Thus, the repair and maintenance function and the operational competence needed 
must be stressed. Most integrated systems are quite demanding in this respect and 
often need qualified personnel and repair resources available at short notice. 

 

Polygeneration systems in the energy web 

As indicated in the introduction to this chapter, the above aspects may be grounds 
for selling and buying energy solutions. In that case the energy web, or the external 
grids for power and heat, are used as buffers. The polygeneration unit must be 
connected to the grid for power (and heat, presumably). 

In some locations this is of great interest, e.g. in peripheral regions with an external 
energy supply that is unstable. Designing with high capacity is necessary to keep the 
full load. When the grid goes up, it may be practical and economic to remove and put 
energy into the web. 
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It might be a value to rely on the external supply and use the local polygeneration 
supply system economically. For economic reasons, it may be useful to be able to run 
the system (continuously) when there is supply and sell the excess output. 

The energy transfer in this case will go by the grid, which works part-time as a buffer. 
The ‘grid buffer’ can be used for storage and supply. The excess output sold to the 
grid and external storage can be used as a kind of savings bank, to be used by the 
local system when the internal supply is not available. 

In this type of situation there might be a multidirectional grid-wise market for short-
term transactions built on the marginal and distributed fluctuations and divergences 
of energy production and consumption within and between various polygeneration 
systems connected to the grid. 

It is evident that transmission of heat is distinctly local. Transmission costs for heat 
are excessively high over distances, which punishes integration with larger energy 
webs or markets for heat (and cold). In some applications, however, integration with 
a district heating system is possible. The system then must be in an urban area. 
(Some imaginative solutions have also been devised, such as shipping hot water, 
sailing icebergs from the Pole to Saudi Arabia etc.) 

There is usually a local market and demand for heat and cold in densely populated 
urban areas but, overall, it is transaction of electric energy over the power grid that 
is most interesting. (Trade of energy in electrochemical batteries and the like is 
disregarded here, but of course other forms of energy transport, such as gas, LNG 
etc. must be considered.) 

 

Polygeneration systems – stand-alone or integrated? 

Each power-producing (and sometimes -consuming) unit in the overall grid may be 
considered a special instance of a polygeneration system (poly = n>2). The power 
production maybe irregular, cyclical or follow any time pattern. 

A starting issue when investigating the economics of polygeneration systems is the 
configuration of the polygeneration system, its degree of autonomy (stand-alone) or 
connectedness to the web/grid. For a polygeneration system that is intended to work 
as a stand-alone, interaction with a grid is of course not at all of interest. A stand-
alone system, for example an emergency module, must be able to be ‘self-sufficient’ 
in supplying all the energy services it is designed to deliver. For many polygeneration 
systems, however, interaction with the grid might be useful, from an economic point 
of view, but also as a matter of ‘security of supply’ in a two-fold meaning. 

Pricing can be used as an instrument for the design and operational control of a 
polygeneration system 

Of course, there must be a prime concern of physical thermo- and energy dynamic 
coordination (i.e. integration) of the polygeneration system and the grid. This 
includes control of distorting frequencies etc. There are economic considerations, 
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but also a need to be aware of the variability issue (of inputs, outputs, processes etc.) 
in energy systems. These variations have an economic dimension. 

An implication of this and earlier arguments is then to add prices as a design and 
control parameter in the polygeneration system design and control hierarchy. 

Prices and price changes may trigger production and/or buffering activity (supply or 
tap energy). Prices can be average, short-term marginal and long-term marginal 
(investment cost per unit added available capacity). The marginal costs (and prices) 
are relevant here. Average costs and prices may be relevant for tariffs, contract 
administration and so forth. 

The four layers of control, from the top down to polygeneration system and 
subsystems are: 

 

• Grid power flow control: energy market prices, p(t) both at supply and demand 
sides, and their variation over and in time (irregular, or regular like seasonal) 
(reactive power must be controlled as well) 

• Local grid stability control: this control is purely technical and goes without price 
parameters for control. 

• Distributed power unit control: buffer prices (long-term fixed and marginal) (i.e. the 
cost of using a certain buffer, e.g. a battery, as well as of expanding the capacity). 
The short-term price is low under the capacity ceiling. Increasing the buffer capacity 
is relatively expensive, the long-term marginal cost. 

• Polygeneration process control: internal supply prices and source prices. These are 
short-term costs and may be useful for operations control purposes. 

 

Prices, or changes in prices, may release or stop production, or supply/tap buffers. 
Interaction, through market prices, between the polygeneration system and the 
energy web opens a complex control issue. However, it might useful, from the 
economic point of view at least, to have a control system that uses prices as triggers 
(measuring and monitoring prices). 

It should be noted that trade in energy to and from the grid must be permitted. A 
market regime must exist. The price system signals the tendencies – to some extent. 

Important: The prices also reflect costs (for buffers, which can be spare capacity and 
storage of energy) in other parts of the energy web, or the grid. Security of supply is 
then traded for a (extra) price. Hydropower storage is an example of a grid buffer. 

There are three types of control situations: 
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• Each and all single processes in the polygeneration system are directly or indirectly, 
and mutually (bidirectionally), connected to the grid. A rather unrealistic design, but 
theoretically well founded. 

• The polygeneration system is perfectly balanced through internal buffers, and no 
excess/shortage energy is sold or bought. This can be called a perfect autonomous 
(stand-alone) polygeneration system (although there may be some subsystems 
capacity in this system that is not effectively used.) This is for many reasons a rather 
uncertain layout. 

• The polygeneration system with short-term optimal internal buffers is connected 
bidirectionally and long-term wise (contractually) to the grid. Energy can be 
transferred to and from the web. Market (grid) prices can be compared with internal 
marginal and long-term costs of extra buffer capacity. A decision and control 
parameter are the difference between these prices.  

 

Components that affect the performance of a polygeneration system 

Wind power means low operational costs, but maintenance costs are uncertain, or 
high. 

The internal combustion engine (ICE), for example a diesel engine with a stable load 
delivering to the grid when there is excess production, works well under varying load 
conditions in a broad spectrum. It is a versatile component when demand for power 
varies. Still, most ICE are more comfortable or run more economically when in a 
lasting, stable but lower load. 

A biogas reactor has a long start-up time and needs to be run continuously. The 
buffer tank for biogas must be rather large to match the gas input regarding less 
continuous need for burning of gas. This is because heat or power generation has a 
more cyclical pattern over day and night etc. Maintenance and loading may interrupt 
the continuous operations. 

 

Viewpoints on a polygeneration system integrated with the grid 

Critical dimensions are the (average and marginal) costs of energy (heat, power) 
production from a polygeneration system. In certain ways the grid price mirrors the 
lowest marginal production cost, transmission and system storage capacity costs 
added. 

Another critical dimension is the long-term marginal cost for (extra) buffer capacity. 
Buffer costs are often quite high for the versatile solutions. Inventive buffer designs 
are thus urgently needed! Technological and design efforts should be directed to 
smart buffer design. The goal is then to design a cheap buffer for efficient long-term 
storage. 

Comparing marginal costs and prices can provide guidance for how to design and 
configure the system, particularly the balancing of capacities of processes and 
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buffers. 

Security of supply is an overriding aspect. The question is whether energy supply can 
be trusted. 

Types of interfaces and integration mechanisms between the polygeneration system 
and the grid include: 

 

• Reactive power coordination in the grid 

• Phase control (power capacity regulation in the grid) 

• Power rectification (AC/DC and frequencies) in the polygeneration system 

• Voltage adaptation and frequency harmonisation in the polygeneration system 
(following certain standards) (be aware of distortions, and compensate) 

• Intra-polygeneration subsystem connectivity and interfaces (following industrial 
standards, if they exist) 

• Contractual regime (terms and prices for delivery, sell and buy) between the 
polygeneration system and the grid 

• IP of the polygeneration system and subsystems which allows/forbids adaptation 
and design changes (and indirectly control) of processes in the polygeneration 
system. 

 

Concluding remarks on a polygeneration system and the grid 

A polygeneration system is defined by what services the system is designed to 
provide (and the demand for these services), the availability and the prices of 
primary energy sources which are available and can be used, and of course, the 
overall systems configuration. In the overall envelope of influencing dimensions of 
significance, intellectual property rights (IPR) determine what technologies are 
available and their terms and applicability. IPR may also concern data acquisition. 

From these conditions, a polygeneration system can be designed properly, in the first 
instance thermodynamically. 

A representative polygeneration system is composed in principle of the following 
types of subsystems, components and processes: 

 

• Capacity for primary energy transformation, from primary sources such as wind, 
biomass etc. to heat, power etc. 

• Means for intermediary energy forms and carriers between the separate processes 

• Means for distributing facilities for services to be supplied, such as water, heat, cold, 
and so forth 
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• The subsystems needed e.g. for energy source drying, power rectifying, other power 
adaptation 

• The storages and buffers (components can have both uses, to store energy and to 
buffer between processes, inputs and outputs (services provided). 

 

There are two types of systems with different requirements on configuration and 
design: 

 

• Stand-alone, or autonomous and local systems 

• Systems connected to (and having some exchange with) the energy web, most often 
the power grid (but also, in urban areas, possibly district heating systems or other 
heat sinks). 

 

Stand-alone or autonomous systems produce and provide themselves all services, 
from the available primary energy sources, and are optimised from this basis. Prices 
on the input and output side or demand side (price acceptance) may affect the 
internal systems configuration. 

The connected system uses the grid as spare capacity and storage, at least 
temporarily. It can also use other mechanisms, for example prices, for optimal 
operation of its whole, its subsystems and in relation to the grid. 

An inevitable characteristic of polygeneration systems is variability. The variations 
refer to both primary energy inputs and the output of energy services. The variability 
concerns processes orientated from and to the outside of the system, and internally. 
This variability means degree of availability and capacity use, which makes room for 
economic considerations, adaptation of capacity use and efficiency. 

The nominal capacities of the components and process stages and their usage usually 
differ, even if all are designed to balance (formally). The actual usage of the processes 
over time also differs, due to the common day-night cycle. The demand for power 
may be high in the morning and evening and lower during the night. Heat for 
buildings may have an inverse cycle, with less load during the day and more during 
evenings and at night. There are also other time-dependent patterns. 

Operation cycles of components depend on the component and process operating 
procedures (start- up, regeneration, maintenance etc.), outages, breakdowns, need 
of repair and so forth. Therefore, operations must be controlled for these reasons, 
but these variations may not be a nuisance altogether. 

The configuration of the system should certainly be designed and optimised from a 
technical, energetic and thermodynamic viewpoint. The buffers used and designed 
should then be the cheapest and with the longest durability (conserving the energy 
content over time), which is a general principle. Minimising buffers is another, 
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inherent recommendation. 

However, this is not enough. Buffers are expensive, and the more advanced the more 
expensive. As it happens, there is also overcapacity (less use of capacity) of 
subsystems and in some of the system´s processes from time to time (or some 
processes are idle). Choosing other, or up/down-sizing components and processes 
may adapt excess capacities and bottlenecks to some extent. Better use (degree of 
utilisation) of buffers and components can be achieved. 

An economic viewpoint can be useful and should be added; an issue is what 
components or resources are cheaper to use and what processes are more expensive 
and should preferably be saved or downsized. This might lead design to increase the 
capacity of some processes and subsystems and keep some other resources and 
processes short. The variations and differentials of prices and costs in the system and 
with regards to the web/grid create a relationship of some importance and can and 
should be used for more economically efficient solutions. In this lies the quality of 
the energy web (to supply and deliver), or security of supply. It can be an economic 
advantage to have large buffers/storage and to keep certain processes and operations 
continuous at a maximum rate. 

So, it is of value to understand, have data for and consider the economic parameters 
(capacity costs, for example) and realistic availabilities of subsystems, processes and 
operations when designing the system. 

The modalities and the interfaces of a polygeneration system, between the processes 
in the system and if connected with the web/grid, are commented upon below. These 
aspects must be considered when designing the system, a local stand-alone, 
autonomous system or a connected system. 

Summing up: 

Architectural frameworks for polygeneration systems encompass the overall 
structure and the connections/interfaces of the system, between the subsystems and 
to the energy web (the grid). 

Architectural frameworks play significant roles for integration and innovative 
development of smart grids and polygeneration systems. Interfaces define areas of 
integration and of innovative development. 

The architecture and architectural framework are applied using common protocols, 
standards and business models. The interface main modes for internal and external 
integration are: 

 

• Reactive power coordination in the grid, which needs a contract (price and other 
terms of connectivity) for terms of connection to the grid – this is an optimisation 
issue versus the grid and needs a well-defined architectural framework which is open 
for systems to connect/be integrated (addresses IPR issues, protocols, standards, 
business models) 
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• Phase control (power capacity regulation in the grid), which may affect the local 
system – hits the local system as a cost, standard that allows control systems-wide 
(addresses protocols, standards, business models) 

• Power rectification and harmonisation (AC/DC and frequencies) in the local 
polygeneration system (incl. distortion control) – this needs a common web 
standard (addresses protocols, standards) 

• Conversion of voltages and frequencies in the polygeneration system – this needs a 
common standard for sub-systems and appliances (addresses protocols, standards) 

• Intra-polygeneration subsystems connectivity and interfaces (designed to follow 
industrial standards) – may also be grounds for efficiency regarding prices and costs 
for equipment, and their (short-term and long-term) marginal availabilities 
(addresses standards) 

• Contractual regimes (terms and prices for delivery, sell and buy) between the local 
polygeneration system and the grid – if this is a possibility it can be useful to use the 
grid as a buffer/storage/supplementary capacity (addresses protocols, standards 
and particularly business models) 

• IPR of the polygeneration system and subsystems, which defines ranges of 
availability and adaptability (including data and indirect control) of technology and 
processes in the local polygeneration system – this decides the degree of freedom of 
design, and the economics of the system (addresses protocols, standards, business 
models). 

 

The potential of the Polygeneration system for innovation – obstacles and drivers 

A summary of what can be learnt about a Polygeneration system and its innovation 
potential is as follows. 

A general comment is that, as seen in the earlier Polygeneration definition and 
planning phase, the heterogeneous technologies that must be used in various parts 
and components of the system face great challenges and difficulties regarding their 
integration. This concerns both the technological elements and organisational 
matters in the larger context. 

A prerequisite for successful integration (and innovation) is that systems are 
accessible to each other, which primarily needs effective organisational 
arrangements as well as physical harmonisation. Ownership is one such issue at 
stake. Establishing a common market regime, rules and marketisation are others 
that make integration relatively more effective. Organisational issues concerning 
competence and ability to negotiate and contract all kind of services (transfer of 
energy in any form and state) between systems at the same or different levels is 
another area of importance. Moreover, it is necessary to have permitting physical 
and other standards for interfaces and exchange of services at and between the 
various system levels. 

As an added comment on the verdict, it might be interesting to note the theme of IEA 
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Technology Prospects 2014, ‘Harnessing Electricity’ (IEA, 2014). The Prospect is 
about electricity in general and electrical systems. Polygeneration is an electrical 
system where the IEA comment well applies. The Prospect stresses the 
overwhelming role of electricity in the future energy system. A symptomatic 
quotation in the summary of the study is: ‘‘‘Systems thinking’ is needed in the 
transition to a future system in which electricity from renewable generation is the 
dominant energy carrier – without creating the need for disproportionate 
investment. A more systemic approach to better integrate all aspects of the electricity 
system and prompt all stakeholders to optimize use of existing infrastructure.” 

To summarise, the Polygeneration project exposes the range of problems and issues 
with association and integration of systems. In all these respects adequate 
coordination and integration measures must be taken. The most frequent category 
of coordination and integration issues refers to systems interfaces. The cognitive 
resonances/dissonances from the supplying components and technologies matter. 
In addition, ownership issues and other organisational measures play significant 
roles for most of the actions to be taken. The mentioned issues are important on any 
level or whatever the size of the Polygeneration system, local, regional or even 
national. The integration issues increase in significance and difficulty with the size 
and the amount of variation (kind of energy, time and so forth) there is on the supply 
and demand sides. 

 

6.3 Case 1C: The Smart Grid 

This case study concerns the Smart Grid, which is an open power network. The 
system is open regarding output and loads and to inputs of various standards and 
quality. From a systems perspective, a Smart Grid is like an extended polygeneration 
system (see previous section), with the delivery of possible extra services added (for 
example energy and process management). The complexity and the physical 
dimensions of a Smart Grid are of course larger than normally considered in a 
polygeneration system. The two systems still conform or mirror each other in many 
respects. 

The Smart Grid concept has been investigated and discussed extensively 
internationally in recent years. Many countries try to develop overall systems and 
elements to Smart Grid systems. The area is rapidly developing with many 
competitive contributions. 

The case study method here was analysing key documents, technical and otherwise 
as other background reports from national commissions (Swedish) and academies 
(the US NAS/NAE) on Smart Grid issues. The method might be called document 
analysis. The background reports – one set from Sweden and another from the US, 
used were all comprehensive, detailed and well qualified. A systemic perspective as 
issues of systems integration were prevalent in both sets.  

In Sweden a public investigation of Smart Grid delivered its final report in 2014 
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(SOU 2014:84) and a range of publications and reports on specific issues in two or 
three years before that date. These reports are the main source for the present case 
study. 

The US National Academies report (2016) on the analytical requirements of the 
Next-Generation Electric Grid gives an excellent summary and overview of the 
analytical challenges and issues of the future Smart Grid. The report postulates the 
electric grid as an indispensable critical infrastructure that people (must) rely on 
every day. It anticipates that a smart grid must be more flexible and resilient than 
today, fulfil customer participation, integrate all generation and storage options (the 
mix of generating sources will be more heterogeneous and variable), new markets 
and operations, power quality of a modern era, asset optimisation and operational 
efficiency, a capacity for self-healing from disturbances and resilience to attacks and 
disasters. This will feed and encourage development and innovation on a broad scale.  

 

Figure 6.2. Key dimensions and factors in an architecture of a Smart Grid according to a 
Swedish public inquiry on Smart Grids. Source: Smartgrid Commission (SOU, 2014:84). 

 

For an overview and a discussion of a related concept, the “microgrid” as a system of 
systems, see Philips (2009). This was also used for this case study. 

Figure 6.2 illustrates key main components of a Smart Grid concept and its 
architecture.  

The Swedish inquiry´s mandate included identifying areas and problems that 
impede development of Smart Grid solutions. 
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Among preventing factors mentioned in the inquiry are: 

• Policies and regulation have a significant impact on the development of Smart Grids. 
These must be screened and refitted to support, open and promote Smart Grid 
development 

• Standards limit terms of action (standards for delivery, prices, concessions and so 
forth). The interface standards must be reviewed and changed 

• Stakeholder engagement and requirements (the system is divided into owners and 
their responsibilities). The power grid has monopolistic/oligopolistic elements. 
Policy for liberalising the connections and the markets is recommended 

• Cognitive issues (knowledge, R&D and design, sciences, disciplines) is a critical area 
(but of course not enough). The Smart Grid needs partly new control algorithms 

• Funding and finance (including risk management) are always important. Ownership 
is another critical factor 

• Role of Smart Grids relative to other systems, for energy and other resources 
(environmental and context at large) may also include politics of power. A new 
competitive regime must be established 

• Technologies (the technical systems integration issue, and particularly the 
buffer/system level, is central for the whole concept; it is not just about adding new 
sources (and users), as there may be a need for extra resources for buffering and 
capacity for reactive power etc.). 

 

Important parts of the Smart Grid architecture are technology and technological 
changes on the supply side and the demand side. On the supply side, this can 
comprise letting in new sources of energy, e.g. wind power. On the demand side, it 
may require more active buying/selling from the ‘user’ side, i.e. more and better 
energy management. A common feature is large variation when it comes to the 
supply and demand sides.  

One critical issue of the Smart Grid concept is the need for buffers (at all system 
levels). Buffering can also be spare capacity. (Extra) buffers are a burden (cost) for 
the whole system and the issue is how (the mechanisms) the responsibility for this 
incumbency must be distributed. 

A special part of the Smart Grid concept is metering and billing functions. When the 
roles of the power supplier, net owner (regional and local distribution) and the 
customer are changing, dynamically due to regulation, market influences and 
technical development, data and metering play a more important strategic role. Who 
should collect and own the power data and its uses? A proposal from the Swedish 
power surveillance administration is to establish a data hub for all operation 
information which is separate and independent of the actors. The independent status 
of the data hub is intended to improve competition and development. For example, 
according to the Swedish Energy Markets Inspectorate 
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(Energimarknadsinspektionen), new power and energy services can be encouraged 
when consumer and user data are freely available (EI, 2014). 

A Master’s thesis at KTH (Fredheim & Svensson, 2014) argues for a ‘service hub’ 
solution (data are stored locally with the supplier and the net owners) as a better 
alternative than a (‘centralised’) data hub and accepted by the suppliers and net 
owners (DSO) (Figure 6.3). This is well understood, but it can be questioned how 
well third party (or fourth party) developers may use a data solution ‘locked in’ by 
the supplier and net owner. An independent data hub might encourage new energy 
services to develop. 

 

 

Figure 6.3. Diagram of a service hub solution. Source: Fredheim & Svenssson (2014). 

 

The Swedish Smartgrid council proposed in its final report in late 2014 that the users 
and customers have a right to their own usage data (SOU 2014:84). This was 
considered as favourable for development of Smart Grid solution. 

As a comparative example, Lin et al. (2013) explore and compare the innovation 
policies related to the Smart Grid industries in the US and China. The researchers 
summarise their findings in an architectural framework for innovation in Smart Grid 
industry (figure 6.4), which is adapted from a proposal in Rothwell & Zegveld (1981) 
as will be presented subsequently. For many reasons there are great differences in 
the patterns and paths of technical development, innovation and innovation policies 
in North America and Pacific China. 
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Figure 6.4. Architectural framework for innovations in the Smart Grid industries of China 
and the US, as presented by Lin et al (2013) based on Rothwell & Zegveld (1981). Source: Lin 
et al. (2013). 

 

In their analysis, Lin et al. (2013) characterised the priorities of the Smart Grid 
innovation policies of the US and China in terms of the architectural components, 
thus obtaining a profile of each country´s innovation policies regarding Smart Grid 
innovation and development. It was assumed that the effect of the policy measures 
was proportional to each country. 

The analysis showed that both the US and China use scientific and technical 
development as the most significant policy tools for Smart Grids. These tools will 
enhance the technical knowledge and manpower in the sector. Moreover, China 
relies heavily on supply side policy, with a focus on public enterprise, while the US 
has a more limited role in supporting demonstration projects. In addition, the US 
relies on environment-orientated policy with an emphasis on financial and political 
incentives. 

The analysis found few elements of demand-side policies in both countries, which 
Lin et al. interpreted as a sign of the sector´s initial development stage. 

In both countries, it was found that legal regulatory policies had a prime purpose of 
setting industrial standards. Standards perform to reduce uncertainty to promote 
quality, the industry´s competitiveness, market development and make industrial 
development normal. 

A conclusion from the analysis by Lin et al. (2013) is that innovation policy must 
align and adapt to the sector´s and the nation´s conditions and development stage. 
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It can be an instrument to guide where and what policy measures may have the 
greatest impact and effect on development and innovation. However, it should be 
remembered that Lin et al. assumed that policy measures have the proportionally 
same effect for all countries, which may not be true. It also a matter of the skill and 
ingenuity of the researcher as to what policy measures to include and introduce in 
an analysis. In a prospective and early development stage, there is room for creativity 
on policy measures which are difficult to assess beforehand. In summary, the 
analysis may well be a useful instrument to develop and design policy portfolios for 
sector, emerging area or technology development and innovation. 

A parallel study by Triguero et al. (2013) examined drivers of different types of eco-
innovations in European SMEs. They differentiated between demand factors, supply 
factors and regulatory items, which have different effects on eco-development and 
innovation. They concluded that, if properly designed, regulation may improve the 
progress of innovations from the SME sector. 

 

Conclusions and findings about the potential for technological innovation in Smart 
Grids 

The Smart Grid faces several technological issues, many of them multitechnical, and 
other challenges to address. There is a solid historic record of the Swedish power 
equipment industry solving these kinds of technological issues. The cognitive 
dissonances shouldn´t be too large. A great deal of the concerns and difficulties for 
the project to overcome refer to systems standards and protocols, which are deficient 
or partial. This is at the heart of systems association and integration, which dictate 
and are a matter of interfaces of systems. Standards are needed to associate and 
integrate the various elements and parts of the system.  

The functionality of a Smart Grid is to a large degree dependent on organisational 
issues, for example ownership and possibly diverging (not necessarily harmonic) 
interests of various stakeholders. Conflicting organisational and business cultures 
(for example technical management versus commercial) are a related issue. Rules 
and regulations limit and restrict the domain for powerful development of a Smart 
Grid. 

 

6.4 Case 2: A piloting Swedish C3I system - LedSyst 

This case examines a “failing innovation”, which means that the original project (in 
its original brief) had high aiming innovative ambitions and innovation potential, 
but for some reason these expectations were not fulfilled, and it failed, its 
opportunities were not realised, and possible disruptive effects did not come true. 
Some results and useful experiences were produced and may be of value for future 
development but cannot justify labelling the project as an innovation. From an 
evolutionary perspective, it is true that the innovation project was a failure in its first 
phase but need not be the definite verdict of the project ambition and idea. As a 
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matter of fact, a secondary project phase might be started at some later stage, when 
the conditions for development etc. would be more favourable and appropriate. It 
can be addressed as an issue of the maturity of a certain technology, but it may also 
concern and expose some other important and critical items at an agenda for 
innovation. 

This case study has its base in Mölleryd (2011), which supplies a time log of the 
project, project reports and documents which are selectively openly published (in 
particular an early report on the project organisation and layout, and a number of 
requests for quote documents), and a brief history of the project authored by a 
project official and manager at the time of the project closure (LedSystT Historia, 
2010), complemented with interviews with project leaders and managers including 
the chairman of an external evaluation study on the scientific qualifications of the 
project, reports on C3I systems and related topics from the Defence Research 
Establishment (FOI) and economic analysis of the project from the Swedish National 
Auditing Office (Riksrevisionen). 

The case study method was based mainly on interviews with project managers, key 
actors, other stakeholders and representatives of external organisations controlling 
(financial control) and auditing the project (also from a scientific point of view). A 
few documents about the project timetable and history were available. Secrecy 
prohibited full insight. 

LedSyst was a piloting advanced information network project that received a great 
deal of prestige and attention from the public as from certain stakeholders and 
clients (Services as the Air Force and the Marine, but also the Army had great stakes, 
and arguments about it) which might have influenced storytelling. The semi-public 
character was prohibiting (financial control was open, and secrecy of technical 
design issues rather secret). Open documentation might be misleading. 

LedSyst was a major defence project of a system for Command, Control, 
Communication and Information (C3I) in Sweden 2000-2010, born out of the 
international discussion in the 1990s and earlier decades about Revolution in 
Military Affairs (RMA) (this was also touched upon in chapter 3) with many names 
and appearances, e.g. Network Enabled Capabilities (NEC, a British acronym, also 
used in Sweden), Net Centric Warfare (NCW, a US acronym), NätverksBaserat 
Försvar (the Swedish term, in Swedish, NBF has a dubious ring since the “famous” 
failure of a major project at the turn of the millennium) and Dominant Battlefield 
Awareness (DBA). For an analysis of NEC and its costs and benefits to stakeholders, 
see Neaga & Henshaw (2011). 

LedSyst was a major effort from the Swedish Armed Forces to establish, design and 
build a joint, interoperable and integrated C3I system for the Swedish military forces 
in the first instance and for a broader security sector in Sweden. The task was 
comprehensive and challenging, to align and integrate existing but partial systems 
that existed within some of the rather autonomous defence services, to modernise 
these and to add and create integrating systems that could synthesise subsystems. 
All this had to be achieved regarding the existing decision domains and degrees of 
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classification. It was also expected to associate with some other security-orientated 
but non-military, civilian public agencies. It is certain that this challenge could not 
be solved as a technological problem only. 

LedSyst was an ambitious effort and project, started in 2000 to closed unfinished in 
2010, with a true innovative character, which potentially had the mission to achieve 
a radical change (‘revolutionary’, another word for disruptive). A short summary of 
the project and the project outcome is that of a failed innovation. It did achieve quite 
a lot and in some regards some new things, but it did not disrupt or change 
paradigms in a comprehensive sense. This shows that complex systems development 
is not an easy task. There are quite several obstacles and risks, many of which are 
quite large. One lesson from the project LedSyst was about some of the elements that 
result in failure. Hopefully it also provides some lessons about what success factors 
are and why. 

The history of LedSyst and its background in the international discussion on the 
RMA concept and philosophy and its various realisations are described in Mölleryd 
(2011) and LedSystT Historia (2010) and summarised below. 

LedSyst was intended as an evolutionary broad development project scheduled with 
experiments and demonstrations with a common technical architecture based on 
open standards and general design rules. The success of LedSyst was to depend on 
the success of comprehensive systems integration, from the basic level of integration 
of separate components and subsystems to the top level of international coalitions 
and joint operation of defence services. Results would appear in an integrated system 
(system of systems), which could provide cross-functional services in a common 
network. 

The project was originally conceived and organised to integrate four parallel working 
themes, or circles, with the technology circle as a joining hub and common 
infrastructure. A close interaction of the circles for Methods, Organisation and 
Personnel with Technology was the principle of project governance and development 
consolidation. A fateful shortcoming was that three circles, for Methods, 
Organisation and Personnel, did not receive fair attention by management, and thus 
these three circles never gained impetus. The substantial core and focus of the 
project became technology. The comprehensive project LedSyst was transformed 
into the project LedSystT (T for Technology), which also became the general project 
name. This meant that technology (not an easy task in itself) had to solve all the 
issues related to methods, organisation and personnel, which was improbable, if not 
impossible. This decision established the main flaw of the project. 

LedSystT was developed largely by industrial consultants, in certain isolation from 
the ordinary operative defence agencies. LedSystT learning regarding technology, 
methods, organisation and competence enhancement when developing a systems 
project also became less effective. 

The Swedish Defence Forces had earlier, in the late 1990s, been reorganised into 
joint services, which was helpful for an integrating project such as LedSyst. 
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Politicians had from the outset a positive attitude to the project’s intentions (they 
certainly hoped for rationalisation and the project´s potential for defence savings). 

LedSystT had from its very start an international background and orientation, from 
which it was inspired and to which it was referred as a pioneering venture. For 
example, there was extensive international participation and interaction on 
standards for systems development. Sweden kept strong pace and influenced NATO 
standards for systems development. 

Among the achievements of LedSystT was to help establish a joint centre for 
development of C3I systems in Sweden with the Armed Forces. 

SUC-BAS, the Baltic sea monitoring and communication system, was an 
international systems integration achievement of LedSyst. 

Although LedSystT in many respects made other impressive leaps of understanding 
and improvements of design of large systems development, its intended mission of 
innovation failed. Why and how did that happen? 

In the assessment of LedSystT by Mölleryd (2011), two key elements were put 
forward as the main reasons for the failure. One was that little attention was directed 
to methods, organisation and personnel, and these functions were soon lost. The 
objectives and further development of the project became rather limited to 
technology matters and technological solutions, difficult enough in themselves. The 
overall systems architecture was reduced to its technical focus and architecture, with 
large consequences for the overall systems integration, implementation and 
eventually innovation success, which failed. 

Systems integration in its wide sense was not cared for and implemented, largely 
because of an early short cutting the system architectural framework. Several, as it 
turned out important elements of the original framework were abolished. It is ironic 
that the framework at the project outset was comprehensive and fully armed. The 
lack of integration appeared on several levels from the international and joint 
services to the enabling components and systems. There was a distinct conflict 
between the systems with the separate services (the navy and the air force each had 
well-functioning systems for their own purposes), which could not be aligned or 
integrated. 

A contributing factor was the long-time frame for the project, ten years or more. In 
that period the context and conditions changed quite substantially, while the 
financial regime and pre-requisites for defence project and development activities 
also changed substantially. In the starting years and before, Swedish defence had a 
relatively comfortable funding situation, but it soon became squeezed. Financial 
monitoring from the government came in as a strong and influential control element. 
There was also a moratorium on defence development in general, which hit LedSystT 
strongly. The project was abruptly closed. 
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Conclusions and findings about LedSyst successes and failures, but also its 
potential for improvements and innovation 

LedSyst, although diligent, became an “innovation failure”. It did not achieve its high 
expectations (the project brief and the project´s proponents spoke about disruptive 
development, an idea copied from the commercial world of smart phones and the 
like; disruption is obviously not a Sunday school affair). The project, even as a failure, 
must still be regarded as a great achievement in view of its early attack (exhibiting 
its disruptive intent!) and the inherent difficulties and great challenges it met early 
on. A cross-service control and communication system (with strong self-esteem from 
services) must be one of the most challenging tasks for integration one could think 
of. 

The problems according to the LedSyst assessments were the (lacking) architectural 
framework (actually the project started with a comprehensive framework, but that 
deteriorated and disintegrated into a disabled, “one-legged” organisation trying to 
cut corners – from the critique the project received from stakeholders, and from the 
time and budget-responsible central government and Ministry of Defence), lack of 
standardisation and standards of how to align and associate hardware (platforms) 
and information systems horizontally. There was a latent conflict between the 
information systems of the Army and the other services. It is an open question if this 
conflict came from the services´ egos or technical problems of integration. Legacy 
played a role that inhibited cross-service developments. Some ‘vertical drainpipes’ of 
the project were by tradition stronger and more long-lived than the horizontal 
‘gutters. The project was separated from operating services and agencies. This also 
meant that deployment aspects and user involvement were not sufficiently regarded. 
A technological problem was the overall sluggish acceptance of digitisation (the 
Swedish Defence Forces were early in this technological transformation, already for 
example the surveillance and control system of the 1960´s, although the term 
digitisation wasn´t invented by then). 

To this might be added the contextual situation, and its substantial change over the 
long LedSyst project time. The financial conditions and context (particularly public 
finances and authorities such as the Ministries of Defence and Finance with great 
influence on monitoring and control in critical development phases) impacted on the 
process and put spokes in the wheels. Basically, the project did not receive the trust 
it needed. Economic control functions (National Audit, Riksrevisionen) had their 
suspicions (of the project as a black hole for possibly consultants, rather than 
innovation).  

The project had the resources to engage good and well-qualified expertise. A problem 
was that the diverse competencies needed were not organised along the provisional 
and from the beginning well-designed and comprehensive architecture of the 
project. The architecture from the outset was not applied, but distorted and short 
cut. Mixing up the roles of the various stakeholders, for example users, developers, 
IT experts and other technical personnel, confounded effective management. 

As a postscript, a new project on C3I systems development was started at a low pace 
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in 2010, with the acronym FMLS (FörsvarsMaktens LedningSystem, C3I system of 
the Swedish Defence Forces). The architectural framework chosen for this was the 
British military standard and architecture MODAF, aiming to successively coalesce 
into a NATO architectural framework for systems integration (NAF and NISP). It is 
too early to evaluate possible success. Today there is a new setting, and maturity for 
developing digitised control and communication systems. It is a phase of continuous 
improvement and progress (the disruptive element became neutralised, and the 
solution applied to common, international standards). 

A recently decided (2014) reorganisation within the defence sector and armed forces 
of its logistics function (including acquisition, supply and deployment of defence 
materiel) may vitalise the architectural framework and systems integration within 
the armed forces and the defence sector. But the new solution to choose will not be 
disruptive, more state-of-the-art in the world that is existing outside the military! 

 

6.5 Conclusions from the four case studies regarding profiles and patterns of 
innovation 

This section concludes the case studies to support the understanding of the 
innovation phenomena and the innovation processes behind – what might be called 
an innovation view and implicated architectural frameworks.  

None of the cases were fully successful innovation cases, at least from the perspective 
and ambitions of the expectations of its initiators and proponents, and from the 
outsets view. However, all cases had some progress, the cases are therefore not 
failures in a strict sense.  

One of the cases studied (LedSyst) was a distinct failure in attaining the goals from 
the outset (the goal was disruptive innovation) – the other are half success/failure. 
A common experience is that objectives change and drift when a project evolves. A 
pertinent reason for the LedSyst failure was the futile ambition to disrupt and 
integrate existing platforms, although fragmentary with another. In the other cases 
development is still going on, so a final verdict of project success is pre-mature 
(however, progresses are recently reported). Progresses are to become achieved, to 
quite some part by revising, that is moderating, initial goals and objectives at the 
start. In one case (Polygeneration), the goal was changed from a field operative 
service (rescue) module to a demonstrator of certain interesting, although “only” 
conceptual, stages of ideas of technology, which received an educational value (goals 
drifted along the journey). A change of operative goals was necessary since target 
clients and user conditions were found much too undefined and unidentified. The 
Smart Grid study case is stylistic (or kind of piloting case or demonstrator) so it is 
not appropriate to categorise this as either success or failure. 

It is evident all over that the development of a case prominently depends on systems 
that associate and cooperate in one way or another. This lays the ground for 
advancement and innovation finally. The conditions for association to occur or 
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become amplified then are critical. The specific conditions, we then see, is that 
advances, favouring or troubling association – a constructive cooperation, differ 
from case to case, and are truly multidimensional. There is a large variation in the 
dimensions of these conditions. The twists and turns of systems association and 
integration are obviously complex and multidimensional.  

The first table below (6.1) shows the strengths and weaknesses the Polygeneration 
innovation project from an innovation view. Some weaknesses of the project are 
evident, which can explain the relative failure/half-success the project achieved. The 
multi-technical challenges became a great problem and the solution was found by 
tinkering (using easily available or even contracted means and technologies, rather 
than optimal, or maximum contribution). Intellectual property rights (IPR) imposed 
severe limitations for further development and implementation. Moreover, the 
stakeholders and their concerns (contradicting, amplifying or synergetic) were not 
well-identified. 

 

Table 6.1 Smart Grid – resonances/dissonances/discrepancies of project and innovation. 
Key findings pointed at presence of systemicitiness and strong needs of governance for 
implementation. 

• Interface standards a main area for further development 

• Still unresolved data ownership (user or provider), system control a main issue 

• Multitechnical challenges, transition from operation of “hard ware” to services 

• Contrasting regulation pervades vs business rules and market regime (no free 
entry) 

• Availability of user data, service orientation a challenge 

• Technical vs business cultures 

• A Smart Grid needs qualified leadership and management with deep both technical 
and business skills and competencies 
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Table 6.2 Polygeneration innovation project (definition and planning phase) - 
resonances/dissonances/discrepancies of project and innovation pointed at systemicitiness 
and governance as critical issues. 

• Missing or fragmented standards 

• Tinkering mode of control 

• Diverse and multi- technical issues only partially resolved (energy technology one 
concern only) 

• IPR was a limitation that severely affected systems design, organising a working 
package was critical 

• Main objective was, or became a demonstrator; operation and maintenance 
requirements were secondary and insufficient 

• Stakeholders and users had to be more precisely identified- still an open question, 
coalition building a difficult process for which skills were weak 

• The management of the project (intended to become innovative) was like an open 
club to which as many as possible specialized skills and competences, appropriate 
for a venture of the polygeneration type were invited, and by and through which 
the fairly large number of possible associates one or another successful integration 
would happen. 

 

Table 6.3 shows an innovative Polygeneration system (separate or integrated with a grid) 
from an innovation view - resonances/dissonances/discrepancies of project and innovation. 
Key findings pointed at 

• Buffer (for example batteries) design a critical task, interface standards largely 
missing 

• Intersystem and organisational control needs care and concern that were missing 

• Multi-technical issues are challenges (cognitive gaps and dissonances) 

• Marketisation lies ahead (from technical demonstrator to market regime, domain 
structure and contractual rules not well defined) 

• Prices availability is required but disputed 

• Owner structure, access to and between systems domains, contracting terms and 
values, clashes between commercial and technical spheres 

• The management of this project turned soon to become educational. The goals and 
objectives were consequentially redirected since it was evident that the customers 
and users as other capital interests for a successful polygeneration installation 
were missing or undefined. 
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Table 6.4 showing LedSyst project from an innovation view – resonances/dissonance. Key 
findings were that systemicitiness was present at a great magnitude and governance dearly 
needed but flawed or missing. 

• Coherence & standardisation of platforms was not investigated enough 

• Lacking usable standards, security issues unsatisfied 

• Digitisation a challenge, in technological terms vertical, drain pipes (organisation, 
command structure) stronger than horizontal gutters (cognitive shallowness & 
gaps) 

• Long-term project separated from operations, lack of services and agencies 
integration, split decision and operations domains. Multi-domain operations was 
not prepared. 

• Deployment uncertain and badly scheduled, lack of under-standing of 
demonstrations (confused and exaggerated apprehensions), prohibitive financial 
restrictions arose late in the project (at the start” free”) 

• Conflicting views and engagement from services, users not early involved, clash 
technology developer’s vs operational cultures. Drain pipe solutions. 

• The LedSyst project for certain reasons rather soon concentrated and jumped on 
technical matters (of course quite difficult to solve) and missed or avoided other 
aspects of a fundamental nature needed for a successful implementation 
(education & training, ways of developing, verification and validation and other) 
which were well stated at outset of project but neglected. The project elapsed the 
need and implications for jointness and disrespected need for association of 
parallel existing capabilities and systems (which eventually meant that it got heavy 
fire and non-acceptance from competitive and experienced services). The project 
lacked economic control in its unlimited fascination with difficult technical details 
(at the end it was financially strangled). The project had from the start quite an 
intelligent and comprehensive scheme of governance that became corrupted into a 
non-specialised (technical and otherwise) thin military organisation. 

 

A tentative but well enough thorough conclusion from the four case studies is that 
there is a common ground for a profile of innovation – this can be successful, partly 
successful or failed. The profile is constituted from systemicity that exists, which is 
forceful and necessary if the elementary systems should and can associate and 
integrate. The failures depended very much on missing or deviated systemicitiness 
of the partnering systems. The systemicity issue will be further investigated and 
discussed in the next chapter (chapter 7). 

It is of a great interest to find out the architectures of the cases, particularly from 
an innovation view, and how this affected and influenced the outcome.  

Dimensions of the architectures that were critical and senseful for fruitful 
associations and integrations were technological and social organisational. A 
common problem or reason for failure in some of the cases was a one-eyed 
attention from the project managers of the technology only, and too little or 
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marginal interest for the social organisational dimensions which are quite 
important for deployment. Of course, the technology was a major defiance and 
hardship in many cases, so it is easy to excuse oneself to be intensely concerned 
with this alone and put the social organisational issues aside (“take notice only 
when they appear”). But lack of understanding and meeting the social and 
organisational demands lead to failure, or inefficient and insufficient solutions. 

A third reflexion when it comes to architecture and structure is governance and 
agency as a paramount force for a successful project. However, it is not easy to 
point out what specifics will make governance work successfully or less so. 
Governance is a continuous and versatile function that must take different scope 
and concern for detail along each of the project life cycle stages and that must be 
adapted and adjusted for this. Governance is a tricky issue and will be further 
investigated and discussed in chapter 8. 
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7 Systemicitiness – the dynamics of association and 
integration of systems to innovation 

 

It is a conjecture and research theme of the present study that the creation of 
innovation and innovative systems emerge from association and integration of 
systems. Association and integration of systems, which is a core quality, and an 
instrument or a vehicle of systemicity, is considered pivotal to the creation and 
emergence of innovation. This is supported in the literature survey as the case 
studies in the precedent chapters. The purpose of this chapter is a closer examination 
of the causal or correlative relations of systemicity and innovation and disruptive 
technological change. 

In this respect it is here time for a principal, and a more theoretical perspective and 
an explanation of the how’s and whys of association and integration and how these 
affects and relate to innovation. The causal underpinning and hypothesising of the 
relation between systemicity, the associative features of systems evolution and 
innovation are main targets and objectives of the research. A noticeable research 
objective is to find out the structures and ontological spaces of the innovation 
systemicity.  

The discussion in this chapter starts with a section on contexts and conditions for 
associative and integrative processes and is followed by a section on the shaping and 
dynamics of innovation processes, and then concludes about the “arithmetic’s” and 
syntaxes of association of systems for innovation. The contextual background is 
mainly the technological and industrial development and dynamics in a world of 
globalisation. Context provides and defines opportunities of association and 
integration of systems. However, it is not certain that an opportunity will be taken. 
It is needed a governance capability that brings the opportunity to reality and come 
true. The role of the governance function and faculty for innovation will be 
investigated in the next chapter. 

A listing of common and principally interesting ways of association with an 
innovation profile or relevant from innovation point of view is provided in a later 
section in the chapter. The listing primarily just illustrates the variety of ways and 
modes of association of systems, and secondly, when it is relevant how this is related 
to innovation of some magnitude. In combination with the precedent chapter we can 
safely conclude that innovation is strongly correlated, even causally with systemicity 
– the association and integration of systems. 
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7.1 Contexts for association and integration of systems 

The section provides a survey of the environment of opportunities, the playground 
for association and integration of systems and innovation. The major topics of focus 
are the steady progress and evolution of science and technology, development of 
regional industry and economies, in a globalized and expanding world of 
differentiation and specialisation. 

 

Diversity and transformation of industry 

An illuminating and insightful starting point to the discussion of the innovation 
process and where it leads is the Schumpeterian (1942, 1983 edition) theme and 
conjecture of ‘creative destruction’. Schumpeter claims that innovation comes from 
new combinations of (new) knowledge (technology), and that these sometimes imply 
or lead to reorganisation of whole sectors of the economy.  

The Schumpeterian view discriminates between disruptive innovations, which have 
a wide scope, and minor shifts of systems and system states that do not change the 
business branch or organisation at a higher level (and are not counted as real 
“innovations” by Schumpeter). ‘Creative destruction’, a characteristic of (disruptive) 
innovation according to Schumpeter, refers a certain product architectures or 
systems that fail, dissipate and are destroyed. The existing system is disposed of or 
dismembered, replaced and superseded (‘invaded’ in the ecosystem analogy!) by a 
new system that builds on new or other knowledge and technology. More specifically, 
the invading system supplies stronger combinations of existing and new components 
and subsystems with altogether better performance and a more advantageous 
architecture. The essence of the Schumpeterian view is the stress on the 
reconfiguration of systems, systems of systems and the sector at large, and where 
new knowledge and technology and discovery are the major initiating elements that 
provide forces for change. 

A key issue here is that radical change and innovation may come from establishing a 
reconfiguration or a new configuration of existing systems (which can be based on 
adding capabilities, functions, services and other systems), which is a sort of 
addition, reordering, removal and substitution of systems. Innovation may also 
come from adding a system or systems of systems to existing combinations of 
systems, resulting in new configurations or reconfigurations. The new configuration 
may eventually diffuse and result in a radical new organisation of companies and 
business areas, even branches and broad service sectors. Incremental changes to 
existing systems may increase performance, usually marginally. Radical changes 
come from the integration of systems bringing the association to a new level, 
constructing a system of systems. It also means a new constellation and perception 
of services provided. 

Technology and technological change evolve from an assemblage of practices, 
functions and other technological components. Innovation comes from a fresh 
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combination of existing technologies, systems and devices in a process of growing 
diversity. Technological development and innovation are a generic process where 
development leads to changes in the economy and the markets, which in turn lead to 
further development and innovation. The paths of this evolution may seem erratic 
and hard to follow. Technological systems are a relevant instrument for describing 
this evolution (Carlsson & Stankiewicz, 1995). It also gives support to the systemic 
character of technological innovation and change. 

In the act of creative destruction, according to Schumpeter, a product architecture 
or a business model overtakes and/or replaces existing forms. The existing structure 
becomes obsolete, in due course. The process of innovation can also come from 
inside, when an existing system or system of systems is torn apart, or fragments, and 
finally dissolves. 

Arthur (2009) provides a fascinating insight into the patterns and essence of 
technological change and innovation, where association and disassociation play 
large roles. He describes the paths of technological development as dual, with some 
strands of technology development being obvious and bounded to a certain (stabile) 
trajectory, and some others defining and opening unknown or locked paths which 
may be surprising and eventually diversifying. 

The dual development of the military-civilian economy is a well-known topic of 
diversification in the technology policy discussion (for example the case of civilian-
military integration in France) (Serfati, 2001). In the past, technology was 
transferred from the military to industry and society at large, at least in some 
instances. In a later period, this flow became reversed, so that technology developed 
for civilian purposes was advancing military systems. 

The original cause and prime reason for the constructive-destructive process can be 
a technological shift or breakthrough that eventually disrupts the existing systems, 
patterns and architectures – the new technology-based architecture surpasses in 
performance and quality and proves to be the champion. It is difficult to tell whether 
this effect is “planned” and foreseen, or whether the superiority is a posterior result 
(a result of a chaotic, experimental, Darwinistic system). The existing competences 
and the established architectures then become obsolete. The disruption may also 
have its origin in an internal or external change of the system setting that results in 
a product or service with a better fit to the demands and needs of customers and the 
market. The disrupting change can be incremental or radical (depending on at what 
level the change occurs).  The change sustains the existing system, which keeps its 
advantages and leading edge, or alternatively it breaks the existing sectoral 
organisation by the new, disruptive system. Still, there might be kickbacks from the 
incumbents which feed another spiral of evolutionary change. 

It is a matter of the specific case, but also common judgement, whether a certain 
technological change keeps within, breaks or supersedes an established trajectory. A 
change can be incremental (which implies conservation of the branch or sector) or 
disruptive (which breaks the sector, changing its logic radically, or creates a new 
business or sector). It should be noted that there is a natural tendency in many areas 
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for path dependency, which can also be considered an early warning indicator of 
possible radical and disruptive changes. The logic is that change is cumulative, 
eventually leading to disruption of the system. 

 

Industry globalises and expands into complex networks of specialisation 

On the industrial level, an originating concept and starting point for analysis and 
discussion is the Chandlerian ideal-type vertically integrated firm (e.g. Chandler, 
1990). Chandler analysed the most efficient and dynamic industrial corporate 
developments in the period between WWI and up to and after WWII and described 
the vertically integrated corporation as the mother of modern industrialisation, but 
also as a pillar and source of development. (Chandler saw the modern industries as 
peaks of rationality and human civilisation.) Chandler is a parallel to the late 
Schumpter. 

Production within this corporation is organised in processes that ideally are 
sequentially linked along a chain of values from the mine to the end product-selling 
department, with all steps well integrated and balanced from one to the next (no 
residuals or parallel inputs). The ideal final solution is to have all steps and stages of 
the value chain in-house, within the organisation, which gives maximum control and 
feedback from the market to the earlier stages of production. Each stage is perfectly 
sized and balanced with the sourcing of raw materials and subsystems/components, 
the intermediaries and the supply to the matching of the demand from customers 
and the market. The perfectly vertically integrated corporation is the ideal from an 
efficiency point of view. In this sense it is an extreme that is unattainable in the real 
world, as it is utterly static. The closest representations of the perfect vertically 
organised corporation in the real world, according to Chandler (1990), are very large 
American companies like General Motors, du Pont and Standard Oil. The 
configuration pattern of these large firms peaked in the 1950s and has since then 
fallen apart (regulations and anti-trust policies were main factors), in various 
respects, and has become overtaken by other, more mixed or hybrid forms of 
industrial structures, the “net model” currently being the most well-recognised and 
common. The stages of the value chain are in that case sourced from anywhere in a 
“horizontally” organised net, with little or no vertical control. 

Traditional industries that are structured as vertically organised corporations tend 
over time to break into disparate systems and capabilities, which may diverge, 
combine and associate continuously in new or transformed industrial groupings and 
networks. The simple reason for this break is that certain processes, subsystems and 
components within the corporation are better and more economically managed and 
developed separately from being locked in a single organisation – the main reason 
for divergence is economy of scale. There are hidden incentives to form new 
constellations. The formerly close organisation tends to split up into subsidiaries, 
furnished by external suppliers and producers of components and subsystems. Each 
of these subsidiaries or daughters benefits from economies of scale. Each, formerly 
dedicated to only one delivery, can supply several end users and customers in 
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parallel. 

There is a quest for outsourcing of all kinds of facilities, resources and ways of 
production. Specialisation has some easily recognisable advantages, e.g. decreasing 
costs and less efforts for transport (for physical transfer and distribution) and 
communication (for managing the processes at a distance). However, distance has a 
barrier effect, which influences both the processes of separation and integration. 

The dissolution of a vertical structure requires new types of relations and 
mechanisms for control and exchange within and outside the area and organisations 
of interest. There is a parallel development that new solutions and special 
components etc. can be supplied more economically by external new producers. The 
suppliers enjoy economies of scale, which means that there is an opportunity for an 
outsider to supply multiple customers in the downstream industrial web. This factor 
of scale quickly outweighs the advantages of being in the same decision domain. 

Still, there is an argument that transaction costs (administrative and logistic) inhibit 
the externalisation of functions and services. Williamson (1996) analyses this 
development, the balance between transaction and control costs (‘market and 
hierarchies’), which may decide balancing externalisation or internalisation of 
functions and supplying systems. There is a subtle but substantial balance of internal 
organisation of production and external coordination by markets. 

Teece (1988) discusses the modern firm´s organisation from the view of 
technological change. Outsourcing and a distributed network of resources are the 
standard and common to modern industry. 

A networked supply and production system (and supply to consumption on the 
reverse side) evolves from this pattern of development. A global web of specialist 
capabilities and corporations is open, leading to streams of products and services 
being transferred across the globe and borders, continents and nations; this is 
international trade on a large scale. The traditional perfectly vertically organised and 
integrated corporation withers and is transformed into a global network with criss-
crossing flows of inputs and outputs with growing potential for insourcing and 
outsourcing. 

However, barriers to trade and the transmission of services hamper this evolution 
and globalisation. Due to continuously expanding and developing transportation 
and communication technologies by decreasing relative cost and efforts, the 
evolution in the foreseeable future is strongly supported. Transportation and 
communication are main movers of the (re)distribution of worldwide production 
and consumption (including liberal trade). It can only be stopped by political and 
national borders. 

Globalisation brings a new order and inherently expands the opportunities for 
innovation by introducing new services and products and an ever-expanding 
spectrum of potential suppliers. The downside of this specialisation and 
globalisation is a growing need for integration, which is an opportunity or a 
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requirement. A single company cannot produce or supply all its inputs and needs, 
much less source internally everything it needs in its production. Specialisation 
drives competition, which feeds further specialisation and development such as 
building of nets and consequently drives integration. There is a parallel development 
in specialisation and integration. These processes drive transition and change and 
feed new constellations and patterns of cooperation and trade. 

 

What drives or inhibits globalisation, its stalemate and reversal? 

Globalisation is one measure of the context for association and integration of 
systems. It is therefore of interest to see what and how globalisation will change and 
develop. 

The major trend of globalisation is leaning on worldwide technological change and 
development, and the inherent tendency for specialisation and differentiation. Bern 
(2014) describes the globalisation or global transformation from the incumbent side 
as an effect of a failing governance from the local horizon. Bitzinger (2008) describes 
the transformation and resistance to internationalisation of world defence industry 
along somewhat similar lines. 

New technologies tend to diversification and spatial distribution of processes and 
activities. A distributed world feeds countering forces to connection and new 
combinations, sometimes with new means and technologies.  

Strong development of digitisation and ICT and other system technologies 
(digitisation is an umbrella term for a cluster of technologies), that are based on and 
directed to connecting systems and activities and make an immense impact in 
integration and globalisation/internationalisation. This gives an overriding and 
advantageous role to evolving net organisations of activities and systems. 
Brynjolfsson & McAfee (2014) vividly explores the emerging and connected (with a 
question mark) net (world) society. 

The beforementioned tendencies lead to ‘borderless’ (but not fully transparent) 
increasing competition and supply, which drives further specialisation and 
separation of processes, sometimes complete outsourcing – physically and 
organisationally. Consequently, businesses develop in new globalising contexts and 
complex net structures. It even more enables outsourcing of formerly close linked 
processes and functions, and furthermore diversification and technological change 
and development. 

Sunk costs of transport and communication make the world smaller and conflated 
in time and distance. 

Against the long-term trends for globalisation there are political and other barriers 
(frictions) that tend to grow in the reverse direction. Globalisation is counter forced 
by resistance to change and administrative and political barriers set up for national 
and regional autonomy, independence, or even isolation. Hypothetically, the growth 
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of barriers and friction are proportional to the speed of change (reactive). The net 
result is that globalisation continues, but at a slower speed. 

So, it is clear and evident that globalisation (and its reversal) affects the context for 
association and integration of systems, and thus is a condition of great magnitude 
for innovation. 

 

Industrial transition and development by association and integration 

Prencipe et al. (2005) and Hobday et al. (2005) explore systems integration as a core 
capability of the modern corporation and as a pre-requisite of industrial innovation. 
Those authors give a good overview of the history of systems integration in the 
industrial domain, and its applications in various fields, for example defence, which 
has had a pioneering role in applying this. The reviews cover the cognitive 
underpinnings of systems integration and present a cyclical model of technological 
advancements and innovation in the (hard disk) industry (by Chesbrough, 2005). 
They show persuasively that systems integration is a necessity not only for complex 
products and systems development, but also their development within a wider 
infrastructural setting.  

The main argument for keeping to an established trajectory and path is (economic) 
efficiency. The existing system cannot keep pace with or jump to another, more 
advanced technological trajectory without cost and significant effort. A jump would 
mean a major system loss from the capital invested in the existing system. According 
to technology historians there is usually a secular trend, or life cycle, in the change, 
evolution and revolution of technological development.  

The trajectories and families of development are nicely illustrated in the diagrams of 
TRIZ, a compound theory, methodology and tool for inventive problem solving 
(Altshuller, 1999). TRIZ presupposes certain common ways and solutions for 
technology development and expectations over time. The Gartner hype cycle 
(Gartner, 2014) for emerging technologies gives a complementary view of paths and 
cycles of technological development. 

Disruptive changes are usually induced externally and are unsuspected and 
surprising to the incumbent, i.e. a disturbance or a new niche competitor. This type 
of originating pattern has inspired the ‘skunk works’ organisation (Rich & Janos, 
1994; Miller, 1995). The skunk works solution to organising an innovative venture 
aims at keeping new resources and system building away from the ‘main’ operations. 
The ordinary and the new do not disturb each other (of course there is a moment 
when the new replaces the old). The new must not disturb the main operations, and 
vice versa. There is a need for a decision filter between the existing and the new. This 
also illustrates that radically new ideas and disruptive operations are difficult to cope 
within the same organisation and unit. Incremental changes can, by definition, be 
well accommodated (misfits will never succeed). 

A change that is disruptive can in certain circumstances be accommodated and 
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contained in the existing system. The case for destruction and a new architecture is 
indefinite, but certainly not limitless. It is impossible to forecast exactly the success 
of a new idea, invention and potential innovation. Creative accumulation signifies 
that innovation tends to concentrate in established structures. Incremental changes 
usually occur along existing trajectories, rather than acting as destroyers or evolving 
into radically new business models. 

Following this discussion, it is then of interest to investigate how systems can be 
associated and connected, how a single system or system building phenomenon 
changes the system and the system configuration when adding and joining an entity 
into systems of systems, how certain systems are replaced by new ones, systems 
added or modified, giving a distinctly new and radical architecture. 

It is an open question whether changes can go on within the same, existing 
architecture or whether the radical change evolves or explodes into a new structure. 
The solution for change and integration may lie in between or in combining the 
existing, old and the new, radically different, rather than dual either/or. The forms 
of associations and integrating links from which innovative systems of systems are 
built must be further specified.  

 

Evolution and advancement of science and technology 

Steady, ongoing technical and scientific change and development, differentiation 
and specialisation in the technological and industrial arenas will advance knowledge 
frontiers and inflate the set of potentially available technologies and opportunities. 
Technology and technological scientific knowledge are globalising. New phenomena 
are being discovered, rediscovered and exploited all over the globe. Reproduced and 
new knowledge is being created at old or new centres of research and development 
all over the world, e.g. in the ‘old’ but strong research centres in Europe and the US 
and increasingly in many disciplines in the Far East (China, India and Japan). 
Knowledge is the scientific dimension that flows over geographical borders. This is 
not equivalent to being freely available or openly usable. The actual dissemination, 
free implementation and application of knowledge and technology are limited by 
barriers of frictions and obstacles. Among these ‘frictions’ are the competence and 
qualifications to use and apply the technology and limitations imposed by property 
rights (intellectual property rights that are respected). “Pure knowledge” is easier to 
disseminate; knowledge embodied in processes, products etc. is less freely movable. 
The speed of exploiting new knowledge and technology is often unevenly distributed. 

This globalising development is going on in all areas, in the basic sciences, e.g. 
materials science, construction and optronic, and in larger-scope system 
technologies, e.g. information and communication technologies and the biomedical 
sciences. Inventions and developments are emerging in many places. Information on 
technology and technology change is easily accessed, but this does not mean that the 
technology itself is as easily accessed. Application-orientated knowledge may 
develop in or close to areas with ongoing activities. Activity tends to feed more 
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activity and development, although it is not a linear or one-way process. There is a 
self-enforcing element of processes so that some places become stronger and more 
productive over time. This works the other way too, with other places losing their 
way and shrinking their presence in the market. This is like global atmospheric 
systems where anti-cyclones and cyclones influence each other in vast intersection 
areas in uncertain complex patterns and directions. Transitions breed new 
technologies and dissipate existing technologies. 

 

Regional development and agglomeration economics 

Many developments are associated with users and existing markets. The 
development process is an ongoing and recursive process (autocorrelation, or self-
reinforcement). It follows the Matthew principle that to those who have, more is 
given. The remainder fades away or become increasingly dependent. Balances 
between parts change over time. Changes can become disruptive in some places, as 
thunderstorms that bring down existing, formerly viable structures (to become rust 
belts), to use the weather and climate metaphor. Braudel (1995) takes the long view 
of civilisations in decline and rise. Bremmer (2006) and Kennedy (1987) survey the 
fall and rise of nations in centennial perspectives. Hoffman (2015) portrays the effect 
of technological advantages on global regional conquests. 

Scientific breakthroughs and inventive developments pop up in many places. New 
knowledge and development are not only created in existing centres or well-
established areas of research and development, but often arises from the unexpected 
(the saying is that radical change and threatening development typically tend to 
appear at the fringes of the maps, not in the centre, that is ordinarily the keen focus 
of interest). Still, diffusion of knowledge and technology (or rather its application, as 
knowledge can dissipate over the globe with a single push of a button) is a slow 
process, so it takes time for overall change. In the modern world of worldwide 
information and communications channels and systems, diffusion of ideas and 
mental states (knowledge) is faster than ever before. 

Technological development is a two-sided development, in an accumulating and 
progressing process. Existing knowledge is developed and/or combined with new 
knowledge and phenomena in an endlessly expanding process. The other side is 
fragmentation and diversification. The result is a complexity of trajectories (‘a 
spaghetti’), some well-trodden, others budding off in new directions, and some at 
least temporarily ended. 

As Marshal (1890) noted in his ‘Principles of Economics’, technological development 
is an ongoing process that is strongly spatial and characterised by joint specialisation 
and concentration (‘industrial district’ is Marshal´s term). The new information and 
communication technologies may change this pattern, or define the spatial in a new 
way, so that common development does not necessarily occur in the same, or close 
geographical domain and physical territory. Some early theories of innovation as a 
clustering were based on this Marshalian observation of industrial development.  
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In some sense there is a similar background explanation for Silicon Valley (CA, USA) 
or Route 128 (MA, USA) phenomena. These regions with a strong innovation record 
seem to prosper from using or exploiting the dynamic effects of some common 
resources, for example skilled manpower, or research facilities. There might also be 
other factors, such as attitudes to risk taking and innovation that play roles for the 
innovativeness of these regions. Nearness might be a strong component for their 
prosperity. 

However, physical closeness and distance as a sole and certain factor of association 
and integration has been disputed (Boschma, 2005). The next section will take a 
closer look at this issue. 

 

7.2 Nearness as a factor for association and integration of systems 

It is a common thought that nearness not only is a requisite for but even induces 
systems to associate and cooperate. This might be a flawed belief. 

It is a common (mis)perception that nearness or distance induces or stimulates 
cooperation and integration. It is true, to some part. However, nearness and distance 
as abstract terms are often misunderstood. The cluster concept, for example, is 
usually associated with close physical localisation. Boschma (2005) complicates the 
picture and shows that proximity is not always a positive factor for cooperation or 
association, and that proximity is not the simple factor one might believe. Proximity 
is at first glance a geographical element (physical distance). In some circumstances, 
physical closeness may instead cause repellence. Boschma applies the proximity 
analysis to fields other than the geographical. “Proximity” is defined by Boschma also 
in other dimensions than the physical distance. Boschma (2005) applies his analysis 
of the role of proximity to five fields.  

Boschmas number one proximity factor is the cognitive dimension which is quite 
broad and multifaceted/multidimensional. Knowledge interpreted as technology is 
of course fundamental for association of systems.  

Boschmas second category is organisational. This rather complex and hard to define. 
It often matters same “speaking language” and perception of closeness. Scaling is 
rather dichotomous – the inter-organisational feeling of close or not close affinity. 

Boschmas third category concern the social dimension which is an issue of trust and 
relations, “class” belonging (upper, middle, lower etc.). 

The fourth institutional dimension is about trust and common interests from 
regulations such as certification, similarity and traditions which affect affinity.  

Lastly, there is the fifth geographical dimension. Nearness and proximity are usually 
considered as a plain and simple geographical dimension of nearness. The first four 
factors show “nearness” with many other meanings. The geographical scale still can 
be linear, quadratic, log etc.  
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7.3 Modes and variants of evolving associated and integrated system of 
systems 

A key hypothesis of this thesis is that close interaction or association and integration 
of systems play a main role for innovation and in the innovation process. This 
corresponds well with views by Prencipe et al. (2005) and Hobday et al. (2005). It 
may also comply with the widely referred eco-systems approach, which dealt 
originally with the variation, interaction and competition of species in the biological 
world, but has migrated with a significant meaning also to the world of economics 
and technological development. 

Systems and system elements cooperate and associate in a multitude of ways – under 
the heading of modes of association, each with their specific ‘grammar’ and ‘syntax’.  

Obviously, in the wide scale of interaction and possible forms of association, there is 
modes of pure competition, to close collaboration, or utilization of 
complementarities or common resources. The degrees of openness vs closeness vary. 
Baldwin & v Hippel (2011) suggest there is a need for a brand-new paradigm for open 
innovation which is at one end of the scale rather than more usual internal closed 
system (corporate) approaches. Axelson, 2014 argues for partnership as enhancing 
the capability for innovation. 

A weak form of association implies a loose partnership, with little cross-wise 
influence or joint development that knit together. These associations easily break. 
Weak association may subsist because of a certain common interest but is only 
marginal to the parties. 

Some types of associations have a governance faculty or function which is either 
separate, annexed or inherent. In some cases, the governance function is sort of 
autocorrelative (truly integrated in the mode). We will dig deeper into the specifics 
of governance faculties and functions in the next chapter. 

Associations have strengths, from partial, weaker and indefinite relations to stronger 
integrative relations. Some types of associations are restricted or limited to certain 
domains and fields, or eligible on certain conditions. Reversibility also varies, which 
may refer to prohibitive costs of dissolution and disintegration.  

An important aspect of associating systems is the emergence phenomenon or 
appearance of emergent qualities. A new association´s qualities will change and 
develop over time. 

Below is a non-exhaustive listing of terms, concepts, relations, activities, processes 
etc., all of which are modes of associations or ways and mechanisms to associate 
systems or to integrate a system and its elements (which may be other systems). The 
listing shows the multitude, the great variation – and complexity of ways and 
patterns of systems association and integration. Each case has a very short 
description. The special governance function and faculty will be further discussed 
and illuminated in the next chapter. 
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• Alliance – strongly regulated (constitutional) way of cooperation, particularly 
between state powers. Few loopholes or escape ways. A lot of trust and partnerships 
(for example joint investments) needed. 

• Amalgamation –two or several systems merge into one single organisation, usually 
a non-commercial entity. 

• Assembly – a physical alignment and bringing together of parts into one body and 
system. Usually a physical association. 

• Blockchain. An emerging technology to associate systems in a network, particularly 
in financial terms. The blockchain approach states that trust, a common factor of 
association in networks, can be substituted with strong encryption. It is doubted 
whether the technology is neutral with partners, particularly regarding systems that 
are weaker protected. (Bauman et al, 2017) Blockchain technologies receive a 
growing attention and interest for associating and integrating systems (Bauman, 
2017). Blockchain methodologists boast that the technology solution substitutes 
strong encryption for trust, which is a fundamental conventional requirement for 
systems to integrate or close collaboration. One might argue, on the other hand that 
blockchain technology is frequently used to break or transcend commercially legal 
or institutionalized frameworks, even hijacking, and criminal robbery of weaker 
protected systems occur.  

• Bonding or cohesion. Are the covenants obliged to stay in the association? Do the 
two or several associating entities fuse into one single irreversibly indivisible body? 
Are there fines or punishments when partners leave or when an association is 
dissolved? Can the partners leave? Is there an entry fee for joining members? Can a 
fusion reverse, dissolve, dismember or disassociate in one way or another? For 
example, a military organisation or system is expected to exert strong cohesion. A 
social media system on the internet has little cohesion and can easily dissolve. 
Technology (a common and interlinked knowledge base), economy and culture 
(values) matter. Dual use technologies may have two or more applications of the 
same technology, which is an example of another kind of cohesion and dependency 
between systems. Palfey et al. (2012) raise the question of boundaries of 
interconnectivity, and the problems that might exist for collaborations with 
dependencies of bonding. 

• Bundling – a technical term for physical, and sometimes also commercial, 
association into a common package of two or several services or systems. 

• Club. Rules for exclusion and eligibility of entry, extension and affiliation.  

• Contracting – arrangements and order for governance of an association of systems 
and business partners.  

• Development block. 

• The distribution of inputs and outcome (costs, investments and income) are key 
factors for the viability and life expectancy of an association. Analyses of (military) 
alliances and their sustainability have emphasised the importance of such a calculus 
for military associations for specific operations or campaigns and their 
endurance/sustainability (Wolford, 2015). The calculus is difficult; scales are multi-
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dimensional. 

• Clustering – exchange or cooperation from the basis of certain similarities or 
complementarities. The common factor may refer to resources or infrastructure. 
Sometime there is also a distance factor involved (a certain closeness needed to 
make the cluster viable). 

• Coalition – a temporary and tactical military cooperation for a limited goal or 
mission. 

• Collaboration – a partnership of separate systems, for example corporations for 
some common goals and objectives, for example a new service concept. 

• Combined and combination – a kind of neutral integration or linking of several 
systems. 

• Common interest – something that binds together, which makes the partners 
possibly behave and go in a same direction. In other regards, they may diversify. No 
strong rulings. 

• Community is an attractive resource, common property or interest that connect and 
hold together a network. 

• Complementarities – two or more entities that have a common interest (it might be 
a public good or collective resource), for effectiveness or utility of becoming 
associated or connected. Markard & Hoffmann (2016) give an example of solar 
energy and batteries. The complementarity can be weak, strong or rigid. 
Complementarity is a prominent factor for the functionality of infrastructural 
systems. Complementarity is an integrative process in this case. The relation is not 
necessarily negotiated or contracted, but it might help. 

• Conformance to information and communication protocols – exchange is possible, 
but not necessary, and maybe restricted to qualified areas. 

• Connection of and connected are systems that communicate with each other. 

• Contracting is an important part in the cooperation and association of systems. 
Depending on the design of the contract, it will help the association to be effective 
and innovative. Contract theory and methods are important parts of governance. 
Contract theory has been applied to corporate governance and intellectual property 
rights (patents).  

• Control may concern association or interdependence and couplings of systems. 
There is a mechanism that exerts the control from the steering entity. It is 
understood as a hierarchy or decision order between the “steering captain” and the 
steered crew members. 

• Cooperation – association of partners on equal terms (or negotiated terms). 

• Dual/multiple use – a technology that is applicable or has some common elements 
for two or several applications and areas. 

• Embedded – distinguishable part within a system or system of systems. 
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• Federation – of autonomous organisations and state powers, often internationally 
and governments (constitutional elements are frequent). 

• Frequency control – method for physical alignment (on data level) of separate or 
allied systems and elements, usually for controlling and monitoring a power grid. 

• Fusion – fuse, which is merger of two or several separate systems into one single 
domain (for decision making). 

• Governance – an active function that makes systems associate and integrate. 
Governance will be further discussed in the next chapter. 

• Incorporate – integration of elements. Usually a larger one that incorporates smaller 
ones into a single organisation. 

• Influence – a large spectrum from direct exertion of power and threats to 
persuasion, economic logical rationality and common understanding. 

• Innovation system. This imputed association will be further discussed in the next 
chapter. 

• Integrated systems. The scale and delineation of the emerging unit and its 
composites is an open question and should be defined. Are the associating systems 
and elements merging into one single new organisation, or staying in looser 
associations or adverse and independent positions when it comes to the new 
organisation? The structure of the association may involve autonomy or 
independence of constituent elements and systems. Most systems of systems must 
accept certain independences, if not totally autonomies of the constituent parts 
(systems). This is on one hand a technical matter, or technology – in that the 
associating systems must fit with each other (cognitive, interoperable). On the other 
hand, it is a matter of the values produced, cultural and economic – the more 
common output or added value relative to the separates ‘inputs’, the higher the 
willingness to merge, and stay integrated. 

• Interdependency – link between partners or system elements. 

• International and domestic laws. Counter partners must behave and comply with 
the laws, although no formal relation is established. Alliances and federations are 
examples of rule systems at the level of international laws. 

• Join – associating to an established organisation or existing group of partners, 
normally a close relation, but for the special purpose the organisation represents. 
Jointness of the military is an application in the defence area when the services 
(Army, Air Force and the Navy, for example) are within the same command and 
decision unit. 

• Jurisdictional regime – law regulations. Obviously, a governance function. 

• Link and linking – informal relation between systems. 

• Markets or hierarchies. Williamson. Thompson (2003) argues that networks as a 
middle ground between markets and hierarchies, but with its logic and limits. 
Meuleman (2008) discusses the management and governance of hierarchies, 
networks and markets. Slaughter (2017) applies the network concept as an 
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instrument to understand the power games in and between states and other actors, 
as corporations in an international system. Williamson (1996) states that 
governance fundamentally is a dichotomy between on one hand market principles 
and solutions, and on the other administrative or hierarchical organisations. 

• Multi-Domain Operations (MDO) and Multi-Domain Command and Control 
(MDC2) are recognised challenges in defence governance and management (NAP, 
2018). 

• Meet and come together – informal cooperation, or group with a common interest. 

• Mergers and acquisitions (M&A). Merger or acquisition of other, separate 
companies, business units or operations into one corporation or unit. 

• Modularity – a principle of physical design that elements of a construction may fit 
and be transposable. Networks and networking – a generic concept, an informal way 
of cooperation or friendship with a common interest of the partners, which all have 
a certain degree of autonomy and independence. Networks are the most common 
organisation connected on and by the internet. Slaughter (2017) applies the 
chessboard and the web as network models or metaphors for international relations, 
and much broader. The chessboard is a metaphor for the power game of a network 
between states. The web points to power and communication within networks. 

• Networks. The degree of autonomy and independence of the associating partners is 
an important quality of the network. Networks are organisations with commonly a 
large degree of independency for those associated. Issues of dominance or on equal 
terms can be noted. A certain system does not automatically have a dominance, 
moral or economic superiority, for example over other systems. It should be noted 
and granted that systems have autonomy or a certain degree of independence 
(Morgenthau (2006) on international relations). Open and collaborative operations 
may also be included in this category. (Malerba, 2005). Powell & Grodal (2005) 
discern and categorise networks, just for illustration, in a two-dimensional matrix, 
with one axis for the degree of looseness of the membership (they type it into fluid 
or closed) and the other axis showing type of calculation and intent involved (their 
end scale is informal agreement and contractual).  

• NATO interoperability standards and profiles (NISP  2013). NISP is an 
international development standard within the NATO community and associated 
partners for securing interoperability of NATO-led mission forces, and concerns 
primarily communication, control, command and information systems (C3I) and 
associated functions. It is a framework that helps associating systems. The 
standard is probably applicable and useful for civilian systems products and 
services (IoT would be a good case and application to show). 

• Complex product systems (CoPS) Complex product systems is a broad and generic 
term for management of complex systems that has received quite a lot of research 
interest in later years. Partnerships and consortia are common ways of 
organisation.  

• As the name suggests, the open systems view on change and development sees a 
rather loose association and network way of associating systems as the motor of 
development (Chesbrough (2003) is the main spokesman for this idea). The open 
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systems thinking is a development concept borrowed from the soft systems 
methodology area (for example Linux as distinct from Windows, Apple IOS etc.).  

• Ownership – law may provide strict rights and liabilities, and limitations of 
responsibilities. 

• Partnering, partnership – getting together with some common resources and/or 
goals of cooperation. 

• Platforms – generic, usually an engineering concept and configuration resembling 
or corresponding to a physical network and rely on a stable core of capabilities that 
are connected/aligned to peripheral and variable components (it may become an 
ecosystem, Isckia & Lescop, 2015)). Usually a rather strong regime is needed to keep 
it together and control the associations that are connected to the platform. A 
reference on the platform in general is Gawer (ed), 2010. 

• Pooling and sharing – a special term in the EU and NATO contexts for negotiated 
and agreed cooperation of independent national military forces. It is debated how 
far the governance applies. 

• Public-private balance between the associating actors. Are the associating partners 
private, public or of both categories? Different laws and economic rules apply. 
Cultural differences may also exist, and regimes may be very different. There is a 
tendency for mixed regimes. Laws and regulations and cultural factors determine 
the mandate, spaces and content of decision making in any case of collaboration. 

• Regime operations may concern exerting influences indiscriminately, and specific 
regulated associations of systems. 

• Relation – rather generic neutral word and term for any (type of) association. 

• Systems-of-systems (SoS) – a frequent constellation, often a complex system, that 
consists and is an aggregation of two or many more associated systems. 

• Synergy – emergent or amplified functions or capabilities through close 
collaborating or otherwise related systems. 

• Trustworthiness – a prime requisite for systems to associate and integrate. 

• Union and unite – partners that join for a common interest. 

• Vertical integration – from a business value chain perspective system that associates 
upward (primary inputs) or downward (closer to users and market). Conversely, 
horizontal integration means associating systems at the same level, and might be 
capacity expansion, supplementary services etc. Horizontal integration is usually 
less relevant from an innovation perspective. 

 

The listing of processes and activities or states of association and integration is open-
ended and numerous. It provides a large tool box of modes and possible 
configurations. Their functionality for innovation is not directly apparent. Some 
examples are sort of elementary dimensions of constellations rather than associative 
functions that are effective. There is a strong need for discrimination, under what 
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circumstances and further conditions a certain process helps or is imperative for 
innovation.  

There is great variation and nuances, even dubiousness of the terms mentioned, for 
example ‘cooperation’, ‘collaboration’, ‘association’, and ‘integration’. A clarification 
of meanings and semantic content is needed for processes to be unanimously used 
and interpreted in joint project works. 

Besides semantic content also the architectural demands and dimensions of the 
processes, that is the ontology should be taken notice of. 

According to Maier (1998), all the possible modes of associations and linking for and 
within a system of systems can be aggregated into four main groups:  

 

• Operational independence 

• Managerial independence 

• Evolutionary development 

• Emergent behaviour. 

 

The interesting dimension in this categorisation is the scale dependence- 
independence, or position on a scale from subordination to autonomy. The four 
categories do represent different degrees of integration. But there is a stress on the 
status of the singular partners vis-à-vis the whole association. 

Similarly, Maier & Rechtin (2009) propose four types or groups of associations and 
configurations, which also are systems-of-systems (SoS), each with a different degree 
of association and bonding. The systems in their listing, which is also cited in 
ISO/IEC 12588:2015 are on a scale from fusion and complete integration to rather 
loosely associated forms, i.e. networks: 

 

• Directed or engineered systems (hierarchical and/or layered) – e.g. a military 
system or with a public authority (Note: the mode of association might be called “a 
strong hierarchy”), 

• Acknowledged systems (working collaboration by tradition), (Note: culture a joining 
factor), 

• Collaborative systems – cooperating systems on their own terms for a specified area, 
purpose and common interest, with a certain autonomy of the connected partners 
(Note: these are usually internet-based), 

• Ad hoc or informal systems (usually dependent on software and information 
technology and often internet based) (Note: usually not only information-based, 
culture and business may occasionally play roles). 



158 
 

It is not certain what types of processes, in the long listing or according to Maier or 
Maier & Rechtin are distinctly indicative with a clear associative functionality for 
innovation. The ontological structure or space of systemic innovation should be 
further analysed; it is to this and some other issues that we are turning in the 
following chapters. 

 

7.5 The ecosystem analogy – survival of the fittest (or dominance) 

The ecosystem concept has evolved as an analogy from the biological world. 
Specialisation and niche competition and invasion and transition are features of the 
biological world that have analogues in economic and technological systems. 
Because of its popularity a few more words will here be spent on the ecosystem 
thinking. 

The study of transition of technological systems has recently received increased 
attention as an interesting facet of innovation. Technological changes in the different 
phases of an innovation cycle and process seem to follow the S-curve. Substitution, 
invasion, niche competition and other analogies from the bio worlds in transition are 
frequent. Adner & Kapoor (2010, 2015), in their exposé of ecosystem dynamics, 
suggest technological substitution as a game changer. According to them, the pace of 
substitution varies with the opportunities from extension of the old technology and 
the speed of migration and emergence of the new technology (for which first or early 
mover advantages is critical).  

It is hard to tell whether the ecosystem analogues are a generally practical 
instrument for governance of innovations and technological systems. The platform-
based ecosystems (Isckia & Lescop, 2015) approach has been successfully applied by 
companies as Apple and Google. The approach is demanding when it comes to 
capabilities which are needed for a coherent management of strategy. It concerns not 
only technological coherence but also socio-organizational elements of governance. 
Dominance is usually a requirement for sustenance, it is also a goal for survival. 

The ecosystem concept has invaded established concepts such as innovation 
systems, open networks, triple-helix and cluster (Ritala & Almpanopoulou, 2017). 

 

7.6 Concluding remarks on the systemicity realm 

This chapter has explored conditions, principles and directions of systemicity, which 
is the systemic structure that is presumed for emerging systems and innovation, or 
systems in evolution, particularly innovation. First in the chapter contexts for 
association and integration, mainly industrial and technological development was 
discussed at some length. 

In second place we have brought up the feature of association and modes of 
association and integration for a closer look.  
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The results so far are the following. 

The exploration of innovations in the energy, security and defence areas in chapters 
3 to 6 clearly showed the systemic character of innovation and big steps of 
development and change.  

Fagerberg et al. (2006) and Malerba (2004) point out that it is difficult to identify 
stand-alone technologies or singular systems as innovative per se; innovation and 
great change can only be done when the technologies involved are connected or 
related in larger systems. Another way of putting it is that several capabilities, 
knowledges or technologies must accumulate, and aggregate to acquire enough 
capability and critical mass for innovation. This is the basic rational for association 
and integration for innovation to happen. 

Systemic means literally innovations developed by combining and associating 
components and other systems into larger entities, or complexes which are then 
systems with added and enlarged capabilities (for example a new service). Platform 
is an engineering configuration of systemicity. Ecosystem analogy and approach is 
another example. 

The ontological question – the inner structure of systemic innovation is here at stake, 
to be further analysed in the following chapters. 

Interplay, collaboration and eventually fusion and merger of components and 
systems elements is a characteristic of systemic innovation and the systemic 
innovation processes. Innovations are born from combinations and integration of 
systems that each might appear simple in isolation. Complex product systems and 
systems of systems are established through this association and integration of 
elements and systems. The means is governance that will be further explored in the 
next chapter. 

A systemic innovation, a complex product or service, is an entity composed of 
elements and singular systems that are linked, interact or enhance each other. The 
elements of the innovation system when linked, on the one hand may fuse into one 
single new entity and on the other extreme end be independent and autonomous. 
Each component or element can be systems in their turn. Innovations and innovative 
services are the product of systems.  

The central attribute of the complexity and systemic character of innovation 
connected to association and integration of systems is system architecture. The 
architecture is basically a mapping of the structure of a system, or a complex of 
systems, which informs how its building elements and system parts are associated 
and related. The function of a system architecture (or enterprise architecture, in 
certain cases) is an instrument and a prescription of the design and structure of a 
system in evolution.  

System architecture, and its identification is an important instrument or phase in the 
innovation process, and a short note on the general concept is appropriate. “Systems 
architecture” is a generic concept to handle, describe and design complex systems. 
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The systems architecture can be a model to describe the system, and it can also be 
method to architecting the system, and it can even be an integral discipline to 
mastering systems design. 

The architecture can be a blueprint to the structure, describe properties of its 
components and the relations between the elements, and the behaviour and 
dynamics of the system. Systems architecture can also comprehend alternate views 
of the system. 

In short, systems architecture is a conceptual instrument to handle the description 
and design of a complex system. 

We have noted the evolutionary and the emergence dimensions for associations of 
systems and their development over time. Associated systems are not static, they 
develop, “grow up”, expand, sometimes even multiply and may finally fade away. 
Failure and uncertainty are always on the way. 

An associated system and innovations may well develop regarding the context and 
system boundaries, for example when it comes to impacts and repercussions from 
competitors, social consequences or externalities. The interplay with other systems 
is an aspect of the transformative and transitional dimension of the diffusion of 
innovation and innovation processes. 

An aspect of emergence is the interplay or co-evolution of the innovating system and 
the context (elements and other systems that are outside the boundaries of the 
system at interest). The delineation versus subsystems and components and versus 
context is a critical measure and influence for system complexity.  

From the systemicity universe it is now, in the next chapter appropriate to turn the 
governance, the faculty and function and particularly how to govern systemicity. 

 

  



161 
 

 

 

 

8 Governance and frameworks of innovation processes – 
reviewing approaches and models for innovation 

 

“Governance” stands out as the one of two key conceptual bases of the innovation 
view of the present study (the other key concept is “systemicity” and 
“systemicitiness”, of the preceding chapter). “Governance” is in the present context 
interpreted and considered as agency, which is the means and instruments for 
deploying, accomplishing and implementing (effectively) innovation in 
corporations, branches and sectors (supported by Bevir, 2011). Governance is 
concepted as broader and more compelling than “innovation policy” (see chapter 3 
for this discussion). The governance issue here at stake concern the processes which 
are to lead to innovation which is a transformation through association and 
integration of systems to systems of systems (provided the systemicitiness, which 
defines functionality of the operation).  

The associative feature of innovation, systemicitiness was illuminated and discussed 
in the preceding chapter on systemicity. It was mentioned that some types of 
associations had governance faculties, and some were elementary dimensions of 
systems rather than associative functions. This chapter deals with frameworks of 
innovation processes since these in some cases have governance functions, 
incorporated and inherent. 

Of the many governance modes and approaches or frameworks which are known, 
the question is which ones are proper and useable for innovation and innovation 
processes. This chapter provides a review of selected governance approaches and 
models with a possible capability and faculty not only for guidance (from the beside 
or “off the track”) but rather deploying and implementing innovation and innovation 
processes directly (in the review there are subtle differences between the terms 
guide, deploy and implement). The set of approaches in the review have altogether a 
broad scope, from which one or another can be relevant and useable, to be applied 
for the present purpose of guiding and implementing innovation. 

 

8.1 Governance and society 

Governance can be interpreted – which leads to a certain ambiguity about meaning 
and relevance, as on the one hand a general and broad social function in a society 
and on the other hand directed processes oriented in a narrower context and setting, 
for certain specific goals. Presently it is governance for specific goals and objectives 
(innovation and innovation purposes, that is).  
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“Governance” in social science broadly refers to control of democratic processes, 
economic resources, international unions, world order and many other things far 
outside the scope of the present research. Objects of governance varies a lot, from a 
larger perspective to a tiny close-up. At one end is unionizing nations with each 
other, for example dissociation of the UK from the European Union (Brexit). At 
another end is a collision proof communication system for vehicles in the street 
traffic. At the far end it may be designing a microprocessor. The character and type 
of solution, systems design and means are obviously enormously different. Still both 
cases represent and need a governance regime, although they must be quite different 
regarding scope, configuration and tools. (A question of course is, whether it is 
possible at all to construct a governance regime that is effective at all levels! The 
meaning of governance would be substantially different.) 

Governance or agency, in its broadest sense is a vital function to control and manage 
changes in a social system or group of systems, e.g. socio-technical systems, and their 
development and transition. Governance concerns the processes and principles of 
interaction between actors for a common problem, which can be creation, 
reproduction or reinforcement of a social institution or entity (for example 
enterprises) (Bevir, 2012). Governance in general terms, to some extent with 
equivalent with agency (but more instrumental, why deployment might be a useful 
synonym) and in social sciences is a comprehensive and executive function of action, 
power and way of leading, amalgamating, managing and controlling. The “object” of 
governance may thus vary greatly in extension and scope, from global politics and 
power games to design of tiny artefacts.  

Governance was once considered a petty variant of national politics and public 
government (which usually was macro and public-orientated) but has lately become 
concerned also with private entities such as economics and industrial change 
(private economic and micro-orientated corporations, businesses, groups of systems 
and projects).  

Weber once laid the foundation of the concept of governance – particularly at a high 
level and in its broadest sense – the bureaucratic phenomena and politics was his 
signature (Weber, 1983). Andrzejewski (1964) applied the Weberian approach to 
defence and systems of state, a topic which might have an interest also here.  

Sometimes governance is framed within institutional theory – see for example Bevir 
(2012) and Peters (2012) – but this is too much a straitjacket for the present purpose. 
Institutional theory of political science is concerned with the development and 
transformation of organisations, which is of peripheral interest here (organisations 
are means rather than goals and objects). It is doubtful if “innovation system” can be 
an institutional object, even if it has in some situations (a parenthetical note: the 
present Swedish authority for supporting technical research and development 
established in the year 2000 is named the Swedish Agency for Innovation Systems – 
“VINNOVA”; so, innovation institutions can be designed and governed, but hardly 
institutions generally).  

Governance is sometimes understood as (any) policy, or politics. This is too far from 
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the present purpose. We believe “governance” (with the added epithet agency) must 
be more exactly defined, profiled and tailored to the purpose. Governance – besides 
content, should have addresses – a sender and a receiver. It is rather not a public 
concern or activity (but can be). In the present context it is to find out a structure of 
governance that implies a regime that improves and helps someone to attain the 
quest of innovation and innovation processes. The research questions touch upon 
some key functional regulating parameters of governance that make innovation and 
innovation processes proceed, but of course hard, and that should be the innovation 
goal. 

In the present context governance is applied in the synthesis and the creation of 
innovation and innovation processes – which might call an intermediate level. The 
upper highest level is state and international affairs (a case is military alliances!), the 
lower level concern social psychology and groups or at the lowest end even 
manipulating chemical or physical elements and artefacts. 

Anyhow, governance to be effective should be multifunctionally oriented to the 
goals/objectives for the project at interest. Goals/objectives are then supposed to be 
well associated to innovation in this context. An important task is to find out the 
goals and objectives and their legitimacy. 

To govern, which is governance in its verbal form, or agency is about exerting power 
or influencing, even causing something to transform from one state to another with 
a perspective of certain goals/objectives within a certain framework of resources etc. 
“Exerting” maybe need force but this is questionable. Keen interest are what 
functions are exercised to transform this entity of associating systems to innovation. 

The idea of the present review is thus to pick frameworks and models, or rather 
elements and strands thereof as input to constructing a comprehensive governance 
framework that fits the present purposes and situation (innovation). It is then of 
great interest to notify what goals/objectives (presently preferably innovation 
related) are set up and in reach for the approach, what functions (even forces) the 
approaches exercise, and by what means/instruments/tools this is affected. It is also 
of some importance to pinpoint the decision locations and the design functions with 
the approaches. 

As a final comment in this introduction it is expected that a robust governance 
regime for innovation must be constructed by combining and modifying parts of 
available approaches and frameworks. 

 

8.2 Governance and innovation 

It is here believed that governance is not only useful but a necessary concept on the 
lower and intermediate levels of the scale, that is for innovation processes, when 
systems are to become associated and integrated. It is the purpose of this study to 
find out what governance frameworks (and its structure) that are relevant and useful 
for innovation processes. 
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Governance is in the present context interpreted and defined as a necessary and an 
integral function in the evolution and emergence of systemic innovation, and is 
defined here, in accordance with the introductory chapters and research questions, 
as an application and a fulfilment of an architectural framework for innovation 
(AFI), and consequently is an implementation of a systems architecture of 
innovation (SAI). According to the research questions and the proposition of this 
study governance of innovation should rely and build from an architectural 
framework for innovation (AFI). 

This chapter reviews selected governance approaches and models from this angle. 
The approaches and models are primarily chosen on the grounds for records of being 
applied to the designated fields and areas of study – energy, security and defence, 
and secondly for their (potential) interest and appropriateness for technological and 
systems development and innovation. The characterisation and review of cases 
should observe how the approach or model is structured, responds and reflects 
systemicity, in line with the research questions.  

Approaches and frameworks of governance are based on models, which might be 
implicit or explicit. As stated governance approaches and models differ of scope. 
Frameworks or models may be rudimentary and partial, dealing with only some 
aspects and dimensions but still of some significance. Others are more general, 
detailed and extensive in their approach. The review tries to cover both rudimentary 
governance approaches as being useful for the purpose as full-grown models that 
bear and support a certain governance regime for specific innovation purposes. A 
special dimension to note is the dynamic factor, to what extent is a model simply 
descriptive, usually static, or is it predictive and proactive, and what is its degree of 
instrumentality enabling or substantiating governance of innovation. The agency 
side of governance should be recalled. A descriptive but non-agential model (no 
explicit influencer or show of direction of influence) may still be useful for its 
emphasising of factors and dimensions that accentuate or enhance a system and its 
evolutionary path.  

Approaches and models in the review may sometime overlap and duplicate or 
resemble each other. Nothing fits all. Altogether, the approaches in the review 
represent a broad scope and relevant coverage of situations and views on the 
innovation phenomena in various contextual settings. 

Bevir (2011) provides an all-round perspective on the governance concept, noticeable 
theoretical streams and prominent applications in various contexts, e.g. business, 
industrial and project management –which also are relevant from the present 
innovation view. Wegrich et al (ed), 2017 discuss governance of infrastructure 
(energy, transport, telecommunication etc) where a prominent way of governance, 
that is Public-Private-Partnership (PPP) have become hailed and apprehended as a 
possible configuration for complex projects; Wegrich et al states the PPP has 
developed much by trial and error (it is not sure whether learning has occurred from 
project to project; the same or similar mistakes to be prevalent). 

Governance in the present situation is intended useful for engineering purposes. For 
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this reason, governance of innovation, with some simplification is considered 
equivalent to engineering innovation. The governance connotation puts stronger 
emphasis on social factors and concerns in relation to “pure engineering” (approx. 
developing in the lab or test bed). “Pure engineering” make the apparatus tick, and 
broader engineering will make it socially acceptable (necessary for innovation). A 
proper term to catch the social dimension, not only the technological side would be 
holistic systems engineering. Holistic engineering of innovation has its origin, as it 
sounds from the proposed systemicitiness of innovation. The systemicity 
encompasses also the social organisational. It may be noted that systems engineering 
ordinary are engaged primarily of the physical and/or informational dimensions 
when designing a system or system of systems. It is suggested in the present study to 
involve also other factors and dimensions – thus “holistic”, when designing and 
guiding to innovation (more of this later). 

The governance setting on a national or similarly high level is occasionally referred 
to as the “regime”, in the present context usually with the prefix technological. The 
regime term has also been used in science as a theoretical mechanism and concept 
for transition of delineated technological systems (Geels, 2002).  

Altogether about thirty conceptual or philosophical approaches and frameworks 
related to governance and modelling of complex systems and technological 
advancement and development, including innovation, are identified and reviewed 
(there are more approaches, but the choice here is considered representative and 
variated). As said, frameworks replicate each other, partly or overall. The approaches 
and frameworks examined have a large variation when it comes to scope, 
comprehensiveness, specialisation, areas of application and detail as formats of 
validation, empirical (supporting) evidences and “reality-checking” (some schemes 
are purely hypothetical, ideational or just one-eyed). The complexity and aspiration 
of the approaches varies widely; some are descriptive, ending up in archetypes, some 
are more theoretically elaborated, and occasionally prescriptive, predictive or 
instrumental, incl. sometimes providing concrete ways of action.  

Giddens (1984) strong statement on the duality of structure “that is the medium and 
outcome it recursively organizes; the structural properties of social systems do not 
exist outside of action but are chronically implicated in its production and 
reproduction” (Giddens, 1984, p374) should be observed. The agency dimension and 
predicament of the approaches and models – by and for whom is it designed and 
what for, should be noted. 

Examinations in the following will take special note of the approaches´ and models 
‘architectural properties or structure and framework qualities. These two 
dimensions have obviously special relevance for the governance of innovation and 
innovation processes that will proceed and turn up in the next chapter. A later 
chapter will elaborate on the practical uses and application of the governance regime. 

The governance frameworks and models are listed, somewhat arbitrarily in four 
broads, overlapping categories. The generative and emergence-oriented frameworks 
are related (depending on ex-ante and ex-post evolutionary considerations). The 
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intra-organisational and inter-organisational are endpoints on a framework scale. 

 

• Generative frameworks 

• Intra-organisational and corporate frameworks 

• Emergence of technological systems 

• Cross-branch, interorganisational and sectoral frameworks 

 

8.3 Generative governance frameworks 

These frameworks are it sounds rather flexible and formative. It is needed a great 
deal of detailing and adjunct functions to make them powerful and concretely 
practical. They are usually not engineering ready. 

 

Networks 

A network – which has already become mentioned in this and the preceding 
chapters, is a generic type of association and configuration of systems and systems 
of systems. Networks as a configuration for development and innovation is widely 
discussed (see e.g. Galloui, 2013).  

A network is a loose construct built from association of quite autonomous (a certain 
independency is implied) entities with some common characteristics and properties, 
for example technology and common interests and concerns. The “network” is 
common and characteristic in the so-called Network Society (sic!). The network is 
commonly a third, rather new category of governance modes (Bevir, 2011). The other 
two, “more traditional”, are markets and hierarchy or administrative system 
(Williamson, 1996). 

A network may be defined by geography (usually proximity) or by some common 
virtual or real property (for example kinship, type of technology, professional 
education and backgrounds). The development block concept of Dahmén is an 
example of localisation and common properties constituting a network. Triple helix 
is another example, which is a connection between stakeholders, for example from a 
common background at school or at higher education (e.g. the parties are electrical 
engineers educated at the same technical university). 

The constitution of a network is usually informal. Slaughter (2017) relies on the web 
metaphor to describe the interaction and relations in a network. The association can 
be of a rather weak or superficial nature, such as the names in a phone book. The 
members have just a common property or similarity. There is no commercial 
exchange or regulated connectivity. There is a spectrum of boundedness, or degrees 
of bonding, within networks.  
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The diffusion of innovations usually occurs in and along networks (Rogers, 1962). 
These types of networks are usually informal. 

Slaughter (2017) uses a chessboard model for the hard power games in an 
international network of states. This may follow certain rules (type Westphalian state 
system) or softer diplomatic interactions. 

Glete (1994) and Glete (2010) use the network configuration as an analytical concept 
to discuss its role and function for connecting or associating economic and military 
capabilities (mainly in the state organisation of Sweden in the 17th century and 
warfare). 

The blockchain technology may well be mentioned here, as a variant of a network or 
kind of platform management. Blockchain methods for managing networks aspire to 
substitute trust with counter partners for strongly encrypted financial regulations 
and logistical agreements. It is doubted whether it is systems neutral; the 
methodology has been used for hijacking weaker systems. (Bauman et al, 2017) 

To innovate, networks must rely on trust, which may build on a common background 
or similarity of the stakeholders and agents regarding concerns and interests. 
Consequently, coherent approaches from the actors, nodes or systems elements in 
general in the net are needed. 

A network of systems as a new configuration of systems and capabilities may well 
supply and produce innovations which are disruptive. The sustainability of the 
network is an open issue depending on trust and agreements, although networks are 
seldom formalised. Membership in a network may easily break, since punishments 
are absent or soft.  

 

Federation (of autonomous partners) 

A federation is a systems association and configuration of autonomous organisations 
such as governments and state powers for common rights and responsibilities and 
goals. Federative concepts are mostly used in international cooperation between 
nations and their state powers, which evidently are assumed to be autonomous. A 
stronger form of federation is an alliance that may evolve from an originating 
federative association. The alliance differs in that it has some common decision 
procedures and defines a joint domain for decisions and operations etc. The 
federative attribute means that partners are autonomous, but still share some 
substantial interests and concerns, for a joint mission for example. 

The output or service mode from a federation is commonly a (joint) mission, for 
example peacekeeping and disaster relief, which are very serious affairs. 

The federation constitutes a governance (or government) framework including 
various treaties, standards and protocols that may support innovative ventures and 
missions. It is a highly regulated association regarding state treaties, the distribution 
of rights and responsibilities, cost reimbursements and so on. It is a little far-fetched 
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that a federation is to aspire to and achieve innovation, and examples from history 
are quite scarce (the international space station (ISS) may be one of few examples). 
In a way, the goals of the federation may be set high and difficult.  

Governance of federations is managed by legal means. As mentioned before, the 
most advanced and surprising achievements rely on cultural affiliations, but these 
cases are improbable and scant. The main result to expect is amplifying forces and 
capabilities, or ambitions that already exist (mean or minimal solutions are its main 
expected outcome). Political affinities play a strong role. 

Linde (2014) illustrates vividly problems and issues in alliances and federation of 
states from the historic case of Finland´s close and secret collaboration with 
Germany in the late phase of WWII. 

A federation necessitates rather complex social organisational harmonisations which 
can be well served through proper technological standards and protocols. These can 
be aligned in the format of an architectural framework and view. It is doubtful if this 
configuration will become the best performing innovator (a ‘strong hierarchy’ may 
be a more progressive developer). It helps if the federation reaches common 
standards, which may be innovative for at least one of the partners. A minimum, or 
mean, level of effect may still mean amplifying forces, a compromise which may be 
good enough. 

Morgenthau´s (2006) analysis of international relations is highly relevant when it 
comes to the challenges and to measuring the effectiveness of technological 
advantages in international military contexts and power balances. 

 

Cluster 

A cluster is a loose and ‘spontaneous’ emergence of an assembly of systems and 
systems association. A cluster is also a common concept in analytical sorting and 
categorising (common factor analysis). The cluster has a network character in the 
common factor that sticks together and may not necessarily produce innovations and 
innovative services. The goal is commonly to supply a set or combination of services 
effectively. The composing or associating services complement each other, which 
gives the potential for supplying a new or innovative service. The cluster emerges 
from the association and exchange between the partners. The associating elements 
may be quite complex and sophisticated. 

Certain clusters evolve in a geographically concentrated area where a set of 
specialised resources happens to be located and available. The resources are then 
used and contracted for a common purpose or service (e.g. dedicated and advanced 
production capacity or skilled workforce). Porter (1990) argues that clusters are 
inherently innovative (the innovation may concern common services or processes). 
The character of the cluster is still spontaneous, sometimes a surprise and 
unforeseen, and dependent on closeness, agglomerative scale, which make it difficult 
to apply as a potent framework and standard configurative and architecting 
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instrument. As a minimum, a cluster is a context and sometimes a mechanism for 
diffusion of innovations and innovative services. 

Boschma (2005) remarks that physical closeness or small distance (proximity) 
between the associated systems is no guarantee for integration. The effect in some 
cases might be the inverse (rejection). 

The Porter (1990) diamond for the emergence of industrial development on markets 
is a cluster formative concept. In this it resembles Dahmén´s development blocks, 
from which the diamond has evolved. 

Schiefloe (2003, 2011) introduced the Pentagon constituted elements necessary for 
establishing a cluster (this model will be discussed later). Of the constituting factors, 
the edges of the Pentagon are two structural and technological and three social and 
cultural interactive. The Pentagon is illustrated by other authors for quality 
assurance and failure analysis of large technical complexes and installations (for 
example off-shore), establishing industrial parks, energy-based “combinates” and 
similar constellations of collaborative clusters. 

Schiefloe´s Pentagon concept for analysing social phenomena does not contradict, 
but rather indirectly supports, frameworks for systems integration (for innovation). 

 

‘Auftragstaktik’ (Prussian Army doctrine) 

This may sound a little peculiar to deal with Auftragstaktik in a review of governance 
approaches for innovation. It may still defend its place. Look here! The Prussian 
military doctrine of Auftragstaktik, which was established in the war with Denmark 
in the 1860s and developed and practised well into the WWI and after, proved to be 
a quite innovative governance philosophy and “architectural configuration” 
(organisation) for truly new types of military operations. Moltke the Elder endorsed 
and introduced (by his management style) the invention and idea (Bucholz, 2001). 
Auftragstaktik is an extreme but exquisite example of a configuration supportive to 
innovation of (military and other) services. An illustrative example of the Taktik and 
its innovative potential is the artillery barrage, a superior practice of integrated 
military intelligence and manoeuvre warfare practised in WWI by the Prussian Army 
(Zabecki, 1994). The barrage practice was developed from a new creative and cross-
services combination of existing artillery systems and intelligence functions. The 
central principle of the doctrine was strong confidence and trust, with wide lateral 
freedom of military forces and servicemen at the middle level of the hierarchy 
(instead of strict vertical lines of order, separation and distributed narrow tasks, 
which might be believed to be the traditional German style of management). The 
freedom was intended not only for flexibility of tactical operations, but also for 
developing and experimenting (even failing) in innovative services (which could be 
extensively disruptive). The framework illustrates a synergy of operational 
organisation and technical knowledge & systems, which is a paramount interest and 
focal concern of any architectural framework and view (also for innovation, 
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generally). 

It can be mentioned that the Auftragstaktik has been relevant for many other military 
forces for years, with the Swedish Army following it as part of doctrines even today. 

 

Technology foresight - a preparatory framework for innovation 

Technology foresight is an exploratory research methodology which investigates and 
speculates on possible technology developments and innovations and investigates 
how to best prepare for governance of technology and the future. For an example of 
technology foresight, see IVA (2005). The foresight supplies rather a framework to 
looking at innovation. There is usually not an agency function in the procedure; 
governance may be faculties of the partners and owners of the foresight (the knack 
is not the content of report produced rather those who made and said so). 

A foresight is, for example a method to explore, find roads and ways of exploitation 
of emerging technologies or technologies in being. Examples are the following: 

 

• Digitisation (has truly disrupting consequences, both here and there, now and then) 
including communication and control (for example IoT) (digitisation is a cluster of 
technologies) 

• Autonomous (mobile) systems – now a mature area in rapid development with 
applications below ground, on the ground, in services (for example robotics in health 
care services), in the air (drones) and space 

• Nanotechnology and materials (including sensors) – continuously developing 

• Bio-medical and cognitive technologies – complex area with large and unforeseen 
consequences 

• Energy web – evolving in leaps and bounds 

 

Technology foresights are useful to any architectural framework and view on 
innovation, especially when it comes to understanding consequences and 
prospecting emerging or integrating advancing technologies. Foresight is an 
instrument to exploring and assessing to help the governance of second, third etc. 
order of consequences of a certain new technologies or technological advancements.  

So-called back casting foresights is a method for planning normative technological 
solutions (the goal is defined in a political process and the methodology then helps 
identify a proper road map of actions to achieve and reach the goals and objectives 
in the time and economic frames given). 

So, technology foresight might help in road mapping to the future, anticipating 
disrupting events and signs of instability, as a guide and support to an effective 
governance of technology change, development and innovation. 
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Systems engineering – a general methodology to deal with development and 
innovation 

The systems engineering (SE) methods are described in a condensed format in an 
Annex, as well as operation of SE related to innovation in chapter 10 so only a few 
comments are added here. 

Good governance and systems integration for innovation are two common goals and 
purposes of systems engineering. One objective of engineering systems, as with 
enterprise (endeavour) architecture methods, is to overcome gaps and ruptures of 
various sorts in the development process, to achieve systems integration and 
association. Interoperability and other kinds of alignments are key tasks in the 
engineering process.  

Architecting and design are potent activities in systems engineering. Many or most 
qualified systems engineering methods conform or can be applied to an architectural 
framework and view. Conversely, a framework may fit or enhance standard systems 
engineering methods. 

Systems engineering methods are usually low on theory but commonly, in a practical 
sense, do not contradict theory of systems integration for innovation. Systems 
engineering methods are also usually practised when architecting and designing 
systems of systems. Heuristic problem solving, and modelling are standard. The 
standard is concentrating to physical and informational technological parameters – 
which implicates a limitation on their scope of governance. Axelsson (2015) discuss 
similar issues in a discussion of designing and engineering systems of systems (for 
example for systems procurement). 

It should be added that many of the recognised systems engineering frameworks and 
methods are complex, administratively and data-wise. It is great art, sophistication 
and professionalism needed to run a full system engineering practice and project. 
There is a demand for lighter and more flexible approaches as a complement to the 
common comprehensive schemes of systems engineering. SE methods usually 
developed for and in controlled and stable environments (with long time constants), 
as military and defence systems development (at least as they used to be; now there 
is stronger demand for “agile engineering”).  

 

8.4 Corporate governance frameworks 

Corporate frameworks are a broad and heterogeneous category, but also some 
narrower and rather focussed views as concepts for industrial development and 
investments for innovation as well. It is supposed that they are strong on 
integration. 
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Semi-public enterprise 

The semi-public enterprise solution, sometimes called Private Public Partnership 
(PPP), builds upon successful integration of organisational cultures and internships 
of organisations, from the private, commercial sides and the public administration. 
The setting and mix of participating organisations must handle cultural conflicting 
interests and systems differences. These discrepancies are challenging for fulfilment 
of goals and objectives and for the effectiveness of the whole project. In the public 
debate this framework and constellation is sometimes favoured, for assumed 
economic and organisational benefits, but the framework´s records of technological 
change and general development are disputed. Both relatively positive outcomes and 
negative consequences from a few very large infrastructure projects have been 
reported, and there is a shortage and controversy of choices and valid evidences of 
outcome and performance. There have been several failures reported. Governance is 
a key faculty for this configuration to work effectively. Wegrich et al (2017) referring 
to governance of infrastructure (power, transport, communication etc) states that 
the PPP configuration has developed largely by trial and error (this is a challenge to 
every new entrant, and conversely an argument for series production). They also 
note that the finance structure often is utterly complex. 

This semi-public enterprise framework should be governed by legal dimensions that 
are required distinct and well-defined. This may contradict the choice of the 
configuration for the flexibility and agility it is expected to provide. The economic 
and cultural spheres are consequently challenging, and potentially clash. For new 
applications the framework is undefined and unproven, certainly due to lack of 
experience (and learning) – remember the evolutionary character of any 
development, also the PPP case, which may feed or escalate inherent conflicts 
(usually misaligned and multidimensional). 

The architectural framework and view to guide this configuration of divergences of 
cultures and uncertain conflicting economic conditions represents a real challenge 
of governance. The role of trust is paramount factor for the governance, and utterly 
hard to define and comfort. The scheme as it is usually practised, with single, often 
complex projects with no room for repetition or learning from series of projects, 
lends itself badly to become an innovation champion. Governance is really, difficult. 

 

Utility 

A utility is a public or semi-public company or operation for specific services of 
broader interest (collective goods products or systems, or services with a scale effect 
from indivisibilities). It is also used for innovative purposes, for example when there 
are risks with a specific technological development but great social values and 
interests for the solution and services. Utilities have been innovative and strongly 
developing in several areas and sectors. Scale and innovation are often related to 
indivisibilities from a system of systems effect. A utility may be described as a 
thoroughly institutionalized and strictly regulated PPP type of governance. 
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An imaginative example is the development and construction of the Swedish 
national power grid in the middle of the last century until the 1960s. This is briefly 
discussed in chapters 3 and 4. The development proceeded in close interaction and 
partnership (risk sharing) between utility and industry. ‘Technology procurement’ is 
sometimes used as a term for this relationship and architectural framework. 
Interplay between a competent and knowledgeable customer and a development 
aspiring industry is of great significance for this development. In a certain sense the 
utility organisation fits or corresponds to the so-called “technology procurement” 
model (a capable industry and company in collaboration with a competent customer 
and user, which could be a utility). 

A utility may be a natural organisation for advanced technological development and 
innovation in areas with strong national and social interests and demands.  

 

Enterprise 

The Enterprise is a generic and an ideational configuration of the corporation 
intended to help risk taking and innovation (making risk impersonal). Here it is 
idealised and found in various modifications and varieties in the real world. The 
charter, which for example states the goal of the enterprise and rights and 
responsibilities of shareholders and other stakeholders, may greatly influence 
operations and other characteristics of the Enterprise. Law and economic factors do 
have a great influence on its effectiveness for various purposes. An Enterprise per se 
is not innovative. Ownership is a key factor for the potential of an Enterprise to 
develop. Enterprises which are foundation owned, for example, may have a longer 
time perspective and better capability to exploit and absorb risks of development, 
and may become more innovative (endurance a key matter). 

Enterprise (or Corporative) configuration conforms to the grand governance mode 
of the entrepreneurial mode (presented in the introductory chapters). 

Deschamps & Nelson (2014) discern in their survey of 113 international corporations 
from different branches nine intra-firm, as they call governance modes or models for 
innovation. The executives they surveyed attributed progress and success of a mode 
for development and innovation mainly to skill of leadership and management, 
unsurprisingly. About one third assigned top management for the overall 
responsibility for innovation in the company. On the second place, every eighth 
responded with the chief operating officer or division president as mainly 
responsible.  

 

Enterprise architectures 

Enterprise architecture (EA) approaches and thinking are described in an Appendix 
and is also discussed from the operation of an architectural framework in chapter 9, 
so only a few comments are added here. It is a myopic and scattered area with no 
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acknowledged doctrine or certifying organisation. 

Enterprise architectures comprise an openly defined synthesis and integration of 
information systems and business data for general system thinking and business 
operations (e.g. manufacturing and service production). Enterprise architectures at 
their best represent an ambitious high-level approach of frameworks, models and 
methodologies with the purpose to secure coherence and consequence in 
organisations for a certain purpose, which also might be innovation. 

Enterprise architectures are usually not defined or exactly specified when it comes 
to governance (as with foresight agency might be with the patrons of the EA). Any 
potent enterprise architectural framework should align, which sounds self-fulfilling, 
with an architectural framework and view for innovation. In fact, the RQs 
hypothesised architectural framework for innovation (AFI) is sort of enterprise 
architecture, where the focal” enterprise” is an innovation. 

 

The market solution of governance 

A ‘purely’ market-driven innovation, the market model and framework, is a 
theoretical reference solution. It is theoretical in that it can refer to any solution with 
potential to provide innovative configurations and innovations on some conditions. 
Innovation according to the market model relies on new inventive business models 
rather than technological breakthroughs, for example. It is also a theoretical concept 
that demands further exploration from the development and innovation points of 
view. For similar reasons, the general applicability of a pure market model must still 
be considered limited, and thus it is only briefly discussed here. 

The market model can be implemented as ‘buying from the shelf’. Specialisation and 
acquiring and combining complementary resources and systems, such as with 
intelligent application of engineering standards, is an example of a ‘market model’ 
configuration for innovative services and solutions. Its main feature is tinkering with 
technical ideas and solutions. 

The rationale for applying the market model as a kind of innovative configuration 
can lie in the findings of Nelson & Winter (1990) that a first mover or innovator often 
suffers a worse fate than secondary entrants. This is because the high risk taking in 
innovation tends to punish the first mover. Later entrants learn from the first mover, 
decrease the risk, and a market solution becomes easier to reach. The real use of this 
strategy is of course questionable. An actor does not need to take the risk but can 
enter at a secondary stage and later in the market, if it still is available and accessible. 
This can be a success, even if the actor is deemed an imitator. 

The market strategy must be supplied or pushed with technical ideas and knowledge 
from the outside, it cannot by itself advance or host this function. It may concern the 
model’s dependency on public funded and available research and knowledge 
creation. See Mazzucato (2012) for a discussion of whether market models can be 
innovative, with or without underpinning from substantial public support for 
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technological research and development. Mazzucato argues that the market model 
for innovation is one hundred per cent dependent on public supported (basic) 
research, development and education (a sort of the research driven mode of 
promotion of innovation).  

 

Development blocks 

The ‘development block’ was an original idea and proposal from Erik Dahmén 
(Dahmén, 1950, co-developed with Johan Åkerman, as inspired by Schumpeter, see 
also Karlsson, N., et al, 2005) who identified a structural dimension in business 
cycles whereby the change and growth of an industrial branch was amplified when 
there were complementary resources from the input side and demand that could 
initiate a cooperation and stimuli with each other. The structural cooperation, called 
co-integration by Dahmén, in a development block is informal, temporary and on an 
ad hoc basis, built on the common interest of the parties involved to commonly 
exploit a resource and develop the service or branch in question. The cooperation 
and interaction between the parties may happen and evolve for a period. The 
physical distance (in the original analysis it was enveloped to the nation) between 
the parties according to Dahmén plays a certain role for cooperation to occur. Co-
integration may presume a certain cultural (national, but also more technology- and 
industry-orientated) affiliation, for example. 

Dahmén’s hypotheses and findings have been influential for ‘modern’ theories and 
structural and configurative concepts such as ‘innovation systems’ and sectoral 
systems, by e.g. Lundvall (1992), Malerba (2005), the “diamond” by Porter (1990), 
Eliasson (2010) and many others on patterns of innovations, systems of innovation 
and industrial development. 

A development block is commonly governed by cultural dimensions – and might be 
called a cluster, rather than legal (contracts). Elements of the block are connected by 
a market. The cultural dimension and affinity are presumed to be superior, with trust 
and (cultural and technological) closeness as suppositions. 

It is questionable whether the Dahmén development block concept and theory aims 
at forecasting or anticipating a development block to come into existence a priori. 
The concept rather applies to blocks ex post (explains the existence, formation and 
evolution of blocks). The proposed architectural framework and view may generate 
hypothesis about blocks or similar constellations to emerge. Systems with some 
affinity may appear or become identified. In this sense, the framework can be 
interpreted and applied to a development block. The view may indicate for example 
certain technological dimensions as a critical basis or nominator for the formation. 

 

A case of problem solving and learning to industrial development and innovation 

Product and engineering technology are quite an evolutionary development. 
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Abernathy (1978) found that early automobile development was a result of a 
“specific” process of problem solving and learning. Abernathy obviously emphasised 
the evolutionary perspective, the social organisational upheaval with a tint of 
technological transition, as fundamentally important for the rapid development and 
radical change that the US automobile industry underwent in the 20th century. 

Abernathy observes that the modes of governance vary over the development cycle. 
The radical change turns up from the variation of emphasis. 

 

Corporate leadership and management of innovation 

Based on the experiences of senior business managers from a cross-wise composition 
of industrial companies and branches, Deschamps & Nelson (2014) identified the 
following capital governance responsibilities and agencies when it comes to 
corporate innovation. 

 

• Roles and responsibilities in the corporate innovation process 

• Decision power and commitments 

• Values that underpin the company´s innovation efforts and expectations 

• Measuring innovation 

• Corporate budgets for innovation 

• Orchestration of corporate innovation activities and routines, communication and 
decisions 

 

Of the total of nine models or modes for corporate innovation governance that 
Deschamps & Nelson (2014) single out, three or four concern leadership, that is top 
management responsibilities, and the remaining five concern the more daily 
(administrative) management and (process) operations (divisional) of innovation 
activities. Leadership is to assign responsibilities and resources.  

 

SBIR – a promotional framework to encourage the small company to innovate 

Small Business Innovation Research (SBIR) programmes in the US are administered 
by eleven federal research-intense agencies, for example Department of Defence, 
Homeland Security, Energy and Transportation. These programmes aim to 
stimulate research and development in small businesses on publicly and agency 
requested areas or themes within an articulated need by funding technology 
development with a risk. SBIR is a motor of innovation in that it directs development 
to areas and topics with strong national demands and needs. It is funded by a certain 
share from all federal organisations with a research budget and task to research. 
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Progress of the programme is secured by relying on excellent governance. SBIR is 
governed by a separate but coordinated programme for each federal organisation 
and sector.  

The SBIR programme goals are four-fold: stimulate technological innovation, meet 
federal research and development needs, foster and encourage participation in 
innovation and entrepreneurship by socially and economically disadvantaged 
persons, and increase private-sector (particularly small businesses) 
commercialisation of innovations derived from federal research and development 
funding. The programme is supported by the Departments of Agriculture, 
Commerce, Defence, Education, Energy, Health and Human Services, Homeland 
Security, Transportation, Environmental Protection Agency, National Aeronautics 
and Space Administration and National Science Foundation.  

SBIR in its operation is structured in sequences, three phases: Phase I investigates 
the technical merit, feasibility and commercial potential of a R&D effort, Phase II 
continues efforts in Phase I for selected projects, and Phase III pursues 
commercialisation (of which appropriation is funded by the supporting agency, not 
the SBIR programme). The programme operates by calls, which are announced in 
areas that are prioritised by the federal agencies. By this there is an involvement from 
the user and customer in the process, which helps progress and development. 

SBIR allows and fosters innovative solutions. SBIR has produced a great deal of 
technological development and innovations in a range of areas and sectors together 
with substantial support to the general technological capabilities of small businesses 
in the US. 

SBIR is interesting as a template for actively promoting and strengthening the 
capacity of small businesses for development and innovation. The programme fits 
many or almost all elements of an architectural framework and view for innovation. 
The programme´s stage or phase organisation and support helps achieving results 
and usefulness. 

 

Skunk works for innovation 

Skunk works for advanced development of an organisation is a legendary 
configuration for development within an (integrated) organisation (Rich & Janos, 
1994; Miller, 1995). Skunk works avoid being stuck by organisations´ commonly 
near-sighted view of which direction of development should be the standard for the 
organisation. By setting up a separate organisation (governance strictly divided) with 
its own resources and management, innovations may well be produced. Skunk works 
are often created from a strong and potentially disruptive idea about and from a 
specific technological development and breakthrough. Because of their poisonous 
and disruptive character, they must be managed in a separate organisation to avoid 
interfering with or being annihilated by the existing standard mainstream 
organisation. This is a way to avoid the stickiness of dominant stakeholders´ 
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conservative concerns and interests. 

The cultural dimension is overwhelmingly important for the governance of skunk 
works. The cultural envelope is commonly spun around a strong special technical 
idea. At the same time, skunk works presume a time-out or dispensation from the 
legal and administrative corporate control and framework. The skunk work must be 
protected or administratively separated to survive to produce its innovative product. 

Skunk works is like a highly autonomous governance framework and regime. The 
mechanism isolates the work to its own self-governance. 

 

Governance of the innovation cycle 

Abernathy & Utterbach (1978) provide a descriptive model of the evolution of 
industrial products and processes. Their model shows an evolution of products and 
technologies from an early, utterly fluid state to one of factor rigidity and specific, 
almost frozen, design. In the early phase the product is not so well-defined regarding 
performance and markets. There is a good deal of uncertainty. The production 
processes must be flexible and on a low scale. As development proceeds, products 
and processes are standardised. Fluid innovation transitions to a rather more 
specific development stage, with a more elaborated production structure. With this 
work, Abernathy & Utterbach launched a well-recognised and thoroughly researched 
illustration and pattern of the dynamic wave of product development and transition 
over its whole life cycle – the scheme includes a pattern of governance direction and 
change. The organisation successively adapts to the technological transition, which 
in turn depends on the market´s change, in ‘iterative’ sequences. 

Governance of a whole product and technology cycle tend to lean on economic 
control. The fluid phases are culture-dependent and sensitive, while maturity leans 
relatively more on the legal. Technology is always in focus. 

 

A useful architectural framework for product design and organisation 

Clark (1984), in a series of studies, further investigates the relations between product 
and system architecture, technology and the market/customer demand and claims 
that technological changes underpin product designs and architectures. 
Technological advances determine and dominate the social organisational setting 
and governance. 

Henderson & Clark (1990) develop the product and organisation analogy. The 
complexity of the product in a way mirrors the organisation. The negation is that a 
“simple” organisation cannot produce a complex system product.  

Ulrich (1995) brings the analogy and correspondence between product structure and 
organisation further. 

The analyses by Clark and collaborators might be considered a precedent to a fully 



179 
 

developed architectural framework for innovation. 

 

Governance by markets or administrative control 

Williamson (1996) created the configurative structure of agency and governance for 
change and transformation of systems, in which the choice of control is between 
administrative rulings and organisations (termed hierarchies by Williamson), on 
the one hand, and markets, on the other. Governance modes could be combinations 
of the extremes. Williamson (1996) illustrates various combinations, some of which 
are radical. The main factors in Williamson´s analysis is social organisational, and 
market organisation (mainly business) versus administrative coordination and 
control (mainly regulation and business). Williamson applied the analysis to various 
organisational conditions and cases, and discriminated patterns of various firm and 
sectorial organisations and their development. 

For effective governance, it is presumed that legal conditions and relations are 
prominently and well managed. 

The Williamson framework omits the technological dimensions or takes them for 
granted. With a certain technology as granted, the proposed innovation view may 
produce some suggestions about ways, administrative and/or market-orientated, in 
which the systems may be controlled. It can be concluded that social organisational 
control is a critical function for effective governance of a system (the objective is to 
lead to advance or innovation). 

The rudimentary, but pioneering Williamson framework has been complemented 
with other configurations or modifications in later governance science (see for 
example Bevir, 2011).  

 

Governance of platforms and ecosystems 

The platform conceptual configuration is standard for industry with complex system 
products. The platform concept has evolved to successively incorporate product 
design, engineering, organisational and economic dimensions.  

The platform configuration originated in the automotive industry and the defence 
industry, from where it has spread to many other complex products and applications, 
and the manufacturing industry broadly. The platform concept presumes modular 
configurations and allows large-scale advantages, and continuing business models 
and development favourable for disruptive innovation. It complies with the earlier 
mentioned CoPS. Modularity, if well-designed and configured, helps integration of 
systems and adoption of new technologies and favours dynamic viability and agility, 
to stay in the business over several product generations (it serves re-use of solutions). 
The platform concept is potentially resource saving and attractive for small-scale 
producers if set properly within common standards (can then be disruptive for 
standard product markets). 
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The platform-based ecosystems strategy has been successfully applied by 
companies as Apple and Google. The strategy develops into dominance and implies 
coherent managing of many elements of corporate strategy and capabilities (Isckia 
& Lescop, 2015). It concerns technological alignment and engineering, and socio-
cultural dimensions (for example property rights, business model etc). As with 
other governance regimes it is not eternal, and can be disrupted from new 
technology, or new competition that uses or couples’ resources or systems 
differently. 

Reviews of innovative business leaders and industrial innovators by Gawer & 
Cusumano (2014) and Yoffie & Cusumano (2015) show that they mostly favour an 
extended platform concept with an ecosystem of products and services, rather than 
stand-alone products and one-product entrepreneurship. There are two types of 
platforms practised by the innovators, one internal and company-specific and the 
other using industry-wide standards. The two types mix, as the company-specific 
may become or is intended to become a de facto industrial standard.  

Gawer (2010) reviews the various modes and prospects of the platform concept and 
configuration. 

Gawer (2014) examines the combination of engineering and economic dimensions 
within a platform configuration and its evolution. She finds three modes of 
interfacial integration, (corporate) internal, supply-chain and industrial (standards 
and protocols, de facto or common), which she regards as stages in a continuum. 

There are several methodologies and tools for managing and engineering platforms, 
the most common and frequent being modularity and modular design. Modularity is 
a means to re-use of solutions, as to when need of rapid reconfiguration. 

The modularity principle is very valid as a design principle (Baldwin, 2014). As the 
platform configuration applies to complex system products and their design and 
engineering, it also applies with the organisational dimension (Ulrich, 1995; 
Baldwin, 2012). 

Other well-known methodologies are Design Structure Matrix (DSM) and Quality 
Function Deployment (QFD), for further explanation see Ulrich & Eppinger (2009) 
and Börjesson (2014). Börjesson (2014) further explores architecting methods and 
tools of the product platform configuration. Common and advanced approaches for 
platform design are modularity and Quality Function Deployment (QFD). 

An organisational expression of the platform concept is the prime contractor 
principle. The organisational dimension of the platform is supposedly integrative. 

The prime contractor principle is common in industries of complex system products, 
such as the auto industry and military products and systems. Dombrowski & Gholz 
(2006) discuss recent American experiences from the military procurement and 
defence industry, where many issues are related to the platform concept and the 
prime contractor principle and experiences.  
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Gholz (2003) discusses the organisation of production, planning and procurement 
(and from there on deployment) in US defence in a transitional setting. The prime 
contractor principle, or system integrator, is again in view. The platform 
configuration usually builds from a system integrator. It is not precisely shown if and 
under what circumstances these integrative measures, and governance structures 
are more conducive for innovation. Gholz shows that the business model and 
administrative control with the platform concept and prime contractor principle are 
two important elements for substantial change and development. An innovative 
component of the framework exists during the effective integration and the frequent 
objective and urgency of superseding or complying with the adversary that is 
requested. The outcome of innovation remains elusive. 

Military paradigm frameworks are supposedly strongly governed – in a formal sense 
by legal parameters. Of course, they are also affected by industrial economics, 
basically from the logistics channel of influence. The most advanced and astonishing 
innovative developments seem to appear, in the framework terminology, to depend 
on “tacit” and common business and cultural dimensions that exist, and even thrive, 
in this particular business area (the “military-industrial complex” to use 
Eisenhower’s term). 

Platforms are not inherently innovative but are an appreciated strategy and envelope 
by “series innovators” (“individuals” as corporation) for their potential of producing 
a series of innovations. By this is meant that a featured innovative product will not 
stay a singularity or single event, but rather through its platform configuration be 
reproduced and multiplied. The role for a strong, broad and coherent governance 
regime cannot be overstated. In this sense, the platform concept fits excellent with 
architectural frameworks for innovation. 

 

Internet of things (IoT) – framework for managing a network of systems 

The internet of things (IoT) is a developing idea and umbrella concept (a sort of 
quasi-standard, or premature standard) of associating (technical) systems and 
establishing (integrated) networks of (technical) systems. IoT can be compared to a 
comprehensive protocol for information exchange. The framework is at present not 
well explored, has probably a great potential, and has attracted growing interest and 
produced several introductory outfits and applications, of which some may be 
labelled innovative. A range of topics are identified as promising but uncertain, for 
example technology harmonisation, security and communication protocols and 
standards. 

The internet of things will develop well with architectural frameworks. In the public 
debate, IoT tends to disregard the social organisational dimensions which may 
inhibit and limit its usefulness, for example in security.  
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Governance of future technology - technology procurement 

The framework, often called just and simply “technology procurement” (a somewhat 
more correct term would be public procurement of advanced technology and 
innovation, similar to PPP), is rather undefined and unproven, with the possible 
exception of historic cases in the infrastructural sector, the development pairs 
(combination of a public customer and private suppliers) in the power transmission 
system area (Vattenfall and ASEA; Glete, 1987; Fridlund, 1999) and telecom (the 
Swedish PTT - Televerket and LM Ericsson). For a general discussion, see Foray et 
al. (2012) and Utterbach et al. (1977). For viewpoints from the debate of technology 
procurement in Sweden (mostly within the military sector), see Eliasson (2010) and 
Lundvall et al. (2014). As is well-documented from the historical cases, many of these 
projects evolved from pro-active and common educational and cultural backgrounds 
of the core actors. 

Technology procurement aligns with the Mission mode of innovation governance 
which was presented in the introductory chapters. 

A RAND Europe report (RAND, 2015) on innovation in the defence domain (more 
precisely that is the UK MOD) models the innovation process as driven by five 
elemental factors, talent, capital, knowledge assets, infrastructures and 
networks/connections, moderated by culture and structure. The model 
recommended suggests a playing ground for innovation in the UK MOD organised 
and to emerge by effective and diverse networks and interactions. It should interplay 
in an open innovation culture within the MOD and with external actors who are 
empowered and motivated to engage. 

Since the procurement is public organised there are similar principles of operation 
as of Utilities and Public-Private-Partnerships (PPP). A utility is a public 
organisation that operates with technology and other services supplied and procured 
from the private sector. It should in its capacity as a technically competent user and 
buyer have a substantial influence for technological development and innovation.  

 

8.5 Emergence of technological systems 

Lundvall (1988) launched the concept of systems of innovation, on grounds laid by 
Freeman and Nelson. This category of frameworks and approaches has the “system 
of innovation”, alternatively “innovation system” as a capital concept and figure. The 
interpretation of these concepts varies widely, for example the nation bound 
“national system of innovation” (Nelson, 1993). Other interpretations stress the 
sectoral (Malerba, 2004). 

“Innovation system” has been a central figure and element for (public) innovation 
policy. Successively the concepts – “innovation system” and “innovation policy” have 
developed. Chapter 3 supplies a short note on the evolution of “innovation policy” 
from over the last couple of decades progressing research on and interpretations of 
“innovation system” (Smits et al (ed), 2010, Fagerberg et al (ed), 2013). 
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National systems are constituted by a complex institutional framework in a wider 
technological and industrial spectrum. A national system includes universities and 
other institutions that are orientated to technological research and development. 
There are also government policies supporting and regulating programmes and 
agencies as elements of the system. Key actors in the system are firms that compete 
and cooperate.  

Nelson (1993) observes the different structures and patterns of industrial 
innovation. In the systems-orientated industries, there is room for incremental 
change and development. The innovation of systems industries for example is a 
complex interplay (an issue of integration) between component suppliers and the 
comprehensive system designers. In the industries with large numbers of customers, 
these are less involved in the design and innovation process. In process industries, 
innovation largely emanates from the equipment suppliers. 

In a retrospective and critical concluding chapter, Nelson (1993) remarks on the 
major differences of large countries’ performance and their spending on R&D, with 
special regard to the defence sector. Security and defence have led (at the least in the 
1950s to 1980s) to national R&D investment and technology thrusts. National 
security concerns underpin technological and industrial development in large 
countries, but also in other countries. 

In the view of Nelson & Winter (1982), a national innovation system has a long 
existence and is stable over long time horizons. Strong upward-orientated supply 
networks (vertical organisations) seem, according to Nelson (1993), to play an 
important and growing role for the strength and stability of some national systems. 
Strict evidence of a major role for government programmes and support for 
economic performance and innovation are thin and scattered, and very strong 
generalisations on the overall good effects from public programmes are lacking, 
according to concluding remarks by Nelson (1993). The international context is 
playing an ever more important role, firms are extremely active in global 
transmigration and national borders are getting quite porous, tendencies which 
obviously have continued well into the 21st century. This is even more the case for 
small countries. 

 

“Innovation systems” – a mode of governance 

The “innovation systems” figure may well describe innovation phenomena and cases. 
but ex post (it is a label with little common theory). From an instrumental point of 
view the figure is static and sectoral and tends to be interpreted as giving (too much) 
attention to physical distance and closeness. Elements with some significance in an 
innovation system, such as key stakeholders´ professional education and cultural 
ties for example, are not succinctly addressed. Bergek et al. (2008) makes a critical 
analysis of the innovation systems concept, which they find to be static. Instead they 
suggest more focus on (dynamic) functional processes. 
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The small country innovation systems project (Edquist & Hommen, 2008) was an 
international comparative study of innovation systems in ten “small” nations (in 
northern Europe and Far East Asia). The project report observed that, after Dosi et 
al. (1998), Lundvall (1992) and Nelson (1993), there is still no perfect academic 
consensus on the concept ‘innovation system’. There is one ‘broader’ concept, 
originally put forward by Lundvall (1992), that encompasses the wider socio-
economic context such as the structure of production and the national institutional 
setup. The other, ‘narrow’ concept put forward by Nelson (1993) stresses the role of 
national R&D institutions and the corporate structure. As remarked by Lundvall 
(1992) the broader definition may be more relevant and comprehensive but is less 
precise. In common language, the expression “innovation system” usually refers to 
the broader term, from Lundvall (1992). 

Edquist & Hommen (2008) define system of innovation in ‘broad’ terms as the 
“determinants of innovation processes – i.e. all important economic, 
organisational, institutional and other factors that influence the development and 
diffusion of innovations”. According to those authors, activities in the innovation 
system are congruent with the determinants and are made by organisations and 
other actors. The key concepts and areas to observe in systems of innovation 
according to their definition are: 

 

• Product and process innovations 

• Creation versus diffusion of innovations 

• Components of systems of innovations: organisations and institutions 

• Constituents of systems of innovation: Components and relations between them 

• Main functions and activities of systems of innovation 

• Innovation policy (public agencies actions, and future, intended) 

Source: Edquist & Hommen (2008). 

 

Key activities that shape and influence systems of innovation according to Edquist & 
Hommen (2008) are: 

 

• Provision of knowledge inputs to the innovation process (R&D, engineering, 
medicine and natural sciences and competence building for innovation through 
education and training) 

• Demand-side activities (formation of new markets, quality requirements) 

• Provision of constituents of systems of innovation (organisations for 
entrepreneurship, research, policies and networking and interactive learning, 
institutions such as for tax law, patenting, environment and safety) 
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• Support services for innovating firms (incubators, financing and commercialisation, 
consultancy for technology transfer, legal advice). 

Source: Edquist & Hommen (2008). 

 

Regarding innovation policy, some specific themes emerge from the analysis as 
generality versus selective measures (the ten countries studied seem to prefer 
selective measures above general incentives), coordination of policy ‘activities. A 
general picture is fragmentation, and little evidence is found of better results from 
strong national coherence (Edquist & Hommen, 2008). 

Edquist & Hommen (2008) argue that the broad, comprehensive definition of 
systems of innovation is more productive (than the narrower one) from the 
innovation outcome point of view. The inverse of this, as they concede, is that a 
causal relation between activity and outcome cannot be shown or supported, so the 
preference for a broad approach is an intuitive conclusion. However, the broad 
picture can certainly provide more details and nuances of interest.  

Borrás & Edquist (2018) launches with their “holistic innovation policy” mode an 
“up-dated” version of an innovation systems approach, more solidly based on 
theoretical foundations with a comprehensive view of the activities that shape 
innovation systems. Their criticism of the “standard” (or “older”/traditional) 
innovation policy mode concern its compartmentalisation and its reliance on a linear 
R&D model for innovation (which still is pervasive). 

Later development introduces functionalistic views on innovation processes instead 
of the rather static innovation system (Smits et al (ed), 2010, Fagerberg et al (ed), 
2013). 

 

Management of innovation - triple helix and six cornered diamonds 

Etzkovitz et al. (2010 and other publications) propose the triple helix model for 
innovation. 

This framework, basically an interpretation or type of the generative concept 
‘innovation system’ is established as a viable alliance of three different parties or 
complementary groups of stakeholders, namely government (occasionally named 
“policy” or politics), industry and university (occasionally labelled research). The 
progress of the triple helix constellation depends on the complementarity of the 
parties’ differing but, in combination occasionally fitting, culture, concerns and 
capabilities. The development proceeds in the interplay between the stakeholder 
groups, which progresses in the shape of a helix along time. There are true evidences 
(but usually rather anecdotal, or quite specific) that the constellation has been 
effective ex-post from the perspective of development and innovative solutions. It is 
difficult from a general standpoint to evaluate the propensities and probability of a 
triple helix to become established and to create successful solutions and innovation. 
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The degree of success depends on the specific substances of the participants´ 
traditions, resources and capabilities, which are difficult to estimate. One can easily 
see conflicting goals and interests but also breaks with legal dimensions that can 
make a triple helix an intermittent (in a specific context and situation) quite a potent 
and useful ad hoc configuration for innovation. 

A few common cultural dimensions (e.g. partners’ education and professional 
records) are usually main drivers for this framework and its progress. An 
architectural framework and view can give a guidance, or hints, to these and other 
critical dimensions of the configuration.  

Michael Porter (1990) established the diamond (with six connected edges) concept 
to describe the basis for successful clusters and industries. The diamond´s six edges 
or nodes show interrelated or communicating elements that Porter considered 
fundamental and decisive in establishing and forming a successful industry (group 
of companies) or cluster. The main edges and mechanisms for cooperation in the 
Porter diamond figure are market-orientated. Other edges of the diamond are chance 
(which feeds an inherently stochastic process!), the structure and strategies of the 
firms in the branch, general demand conditions, actions from the government, 
interference from related and supporting industries (simultaneously competitive 
and complementary to the object firm or branch in focus), and factor (labour, capital, 
natural resources and other) conditions at large. 

 

Frameworks for synchronic and diachronic integration 

Prencipe et al. (2003) emphasise in their work synchronic and diachronic systems 
integration, which could both develop to radical innovation, but in different ways. 
Their view has a focus on the dynamics of innovation. Synchronic integration means 
to organise and harmonise, or adapt a given product technology (at a certain time, 
statically). Diachronic means the organisation and management of evolution (and 
revolution) of technology (new areas) and product generations over time and how to 
handle this transformation/integration. Diachronic development is obviously a 
dynamic and relatively demanding task. It is demanded to change its existing set of 
competencies. Synchronic integration needs primarily normal business organisation 
and managerial capabilities. Diachronic integration expands and transforms from 
one combination of business and technological skills, intelligence and overview, to a 
new one. Prencipe et al. (2003) reveal two different types of innovation, one that is 
concentrated in the social organisational dimensions and the other that also 
comprises technological transition. 

The governance of this framework involves a fluid and creative mix of dimensions. 
An architectural framework and view as a structuring tool may help in organising 
this framework. 
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Governance of innovation – the technological innovation systems approach (TIS) 

The technological innovation system (TIS) approach has received quite a lot of 
attention in later years. TIS is orientated to the earlier stages of innovation. The 
approach has been applied for analysing the development of emerging technologies, 
sustainable transitions and environmental technology changes. 

Theory and concept design go back to Carlsson & Stankiewicz (1991) and their 
treatise on technological innovation systems (TIS) and has developed as a useful 
instrument and reference for innovation policy in a series of articles, see for example 
Markard & Truffard (2008) and Markard et al. (2015). 

These authors argue also that the TIS framework might be useful for analysing the 
transitional phases of innovation, and it also open to take care of the relation 
between TIS and context which is a growth phase (which comprises opportunities to 
incorporation, or association and integration of other TISs). 

Carlsson & Stankiewicz (1995) define a technological system as:  

“a network of agents interacting in a specific economic/industrial area under a 
particular institutional infrastructure or set of infrastructures and involved in the 
generation, diffusion, and utilization of technology. Technological systems are 
defined in terms of knowledge/competence flows rather than flows or ordinary 
goods and services. They consist of dynamic knowledge and competence networks. 
In the presence of an entrepreneur and enough critical mass, such networks can be 
transformed into development blocs, i.e. synergistic clusters of firms and 
technologies within an industry or a group of industries.” 

Carlsson & Stankiewicz (1995) clearly state that innovations are a system of systems 
and networks in character.  

Markard & Truffer (2008) suggest the notion of technological innovation systems 
(TIS) to be:  

“…. a set of actors and institutions that jointly interact in a specific technological 
field and contribute to the generation, diffusion and utilization of variants of a new 
technology and/or a new product.” 

Malerba (2004), Fagerberg (2006) and Lundvall (1992) have further developed the 
innovation system concept and the systemic views on innovation. Markard et al. 
(2015) argue for the technological innovation systems (TIS) framework. Malerba 
(2004) supported the sectoral innovation system. 

The delineation of the system concerns its boundaries and relations with other 
systems and a context. It has been argued that the TIS approach does not properly 
encompass the relation with other systems (also TIS for example) and context.  

The proponents of TIS have argued that innovations and technological innovation 
systems (TIS) develop in dynamic interplay and co-evolution with the context 
(Bergek et al., 2015) and can well interplay with other TIS. The context can be as well 
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technological, sectoral, geographical and political. 

The TIS framework has been applied for an analysis of technology innovation in the 
Swedish energy system (Energimyndigheten, 2014). Three emerging technological 
areas were analysed from the innovation potential in seven functional dimensions, 
namely: resource mobilisation, legitimacy, marketisation, knowledge production, 
development & diffusion, development of social capital, entrepreneurial 
experimenting and guidance of actors´ search processes. 

TIS concerns mainly emerging technologies beginning at some stage in the early 
formative phase of innovation (usually from an invention or new application of 
technology) to continue until the growth and transition phase (disrupting 
businesses, market or sectors) (possibly) takes over. 

Hobday et al. (2005) and Keil et al. (2008) provide illustrative cases of systems 
integration in the modern corporation and claim that systems integration is a key 
element, or even mandatory capability, of any modern corporation that intends to 
stay competitive and versatile.  

The innovation system concept has been criticised (as all theoretical concept sooner 
or later will be) compared with functional approaches. This debate peaked and 
flourished at the 2013 DRUID Conference, where the “innovation system” concept 
was “defeated” (in favour of the functionalistic view, see next section). 

 

A functionalistic framework for innovation 

The innovation system approach has been criticized for being (too) static. 
Functionalistic concepts are considered having a more dynamic potential regarding 
the characteristically transformative processes of innovation. 

To operationalise the functionalistic approach for specific studies, a set of functions 
or functional areas have been suggested (Hekkert et al., 2007; Bergek et al., 2008). 
The functionalistic view has also substituted the static perception in ordinary 
“innovation policy”. 

It has been questioned whether these functions are like processes that shape the 
development of structures, such as new actors, infrastructures or institutions 
(Walrave & Raven, 2016). The common view, as Walrave & Raven, 2016 found, is 
that the functions are emergent properties and transition of a technological 
innovation system (TIS), or a dynamically state of a specific innovation system at a 
certain time. Transition pathways are obvious, as parts of MLP thinking. 

Hekkert et al. (2007) discuss and suggest functions of innovation systems and 
processes for technological change. They propose the following functions and 
processes as vital for the transformation into or emerging innovation systems: 
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• Entrepreneurial activities (one could add that the entrepreneur organises and 
governs the innovation process, our comment) 

• Knowledge development 

• Knowledge diffusion through networks 

• Guidance of the search 

• Market formation 

• Resource mobilisation 

• Creation of legitimacy/counteracting resistance to change. 

 

According to functionalistic perception the TIS approach applies to an early stage of 
innovation. In this phase the innovation is a promising but fragile bud to be 
protected. The propensity for survival and further development of the innovation, its 
weaknesses, an identification of barriers for further development etc. then can be 
identified by functional analyses (Bergek et al., 2008). In this respect the 
functionalistic approach is distinctly more dynamic. A criticism of the TIS is that it 
is solely focusing technology (Truffer, 2015). 

The main functions (and functional elements) when it comes to promotion and 
evolution of innovation from a governance point of view might be the following 
(according to Bergek et al., 2008): 

 

• Knowledge development and diffusion 

• Influence on the directions of search (concerns expectations among other things, it 
can also concern interaction with the context and other TIS) 

• Entrepreneurial experimentation  

• Market formation 

• Legitimation (this concerns social acceptance which may relate to policy, legislation 
etc.) 

• Resource mobilisation 

• Development of positive externalities (this resembles the emergence element of 
systems formation) 

 

The functions or actions in the listing, somewhat modified (and complemented with 
Development of social capital) have been applied to analysis of the potential for 
technological innovation within five energy technology areas in Sweden, namely 
marine wind power, marine energy, photovoltaic systems, electric heavy lorries and 
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advanced biorefineries (Energimyndigheten, 2014). 

Markard et al. (2015) argue that dynamic aspects of the innovation process and its 
growth and wider diffusion should and can be made from the TIS point of view. 
Bergek et al. (2015) cover a broader scope of interactions regarding TIS and its 
context. In this analysis, a better grasp of emergence, diffusion or transitions might 
be possible. For example, there is often an interaction between different (parallel) 
TIS. The TIS interacts or is coupled and linked to a larger sector.  

Lidén (2016) argues for an actor-orientated approach to innovation, which might be 
called functional blended with institutional and evolutionary elements. 

 

8.6 Cross-branch, interorganisational and cross sectoral governance 
frameworks 

The inter organisational configurations are a quite special category of frameworks 
and can even cross branches or sectors. Since they cross organisational boundaries 
they have a special demand when to aligning their social organisational 
dimensions. In this respect they are limited. Their boundaries may be difficult to 
overcome and are challenging. 

 

Frameworks for sectoral systems for innovation 

Malerba (2005) distinguishes different patterns of innovation and innovations 
systems across sectors. Sectors are defined and constituted in various ways. 
According to Malerba (2005), sectors are established on three main dimensions, 
namely (a) knowledge and technological domain, (b) actors and networks, and (c) 
institutions. Sectoral systems are complementary to other types of innovation 
systems, for example national and regional. Institutions are usually established by 
law, rules and regulation. 

Actor-dependent systems and networks is a category of sectoral systems where the 
interaction and association of the partners are of great importance.  

 

Partnering – a framework for collaborative development 

When Axelson (2014) takes a close look to partnering for development and progress, 
it becomes a plea for collaboration. The framework concentrates on the social 
organisational sphere. A common attitude, according to Axelson, takes a lax and 
differentiated attitude to options of association with others for change (the citation 
‘it depends on….and there are other roads leading to innovation’ …are common, and 
shows that collaboration usually is a secondary alternative). For Axelson, it is 
plausible to recommend partnering, which mainly means inter-corporate 
cooperation, as a productive but non-discounted choice of road to development and 
innovation. As Axelson puts it, “It is smarter than just looking into oneself and one´s 
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own resources for a solution and innovations”. Although Axelson does not prescribe 
innovation, he shows partnering and association of systems – the social-
organisational dimension – as providing important roads to radical change and 
development. He also claims that the framework should be governed in all 
dimensions of the social organisational field, legal and economic and with some 
emphasis also on the cultural. Attitudes to collaboration largely emanate from the 
culture.  

The partnering approach presupposes a tight technological family and environment 
as granted. The architectural framework and view may contribute in defining and 
structuring the technological environment and indicate measures, for example 
identifying common interests and standards that may help collaboration and 
association of systems. 

 

An early architectural framework for technological innovation 

In the early 1980s, Roy Rothwell, affiliated with SPRU at Sussex University, and 
Walter Zegveld, then at the Dutch TNO research policy unit, conducted several 
studies on various aspects of industrial policy and innovation. Rothwell & Zegveld 
(1981) put forward a comprehensive architectural framework for industrial 
development and innovation, even if the words and concept architectural framework 
did not exist in their terminology then. The main purpose of their work was laying a 
ground for public policy, which may have restricted their view. The Rothwell & 
Zegveld framework focuses on public policy instruments and manageable 
dimensions (Figure 6.2). Their approach seems general enough to still have great 
interest in the present context, and its limitations can be tolerated if its 
presuppositions and purpose are recognised. Instead of proposing a general 
framework, they put forward a classification of public policy and the main 
dimensions and instruments thereof. 

Twelve classes or areas of action of public policy according to Rothwell & Zegveld 
(1981): 

 

• Public enterprise 

• Scientific and technical 

• Education 

• Information 

• Financial 

• Taxation 

• Legal and regulatory 

• Political 
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• Procurement 

• Public services 

• Commercial 

• Overseas agent 

 

Some of the classes are means and instruments of implementing policy. There are 
few micro-level or entrepreneur-orientated categories, although scientific and 
technical and education can have important micro-dimensions. The actors are public 
agents or parties with a public interest and goal. The overall perspective is macro- 
and policy framework-orientated. 

 

Figure 6.2. Photographic image of the Rothwell-Zegveld framework for industrial innovation 
and public policy. The substantial content of the framework can be found in the case 
presentation Case 1B in chapter 5. Source: Rothwell & Zegveld (1981). 

 

Using their framework and categories of public policy for technological development 
and innovation, Rothwell & Zegveld compared industrial policies of countries, for 
example the US, UK, the Netherlands and Sweden. They found Sweden to have an 
emphasis in its “technology innovation policy” on education, while the US 
framework was centred on legal and regulatory dimensions (the technological 
parameters were largely corporate matters). The Netherlands had a more distributed 
pattern of policies, with a certain emphasis on information and scientific technical 
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matters. The country-wise varying emphasis of policy seemed to mirror differing 
views on technological change and development and cultural differences. The US 
takes innovators and developers (free enterprises) as given when industrial actions 
and business matters are to be regulated. Sweden sees, according to Rothwell & 
Zegveld its public policy primarily aiming to supply of competent or educated people. 
The Netherlands views technology as an area of public action for change and 
development.  

A concluding comment to the Rothwell & Zegveld framework on public policy from 
the viewpoint of technological innovation is that it is not so much orientated at 
innovations and innovation processes in themselves as at supply and supportive 
issues, i.e. public policy to foster development and innovation. Indirectly, the 
framework produces a qualified bed of dimensions that positively in one way or 
another might influence innovation and innovation patterns. 

The Rothwell & Zegveld framework, slightly modified and simplified, has been used 
and applied by a Chinese research group (Lin et al., 2013) to compare industrial 
policies across countries on Smart Grids and their development and innovation. This 
was also discussed in the case study chapter. 

The Rothwell & Zegveld framework allocates legal dimensions a capital role for 
governance of industrial development and innovation. Their framework is from the 
perspective of the innovation view an early, interesting case of a comprehensive 
architectural framework thinking which accords well with the present approach. 

 

“Zachman” – an architectural framework for development of complex systems 

The Zachman (2008 version) architectural framework or matrix - exhibited in the 
Appendix, was pioneering in the architectural framework arena (IBM in the 1980s) 
and is viable, transparent and valid in that it encompasses a whole battery of 
dimensions of technological systems and innovation systems. The systems business 
model, information and technological structure are well covered. A ‘weakness’ is that 
the framework does not indicate, much less prescribe, how elements and factors in 
the matrix are related; it can be argued the other way around that this “weakness” is 
an opening in that it allows the matrix to be generally applicable, to a broad range of 
technological systems and applications. The architecture defines the structure, not 
the behaviour or processes. Main categories which are undefined are the regulatory 
and culture (indirectly, to a certain extent a function of” business structure”). This is 
natural, since the framework is aimed at supporting and architecting a technological 
system within a specific cultural, legal and regulatory context and regime. 

The Zachman framework is a transparent, useful and effective framework, although 
moderated to information, for any development and innovative venture. It has a 
distinct immediateness. The trick is to fill the framework with ontological and 
semantic content to be useful.  
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Framework for developing a core technology to innovation  

Clark (1984) analyses the automobile industry development and design from the 
early 20th century onwards and sees the evolution of automobiles as an interplay of 
design and problem solving (which follows Abernathy, 1978), on the one hand, and 
customer demands and preferences, on the other. This interactivity imposes a 
hierarchy of technology evolutions. As many have observed from the development 
cycle, there is a rather permanent core technology and then there is a hierarchy in 
which the problem solving occurs over time. On the customer and user side, there is 
a similar development in that existing alternatives often set the pace (new 
development is compared with existing designs; when Bell Labs invented the 
transistor, it was perceived mainly as a substitute for traditional valves; the 
telephone was in the beginning a hearing aid). 

Process development according to Clark (1984) occurs in four main streams of 
connected comprehensive steps and levels, in which the dominance of a design also 
affects the technological evolution through the interplay between technical and 
market choices. 

 

The four principle streams of change and evolution according to Clark are: 

 

• Mechanisation, from labour to machines, a secular change 

• (Re)organising the process: tasks, operations, flows are continuous 

• Integration of separate operations (new capabilities are created) 

• System creation and improvement. 

 

The last three of these factors are good illustrations and cases of the capital theme of 
the present thesis, namely systems association and integration (on various levels). 
The first factor, a historical trend of mechanisation, transformed in the decades after 
the Clark study into digitisation, a secular trend with large impacts discussed at other 
places in this thesis. The Clark mechanisation trend continues and evolves into 
digitisation, which concerns the full range from the mega to the Nano scale. 

 

Framework from dominant design to innovation  

Anderson & Tushman (1990) show that a technological discontinuity (superior 
technical invention) will not automatically become a dominant design (market 
leader). 

Utterback & Suarez (1990, 1991) present a study on the long-term links between 
production technology and competitiveness and development that is in line with the 
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work by Abernathy & Utterback (1975) showing that an emerging dominant design 
may alter the pattern of innovation and competition. With the existence of this 
dominance, product standardisation and consolidation of an industry can take place. 
From an initial and radical innovation which feeds a dominance or monopolistic 
situation, there will be a rush and entry of companies and steps of process 
development and progress. This pattern stabilises with a future integration of 
suppliers and distributors, or with a tendency for vertical integration, in parallel with 
exit of firms from the industry. From this, major technological discontinuities or 
breakthroughs may start new cycles (Utterback & Suarez, 1990, 1991). 

A comment regarding disruptive innovation and design is that disruptive 
innovations commonly feature some other design dimensions and characteristics 
than the traditional solutions, i.e. are a radically new configuration. The new design 
performs worse or only equal to the features of the traditional solution.  

Utterbach & Suarez take a closer look at the management of the technological cycle. 
An architectural framework and view would have applied a similar way of looking at 
the evolution of artefacts and their production. 

Baldwin et al. (2014) further develop the methodology for characterising the 
architecture of complex technical systems (mostly software). They supply stylised 
facts that illustrate a core periphery structure of complex systems that is usual. Less 
common in their network graphs were multi-core and hierarchical architectures. 
This aligns with the earlier mentioned dominant design concepts of Utterbach, 
Suarez and others.  

Design structure matrices (DSM) is a recognised and common method to 
characterise the structure of complex systems. DSM maps the relations between 
functions and entities of the system. 

 

“Mastering the dynamics of innovation” 

Utterback (1995), in a seminal work and comprehensive analysis of an innovation 
cycle, further explores the Abernathy & Utterback (1978) hypothesis of a combined 
product and process innovation cycle. An innovation according to Utterbach follows 
a pattern from an originating fluid state and product technology, over a transitional 
phase engaging process development evolving to a specific configuration and state 
of product and process technologies. The evolution emphasises the dynamics and 
swing of technological change, with secondary but large, even social organisational 
consequences. 

A strength of the Utterback approach is that it shows the need for the distinct 
variability and scopes of governance along the technological cycle.  
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Strategic innovation agenda (SIA) and strategic innovation programmes (SIO) 
(VINNOVA) 

A strategic innovation agenda (SIA) or strategic innovation area and programme 
(SIO, for Strategiskt Innovations Område) for the Swedish authority for supporting 
industrial and technology research, development and innovation (Swedish Agency 
for Innovation Systems, VINNOVA), for energy, planning and research 
(Energimyndigheten) and the research council for territorial development 
(FORMAS) is a publicly funded R&D programme, started in 2013 that commissions 
a group of organisations and stakeholders to develop a certain technology or field of 
technology, directed to a joint mission, to pre- commercialisation and possibly to 
innovation. The group of stakeholders are establishing and organising themselves. 
The mission and the programme are soon (written in 2016) to close in its present 
configuration, is expected to have potential for sector-broad development and 
innovation. The implementation of a SIO needs some sort of partnership between 
public agencies, academia and others concerned as industrial organisations and 
stakeholders. The SIO scheme has two stages, the first setting an agenda (SIO), 
stated as a mission, for a joint group of organisations and stakeholders, and the 
second a programme for more specific developments to fulfil the mission into pre-
commercialisation and further. The scheme has so far (winter 2016) launched more 
than 100 agenda projects (to result in SIAs) and about 15 area programmes (SIOs). 
Results from the area programmes, such as competitive technologies, proposals or 
innovations and innovative ventures, are not expected until later. 

It seems that many SIAs are not governed by an explicit, or even implicit 
architectural framework and view but may well succeed in innovation, but then on 
an ad hoc basis. They are a rather loose top-down governance, and more bottom-up 
ventures. A certain lack of vital dimensions in the frameworks so far may favour 
conservative rather than radical and risk-prone solutions. The outcome of the 
programme, in terms of development and innovation, is still an open case. 
Governance is the critical and vital factor for the further development of SIAs to 
innovation. 

 

Governance of developing complex technological systems 

Innovations can be the outcome of small- or large-scale projects. Thoughts have been 
devoted to methods for assessing the management and success of large projects and 
projects of smaller magnitude. This might be relevant for the governance of 
innovation projects. 

Rolstadås et al. (2014) examined the possible success of mega projects through 
analysis of the project management approach. Mega projects are organisations larger 
than 1 G$, usually cross-technical and complex. Examples are off shore oil and gas 
installations, large hospitals and airport terminals. Rolstadås et al. (2004) applied 
the Pentagon model, modified and adapted, as an analytical instrument when 
assessing three mega projects. The Pentagon model was originally developed by 
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Schiefloe (2003, 2011) where it was tailored to quality assurance of and assessing 
large, complex projects (type large off-shore installations or hospitals), and there 
encapsulating technical and socioeconomic factors (incl. risk analysis) to prohibit 
major losses. 

 

Figure 8.2. The modified Pentagon model of factors that influence the management of 
megaprojects. At the top are the formal ones, for example technologies, and on the bottom 
are informal qualities for example social relations and networks. Source: Rolstadås et al. 
(2014), based on Schiefloe (2003, 2011). 

 

Schiefloe originally suggested the Pentagon model in his textbook People and 
Society (my translation from Norwegian) from 2003 (second ed. of 2011) as a 
generally applicable model for analysing social phenomena. In the analysis by 
Rolstadås et al. (2014) of complex projects, technological factors were given more 
attention and weight, as in the Pentagon model of the second edition (Schiefloe, 
2011). 

The Pentagon model of the management process has five components that affect the 
outcome of the project work, two of which are called hard or formal (technology is 
counted as hard) and the remaining three soft or informal qualities (culture is soft). 
The five components, organised in a pentagon, are squeezed and connected from the 
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one external side of stakeholder influence and from the other side contextual or 
framing conditions. 

Rolstadås et al. (2014) believed that they could trace and derive project success to 
the management approach, which was different for the three cases they studied.  

Rolstadås et al. (2014) dichotomised management practices into classes depending 
on the approach being “soft” or “hard”. The soft approach is adaptive, by the typology 
in the review of project management approaches made by Söderlund (2010). The 
hard approach depends on technology and is prescriptive. The adaptive approach 
goes from the underside of the Pentagon model and is bottom-up. The prescriptive 
approach is top-down. One could argue that seemingly “hard” factors such as 
technology may contain softer sides, e.g. schools and tacit knowledge. “Softer” sides 
such as communication may need standards that are hard. So, the strong dichotomy 
of management approaches hard and soft may not be absolute. 

The Pentagon model has also been applied (Röyrvik, unpublished ppt presentation) 
to designing and identifying areas of potential conflicts or cooperation in industrial 
parks and industrial “combinates” (co-localised technological systems and 
companies).  

overall, the Pentagon model (figure 8.2) developed by Schiefloe gives good insights 
into what brings success, and potentially failure, to a project, let it be technically 
oriented innovation or megaprojects. The Pentagon model was conceived to counter 
and mitigate major losses and breakdowns of large installations (i.e. risk analysis of 
offshore platforms). 

 

An architectural framework for innovation policies 

Frank W. Geels and collaborators propose an architecture (abbreviated MLP) for 
policy development of innovation orientated to niche and incentive measures based 
on an analysis of the multi-level evolution and transition of systemic innovations 
(Geels, 2014). 

The Geels architecture for change and innovation emphasises niche and incentive-
orientated measures. It represents an evolutionary view in that the system changes 
its status and composition over time, and in that the policy instruments have 
different effects in those different stages.  

The Geels view is orientated to public policy and policy making but uses well the full 
battery of framework dimensions properly orientated and balanced to specific levels 
and stages of innovative change and evolution. The framework is multifaceted and 
rather diffuse regarding governance. The composition of dimensions for a 
framework varies and must comply with the dynamic stages of development and 
transitions. Geels states that the framework can be both bottom-up and horizontally 
oriented. It can be technology push as demand/policy pulled. 

Verbogen & Geels (2007) has applied the MLP framework and socio-technical 
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regimes to the transitions of the Dutch electricity system in a fifty years’ perspective 
1960-2004. The study focuses on the support and opposition to renewables. The 
analysis shows that there is a transition, but it is driven mainly by liberalisation 
(commercialisation) and Europeanisation. Remarkably, many niche-orientated 
renewables (wind, biomass, photovoltaics) still with a strong policy support do not 
overcome the transitional barriers. This might give an indication that the prevalent 
socio-technical regimes are inadequate or insufficient. The analysis exposes barriers 
and opportunities. 

The Geels MLP framework is obviously a good and well-elaborated competitor to an 
architectural framework for innovation. It can be noted that Geels categories 
discriminate potency at different stages of the evolution. There is an impression that 
the present framework in comparison top MLP as presented is somewhat more 
explicit and pronounced about its constituting dimensions.  

The Geels framework does not contradict, but complies with, if not explicitly, a 
theory of systems integration for innovation. 

The multi-level perspective or framework (MLP) for innovation systems has been 
suggested as an alternative and more dynamic and comprehensive analytical 
instrument of the innovation process and cycle. It is reported to comprise a broader 
view on the innovation process than the earlier presented TIS approach.  

Geels (2002, 2003, 2005, 2014) provides a comprehensive analysis on the evolution 
and conditions for systemic innovations and their development and evolution, 
according to which the evolution of innovations (might) proceed in a cycle of three 
phases and levels. Each phase has its own special conditions for the further 
development of the innovations at this stage, and functions as a filter for stepping up 
to the next stage and level. The key mechanism is at the middle level. Innovations 
can be characterised and named after the stage level.  

The process is initiated in the shape of ‘novelties’ in the bottom layer – niches and 
flows as transitions or ultimately innovations to the upper layers through a selection 
or an ecological process, so that some items stay at their present level or even fall 
back. The niches correspond well to the TIS concept, described earlier. 

Geels (2002,2004, 2005) investigates the transition processes at and between the 
various levels. For example, a novel idea is the starting point, and can evolve into an 
invention, some further engineering (development) and proceed as a novelty, and 
candidate for emerging innovation in a niche market.  

The bottom level is a stochastic, largely unpredictable and fragmented flora of niche-
orientated ‘novelties. Some of these crazy ideas survive and ‘grow’ as novelties, float 
upwards into the middle, second layer, which is a patchy set of socio-technical 
regimes, and from there further on to the top layer, which is an evolving landscape 
of large transitions and innovations that dominates (at least temporarily and 
sectoral) the overall development. Geels compares landscapes to Braudel´s “long 
durée”. 
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Typical transitions when growing from novelty and niche to transitional innovation 
occur in four phases: a novelty goes into and supplements existing functionalities, it 
can then add new functionalities, and then it comes to compete with and surpass 
established regimes, to end up as a substitute replacing existing regimes. At a 
secondary stage the innovation must compete with other innovative proposals, until 
it has become selected and matured to transform to a business, a branch or a whole 
sector. Other features of novelty to growth of innovation concern fit and stretch 
adaptation to new use. Novelties accumulate niches.  

Geels has argued elsewhere (Geels, 2011) that niches also may develop from upper 
levels, dissecting from regimes or even from landscapes. This is somewhat obscure. 

Complex systems change and systemic innovations that characterise the 
evolutionary pattern are formed and influenced by intricate couplings and linkages, 
where combined trajectories and paths evolve. Innovations that survive and grow 
tend to be systemic and sector-orientated (Malerba, 2004). The conditions for 
development, and policy, are distinctly different for each stage and level. 

The Geels (2005) perspective originates from a combination of the evolutionary 
theories of development (originally Schumpeter and Nelson & Winter) and large 
social technical systems theory and studies (e.g. Hughes, 1983), “SCOT” and Fernand 
Braudel (1995). Other important sources of inspiration for the multi-level 
perspective and framework are the complex products and systems studies (Hobday 
in Berggren, 2011), and the studies of innovation systems (Freeman & Lundvall, 
1992; Nelson & Malerba, 2004). 

Adner & Kapoor (2015) focus on the transitional aspects of the innovation process. 
Technologies supersede each other, in an eco-system framework. The transition 
from one technology to another within the eco-system may in one case proceed 
rather abruptly and in other cases take years or decades. 

Transitions and systemic innovations are governed by regimes (see e.g. Nelson& 
Winter, 1985; Malerba, 2004; Geels, 2004; Markard & Truffer, 2008). 

Governance, or regime, plays key roles in the transition and transformation, both 
with regards to early stages of innovation and development (usually a niche market 
or function) and the secondary transitional stages. However, the appropriate 
policies, or content of governance, are distinctly different. 

Van de Vrande (2013) show that sourcing mode diversity, a key governance 
parameter, enhances the innovative performance. 

The Geels perspective is close to, but also a pragmatic interpretation of, institutional 
theory and thinking. Without exactly pronouncing, it is a complex of governance 
dimensions and factors, which Geels (2004) labels socio-technical regimes, that set 
the agenda and drive (inherently agency for) the transitions of change and 
innovation. 

Although Markard & Truffer (2008) have some critical remarks they view socio-
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technological regimes, niches and landscapes as key and fruitful concepts for the 
formation and development of innovations at the various levels. They suggest 
combining the TIS technological innovation systems approach with the MLP multi-
level framework. TIS represents the micro and “early” (even before the innovation 
stage) phases of the innovation process (research and development oriented), while 
the multi-level framework MLP orients its interest to the macrolevels of innovation 
diffusion, growth and transition. Their analysis concludes with suggesting an 
integrated framework for innovation processes where technological innovation 
systems interact with elements of multi-level framework of niches, regimes and 
landscapes. 

Markard & Truffer (2008) in their proposal to integrate the TIS approach and the 
MLP framework, summarise the necessary system functions that constitute and 
compose the governance of innovation: 

 

• Entrepreneurial activities and experimentation 

• Knowledge development and diffusion 

• Guidance of the search 

• Market formation 

• Resources mobilisation 

• Creation of legitimacy 

• Development of positive externalities 

Source: Markard & Truffer (2008). 

 

Measuring the levels of the functions in the listing indicate the performance (degree 
or probability of success) of the innovation system. 

Geels (2004) claims that the socio-technical regime, or governance of transitions and 
system innovations of socio-technical systems, comes about in an interplay of five 
factors or sub-regimes. Each of the factors work as a regime and combined. 

 

• Technological (industrial activities) 

• User and market (stake holders drive) 

• Socio-cultural (values and behaviour) 

• Policy (government decision making and rules) 

• Science (university and basic research) 
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However, in an earlier article (Geels, 2002), from which Figure 8.3 is reproduced, 
there were seven factors or regimes: technology, infrastructure, culture – symbolic 
meaning, industrial networks – strategic games, techno-scientific knowledge, 
sectoral policy and markets – user practices. These factors were rearranged and 
recomposed and concentrated to five elements in the later article (2004). 

The socio-technical change that supports innovation and transition evolves in the 
shape of a vortex in and between the five factors and sub-regimes, according to Geels 
(2004). 

 

 

Figure 8.3. The Geels architectural dynamic framework MLP for systemic innovations 
(Geels, 2002). (In this picture, reproduced from the 2002 article, the socio-technical regimes 
have seven edges, in the later article from 2004 these seven are reduced to five edges, a 
pentagram. See figure 6.3 for this.) 

 

The Geels (2002, 2005) multi-layered perspective on transitions and innovations in 
socio-technical systems can also give guidelines for policies to improve technological 
change and innovation, which obviously is an aiming. The effects of policies are 
dependent on the stage and level of development. Policy can increase the supply of 
novelties at the niche level by stimulating variety and innovation through learning-
by-doing and network building. Tightened selective environment at the middle, 
regime level can help innovation to survive and prosper (through taxes, regulations 
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and incentives), but is obviously a policy with a risk. The Geels proposal and 
illustration of the development path from small change to innovation at a larger scale 
is certainly evolutionary (Figure 8.3). Development paths may fork and go into dead 
ends. Some may go downwards. 

Provided the emerging innovation system has developed and survived the early 
stages into a niche innovation, it simultaneously or in parallel enters the wider 
second stage that eventually may become a disruption of markets, branches or 
sectors. Some of the same functions that applied in the first stage are relevant and 
active for the second stage. The pathways of secondary innovation stages go by and 
through double-directed interaction between the niche-innovation and the broader 
landscape levels in line with the multi-level framework governance approach (MLP).  

 

Figure 8.4 Geels illustration of processes in a socio-technical regime – sub-regimes. Source 
Geels (2011), adapted from Geels (2004). (To note is the five sub-regimes, reduced from 
seven dimensions of Geels (2002) as in figure 8.3.) 

 

Geels & Schot (2007) and Geels (2011) take up some of the criticism that the MLP 
approach has countered and make some clarifications on how it works and its key 
concepts and terms. Three heuristic concepts and tools of analysis in the MLP model 
are: niche-innovations, sociotechnical regimes and sociotechnical landscapes. There 
are multiple of pathways, and some are recursive from landscape level to niches. It 
is argued that the analysis is highly actor-centred (agency is present), and not only 
(impersonal) functionalistic. It is not supposed to be deterministic or planning-
orientated (push before pull). The sociotechnical regime is built from three kind of 
rules, regulative, normative and cognitive. Geels & Schot (2007) also propose a 
typology of patterns of change and transition (regular, hyper turbulence, specific 
shock, disruptive and avalanche, which differ regarding frequency, amplitude, speed 
and scope). This differentiation seems somewhat overdone, since all changes are big 
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in one or another regard. It would be enough to differentiate between changes that 
are slow and gradual (although broad), specific shocks (with a limited but strong 
impact) or disruptive (broad impact). The transition pathways are of four different 
types: transformation, reconfiguration, technological substitution and de-alignment 
and re-alignment, complemented with two, one about stability and reproduction and 
a second which is a sequence of paths. 

Geels visualises the socio-technical sub-regimes in operation as a vortex of vortexes 
(Figure 8.4).  

In a later paper Geels responds to some more criticism of the MLP approach (Geels, 
2011). Criticism MLP has encountered relate to lack of agency, (way of) 
operationalization of regimes, bias towards bottom-up change models, epistemology 
and explanatory style, methodology, socio-technical landscape as a residual and flat 
ontologies versus hierarchical levels. Geels replies are very illuminating and 
interesting and should be noticed. We have already made some remarks about this. 
We will make some further comments of this in chapter 10 when we discuss the 
operation of the architectural framework for innovation (AFI) of the present work. 

Weber & Rohracher (2012) apply another scheme of evolutionary and multi-level 
perspective on technological and systems transition and innovation. Their analysis 
ends in a recommendation for a comprehensive framework that devises a change 
that draws through fractions and failures in market-wise, structural and 
transformational systems. By indicating those weak areas, an innovation systems 
approach (for example TIS) may be more effective and successful. In their review of 
lacking and missing transformative change, Weber & Rohracher suggest the 
following types of failures as indicative: 

 

Market failures (mostly economic issues): 

• Information asymmetries (differing time horizons) 

• Knowledge spill-over (leakage and lack of knowledge containment) 

• Externalisation of costs (not effective cost structure) 

• Overexploitations of commons 

 

Structural systems failures (design and architectural related): 

• Infrastructural failures 

• Institutional failures (legal issues, IPR) 

• Interaction or network failures (too closed system) 

• Capabilities failures (lacking transformative abilities)  
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Transformational systems failures (concern processes): 

• Directionality failure (common goals and objectives missing) 

• Demand articulation failure (user requirements lacking) 

• Policy coordination failure (fragmentation of governance) 

• Reflexivity failure (lack of self-governance and anticipation)  

Source: Weber & Rohracher (2012). 

 

8.7 Conclusions from the review of governance and frameworks for innovation 
processes - approaches and models for innovation 

The general ability for governance or, differently expressed, the capacity to 
transform e.g. a complex technological system or system of systems, is of prime 
importance for accomplishing innovation and innovation processes. The foregoing 
survey and review of approaches and frameworks shows there are many alternatives 
and choices to make when it comes to governance of innovation and innovation 
processes.  

The reference literature on innovation policy measures and governance modes of 
innovation and innovation processes, mainly within political science, economics and 
management science, provides a varied and multifaceted picture of the evolution of 
innovation and governance approaches appropriately. The representation of single 
cases may be partial and selective, dependent on the present purpose, but gives a 
good ground for some noticeable conclusions. There is a variation of the scope of the 
governance approaches, some are static describing, others are proactive 
instrumental. 

The following bullets are the conclusions from the review of the rich and varied 
literature and sources covered in the survey, which represents just a fraction of all 
possible. The bullets are listed in somewhat order of significance as they illuminate 
and provide answers to the research questions (RQ1 and RQ2).  

A prime conclusion from the survey goes like this: The functionalistic approach (for 
a representative exposition, see Bergek et al., 2008) to technological innovation 
systems (TIS) and the multi-level perspective (MLP) on transitional change 
(proposed by Geels, 2002) are examples of governance approaches and frameworks 
for innovation processes that are very relevant and of key interest for the present 
purpose (innovation). The proactivity component of the approach and model is a 
prominent interest when it comes to innovation and innovation processes. 
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Key findings and conclusions: 

 

• There is a multitude and great variations of frameworks, governance approaches 
and models to choose. They differ widely about scope, complexity and detail, and 
proactive/instrumentality. Some are descriptive, others are prescriptive, predictive, 
or proactive. The functional dimensions differ widely in scale and scope. 
Instruments and tools are present and available. 

• A first division of approaches and models concern the level and type of governance, 
if it is one hand mainly intra-organisational or inter-organizational, and on the 
other generative or emergencic. Patterns and evolution of change are different for 
these categories as the instruments of governance must be differentiated to each 
type. Multi-domain operations is a critical fallacy and challenge (NAP, 2018). 

• Innovation is systemic (complexity and systemic innovation are relevant terms). The 
governance regime must reflect or correspond to the complexity. Governance must 
match complexity and systemicitiness (it then should be multifunctional). 
Governance, management capabilities in its broadest sense, for complex systems 
development is vital for any development or implementation of projects and 
innovations. Dodgson et al. (2008) and Dosi et al. (2000) give overviews and discuss 
various approaches to organisational capabilities (for development and innovation), 
which should be considered as instances of (innovation) governance. The ontology 
of innovation systemicity should be considered. In the next chapter the ontological 
issues regarding innovation will receive our attention. 

• Innovation is an emergence phenomenon, shown for cases and in the literature. 
There is an innovation life cycle (of stages, each with its special conditions, and ways 
and alternatives of evolution). Due to the infrastructural character and inherent 
rigidities (inflexibility) of systems, phenomena tend to (even keep to) 
develop/change transform along trajectories and paths. The paths may not be 
smooth. Innovation is a product of evolutionary and dynamic processes that goes 
along and thrives on experimenting and learning. From another point of view, 
radical innovation is disruptive, which means extremely changing paths of 
development and evolution. The change and evolution of paths feeds reactions, 
and/or inertia from the incumbents. Governance must be adaptive, dynamic and 
countering the stages and maturity of the innovation as it develops. Inherent in the 
evolutionary view is that innovation is a result of transformative processes driven 
by the stakeholders and change agents, e.g. innovators and entrepreneurs with the 
user as an important recipient and category of players. Functionalistic approaches 
of governance are to be preferred before the more static innovation system concept 
as giving room for the dynamics of innovation (stages). The regime transformation 
(from the virgin idea to the explorative, expansion, transformative and growth 
phases and levels) is a challenge. Geels (2011) pictures the path of the evolution of 
innovation and change as a vortex of sub-regimes. 

• Innovation and innovation processes must be governed - on certain requirements 
and conditions, and with great uncertainties and risk (results are notoriously 
difficult to foresee and account). Governance will take a leading role in the 
promotion and emergence of innovation over and by the valleys and heights of 
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uncertainty and risk. Governance may play at the industrial or branch and the 
corporate levels, and layers in between. At the former level it is regime and policy 
that are most relevant. Nelson & Winter (1982) focused on search and design 
heuristics, which are critical activities in the development process. They applied the 
term ‘routines’, which could be concrete activities of a regime (a sort of governance). 
Rip & Kemp (1998) define a technological regime more broadly “….as the grammar 
of rule set comprised in the complex of scientific knowledge, engineering practices, 
productions process technologies, product characteristics, skills and procedures, 
and institutions and infrastructures that make up the totality of a technology….” 
(citation from Markard & Truffer, 2008). Regimes can be characterised by the 
dimensions by and through which governance is executed and operating. A regime 
is considered here as a specific instance of governance for certain intentions and 
values, which drives the transformation and change. Governance is a broader term 
than regime (which is a specific configuration or type/style of governance). 
Transitions and systemic innovations are governed by specific configurations, which 
can be regimes (see e.g. Malerba, 2004; Geels, 2004; Nelson& Winter, 1982; 
Markard & Truffer, 2008). Markard & Truffer (2008) try to connect and merge the 
two mighty governance perspectives (or, as they call them functional), the TIS 
approach and the MLP framework. Deschamps & Nelson (2014) assign leadership 
and management responsibilities and functions as decisive elements of governance 
for corporate innovation processes. 

• Governance is a capital dimension and element of complex and systemic innovation 
and innovation processes. Governance is in the present situation (innovation) 
identified as application of an architectural framework for innovation (AFI) and 
implementing a systems architecture of innovation (SAI). AFI is a generalised 
concept applied as a model and template for a variety of cases and instances in a 
spectrum of domains. Systems association and integration are the principal 
processes within the scope of governance of innovation. The research questions 
(RQs) thus aptly refer to governance and systems association and integration.  

• The underpinning model for technological change and innovation of the ambitious 
approaches and frameworks of governance are built on capital dimensions 
technology and various aspects and dimensions of social organisation, for example 
law and legal matters, economics and cultural dimensions. Complementary to 
modelling is the architecting capability. Architecting a complex system for example 
means parts designing the structure and the interrelated parts. Design may be an 
abstracted and a conceptual activity but should give guidance how the structure and 
the parts are to become implemented. 

 

Complementary notes and observations: 

 

• The literature generally supports the view that actors as stakeholders are main 
drivers of change and innovation (this can also be called the principle and presence 
of agency). The most pertinent and common stakeholders and driving categories of 
actors are users, corporations and firms, entrepreneurs and innovators. The 
interests, or value perceptions of the users (users´ values) are main concerns in 
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innovation processes. The user dimension and advantage (added value) from the 
new product or service is a key standard element (v Hippel, 1998), if not necessarily 
sole driver in the processes. Users’ value perceptions of a service can be expressed 
in many ways, e.g. by capability, deliverables, performance, utility, quality and 
output. An innovation usually results from a multi-stakeholder setting where actors 
pull and push in sometimes unidirectional, and sometimes adverse, directions, 
certainly for the same or similar reason and objectives. Stakeholders interact, by 
rival competition or for common use and cooperation. The effectiveness of a 
framework will depend on how the stakeholders can align and cooperate. The 
stakeholder and interfacial issue define a critical and vital area of concern for the 
success of systems association and cooperation, and ultimately governance of 
innovation and change. 

• A prominent and central category of stakeholder and actor is of course the innovator 
role impersonated. It can be noted that an innovator as an entity is a functional 
category that varies between situations; the functional innovator may be an 
entrepreneur, an industrialist, an owner, a citizen/single individual, a small 
company.  

• Most common, ‘innovators’ are organisations such as corporations, firms, 
enterprises or cross-functional teams with multiple competencies and skills. The 
organisation as change agent. 

• Innovation might be called a happy encounter (yes, not all encounters are happy) of 
a strong need/demand (that is of the users) and a qualified capability and 
technology (often a discontinuity). Governance must cope with these differing 
worlds of views and values. 

• The agency perspective encompasses resource development and investment 
activities, for example research and development activities (R & D). The standard 
innovation policy mode relies on a linearity from R&D to innovation. Still, R&D is 
relevant for innovation. Innovation is usually accounted as an investment; 
innovation is not free. The conceptual and early development phases are commonly 
not expensive, it is scaling up and expansion after the conceptual phases, and even 
more industrialization and growth that are costly and prohibitive. 

• The experience from the military field is that stakeholders are not solitary agents, 
but rather members of a bureaucratic game (see chapter 3 on the “military 
paradigm of innovation and change”). Stakeholders in military turf-fighting may be 
rival services, which may inhibit innovation or drive an innovation venture in their 
preferred direction in the inter-service competitive game. Governance = 
bureaucracy. This applies to environment which are controlled and stable. Some of 
the more complex governance regimes do only fit in these kinds of environments. 

• Innovation comprises investments into and furthering of knowledge (technology) – 
knowledge production and development. Technology and knowledge are main 
movers of change and development. The evolutionary perspective on innovation 
means that technology and knowledge accumulate and spill over. Skill and learning 
play immense roles. For a further discussion of the role of knowledge production 
and development for innovation and technology, Martin, 2010. 
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• The literature on platforms (for example Gawer, 2010) supplies valuable insights in 
micromanaging technological changes and innovation. It is to be noted that the 
platform concept has become expanded to a full-fledged ecosystem governance, 
Isckia & Lescop, 2015. Companies like Apple are practising this; Iphone is not so 
much a technological advancement as it is a comprehensive ecosystems governance 
or regime for innovation, and prominently dominance. 

 

Final reflection 

A final reflection from the survey and review of governance approaches and 
frameworks is that almost all approaches place great demands on skills and 
capabilities of governance itself. Innovation and innovation processes, as it seems 
are not self-propelling. Governance is needed to lead, control and manage. Without 
leadership, efforts and direction are lost. Management, or care for every minute and 
day, is the other primal need for innovation and innovation processes, a 
supplementary argument is that the devil is in the detail. Endurance and agility, 
which are connected to the evolutionary dimension, are extremely potent elements 
of governance, as processes and evolution of innovation are long sequences over time 
and full of obstacles and uncertainty (uncertainty may sometimes evolve into mere 
chance and luck; it is a mark of the intelligent to profit from a happy but uncertain 
event and chance). Absorption and capacity to risk reduction is a connected issue; 
endurance as abundance and resilience of resources are critical for sustainability. 
Moreover, skills in architecting, design and configuration of complex multi systems 
must excel.  

The approaches and models in the survey are different in character, as some 
comprise comprehensive and well organised methodologies, professional 
instruments with tools for a variety of tasks, as others specialise in just on a few but 
characterising and possibly strategic dimensions.  

Many frameworks and models have sprung from engineering practices of various 
kinds, extensions and coverage; they may have substantial records of applications 
and use in a spectrum of contexts. Frameworks and models are sometimes directed 
to a single issue and context; common and frequent context is procurement and 
design of standard technical systems. Scalability varies. Certain frameworks or 
models are solely suggested by “dry” research, with little “wet” application 
experiences or any empirical evidences at all. Evidences of innovation might be 
anecdotal. Some approaches are purely descriptive of static conditions, others are 
dynamic predictive, sometimes explicitly proactive bound for decision making.  

It is now time to bring together the bits and pieces covered in this and preceding 
chapters into a synthesis of a framework that can support and help innovation to 
come about. This chapter has supplied a ground for constructing a framework for 
governance, and the elements needed. Functions, dimensions and factors that are 
questioned and referred to in the research questions have become suggested and 
illuminated. The next chapter is a constructive trial to construct a framework that 
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comprehensively can guide and support governance of innovation and innovation 
processes.  
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9 Contours of an architectural framework for innovation – 
synthesis and a proposal 

This chapter provides a synthesis and a proposal concerning an architectural 
framework for innovation (AFI). This is a synthesis and proposal for an AFI which 
integrates the explorative findings from empirical studies powered and augmented 
with theoretical investigations of “systemicity” and “governance”.  

This chapter thus deals with:  

 

• A summing up what innovations and innovation processes are and can be. Based on 
the exploratory parts of the study innovations are described in terms of profile and 
life cycle.  

• From the foregoing explorations the dimensions and axes of a system architecture 
(SA) of innovations (SAI) are extracted. The ontological space and structure of 
innovations is here at stake. 

• The analysis proceeds from system architectures of innovations (SAI) to the 
corresponding ontological space and structure expressed with a widely applicable 
(deployable) architectural framework for innovation (AFI).  

• Operation of the framework (AFI), and its ways of working will be developed and 
discussed in the next chapter. 

 

9.1 Synthesis – from exploration and analyses to a profile of innovation and 
innovation processes 

A significant feature of innovation is difference; innovations surprise. Innovations 
are difficult to address – until ex post, and to profile. Innovations seldom announce 
themselves. However, in retrospect, they may seem apparent and obvious. 
Innovations also have a great deal of fluidity and ambiguity, why it is not that easy 
to catch the phenomena in a consistent and coherent picture or profile. 

In this chapter an attempt is made, based on the exploration of innovation and 
innovation processes in the preceding chapters, and the theoretical oriented analysis 
to characterise innovation and the innovation process into a portrait or a profile (in 
Swedish: “signalement”). (Hopefully the profile is not a caricature, but a realistic 
account of some representative and significant characteristics.) A profile of 
innovation should not be too overloaded, but unique, well-characterising and 
general; the profile should further discriminate disruptive, that is larger effects and 
repercussions from minor fluctuations. In addition, the profile should be 
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instrumental and useful, not only descriptive. 

The concept of an innovation profile has evolved and matured successively in the 
research process. For example, in Mölleryd (2011) I described certain characterising 
elements of innovation and innovation processes. An “anatomy of innovation” was 
suggested and discussed in the thesis. This anatomy concept of the licentiate thesis 
gave inspiration in the present context to qualify the profile notion and take it a bit 
further. 

There was also an idea from my earlier experiences and research about a paramount 
“military pattern or paradigm” (a complex or family of patterns and paradigms) for 
innovation and innovation processes that worked very well in the defence area.  

Such a preliminary idea for a “military paradigm” was inserted in the security and 
defence sections in the licentiate thesis. The idea was that the military paradigm, or 
at least some parts, could also be applied to other sectors with an infrastructural 
character, e.g. energy. 

The following provisional features and profile of innovation and innovation 
processes were distilled from the preceding exploratory chapters on innovation and 
innovation processes.  

This chapter dig into the profile concept from various angles and crossing 
perspectives, to qualify and improve the profile and its usability. With a few pieces 
of qualification, the profile and features can be transformed and elevated to an 
architectural framework for innovation (AFI), which corresponds to the ontological 
structure of the system architectures of innovations. 

 

Features of innovations and innovation processes 

The substantial meaning of innovation is that it supplies a distinctly (or radically) 
superior performance and value of a service and product to the user and client. The 
standard definition states that an innovation is a new product or service on the 
market or even new for the industry and company (context, scope and perspective 
does have an impact for this statement).  

As an innovation proceeds it is also relying on its systemic character. This study 
focusses technological innovation systems (abbreviated TIS, more of this later). The 
`system´ suffix and notion indicates that two or more components are needed for 
them to associate or integrate into a new entity, a system of systems.  

The first stage of an innovation process, when an innovation emerges and enters the 
market, is here termed the innovation system phase. This concept might appear 
somewhat static in it, but this is just a level and stage of development. It is usually 
protected in a closed environment. 

When the innovation expands, invades or overtakes existing markets, businesses and 
sectors, it is in its growth and disruptive phase. The entity is exposed of competition. 
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A disruptive innovation is an innovation, or a configuration supplying new services 
and products, that has far-reaching, sometimes devastating consequences for 
existing businesses, industry, markets or sectors at large. The disruptive phase is of 
an expansionary nature. Disruption imply major transformation and transition 
taking place. 

It is inherent in disruptive innovation that it encompasses some new features, 
differing from the established solution. The disruption may originate with a new 
offering, an offering or packet of services to a lower price etc. Disruption upsets the 
incumbent, the existing businesses and possibly broader sectors. Some reaction and 
countermeasures are expected. 

An incremental innovation or change, on the other hand, implies less than changes 
of the production process for the service, while the product substantially stays the 
same (functionality) to the user. An incremental innovation or development can be 
compared with an optimisation of the production processes. A radical innovation in 
this situation is a rather great change of production technology, sprung out of 
technological change and progress. A face lift of the product may include minor new 
features, that is incremental innovation. 

A common feature is that technologies and technological systems naturally follow 
certain tracks and trajectories in their change and development (Hughes, 1983; 
Arthur, 2009). Radical innovation that disrupts this pattern and starts a new 
trajectory appears infrequently. Shaking the pattern is costly.  

Christensen et al. (2015) discuss the significance of the concept and present state of 
disruptive innovation and claim that the common usage of the term has eroded, in 
that any change, whatever magnitude, is called “innovation”. It is more in line with 
the present research that (disruptive) innovation rather means change on a larger 
scale, which is severe and disruptive to the incumbents. It follows that innovation on 
a disruptive scale is seldom a smooth, conflict-free process. Still Christensen et al. 
assign the disruption basically to a lack of business strategy with the incumbent to 
react to a new or cheaper offering from an attacker. The paper by Sandström et al, 
2014 closes in on rigidities in the management system that make incumbents 
insufficiently reacting to disruptive excitations. 

The innovation process involves a transition from or between technologies, like in an 
eco-system. A typical pattern is the S curve, for example by Utterbach (1995). Adner 
& Kapoor (2015) elaborate on why this transition in an eco-system framework in 
some cases emerges and goes rapidly, while others may take several years or decades 
to take off. 

The innovation process has emergence characteristics, parallel to a transformation 
from an early tiny innovation system into larger scales. According to some theory, 
there is a co-evolution of innovation and context (Bergek et al., 2015). The innovation 
system expands and literally invades and interferes with the context as it develops. 
A rather complex change pattern might come about. 
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Innovation is obviously a risk project and may not come about without a capability 
to manage and absorb risk. Risks are multifaceted – cognitive, technical, economic 
or business orientated and usually also social and organisational. Innovation 
processes parallel advanced management of risks. 

Since risk has a hazard and costly side, many or most development efforts prefer 
incremental change and to keep within a familiar trajectory of development, to 
reduce and more easily absorb the risks and keep costs for potential failure to a 
minimum. Competition still compels innovation. There should be a balance between 
rocking the market disruptively or staying calm in the boat while it still floats. 

The discourse can be illustrated by a multi-stage innovation process. The first stage 
is the early phase of the innovation process, preceded by a development phase (pre-
innovation), building an innovation system that produces a new niche service or 
product which is limited regarding its acceptance by users and markets (the market 
is still small, and specialised). From this first early stage, there is in the innovation 
process hypothetically a growth and a transformative development stage when the 
innovative product or service grows and expands, causing a major disruption and 
transition of markets, businesses, branches or sectors. Why some novelties move on 
to major transitions and some other innovations do not transform the market or 
sector is good question which will become illuminated further on. 

 

The life cycle of systemic innovations 

Previous chapters gave substances supporting that innovations and innovation 
processes proceed evolutionary, in a non-hierarchical (also non-linear) sequence of 
stages and phases, that can stop, reverse, abort, bifurcate or change path and 
direction.  

An innovation life cycle in four elemental phases and stages is outlined below. The 
first two are very close to each other, and usually intermingled. 

 

• The development phase (idea, conceptual, R & D, demonstration, test beds), this 
might evolve to pilot projects and budding niches, 

• The emergence or niche phase (production, systems associate, niches, deployment) 
- TIS is a relevant notion of this stage. This is also a definition phase when the 
innovating system stabilises, 

• The growth and disruptive phase (affect markets, competition getting harder and 
fierce) – expansion and disruption are the names of the game, the alternatives are to 
lead and expand or to defeat/die, 

• The extensive dissolution phase (extension, marginalisation, disintegration, phase 
out, re-emergence). 
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The first couple of stages of the innovation life cycle, which may develop from an 
idea, a discovery or an invention, merge into an innovation system, which provides 
a service or product, usually a niche market or a special function. The technological 
innovation system (TIS) approach applies to this early stage (Bergek et al., 2008; 
Markard & Truffer, 2008). The Technology Readiness Level (TRL) applies adequate 
description of the stages and levels of development, where the emergence stage may 
take off at 8 or 9, while the mere development ponders at levels 1-7. 

Assessing the early phase of a radical or nascent technology and potential innovation, 
and its ability to survive and further develop, might use a functional analysis method, 
as suggested by e.g. Bergek et al. (2008). An illuminating case study applying this 
methodology for assessment is Energimyndigheten (2014) regarding the 
opportunities and potential for further development, growth and diffusion, and 
evolution of five emerging energy technologies. 

A variation of this stage of development and innovation organisation is supplied by 
the platform concept (as described in chapters 7 and 8), which has a fluent and 
flexible set of technologies and systems evolving around a core of stable and fixed 
systems solutions. The platform may be intracorporate or based on broader 
industrial standards. 

A secondary stage or phase concerns the disruptive and mature transitional phases 
where the innovation is more broadly accepted, and may have large impacts and 
interactions with businesses, competitors, markets and whole sectors. A common 
pathway at this mid-term uphill stage is a double-directed interaction between the 
emerging niche-innovation and a broader landscape of technologies and markets. It 
is suggested that this is in line with the multi-level framework approach (MLP).  

Disruptive innovation, which comes after the niche stage, is a fluid phase, potentially 
growth but also defeat and differentiation. The disruption comes along with 
expansion and growth of the niche product or service into larger or substituting 
existing (incumbent) markets. The Abernathy-Utterbach (1978) approach to the 
second phase well describes this development phase. There is possibly restructuring 
and association with other TISs or mature innovations, and an evolution and 
transition that goes in conjunction with or close to the context (landscape). The 
innovation ecosystem approach may also give insights in this stage of development 
for survival, invasion and niche orientation and development. 

Christensen and collaborators (e.g. Christensen et al., 2015) have analysed certain 
variants of the disruptive phase. One is the transitional stage, as other stages are 
developing into landscapes or a broader context. The innovation expands and 
engulfs a whole sector or branch. However, the path may also develop or fragment 
in the adverse direction, from landscape and context “downwards” or back into 
disruptive or transitional developments (a hierarchy does not exist) (Geels (2011). 

The transitional phase embodies major developments and growth of an innovation 
from a niche level to a larger landscape. The new technology “overtakes” the old one 
(or is defeated by these). 
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Innovations in the transitional stage and at the landscape level may in the long run, 
disintegrate and fragment, fade away or crumble into a niche or specialised function, 
dismantle, and even become obsolete and appear extinct. Sometimes the former 
innovation, or more commonly “great” discovery or invention, ends its life as an 
exhibit at the “Museum of Technology”. The demise and fade-away phase can be 
compared to the Schumpeter destructive phase. However, innovation is surprise and 
surprising combinations of the well-knowns, and sometimes believed obsolete can 
have a new life. Revivals can and do happen! 

Figure 9.1 shows symbolically innovations´ life cycles. 

Figure 9.1. Symbolic representation (path) of the life cycles of innovations, with four 
recursive stages/sequences from the first (1) idea/development, emergence and early 
establishment, niche to the second (2) phase of growth, transformation and transition, 
disruptive, and to the third (3) phase of extension, and eventually the fourth (4) phase of 
disappearance and disintegration, as parallel exits, exchange and interactions with the (4) 
context/landscape (failure, disintegration, or jumping to other paths of innovation and 
development).  

 

9.2 Two capital connected dimensions of an architectural framework for 
innovation – the ontology of systemic innovation 

Based on the foregoing analysis two capital dimensions of governance frameworks 
for innovation are extracted and identified as certain, namely the concurrent 
technological and the social organisational dimensions. 
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• The technological dimensions are a compulsory factor to regard when integration 
and association of systems is at stake. The technological dimension at the same time 
provides long-term conditions and possible extensions of systems integration and 
limits the currently available range of opportunities. A common or harmonised 
cognitive basis (accumulated knowledge, knowledge production and skills 
formation) is a strong requirement for systems to associate. Standards may help 
association of disparate elements. A challenge is transition to a new technology and 
integration of systems and new technologies. Definition of physical interfaces, and 
proper standards and protocols, may help systems function associations. Providing 
and defining formats of information exchange can also provide a format of 
association between separate systems, even if the technologies are a misfit. 
Modularisation and standardisation are examples of strategies for rapid and closer 
(physical) associations and integration of systems. The framework should indicate 
ways and means to associate and fuse technological change and transition, by 
merging and incorporating new technologies and systems. Learning is an important 
element in the process. These complex processes emphasise the benefits of 
supportive measures to a framework and configuration. The selected frameworks 
vary in their elaboration in this regard. Frameworks are context-dependent, specific 
and dependent on the technologies and systems at interest and thus a framework is 
usually limited to a certain domain. These limitations, sometimes in locked 
trajectories, are important to recognise. A certain degree or level of association and 
integration between systems may need some leaps and bounds (supporting or 
bridging technology for example) for them to come together. 

 

• The social organisational dimensions are key elements for association and 
integration of systems. In the short-term perspective, the social organisational 
defines and restricts what integration is possible. At first glance, the social 
organisational dimension may seem contextual rather than operational. In a way, 
the social framework conditions in many cases are given and fixed, at least in a short 
time perspective, while the technological dimension might seem relatively freer to 
choose and design. This is partly true. Some social parameters are fixed and frozen, 
or at least appear so. Others are formative and dynamic. The social organisational 
conditions and settings have a great impact on which states and projects are 
available. There is a certain freedom of design of the social organisational dimension 
and space. For example, an extension or permit of IPR to facilitate an association 
can be acquired and negotiated. The business model and the scheme for risk 
allocation can be designed to open a new association. A new organisation may 
include systems into a same decision domain, command and decision structure, and 
bring costs and benefits with an association into the same account. Accountability is 
a key matter. It is of great interest when a framework designates means to 
‘manipulate’ or rearrange the social organisational conditions and setting. Legal and 
administrative issues for example play important roles. The legal dimension may 
encompass financial regulations that affect development and the effects on eligibility 
may be far reaching. Framework and patenting strategy should be aligned. The 
architecture must adapt to the IPR framework. Frameworks commonly must accept 
the legal conditions, as with other social organisational factors as given and fixed. 
Changing legal conditions and development may open new avenues. Economics is 
another bottleneck for systems association. The incentives structure of a business 
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proposal may favour or disfavour developments. It is an open question whether a 
change in the incentives structure expands the space for and creation of systems 
association and innovation. At the very least, it may influence the viability of several 
existing projects, if not create new ones. Distribution of costs and benefits influences 
attitudes to projects. A market-orientated architecture and organisation allows 
larger spans of action. Cultural dimensions and affinities are another critical or 
decisive dimension. It is interesting if a framework incorporates and guides 
measures that establish and sustain trust. Trust is elementary for sustainable, 
persisting collaboration. Standards can never replace culture and trust. The issue 
about social organisational dimension of a framework is whether it is open for design 
and configuration or contextually defined only. 

 

9.4 Axes of an architectural framework for innovation (AFI) 

From the discussion and presentation in the previous sections, it was assumed here 
that the modalities of the framework (AFI) are represented by spaces of 
integration/association in two major directions and axes, through the technological 
and the social organisational spaces.  

These two fields are divided into three sub-fields, covering in total six dimensions. 
Some of the dimensions are correlated, and not perfectly separated. The single 
dimensions and modalities can in specific cases be combined and aggregated, mixed, 
overlap, counter or enforce each other. The concurrent six dimensions of the 
framework are neither linearly nor sequentially connected, although a certain 
hierarchy of significance and order of influence might be hypothesised. 

The main and capital dimensions of the proposed architectural framework for 
innovation are shown in a matrix below, to which I return shortly. 

Figure 9.2. Main dimensions and axes of an architectural framework for innovation (AFI). 
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Note that governance – the horizontal dimension in the diagram – is a composite 
capability of agency comprehensively directed to or operating concurrently through 
and with all six dimensions of association and integration. Governance, and its 
quality in each dimension affects total performance and effectiveness when 
establishing any system (of systems), development or innovation. 

 

9.5 Technological axes 

The technological dimension has three sub-dimensions, one of which is a common 
physical interoperability. An increasingly significant information dimension has a 
growing role for systems of systems to work and function. The cognitive factor, as 
based in professional traditions and educational history, may be one of the most 
complex, and difficult to align. If the cognitive dimensions of the different systems 
are on the same ‘wavelength’, this will help, even trigger integration and association 
of the systems. The technological dimension is, as been said earlier, more active and 
critical in the earlier phases of innovation, in the development and the niche 
development stages. In the later phases, other factors such as market and user values 
play a greater role. 

Technology, or the cognitive dimension at large, is the main constituting factor that 
provides and exploits a phenomenon (might be called basic research, but is as much 
skills and learning), for systems which allow it to provide and produce functions and 
services, including associations or integration of systems. 

Technology shapes and constitutes systems and their changes and is the main and 
overarching factor for association and integration of systems. 

New knowledge (knowledge production and diffusion) and technology feed 
development and change of systems. In a certain area technology and systems may 
be congruent, defining each other, e.g. a railway system is very much congruent and 
consistent with railway technology, which is an amalgamation of several 
technologies such as track and traction technology, engine technology, signal and 
control technology and many others (SOU 2015:110). 

Technologies speak their own language. Differentiation or technological change may 
mean that the new technologies do not ‘communicate’ with each other, are 
inconsistent, represent nonaligned or incomprehensible paradigms and must put in 
filters or adapters to be on ‘speaking terms’. These discrepancies may seem tiny but 
can be decisive for common understanding and communication. 

There is a tendency in technology for divergence and differentiation in that it 
specialises and differentiates over time. This divergence means that it does not 
necessarily end in connectivity and capacity for interchange or interactivity. Special 
measures must be taken, for example adaptation or use of another technological 
choice. Linking or conversion technologies may have to be used. This is a friction 
that must be overcome. 
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New technology and knowledge production and development defines and tends to 
create new arenas and may establish and shape new systems as open virgin areas for 
systems building.  

Knowledge of technology and technological development formed in skills and 
learning processes is important and in the long run decisive for developing new 
systems and new associations of systems, functions or services. Systems 
development and developing integrated systems of a radical new character is based 
on existing technology and technological development. In technological systems, the 
systemic dimension is a pertinent analytical instrument (Carlsson & Stankiewicz , 
1995). 

Technology paves the way for trajectories and new technologies may open new 
trajectories. Existing technology and investments in knowledge and systems 
conserve the development in a certain direction, which may be difficult to overcome. 
The bounded development to trajectories is probable, but not determined. Research 
and development can result in better understanding (which also refers to 
competence) and overview of the coming technology landscape, but not with 
certainty. Gartner’s hype cycle (Gartner, 2014) of the development of technologies 
gives an illustration of the uneven cycle of progress. Some technologies are hyper-
active in the early phases, later fading away and disappearing, while others forge 
ahead. 

Physical location is a parameter that describes the relationship between the separate 
systems in physical terms, or distance. It can be expressed in terms of e.g. 
geometrical distance, frequencies that the systems operate on, energy levels and 
voltage (the common standard is the Système International (SI) nomenclature). The 
geometrical measure can range from the tiny (Nano or a few Ångströms, Å) to the 
very large (several metres to km). A common view is that physical closeness and 
alignment increase attraction and association. Conversely, close distance or 
alignment may generate repulsion (electromagnetic forces, for example). As 
Boschma (2005) states, the effect from distance on association and integration is 
uncertain and may go in directions that are diverse.  

Interoperability is the common term for physical interaction and interactivity that is 
active and can take various forms. The scaling of distance is a specific problem. In 
the present context distance is kept as a physical parameter, even if it is known that 
cultural or social distance can sometimes be a stronger and compulsory factor to 
explain degrees of interaction and association.  

Information has the role of monitoring and controlling the states of the evolving 
systems and their constituting elements. In this, information plays an ordinary role 
as in standard control theory and systems management (Soft Systems Method - SSM, 
Checkland, 1981). 

The information dimension is a capital component in systems formation, system 
control and governance. Information is needed to control and manage systems that 
are associated, connected or related in other ways of integration. Mismatches and 
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lack of information channels severely stifle innovation and development. An example 
of a fast-developing area is the Internet of Things (IoT), which relies heavily on 
communication standards and protocols. 

The language of information is technology-dependent. The digitisation of the 
economy means that distributed systems based on information control and 
management are expanding. 

Information exchange concerns several levels, from the basic data level (bits) to the 
supreme executive power, for example in a doctrine or a standard, over extensive 
decision domains. Others see information as a common factor and element in control 
theories.  

Cognitive affiliation is a fundamental and critical requirement for systems to connect 
and associate. A necessary element for association and affiliation to succeed is an 
ample body of common competence and technological knowledge, and their 
production and development (Martin, 2010). Competence and knowledge with skills 
and learning determine whether association can be attained and achieved. If there is 
a cognitive gap between the systems regarding their competency profiles, there will 
not be an association, so it fails. The gaps originate from professional, disciplinary 
or educational habits and traditions. Some are even silent or tacit knowledge, 
language that has developed in a practical context but with no written dictionary, 
grammar or syntax (although the practitioners, the “native speakers” perfectly know 
the standards and what is communicated). Technologies can be characterised 
regarding their ability and propensity for association or harmonisation, which may 
differ. Some of the discrepancies and misalignment of technologies have their 
background in education and professional development. Technology is distinctly a 
cognitive faculty. One can talk of technology affiliation or cognitive distances. 
Cognitive dissonances and distances of technologies may change and restructure 
over time. This is a matter of development and maturity. Knowledge production and 
development are pertinent activities for systems and technical elements to associate, 
respond and “talk” to each other (Martin, 2010). A virgin technology may raise 
barriers that are difficult to overcome for effective integration. Berggren et al. (2011) 
explore critical factors of cognitive integration. Malerba (2005) discerns knowledge 
and technology as a prominent, or the most important, dimension for sectoral and 
innovation systems. 

It might be added as a supplementary aspect that most practical means of systems 
engineering and development design tend to focus on the physical and informational 
dimensions. The cognitive might be indirectly implicated or tacitly understood (skills 
and learning are often nameless, not explicitly certified). 

 

9.6 Social - organisational axes 

Association of systems rely heavily on social conditions and has usually a strong 
social content. The proposed social and organisational dimensions of systems 
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association evoke a need for proper organisation for control and decision making 
and other administrative functions of operations. The depth of the integration 
impinges distinctly on the power of the joint organisation. The degree of integration 
or, conversely, the autonomy of the associating systems has broad consequences for 
the potency of a common organisation and its capability for decision making. For 
example, a closely integrated unit of systems needs only one decision making centre. 
A looser association may need certain decision rules, which should be common, 
within the same protocol and standards, even if two or more of the parties are 
separate and autonomous decision points, e.g. cross information. Ownership is a 
strong category of integrative organisation.  

There are in many cases rather loose associations of the organisations. Most 
integrative organisations contain mixes of categories of association. The rules and 
formats of systems association have a great impact on the effectiveness of the 
associated and joint/joined system. A loose association may mean conflicting 
decisions with less overall outcome and effect. The split of decision making, and 
authority is a major issue for the wellness of a joint or integrated system. A special 
and recently more frequent category of organisation is networks. A network of 
systems is usually characterised by looser decision making and authority, but there 
is still a need for efficient joint protocols and standards for communication. See 
chapter 7 for further details. 

Legal matters, which comprise law and rights, jurisdiction, e.g. Intellectual Property 
Rights (IPR), legal rules, regulations, kinds of administrative control, structuring the 
decision domains, allowing means or the opposite, are a barrier to association and 
integration of systems. Legal rules have a binary character in allowing or not 
allowing. Breaking the rules and violating the law may incur penalties, which have a 
behavioural effect. Administrative control is often a legal issue and regulated. The 
legal dimension concerns decision domains and boundaries. Proprietary conditions 
and boundaries are a strong prohibitive factor. IPR, which concern ownership of 
intellectual capital and knowledge, exert strong influence and limitations on 
creativity that is so badly needed in innovation matters. For IPR, patents are 
simultaneously a capital and a resource with potential for productive use. IPR and 
patent domains might prohibit or permit innovation. Chesbrough (2003) allocates 
much credibility to open innovation (where IPR and other barriers are 
circumvented). Open systems have been a common philosophy in software 
development (with Linux as a prime example). Berglund & Sandström (2013) discuss 
business model innovations from the perspective of open systems. 

Economics, which entails market and business values, incentives, business models, 
rules of competition, market organisation, externalities, common (public) goods and 
services, distribution of inputs and outcome and other means, and accountability 
effectively affects the behaviour of association and integration. Market organisation 
is an economic faculty. Marketisation is an important and common mechanism and 
element in innovation processes. Externalities may be an important factor for a 
certain development. Christensen & Raynor (2003) have argued as an example that 
disruptive innovation can be a result of a new business model rather than a sudden 
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technological advancement or surge. 

Cultural issues, which include values and behaviour traditions (e.g. trust in the other 
party) and social matters such as language (which deeply and widely influence 
communication and understanding), are barriers or means to facilitate contact and 
connectivity, and ultimately association and integration. The cultural social 
dimension includes the propriety dimensions of openness and exchange, which may 
have great repercussions into the commercial, academic and competitive world. 
Security is an important topic with strong cultural ties. Distance and closeness apply 
in the cultural sphere. Cultural vicinity means openness and a small cultural 
distance, raising affinity, amplifying chances for interaction, association and 
integration. Trust and culture are strong forces and elements of business operations 
and innovation processes (Porter, 1990; Fukuyama, 1995). Institutions, which are 
entities with rules, organisations etc. that persist for a long time, might also be a 
component in the cultural dimension. 

A capital argument is that the social organisational dimensions has an overriding 
role when it comes to systems compatibility for association and integration, in the 
later stages of innovation evolution. Culture and cultural alignment are ultimately 
the dominant factor for the long run. The social organisational dimension has in first 
place to apply legal and administrative regulations. Strong rules of the game are 
played by the economic considerations, especially the business models and strategies 
at work. Culture concerns values and language, and ultimately trust. For system 
building to survive, trust is needed. 

Some dimensions in certain cases may happen to conflict and are in these cases 
difficult to align or can stick together on certain conditions and requirements only. 
Others are steady and naturally joined. Some dimensions reinforce, others impede 
or block each other. The rules and regulations (law) dimension might inhibit a 
certain technological innovation system from developing. 

 

9.7 Synthesis of an architectural framework for the governance of innovation 
and innovation processes 

The demands on a physical modality and alignment for association/integration are 
evident and easy to understand when it comes to physical systems and products. 
Physical systems must fit together in a metrical sense. The physical conformance of 
the associating systems may concern common metrical dimensions or energy 
performance in the same format, as two examples. Physical requirements from 
services from systems exist but are from time to time diffuse or unclear. Main 
strategies for easing physical association are modularisation and common metrical 
standards. 

For harmonisation and association, technology, like cognitive status and 
development, requires promotion and production of a common knowledge base to 
apply similar/congruent technological characteristics of the systems. Knowledge, or 
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rather lack of common knowledge, inhibits systems from associating. Technology 
has a tendency for specialisation and differentiation, which drives fragmentation and 
divergence, but also for developing a certain convergence, which supports evolution. 
A tendency for fragmentation persists. Technology fragmentation and divergence is 
a historic phenomenon (since the days of the tower of Babel). 

The technology dimensions may be critical during the early development phases of 
innovation. The TIS concept readily illustrates this. 

Technological advances and breakthroughs thus lead to vertical disintegration and 
specialisation (which must be matched by systems and organisational development 
and integration; a possible remedy being modularisation). This development is 
counteracted by increasing capability to connect/associate and, in the long run, feeds 
convergence. The long-term trend emphasises simultaneously specialisation and 
ease of connection/connectivity. 

The main strategies for improving technological integration are through research, 
development, demonstration, experimentation and test beds, technology foresight 
and forecasting. On an operative level, adaptation of technology and interfaces 
through research and other forms of development, applying technical industrial 
standards and protocols, are other strategies. 

The so-called digitisation is an umbrella term for information and communication 
technologies, or rather a cluster of technologies that has special repercussions for the 
connectivity of systems. “Digitisation” technologies are influential and affect 
connectivity. It is on one hand a driver for specialisation, spatial dispersion and 
diffusion, and on the other makes it easier to connect and associate, even at a 
geographical distance. The professional or disciplinary backgrounds and traditions 
for this spatial differentiation can be stressed. Cognitive and technology issues 
(knowledge, which can be codified in standards) are fundamental and critical for 
connectivity and the role of the net (may be compared in degree and way of influence 
with social factors). Digitisation is a technology and a technological change that is 
immensely disruptive. It brings together and dissolves simultaneously. 

Legal modalities weigh heavy when systems and decision domains are to associate. 
The legal dimension defines the decision domains at stake. The competences of 
decision making, and domains serve prominent properties and capabilities of 
systems. Are the systems (and decision domains at large) allowed to cooperate, in 
what respects, and how far can the association and integration go? Joint or divided 
decision making, where a legal modality has a large role to play, can help or block 
association and integration of systems. Legal rules and regulations have great 
impacts in mature areas of development. Pertinent in the legal domain is IPR. 
Administrative control is based on legal conditions and regulations. 

Economics is a main modality for systems association comprising business models, 
incentives, risk absorption and distribution etc. Associations inflict transaction costs 
and generate income, which may help or undo proposals. Accountability is a key 
matter. Risk to systems integration or association may be technical and economic 
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and can certainly inhibit projects. The industrial economics of a business proposal 
and a systems integration project are relevant issues. 

Economic dimensions may be more active and critical during the disruptive growth 
and transitional phases of innovation. 

Culture is probably one of the most far-reaching, if elusive and intriguing, modalities 
of association whereby an integration and association of systems is dependent on 
common cultural understanding and alignment. It is difficult to pinpoint exactly 
what makes culture so basic, and formative. Culture evolves from habits and 
traditions, reinforcing itself. It can be appreciated as a legacy from history and 
former relations. The connection is soft, and thinner than air. But sometimes, this 
“thin air” can connect over centuries. Culture and cultural habits change over time, 
as cultures die or fade away. The prerequisites of a culture may dissipate but remain 
memorised and internalized as traditions and habits. Culture is essentially a 
framework, or language (not only linguistic), of understanding each other, with the 
parties sharing common references and meaning. Culture, and mutual 
understanding in this sense, is a frame and mother of sustainable cooperation. 
Cooperation in one field may spill over to a broader cultural sphere. A central 
element and a pillar to culture is trust, which may be enduring but can easily 
dissipate and dissolve. 

Figure 9.3. The proposed architectural framework for innovation (AFI) with its six 
subdimensions, and examples of content of each dimension. At the bottom is the paramount 
governance function. Governance - agency, and the quality of governance, discriminates 
success from failure or half-success. Governance and agency have two main components: 
leadership, which concerns mobilising resources and engagement, and management, which 
is about taking care of the daily business, and agility. 
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Cultural dimensions may become more significant and critical when an established 
system tries to stabilise, for example in the late transitional phase. Culture is a kind 
of glue to keep to the path and stay on an established trajectory. It is costly to 
establish a new path. 

It may be a slight exaggeration, but it can be argued that culture is at the end of the 
day (long-term viability) the most important dimension for systems association and 
integration. Economics and legal matters can be managed if some primary 
willingness exists. Technological problems or discrepancies are usually possible to 
solve, at least provisionally. However, overall six dimensions are involved in 
influencing, promoting or blocking the propensities and chances for systems 
integration and innovation. The perspective is basically technology push (that is 
initiated and driven by technology), but then modified and filtered by demand 
factors.  

Each of the dimensions of the framework has human elements; technology is carried 
by engineering skills and the like and culture is of course a human or civilizational 
dimension. Information is also a human relation or entity, even if the element may 
be bits and bytes. The system is socio-technical. Technological and socio-
organizational dimensions are concurrent in the same system. 

Furthermore, each dimension is multi-dimensional (unknown or not well defined 
subdimensions), and the sub-dimensions subjected in their own frameworks. 
Dimensions are overlapping rather than distinctly separated. 

At the bottom of the framework (Figure 9.3), loom governance processes which are 
vital for the transformation and organisation of any set of (disparate) systems to 
emergence and resulting innovation. As indicated, the quality of the governance 
processes will decide the certainty of progress and innovation. The quality of 
governance is of paramount importance. 

Governance has two main components. One is leadership, which is about mobilising 
resources and engagement for an innovative venture. The other is management, 
which is about handling the daily business and operations. 

Governance has three quality levels of operation with different ambitions, which can 
be termed apply, master and supremely innovative. The apply level is just getting 
through. The master reaches the goal effectively and in due order, and the supremely 
innovative hit right on the innovation bull’s-eye with speed to the goal. A capital 
quality of governance is agility, the capacity to change direction, configuration and 
goals as with the pace of contextual changes. 
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Figure 9.4 Geels proposal Triple Embeddedness Framework of industries – TEF (the 
industry regime is represented with dotted lines to emphasize that they are a different kind 
of context than the two external environments) Source Geels (2014) 

 

Governance entails foremost the human factor. The supremacy and capacity of 
governance or agency is humanly embodied with entrepreneurial spirit, by the 
innovators and industrialists. The paths of development and evolution is solidly built 
on technology foundation. 

As for a comparison and for a perspective, F.W. Geels contrasting proposal for a 
“triple embedded” framework for technological industrial change and innovation is 
shown (Geels, 2014), see figure 9.4. 

In Geels TEF triple framework we find similar categories as in the AFI, the content 
is equivalent but with a different structure; technical industrial elements take a place 
in the forefront in our proposal, certain parameters in the Geels framework are 
rather within the industrial than a socio-cultural sphere; categories like suppliers 
and customers are explicitly pronounced. But does the theory of its operation and 
practices of application play different? We will have to answer that in the next 
chapter. 

 

9.8 Modelling an architectural framework for innovation, a provisional view 

A simplified, or ‘rudimentary’, model of innovation and innovation process based on 
the AFI devised above is suggested and illustrated here. It may be called a “model of 
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a model for innovation”; a “meta-meta-model” must not be taken too literally or as 
definite. 

Since the specific configuration and relations between the framework components 
and categories have not been exactly identified and fixed, the model illustrated is a 
‘model of a model’, a sketch, a provisional logical representation of a model. There is 
no semantic content. This type of modelling is called rudimentary or a meta-model. 
The rudimentary model is shown for illumination, not prescription, or as a model of 
“reality”. 

The innovation view and model contain the relevant architectural prerequisites, and 
thus the essential factors and dimensions for the framework and modelling of the 
innovation of interest. The modelling should be consistent and aligned with the 
framework configuration. 

Examples of key items and classes (entities and processes) found in the model and 
innovation view, as shown in Figure 9.5, are: 

 

• Understanding and interpreting the context (inflictions from outside boundaries) 
concerns technology trends and foresight, competition and market analysis, social 
and cultural changes, politics, intelligence, sense making and other things 

• Mission (and goals) is of course a central system concern; the performance and end 
services produced – innovation 

• Stakeholders: the actors and organisations with common or adverse interests of the 
system and of an innovative service produced 

• Concerns:  stakeholder engagements, requirements, interests as investments 

• The configuration shows the network of connections, integration and associations 
of systems and elements (boxes and lines) 

• Decision domains are made explicit 

• Acquisition and ownership of data 

• Processes and activities (lines): the integrating means for pressing the systems and 
elements into intermediary and final products and services (a service example is 
capability) 

• The entrepreneurial element (not explicit in the diagram) 

• Methodological issues, such as practice of architecting, use of standards, protocols, 
language etc. 

• Technology – cognitive resources, R&D as skills formation and learning, are critical 
for development and innovation 

• Resources and assets – infrastructures and physical and other capacities, e.g. the 
internet and data 
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• Finance and business models: other important parts and complementary entities to 
the enterprise architecture framework, 

• Finally, identifying and locating governance, leadership (mobilise and engage 
resources) and management (effective and efficiently administer resources) 
capability. 

 

Figure 9.5. An innovation view or architectural framework for innovation expressed with a 
rudimentary logical model (meta-model). Note: the lines may be double directed. 

 

An architectural framework expressed and illustrated as a rudimentary or logical 
model is shown in Figure 9.5, where the boxes are cases of categories and classes. 
The lines are processes and activities. 

Relations (lines between classes and entities, boxes in the diagram) are activities and 
processes that can be orientated, causal, deterministic, probabilistic, strong, weaker 
or indirect, static or time-dependent or recursive. Systems integration is a major key 
group of processes. These processes connect and associate classes and entities such 
as systems and elements. 

The view (the framework and the rudimentary model) helps to identify critical and 
necessary elements for innovation and indicates how these might be configured and 
associated. Configurations that conform to the framework and the model can be 
appreciated as templates for technological innovation.  

The main uses of a framework and a model are to pinpoint and identify critical arenas 
and issues in organisation and processes to govern and develop innovation. The view 
and the model may be used as instruments for assessing policy initiatives and 
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national (technological or industrial) policies, for example proposals for innovative 
design. 

 

9.9 Answering the research questions (RQs) by the synthesis into an 
architectural framework for innovation (AFI) 

Previous chapters presented extensive exploration, investigation, compilation and 
analysis of innovation and systemic innovation in the designated areas of energy, 
security and defence. The sections in this chapter distilled the main findings and 
conclusions and how these affected and combined into the proposal and findings of 
this study, identifying the ontological space and structure of systemic innovations 
expressed by a synthesis of an architectural framework for innovation (AFI). What 
is achieved so far? 

 

• Investigation of cases, events, instances, patterns, landscapes, and models of 
systemic innovation in the domains of energy, security and defence (Chapters 3-5) 
– evidences of the systemicitiness of innovations, questions of research illuminated, 
and answered, 

• Reflection and perspectives on the development and evolution of systemic 
innovation and innovation processes (chapter 6), the systemicitiness and the 
ontology at stake, 

• Reflections on the shaping of innovations concerning governance approaches and 
models (chapter 7), into a profile of innovation from systems association and 
integration (chapter 8), the systems architecture of innovation illuminated, 

• From an inquiry into the structure of innovations its ontology by an architectural 
framework for systemic innovation (AFI) is developed (the present chapter), 

• An outline of the workings of an architectural framework for innovation (AFI) and 
its relations to holistic systems engineering and enterprise architectures (in chapter 
10), 

• Finally, as a summing up, we have illuminated and answered the research questions 
(RQs): Systemicitiness can be attributed to (systemic) innovations. To each systemic 
innovation belongs a systems architecture (SAI). The ontological structure of 
systemic innovation is expressed with an architectural framework (AFI) – which is 
the outcome of the research. The limitations and pre-requisites of these definitions 
and findings, for example concerning correlations and causalities are discussed in 
the methodological chapter 2. 

 

Altogether, the investigations, studies and compilations revealed elements of the 
nature of systemic innovation, and of the development and evolution of systemic 
innovations and the innovation processes within the designated areas. The research 
questions are simultaneously illuminated and answered. 
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Investigations and comparisons brought together a basket of arguments supporting 
an architectural framework (AFI) for governance of systemic innovation and 
innovation processes. The framework was substantiated by ontological analysis of 
system architectures of innovations and validated by comparison with recognised 
governance modes and approaches alleged with innovation. The proposed 
innovation view is compatible with and may even surpass commonplace innovation 
policies which is marked by cogent compartmentalisation and often linear relations 
of R&D and innovation. 

Concurrently, a dynamic view on the evolution of systemic innovations and an 
innovation life cycle based on the principle of an architectural framework supporting 
the governance of innovation was provided.  
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10 Deployment of an architectural framework for innovation 
(AFI) 

 

The purpose of this chapter is to give perspectives and insight into how the 
architectural framework for innovation (AFI) is deployed and its relation to (portal) 
innovation policies as other approaches and methodologies to innovation such as 
systems design and engineering (SE) and enterprise architectures (EA).  

 

10.1 The working of AFI – innovation and innovation processes with a system 
view 

The theoretical and conceptual foundations of this work is rooted in the systems 
approach (“systemicity” of the phenomena at study, set in motion and implemented 
by suitable ways of governance). The “systems approach” of this study is spelled 
systems thinking and action in broad terms, with a holistic bent, applied to 
businesses and engineering.  

Note that the systems approach considers “systems” as a model concept. The model 
is an abstraction or simplification of the real world and activities with the concerns 
and aspirations from stakeholders. One of the fathers of the systems approach and 
thinking, Churchman (1968), pointed out that a model and a system appears first 
“when you see the world through the eyes of the other”. This indicates that systems 
and system models usually reflect and represent different interests, occasionally 
converging and common, sometimes adverse or competitive. The way forward and 
evolution of the system will be a compromise or cooperation of interests, and of 
systems. 

Historically, the systems approach applied to human businesses and activities, e.g. 
for governance of innovation, developed from general systems theory with important 
contributions from Churchman (1968) on thinking about systems in the human 
world as parts organised to accomplish a set of goals, Forrester (1961) on modelling 
of man-made systems, Senge (1994) on human action and learning, Sterman (2001) 
on dynamic business applications and Checkland (1981, 1999) on emergence and 
control of systems. 

The systemic properties of innovation make it theoretically sound and fertile, 
enabling a systems approach for the governance of innovation through model-based 
systems development and engineering. It should be noted, once again that a 
deterministic or causalistic solution is not expected, rather a probabilistic connection 
between the parameters and outcome at stake. 
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An Appendix to this thesis reviews examples of systems thinking and engineering, 
enterprise architectures, and their relevance and usefulness for innovation and 
innovation processes. The review gives the grounds for the design and construction 
of an effective systems approach to governance of innovation, where an AFI and 
systems association and integration processes play pivotal roles. The research design 
and approach proposed in the thesis make use of and combines, not copying 
elements and features from a variety of methodologies of systems thinking and 
engineering and enterprise architectures. 

 

10.2 Deployment - implementing the architectural framework for innovation 
(AFI) 

An outline of the sequential application of the AFI concept for innovation and 
innovation processes is illustrated in the figure below, Figure 10.1.  

 

Figure 10.1 Conceptual procedure of governance of innovations and innovation processes, 
from an architectural framework (AFI) – the main result and outcome of the research, to 
system architectures for innovations (SAI), and eventually from the SAI mould to 
innovations (in the figure three I).  

 

Figure 10.2 below is a symbolic visualisation of the framework (AFI) in operation, 
and its imagined role in an evolutionary process or system development that goes for 
radical change and innovation. The process is visualised as a rotating helix in a 
complex multidimensional space where systems proceed and evolve through 
associations and by integrating other systems. Figuratively, systems merge or 
coagulate into complexes of systems. Each of the dimensions forms a complex of 
agency – structure of itself, analogous to Giddens (1984) duality of structure. 
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The AFI framework in action can be compared to a gearbox or rotor in a turbo 
machine (these may accelerate speed of action and reactivity), or to a filtering or 
separating centrifuge (as a parallel to separation it compresses systems to merge). 
The analogy can be explained in physical terms: Governance corresponds to an 
external energy input, the framework is transforming energy, and innovations are 
the output - Sim-sala-bim! 

Figure 10.2 Symbolic representation (six dimensions on a flat paper) of the architectural 
framework for innovation (AFI) concurrently in operation as a rotating helix or vortex 
driving the evolutionary association and integration of systems to systemic innovation. 
Giddens observation of the duality of structure and agency is pertinent (Giddens, 1984). 

 

Possibly an idea, a separate system, or system element, may appear from somewhere 
(possibly an imaginative idea, or a more substantial entity) and pass concurrently 
several dimensions, requirements, barriers or filters, each representing one or 
another of the dimensions of the framework. Ideas may appear at the outside from 
‘nowhere’ (might be an inventive idea, or an outdated but functional technology) or 
anywhere along the helix, as they can leave, or enter a sleeping stage in the helix at 
any stage as immature, incapacitated or failing, for the moment. The evolutionary 
character of the helix can be called a self-organising dynamic mode of governance (it 
attains or seeks stability of itself). Still the motion is probably propelled and 
energized by unbalances. 

As a matter of fact, the visualisation tries to imagine processes in six dimensions. 
Illustrated or projected on a flat sheet of two-dimensional paper, this representation 
of course simplifies, and reduces the complexity of the real world. Innovation is 
accomplished when all the dimensions are passed. Innovations follows helixes of 
evolution, lives, transforms, disintegrates, dies, transubstantiates and so on……… 
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It is suggested and hypothesised in this symbolic illustration that technology and the 
cognitive dimensions (also interoperability and information exchange) are the prime 
barriers or filters for evolutionary development. The process is supposed to work 
fundamentally technology-driven, or as it is sometimes called push-oriented. This is 
in accordance with Saino et al. (2012), who explore the impact and value of corporate 
strategic orientation when it comes to radical innovation and conclude that the 
technology orientation of a company will substantiate and enhance the 
responsiveness in all other dimensions from radical innovations.  

Pull and demand elements accordingly act as filters. It might be argued that the helix 
may be operated from the demand side which means that demand enhances or 
amplifies (thus filtering) impulses from the other direction.  

The stages are followed by the legal requirements and limitations, from where 
economy shapes its influence and place, eventually also filtered by and through 
culture. Each dimension pass can be thought of as agency controlled by filters, blocks 
or accelerators.  

Since the six dimensions are differentiated and separate – with some reservations 
(for example legal and economy may both influence regulatory administrative and 
economic control), the helix may also be driven by demand or pulled by 
users/customers/market. There is supposedly a mix of push and pull. Here it is 
technology and push that drives, but a conducive demand and pull environment 
certainly must exist to make it go through and happen. 

The rotating six-dimensional helix is thought of as applicable for both disruptive 
innovations and incremental developments. A major innovation may have a greater, 
even disrupting, impact on the economy, for example. The incremental development 
may grow in smaller steps from a well-aligned and favourable common culture. We 
might understand from this that major innovations may inflict or need to be involved 
with several or more dimensions. The break with existing systems and paths as 
effects is also more dramatic. Minor small step advances may be triggered by 
incremental changes in one or a few dimensions. The evolution alternatively mirrors 
processes of skills formation and learning. 

Geels (2002) uses parallel terminology, as he calls the modes (categories or 
instances) of governance of change and transition “techno-social regimes”. 

In an earlier chapter we showed Geels TEF (Triple Embeddedness Framework) as a 
contrast to the AFI (Geels, 2014). The question was then raised of differences of the 
operation and working of TEF in comparison to AFI. It can be noted that the TEF 
presupposes agency primarily with the industrial component of the framework (it 
can be argued that the overall approach has the industrial dynamics and evolution, 
or lack of response in its focus). The other elements of the framework exert pressures 
with various calibres from the outside, externally. 
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10.3 Sense and significance of an architectural framework for innovation 

The proposed AFI is an ontological space or structure of innovations, or differently 
phrased a generalisation (alternatively expressed a denominator) of all systems 
architectures for innovation. An AFI is constructive for innovation in two different, 
important ways: 

 

• It designates relations between the elements of the innovation system-to-be and its 
structural state, which is the systems architecture of the innovation and innovation 
processes (state and structure), 

• It exerts governance - agency, or leadership, management and control of the 
innovation and innovation processes-to-be (execute and accomplish). 

 

One way of interpreting a framework is structure. The framework, which exists in 
certain dimensions or axes, defines the structural organisation or architecture of the 
innovative system. The architecture is like a blueprint or design of the systems 
structure and order. It should be noted that structure then is not static (e.g. a 
document), but a state in an evolutionary or generative process.  

The other interpretation of an architectural framework is governance with a certain 
aim or purpose, presently innovation and innovation processes. An architectural 
framework is a capability of governance, possibly a regime for change and 
development of a system (Markard & Truffer, 2008). 

The framework thus not only provides a governance guidance, but also identifies the 
motoring axes and dimensions along which the mission to innovation is propelled 
and processed. 

 

10.4 Requirements on architectural frameworks and practices of architecting 

An architectural framework according to ISO/IEC 42010:2011 concerns a specific 
and explicit domain of application and/or a ‘community’ of stakeholders. A basic 
goal is to codify (a common way of describing) design activities and architectural 
practices for better usability, or fitness for purpose. 

Architect and architecting are virtual functions for a system design and development. 
These functions could be exerted by stakeholders, or on commission from some of 
these. It is reasonable to define the architect as a stakeholder in his own right. 

A common question and important criteria when architecting a system is whether 
and when a design fits with the concerns. Traceability is a demand. A main goal of a 
framework, particularly in the present context, is to secure interoperability and other 
dimensions and aspects of systems association and integration. 

The architectural framework proposed here is not intended to act a substitute or 
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competitor for the usually well-developed and practised methodologies and tools 
(that is, of systems engineering and enterprise architectures). These methods are 
presumably suitable for their purposes and complex tasks, although sometimes data-
heavy and little transparent. 

The proposed framework in the present context is intended to be simple and useable 
and, with regards to complexity, a simplified but still reasonably correct instrument 
of guidance for innovation – it should be a light-weight instrument for innovation. 
To use an analogy: it helps sending the arrow from the bow to hit the right table, if 
not in the bull’s eye. Innovation is usually a singular event, since innovation 
repetition or series of innovations is difficult and rather improbable (of course there 
maybe series of emulations that follow an original innovation; diffusion is the proof 
of innovation, as remembered; in the process innovations tend to victimize 
themselves). However, “‘simple’ frameworks do not make creativity” and they are 
mindless are two common countering arguments. On the contrary – a light weight 
instrument as this need lots of knowledge and skill! 

 

10.5 Key responsibilities with the systems approach and its development 

Methods for systems engineering (SE) and enterprise architecture (EA) have the 
primary function of guiding the development and design of a system of interest and 
are to supply the workings tools and instruments to practice and implement an 
architectural framework.  

Purpose and mission are cornerstones of a systems approach when viewing a system 
of interest. The mission of a system can be to satisfy needs and values, furnish 
products and services, or supply capabilities.  

A capability is a resource that can produce products and services with certain 
requirements, e.g. at a certain quality or time of delivery. Superiority of performance 
under certain conditions is an example or a type of a mission statement of 
innovation. 

The service orientation (SOA) of modern systems and enterprise approaches should 
be emphasised. Services can be expressed in many ways, as performance, function 
or utility to the users’ or the customers´ satisfaction. Services are usually end 
products, or products delivered from a system. Services may also be intermediaries, 
i.e. inputs to other elements, subsystems or similar processes. Some systems are 
suppliers to other systems. Services can be expressed in economic terms and values. 
Wellbeing may be difficult to measure, but is certainly a dimension, if indirect, of 
many missions. It is the quality and standards of innovation and services delivered 
and in the eye of the customer and users that count. There is sometimes a confusion 
of terms, whether innovation is the capability to produce a certain service, or the 
service itself. We must stick to our basic terminology that innovation is the service 
that provides value to the user and customer. There are other systems, secondary 
systems that supply or serve the provision of the end service. 
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It is not certain that the initially stated mission that directs the solution of the system 
inquiry and further design is the ultimately best or even correct (Rechtin, 1991; 
Rechtin & Maier, 2000). There is a need for a process in the methodology to 
continuously review and restate the mission (until it is stable and productive from 
both user´s and supplier´s perspectives). 

The configuration and structure of decision domains play a fundamental role for 
innovative endeavours. Domain building and their perception are of great 
importance. The definition and delineation of the system, the system of systems and 
their boundaries play a great role. 

Features such as sense making (Weick & Sutcliffe, 2007) and the Observe, Orient, 
Decide and Act (OODA) loop (Osinga, 2007) of John Boyd are important elements 
in understanding and decision making in systems and complex situations with 
uncertainties. These methods have some of their most common applications in 
military systems and intelligence analysis, or, more generally in contexts that are 
competitive or antagonistic. The intentions of rivals and counterparts are not known, 
or their actions possibly disguised. OODA loop is an important instrument for 
enhancing situational awareness. 

Emergent behaviour is a prime characteristic or essence of innovating systems. 
Methods must handle emergence. The international standard ISO/IEC 15288:2015 
defines emergence as a central property of systems considered as a dynamic integral 
effect from the interaction and association of the contributing elements. Emergence 
surpasses the mere additions of the singular constituting parts and functions. 

The further system design process should be evolutionary and reflective (Schon, 
1982) to incorporate successively possible higher precision and narrowing definition 
of goals and objectives. This is an iterative process. It has elements of learning in the 
didactic spirit of John Dewey (Dewey, Senge). The agility dimension should be ever 
present (which means quick feedback from recipient, and flexible response). 

Checkland´s Soft Systems Methodology (SSM) identified six elements in system 
design approaches as critical (Checkland & Scholes, 1999). These elements, 
abbreviated CATWOE, are often recommended for attention in systems design and 
evolution: 

 

• Pay the client and the Customer (C) and their concerns and requirements great 
attention, 

• Ensure general observance of Actors’ (A) or stakeholders’ intentions and 
requirements – this and the former items are particularly stressed in Checkland & 
Scholes list of attention (propose a “rich picture” thereof), 

• Create a Transformation (T) process, where facts and findings are interpreted and 
transformed into the method and design procedure, 

• Use a World (W) view which can be interpreted as the outlook from the 
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stakeholders´ perspectives and interests, which may coincide or conflict, 

• The Owner (O) has a great and decisive influence as the prime decision maker in the 
design process, 

• The Environment (E) or context can also affect the system and its design and 
evolution quite considerably. 

 

It can be added as a supplementary comment that the designer or architect of the 
system development is invisible in the listing. Agency is integrated or immersed in 
the categories. 

It should be noted that the conceptual structures of CATWOE and the architectural 
framework suggested are similar. The AFI architectural framework of ours is 
intended as a kind of advanced checklist of matter of concern in innovation 
processes, parallel to the CATWOE charge for systems development. 

The Vee model, which is a standard system engineering and development procedure 
emphasises validation and verification and their feedback as important elements in 
continuous systems development and design (a reference is www.sebokwiki.org). 
The Vee model and procedure also illustrates sound methodology in successively, 
stepwise iterative detailing and improving design stages and solutions by testing and 
validation. The Vee procedure is reproduced in many places, in an early appearance 
it was conjected in US Aircraft industry (a reliable source of origin and knowledge is 
INCOSE). 

 

10.6 Design and systems development assigned to integrative processes (for 
innovation) 

Rechtin (1991), Maier & Rechtin (2000) and Sillito (2014) discuss the art of 
(complex) systems architecting, which inspired the following viewpoints and ideas. 
The viewpoints concern the focussed feature of innovation which is systems 
integration and association. 

Performance is a central interest and characteristic of a system. What is the system 
for, what are its purposes and how and to what extent are its purposes, promises and 
objectives achieved? What does the system deliver to its stakeholders and users? 

A structural matter is how the elements of the system are related and assembled. 
This is the integration issue, which is critical. The links may be associations of 
various strengths, weak, strong and complex, direct and indirect. One type of 
physical association is the modular, where the linkages allowed are predefined by a 
common standard. Another type of fixing is integrated with customised links. This 
link is custom-made and cannot easily be solved. The integration issue is here at 
stake.  

As stated already in the chapter on research design and methodology (chapter 2) a 
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causal relation between the associative factors and resulting innovation cannot be 
taken for granted and certain (Russo, 2010 also gives support to this view). Still 
systemicitiness – with a scent of causality lies behind and is also instrumental as to 
the usability of design tools. Pearl (2018) strongly argues for causal direction of 
system design. Bayesian networks may have a strong impact on modelling and 
systems design and engineering. 

Blockchain technologies, similarly are receiving a growing attention as a network-
oriented method for design of connecting systems, particularly financially and 
logistically (Bauman et al, 2017). 

The assembly is a creative activity, where results are not pre-ordained or distinctly 
determined. There is a need for recursions or iteration mechanisms to successively 
and consequently find the ‘right’ purpose and aim of the system, and the proper and 
corresponding balancing of the system and its complementary elements. 

It is important to stress a life cycle perspective and the dynamic aspect of systems in 
their development and change over time. Systems change behaviour and state over 
time, intended or not, through ‘natural’ ageing and deterioration. Systems change in 
phases such as conception, development, deployment, operation and disposal. 
Purposes and characteristics of a system change over time. These and other 
characteristics may also change from external influences or from changing contexts 
over the life cycle phases. Requirements change and fluctuate over time. The time 
cycle from idea to disposal can be very long; much can happen during the lifetime of 
infrastructural systems when it comes to conditions, requirements or rules of the 
game. Certain technical infrastructures, such as based on information and 
communication technology, may change their technological content and structure 
abruptly within a span of just a few years. 

Modelling and simulation of performance is a necessary and useful step in the design 
process. Features in modelling and simulation, such as technical details and overall 
learning, are important. Active learning from earlier projects and developments and 
history of parallel or similar projects are mandatory.  

A systems architecture can be used as a mould for model design. The model can be 
used for testing a provisional design and how well it performs vis-à-vis stated goals 
and objectives. Modelling functions as a support to decision making. Estimating risk 
from uncertainties is a qualified affair. Probabilistic approaches for example the 
modelling tool P2AMF might help. 

The formal and programme language for describing and modelling systems, for 
example of entities, classes and types, is another important element when modelling. 

 

10.7 Standards, frameworks, models and heuristic approaches to systems 
associations and integration (for innovation and innovation processes) 

Frameworks and models for technological innovation purposes and for systems 
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analysis and engineering and enterprise architectures can have many forms and 
designs, and their purposes and settings differ. 

An elementary framework and model – a sort of basic playing arena and rule 
definitions – are standards and protocols. A protocol can give a recommendation 
about certain practices and routines. Protocols and standards are inherently 
intended as global, even if applicable, by intent or de facto, only to certain specific 
branches, sectors or narrower areas. Standards and protocols aim for example to 
standardise the inputs for a system, define the processes needed and the conditions 
for initiating as finalising the processes and many other things. The standards are 
not goals but aim to lubricate the process of integration of systems. 

Many framework approaches and models are custom-designed, developed for an 
improvised purpose or application ad-hoc. The methods as frameworks and models 
are in a sense domain-specific (context dependent). The way here is to build a 
domain-specific model and framework when the domain is well-defined. That model 
has a limitation of use and applicability and may need transplantation procedures to 
be useful to other areas. It should be noted that the widely used and noted 
frameworks and modelling methods (“ordinary” systems engineering and enterprise 
architectures) do align with the basic set of standards and protocols and in that sense 
are generally applicable. 

An already mentioned issue is the scalability, which means whether the method can 
be applied to other instances than that for or from which it was originally developed. 

A concern is the maturity of technology. The state of development has a great effect 
on the approach to choose. The noted methodologies of systems engineering have a 
rather solid and practical handling of new and developing technologies. Still there is 
an adaptation to the maturity to do (the TRL may give a hint). 

Another option is to see framework and models as tools and guides for practice, e.g. 
managing a business. An example is the Osterwalder ‘Business model canvas’ 
(Osterwalder, 2010). The canvas is intended as a guide and effective check of 
necessary elements for a business proposal to be ready for introduction to the 
market. The scheme may be used for innovation and innovative businesses as 
innovation modelling, although it is not intended explicitly for this. The Osterwalder 
layout is useful in well-defined situations, and to some extent as a test instrument of 
innovations to be. It is considered less applicable for conceptual and less mature 
projects (Osterwalder, 2010). 

The Zachman framework (Zachman, 1987) represents an early pilot and still useable 
(in its updated version, latest 2008) scheme for enterprise architecture frameworks. 
The framework is orientated towards the informational dimensions and structure of 
an organisation. The Zachman framework has been referred to as representing an 
ontological map of an organisation (elements and relations in informational terms, 
between elements in the organisation that must be defined; the true semantics and 
empirical contents are undefined. The strength of the Zachman framework is its 
coverage of aspects of an organisation, and transparent simplicity. It does not 
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prescribe the content or numerical relations etc. between the elements. It is 
semantically open for interpretations. It is limited to information and numerical 
expressed dimensions with their ontological and semantical issues. 

An ambitious approach for modelling enterprises (or any endeavour), e.g. in the 
defence and energy sectors and other areas such as banking, wood processing 
industries etc., is the OCL-based P2AMF (Predictive, Probabilistic Architecture 
Modelling Framework) for defence and energy innovations. This is a probabilistic 
modelling system which is still in development. It is based on the Archimates meta 
model, which is a common tool in the business world. The P2AMF framework and 
model have been used e.g. for interoperability and availability evaluations of project 
proposals. It is intellectually challenging in that it engages probabilistic thinking and 
uncertainty in the analysis. It is potentially fruitful to approaches that should be 
robust for changes and disruptions.  

Another way is to concentrate on the practical guidance for specified areas or 
business cases with a certain maturity. The Osterwalder business canvas is an 
example of this. 

An example of guidance instrument which concerns primarily planning of military 
operations is the NATO standard AJP-5 but can illuminate a variety of coordination 
and collaboration issues, and possibly is relevant also for technical changes and 
innovations in the general (AJP-5). 

AJP-5 discerns three kinds of planning methods. One is the “traditional” which is a 
kind of causalistic approach. It is a closed system approach where the attributing 
inputs, and outputs and goals are known and certain. This approach is considered 
rather unrealistic.  

The second approach of AJP-5 is the systemic which applies an open systems 
perspective. This resembles and aligns well with the present systemic approach.  

A third variant in AJP-5, and a special variant of the systemic approach is the design 
oriented. The design-oriented approach is demanding i.e. in that attributes as 
stakeholders´ values must be known and stabile. It provides certain opportunities 
and demands for the processes, i.e. learning and trials that are verified. 

Yet another approach, the heuristic is to model and build something close to or 
mirroring the domain of interest only, with its limitations. The solution, if not only 
conceptual, may be fragile and cannot withstand disruptions on the demand side and 
other changes. Another way is to use standard methodology, e.g. a general business-
orientated approach where innovation is just a minor, or ephemeral, aspect of the 
overall venture. This might mean that there are inherent but hidden technical and 
other risks in the venture which might give rise to large effects, opportunities or 
failures. 
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10.8 Three traditions of architecting and system architectures 

Methodologies for systems development and innovation governance can, for 
historical reasons, be divided into three separates but connected categories or lines 
of development. The methods have each developed from certain rather specific 
origins and applications, but these are not fundamentally separate. The lines of 
development have crossed their ways and influenced each other along their paths of 
evolution. Although the categories are different in their origin and overall approach, 
it should be underlined that the progress of methods depends on their versatility, 
which is ability to reflect and manage variety and variations of context and 
conditions, as simultaneous combinations and multiple aspects. Concepts that can 
adapt to broader perspectives and circumstances and that are not too narrowly 
gauged may have a greater chance of succeeding.  

 

Information-orientated architectures (soft systems approach) 

Information-orientated architectures is a tradition originating from the cybernetic 
thinking, operations analysis and research (OA and OR), theories and practices for 
controlling technical and industrial processes. Sometimes this is called an 
information technology (IT) approach and solution. The model can handle only what 
IT can master, which is not a minor thing. The approach has successively broadened 
from computer systems into commercial and industrial businesses, and even to a 
broader range of social activities (with differing degrees of success). As the name 
suggests, this methodological approach focuses on the information system, the 
informational dimensions of activities, and information-based control and 
administration of those activities. The approach gives a strong basis and thrust for 
(numerical or real-time) modelling of activities and systems and can therefore be a 
useful tool for developing and overviewing large and complex systems and artefacts. 
Many of the general schools and methodologies for enterprise architectures have an 
IT background. There is a saying in this business that all human activity, engineered 
or not, can be reduced to information processing and management. It appears to be 
based on somewhat shaky theoretical foundations and evidences but may well be 
relevant and applicable for a range of activities and systems and has been widely 
successful. Modelling and simulation, as mentioned, is a developing and highly 
active field in this tradition. Information is a strong structural element in the next 
two schools of architecture, by which the stress is on quantification. 

 

Engineering oriented architectures 

This category of frameworks mainly concerns the technical processes and 
technological infrastructure. It is a predecessor to the IT approach. The IT and 
technological approaches conform in large terms to the systems engineering school 
and practices with their roots in large-scale technical industrial and defence projects 
in the period after WWII and during the Cold War era (the US was the main 
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developing arena). It is a constructive approach, which means it results in practical 
and operative hardware systems for use. The systems engineering effort is directed 
to design of objects and artefacts, physical systems in a broad scale, from large urban 
installations (transport terminals, regional water supply systems etc.) and city 
complexes, space stations to the tiniest Nano-scale electronic components. Systems 
engineering with its strong emphasis on artefacts and physical systems forms a 
substantial body of knowledge, methods and practices of technology-orientated 
systems analysis and design. The origins of systems engineering thinking can be 
traced back over millennia, to Ancient Greek and Rome and earlier, although of 
course the methodologies have developed substantially over time. 

 

Business-orientated architectures 

Business-orientated or commonly enterprise architectures are a rather young 
development and is thus the latest member in the family of developing frameworks, 
having grown and differentiated rapidly in the last couple of decades. It can be 
considered an umbrella or integrating arena for the other, informational and 
technological approaches. Business activities and enterprises have a broad scope; 
enterprises can be interpreted as different types of commercial, private, public or 
combined, semi-public/private activities, as well as technically narrower orientated 
services such as energy provision and distribution or matters of security and defence. 
The term “enterprises” encompasses a broad scope of activities, commercial or non-
commercial, and social and cultural affairs and a range of non-profit projects. 

 

Converging approaches 

The engineering approach has the oldest record and history of the three, becoming 
essential for the US large systems development and weapon programmes in the 
1950s and onwards. The tradition emerged as technical and economic systems 
analysis from the US security and defence area, and on the way picked up some 
biological systems analysis features. From the engineering practices emerged the 
informational approach, partly as a supportive resource in large systems control, 
partly in its own right of systems development. The business-orientated architecture, 
as a third step on an evolutionary ladder, is a more generalised and broader 
approach, often with articulated technological and informational elements and other 
alternative specialist modules. There is a tendency for convergence and emergence 
of integrated technology, IT and enterprise approaches, at the same time as they 
develop along their own trajectories. 

 

10.9 Applying information, engineering and business-orientated architectures 

This section deals with guiding principles for architectures, architectural 
frameworks, design and architecting, architectural thinking and methods for 
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systems development and innovation. It is based on the literature on architecting 
(complex) systems by Rechtin (1991), Maier (2002) and Rechtin & Maier (2000, 
2009). Extensively, it also refers to Götze & Jensen-Waud (2013) and Sillito (2014). 
For a parallel discussion of planning approaches for military operations, with its 
limitations in the present context the NATO standard AJP-5 can be consulted (AJP-
5). 

Architectures, architectural frameworks and models are intended as a practical help 
and guidance, a design approach to structuring and building a system which evolves 
and develops to a system of systems. The framework and model then must rely on 
auxiliary conditions and resources to become a practical tool. The framework is 
intended to act as a guide to ensure that all relevant considerations and 
circumstances are on the ‘map’, i.e. considered and properly regarded. 

Architecting is the overall process from preconditions and preliminary problem 
statement to modelling and ultimately design of the resulting system. It can consist 
in each phase of several separate activities and processes, also experimentation and 
development for verification, which may have to be iterated until the final design is 
set. 

The output of the architecting process is a blueprint, or architecture for a working 
system to become built and operated. Document and process orientation are two 
sides of this activity. An intermission is the development phase, which encompasses 
a series of trials, iterations and redesigns until fitness for operation. Then there 
comes a series of stages in the system´s life; operation, maintenance, repair, 
renovation and disposal etc. Each of these phases may need its complementary 
design and adjustments. 

Model-based development in conjunction with design and architecting is a tool 
expected to allow transparent control of the system building and operation, such as 
its organisation, modelling and simulation, as evaluation. Clear ontology and exact 
semantics of systems development are stepping stones, and difficult. There is 
commonly in practice a remaining tint of diffuseness and fogginess about terms and 
concepts, and what they “really” represent. 

An important field of development is model based systems engineering. This vision 
encompasses formalised application of modelling that supports analysis of system 
requirements, design, analysis, verification and validation activities in the 
conceptual design phase and continuing throughout development and later life cycle 
phases (INCOSE, 2007).  

The following bullet points are concerns to be regarded and elaborated 
simultaneously when it comes to the art of design of enterprise architectural 
frameworks and systems engineering for the ultimate purpose of innovation. 
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• Mission and service orientation at the forefront. (A causalistic approach always slips 
on this point.) 

• Systemic approach permeates all development and innovation activities (the 
“systemicity” of innovation). 

• Evolutionary process – to learn from experiment and failure. (Agility – rapid 
feedback and user evaluation, should be added.) 

• Complexity (complex products and services) is a key challenge. 

• Context and system boundaries should be observed and regarded. Closed system or 
open and their requirements. 

• Stakeholders´ concerns in all respects. (The standard AJP-5 regards this as 
mandatory for design-oriented planning. The Checkland CATWOE listing also make 
a note of attention for this.) 

• Uncertainties and risks always at stake. 

• Systems design and architecting the heart of the matter, and procedure. Model 
based development and engineering a vision. 

• Finally, governance – which means leadership and management. Accountability is 
closely connected to this sphere. 

 

Mission and service in focus 

Purpose and mission are cornerstones of a systems approach. The mission of a 
system can be to satisfy needs and values, furnish products and services, or supply 
capabilities of one or another sort. Basically, the mission is shaped and derived from 
the widely defined stakeholder concerns and interests A capability is a resource that 
can produce products and services with certain requirements, e.g. at a certain quality 
or time of delivery. Superiority of performance is an example of a mission statement 
of innovation. Missions with a multipurpose, with conflicting objectives and motives, 
are not uncommon. Foray et al. (2012) discuss lessons from mission-orientated R&D 
programmes. 

 

Innovation from evolutionary thinking and processes 

System development for innovation builds from evolutionary principles and 
endurance. The prime evolutionary rule states the necessity of having room and time 
for experimenting and learning. Systems engineering needs continuous verification, 
remember the V procedure for the process learning! Learning by verification from 
failure or planned failure, which experimentation really is, is a first necessary step to 
success. 

Evolutionary thinking, which means agility and dynamic viability and capability to 
cope with transitional changes, goes beyond ordinary project and system life cycles 
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(which are elementary concerns) to encompass enduring creativity, to cope with and 
solve confronting issues and problems. The only constant is the instability of 
everything. 

Vital functions in an evolutionary attitude to innovation are search and evaluation. 
A search function should scan and analyse the environment for new capabilities and 
opportunities, potential technologies and emerging threats, but also measures and 
available paths for system development, for example by association and integration 
with other systems.  

The evaluative function (of state, and speed and direction of changes) is another 
basic faculty in the process and should monitor and assess states or changes of state 
in the operating system. External threats or signs of instability should be alerted and 
monitored. The assessment function should analyse events, discrepancies or 
aberrations regarding operation vis-à-vis the context and environment and prepare 
for resource mobilisation, actions and other changes if needed. Evaluation is looped 
to a search function, so that missing or failing system elements trigger a search for 
substitutes and replacements that are available. Change management is a strongly 
needed, but often neglected capability. 

 

Muddling in a world of complexity and uncertainty 

A challenge for all systems architectures and approaches is complexity. Complexity, 
as we recall is a multi-dimensional feature of systems design and governance. 
Complexity also feeds uncertainty in that we do not perfectly know how things are 
connected and influence each other.  

Technology is concurrently a driver of complexity and a simplifier and reducer of 
complexity. The world becomes less uncertain and better known at the same time as 
it is continuously producing other, new uncertainties. 

A prominent characteristic of system models is abstraction. In the notion of 
“abstraction lies simplification. Rechtin (1991) stated in his pioneering work on 
systems architecting that the first commandment in systems development is 
“Simplify. Simplify. Simplify”. The degree of abstraction of the system description is 
important. It can be described on a high abstract level or in more concrete terms. 
Systems, or rather their descriptions, are layered. 

A related characteristic is the language used and its ability to describe the abstracted 
levels. It both ontological and semantic. The language must cover and contain all the 
critical entities of a system. Artefacts and processes are examples of entities that 
must be identified and described. 

The inverse of complexity is simplicity, which may become shallowness and lost 
control. In many senses, systems descriptions have to be simplifications of the real 
world and ‘real systems. To picture the ‘real system’ as accurately as required, many 
systems descriptions and architectural frameworks tend to become (too) complex. 
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Simplification of a ‘system’ without shallowness is a challenge facing professional 
developers, systems engineers and architects. 

 

Context, the systemic perspective and systems boundaries 

Context and systems boundaries, or systems delineation, are critical concerns for the 
model of a system and its definition. The boundaries of a system are arbitrary and 
subjective, depending on the perspective, interpretation, the motivations and 
purposes of a system. As a purpose changes and develops, boundaries change. 
Context changes from time to time, so at one moment or stage of development some 
elements of system are inside, at another stage the same elements are external or 
contextual, and vice versa. In this the system definition is central. For example, as 
much as possible may be included in the system definition, including factors of 
greater, lesser or even unknown significances. However, including too much makes 
the system definition soft and hazy. As in many other things, it is of interest to 
capture and balance within the system demarcation the most relevant and most 
significant factors, and only these. It can still be of interest to include factors and 
elements that are deemed contextual or presently seem remote and of little 
significance, but which may suddenly turn the system upside down, and/or 
disrupted. A related issue is the degree and strength of association the system 
definition encompasses. A certain element may be very closely integrated within the 
system boundaries but may on another occasion be merely peripheral or distantly 
contextual.  

A special dimension of association of systems and boundaries is the physical and 
spatial. The context defines the domain to be governed and managed. Sometimes 
this is expressed as a competence to govern. Competence here means a right 
conforming to rules and regulations, or law and jurisdiction. Change of context may 
need a change of mission. A new master with other goals and objectives may 
delineate the system differently. 

 

Stakeholders´ concerns at the steering wheel 

Of course, it is stakeholders and stakeholder interests, requirements and concerns 
which drive a system and its mission. Innovation is valued only by the stakeholders, 
whoever they are. Checkland & Scholes note the stakeholders´ requirements and 
concerns the greatest attention. 

The stakeholders´ interests may vastly differ, and sometimes they counteract and 
conflict. It cannot be taken for granted that the stakeholders will pull in the same 
direction. A special category of stakeholders is adversaries, competitors, 
counterparts or antagonists. Their intentions, if not explicit or open, are important 
to gauge. Their demands are not necessarily, or seldom conformed and aligned. 
Conflict of interests are business as usual. One can never be sure if there is a captain 
who decides at all twists and turns. 
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Examples of stakeholders are: end users such as households and operators such as 
industrial branches, power grid concept developers, military capability planners, the 
soldier or first rescue responder at the front, energy providers and energy companies, 
the infrastructure and installation procurement community and the defence 
industry. 

A system model thus more or less conforms to stakeholders and stakeholder 
interests. Generalisation or aggregation of the interests of the stakeholders served is 
the concern. This means that the system does not exactly represent the interests but 
is only a reflection of stakeholder concerns. Concerns in turn express certain 
interests and are dependent on system properties, and of course the actions and 
decisions needed to fulfil its mission. Stakeholders are actors and closely related to 
decision making. Some stakeholders are decision makers, others are (mere) users, 
active in intermediate positions or contributing/harvesting outcome and values from 
the system. 

 

The imperative of governance (agency) - faculty to engage and lead the mission 
and capability to manage everyday decisions and operations  

A system must be governed, since without governance it is not useable, just a pack of 
elements that over time by chance or habit diffuse like Brownian motion in a 
diversity of directions, until something shakes them up and it all disintegrates. 
Systems are human and social inventions, or socio-technical systems. Governance 
sets the agenda and is assumed as the key factor at the driving wheel and seat of 
transition and change and of architecting the socio-technical systems of interest 
(Maier & Rechtin, 2000). As a parenthesis self-organizing or auto-correlating 
systems have received quite some attention in later years (Bertalanffy is the 
originator of this concept). 

Governance may fail or be insufficient. Some systems that were intended and 
supposed to be controlled may have run amok, showing properties that were not 
expected or intended, and thus failed their intended goals. This is sometimes a case 
of system complexity, or an emergence phenomenon, where a system´s contingent 
properties are not anticipated with certainty. So, governance is also conflict 
resolution and handling, within a system, and with regards to competing interests 
and actors.  

Governance needs agility, or with dynamic and versatile content, to change the 
system according to users´ evaluations, changing conditions and fluctuating context 
or requirements, or other stakeholders´ interventions. State, conditions and 
tendencies should be measured and monitored. 

Leadership can achieve a value that is either non-existent or comprehensive. Half-
way leadership is valued as nothing (or less, because of the loss of morale caused by 
faults, disappointments, broken deals, lost energy etc.). Leading is performed by 
people. Leadership qualifications and capabilities are influenced by the background 
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and experiences of the leader (Horowitz et al., 2015). 

The processes for governance are important here. The most important component of 
the governance capacity of a system is to change itself, its agility, which also concerns 
adding and associating other systems, and reactivity to external stimuli, 
disturbances and rejections. It is thus close to learning. 

True governance must have the capacity and competence to build and establish a 
system of systems. The first part of governance is mobilisation of resources. 
Governance includes the capability to build bridges, contracting, cover gaps and 
align ruptures and incoherencies as identifying common nominators and coalesce 
the countering ones - between the elements and systems that are to be associated 
and joined. 

Management is multi-dimensional in that it may have to adapt itself due to different 
situations. There are certain management processes that have a greater interest 
when speaking of development and innovation. Entrepreneurship is a vital and 
special management capability for development with an essential role and faculty to 
bring innovation to the market and the user (successfully). It is the core and a pillar 
element of the entrepreneurial mode of governance for innovation (chapters 1 and 
3). 

 

Systems architecting and design 

This thesis views innovation as a synthesis or mix of two approaches and process 
views, one engineered and designed, if heuristic, the other evolutionary, somewhat 
incomprehensible and stochastic. The systems architecting, and design approach 
should take charge. Architecting is an art and intuitive approach, while engineering 
needs a different level of quantification, if not an analytical science (Maier & Rechtin, 
2000). 

The evolutionary side and character of the innovation process were described above. 
Processes and changes that are evolutionary require on one hand agility, and on the 
other learning and experimenting, which have about the same purpose. Agility is a 
faculty to change and a capability for adaptation (for users ‘evaluations, 
requirements or changes of contextual affairs). Senge (1994) emphasises the roles of 
learning and experimenting for agility and adaptability. 

To cite a famous statement – may sound as a truism, by the design theorist 
Christopher Alexander (1961), “systems design is what links a context and a problem 
to a solution”. “Solution” is innovation in the present context. Solution mirrors 
structure. 

Heuristic design is sequential and iterative. Design iterates through reconfiguration 
and problem definition (for example mission fulfilment and requirements). One 
criterion for stability should be fit, and knowledge of stakeholders´ values and 
concerns. One purpose of the cycle is proper definition of risks and reduction of 
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uncertainties. One recalls Donald A. Schons Reflective Practitioner (1983) for this 
purpose. 

Figure 10.3 illustrates symbolically an evolutionary, sequential and iterative design 
process. In the sequence, statements of mission and problem, and architecture itself 
may change. Design as a creative process mirrors the evolutionary path of systems.  

Figure 10.3. Symbolic illustration of the architecting process, an evolutionary and 
sequential/iterative problem-solving and design process (which might produce an 
innovation). A creative architecting process (aiming at innovation) iterates or circulates 
between problem and mission statements, design, systems architecture and configuration 
within a contextual envelope or boundary. 

 

The design process for innovation as an iterative process with feedback of learning 
and continuous evolution can run for an indefinite number of steps and life cycles. A 
supplementary purpose of the cycle is to identify and possibly mitigate negative, not 
intended side effects. There are also often from the context but prohibitive 
requirements that must be held, and an example is environmental concerns that 
usually definitely affect and severely reduce the spaces of actions. 

The design and configuration of integrated systems involve three abstracted and 
interlinked levels: The elementary or serving systems; the systems they encompass; 
and the comprehensive system, which is a system of systems. These systems at 
different levels are not isolated, they interact and influence each other. The design 
and configuration of the comprehensive system should iterate between, from and to 
the levels. A suggested illustration of the three levels would be the concrete project 
of development at the bottom, the supplied product or service at the middle, and the 
realisation and implementation (production, and possibly operation with 
supplementing/serving systems and operators) at the top. 
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Figure 10.4. Symbolic illustration of the three interrelated and connected levels of design 
and configuration of a system (of systems), between which also the design process iterates. 
Upper level: preliminary configurative design of the system (of systems) and its operation; 
middle level: integration and integrative (re)configuration of the separate systems; ground 
level: design of the single systems and the elements therein. 

 

Conclusion on design and architecting innovation 

Systems design and development for innovation is a paramount endeavour. 
Innovation is often systemic and evolves in transitional patterns and trajectories. 
The governance and the processes must therefore be evolutionary to cope with 
complexity and transitional change (which may encompass overcoming frictions, 
obstacles and misfortunes as uncertainties). A key matter of interest is to associate 
and integrate systems. The mission and the objectives must be continuously 
monitored and re-articulated, supported by qualified search (looking for threats and 
opportunities) and evaluation (state and changes of state to indicate measures and 
remedies to take). The art of governing a system of systems to innovation lies in 
layering and simplification for overview and direction of processes, without losing 
sight of the goals and the critical details. This complies well with a heuristic approach 
to systems design for innovation and the proposed architectural framework for 
innovation (the AFI). 

 

10.9 Architecting and engineering systems of systems (SoS) – association and 
integration matters 

Architecting and engineering systems of systems (SoS) is of course a central concern 
and interest in the present study. 
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Systems of systems (SoS) in general terms is a challenging rather new concept and 
configuration for the businesses and practices of system developers in all kind of 
fields. The SoS concept is an alternative to consider when routes of technological 
changes and development in systems evolution are becoming more mixed up, 
complex and difficult to encapsulate. Various technological systems and traditions, 
which may be independent from each other, combine and collaborate, and much of 
this might be under a SoS umbrella.  

The key issue of architecting a SoS concept and configuration is coping with the 
challenge to integrate and associate systems, a theme that is central to the present 
thesis. The SoS concept is not so well known and established from the architecting 
point of view. Some research and reflections on the SoS concept experiences, 
evolution and practices exist, for example a report on systems of systems (Axelsson, 
2015), earlier works by Maier (1998), Maier & Rechtin (2000) and the overview and 
compilation of Jamshidi (2009). 

A SoS is a rather loose concept in the systems engineering area (relative to ‘ordinary 
systems-only thinking’). It is loose in that a strict definition is subjective. The concept 
does not discriminate an SoS from a plain and ordinary system with elements that 
interact; for example, are the emergent properties of a SoS more advanced or 
complex than those of a ‘plain’ or an elementary system? A doctrinarian view would 
see a SoS as a single system with elements only, and with element that also are 
systems. The standard systems thinking philosophy views a SoS as a kind of 
emergence, so the properties of the combined system cannot be related 
“arithmetically” to the single partnering elements and systems and should go beyond 
these. 

The SoS concept has broad applications that much resemble and comply with 
applications of systems-only thinking. Starting in the security and defence areas, the 
concept has been applied to e.g. broader social issues, physical infrastructure and 
enterprises. 

A report by Axelsson (2015) on SoS discusses challenges to (developing) these 
qualities. The report states that theoretical foundations are weak, although the 
concept SoS has been around for quite some time. Critical items concern emergence 
and the drift of mission, which are not fully developed. Maier &Rechtin (2000) uses 
the term collaborative systems, or networks, which exposes some of the existing 
obscurities, for example the dubious strength of the association. Other issues of 
special interest in this area concern the rapidly expanding existence of automated, 
or even autonomous, systems and the control issues that reflect the inter-disciplinary 
nature and management of a combined system and SoS. This might be called the 
degree of “hard” integration (as opposed to softer association).  

A third topic that the SoS report (Axelsson, 2015) raises is the architecture and 
architecting of a SoS, and methods and procedures for this. Systems architecting is 
a practice and a theory in evolution. Architecting is close to modelling and 
simulation, which presently attract great concern and interest, with promising but 
shaky results. The interoperability issue and trust within and of SoS are prominent 
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and classic considerations. A few more issues are raised in the report, e.g. business 
and legal aspects. Standardisation (ISO/IEC 15288:2015 and beyond) and processes 
and methods are major SoS areas of further development and consideration, 
according to Axelsson (2015). 

As mentioned, some SoS are distinctly technological systems that drive industrial 
dynamics, see for example Carlsson (1997). 

The compilation of SoS by Jamshidi (2009) covers both principles for system of 
systems design and engineering and an extensive set of applications. From this, 
problems and otherwise critical issues of systems of systems, and their architecting 
and design, are stated. Jamshidi and co-authors mention as key issues architecting, 
the socio-cognitive aspects and emergence, simulation and comprehensive 
engineering enterprise systems of systems. A great and common challenge to 
systems of systems development concerns implementation of the goals and 
objectives. Governance of a complex system development shows a lot of paradoxes, 
according to Jamshidi (2009), who cites integration as the key issue and response to 
viability of any system of systems formation and its stability. Jamshidi himself 
speaks for rather loose connections between the associating systems, independency 
is declared. Here it is proposed more linked associations for innovation, integration 
is the name of the game. 

 

10.10 Architecting platforms and networks 

Open or semi-open systems as networks and platforms meet a growing interest as a 
basis for study and practising technological development and innovation. Networks 
are an informal and fluid constellation of cooperating agents. As can be deduced, the 
network started on the web of the internet but has moved to a wider scope of 
applications. 

The platform concept is a variety within the network family where certain central 
parts are fixed and stable and with specified interfaces with a set of interchangeable 
resources and systems of a complementary nature (Gawer, 2010). The platform can 
be applied on the branch level with different suppliers involved as in a corporation 
to enclose a sequence of product generations over time or keeping a product family 
in the same system. Isckia & Lescop, 2015 discuss platforms as a strategic concept, 
and basis within a strong governance regime for continuous innovation. Companies 
like Apple and Google are very much practising this concept in their strategies. 

 

10.11 Deployment - framework in operation 

The mentioned factors influencing the evolution and emergence of innovation are 
embraced in a framework and view for innovation presented in chapter 7. The 
emergence of innovation proceeds through association and integration of systems, 
which are considered the elementary and pivotal processes of innovation. Success of 
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innovation is a matter and an outcome from the governance of the framework. 
Governance is a key capacity and capability for transformative change. Excellent 
governance may produce wonders. 

The proposed innovation view and architectural framework are intended to give 
strategic guidance for the governance of innovation, not to act as substitutes for but 
still compatible with existing practices, standards and protocols for systems 
engineering and architectural frameworks such as TOGAF and NAF, or ISO/IEC 
15288:2015 and 42010:2011, and others. The view and architectural framework for 
innovation are complementary and align positively with the established architectural 
frameworks and methods. 

It can be noted that the established and recognised frameworks and methods for 
enterprise architectures and systems engineering are data-heavy. Their effective 
application is in strong need of relatively large investments in skills and experience 
and consumes time. Large investments in skills and data capture are still acceptable 
and standard procedure for a large, continuously working project and systems 
organisation. For a small organisation, however, these efforts and investments are 
prohibitive. 

The view and AFI proposed in chapter 9 are intended to help effective organisation 
and strategic decision making, or governance at various levels. The framework can 
be used as a guiding instrument for structured evaluation and assessment of 
proposals and policy measures for innovation. It is also intended as guidance for 
directions of more concrete actions in an innovation project case. The view makes it 
possible to identify the strategic issues and areas of an innovation proposal for closer 
study, investigation, design and re-design, experimenting and decision making. 

In this thesis, approx. 30 cases and instances of architectural approaches and 
frameworks associated with innovation were reviewed and indirectly compared with 
the AFI. The frameworks and approaches in the selection differ in their capacity as 
tools for innovation but may all well illuminate the innovation process. In certain 
cases, the evidences of innovation are vague or disputed. Supplementary 
considerations, e.g. contextual factors, must be considered when supplying or 
explaining success, or failure. Approaches and models may have their strengths and 
weaknesses, and differing domains of relevance and application. Some are more 
instrumental for study of the innovation process backwards, others operative tools 
for future oriented management. 
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Figure 10. 5. Innovation view presented as an architectural framework (AFI) matrix in six 
vertical dimensions (columns at the top) in two major groups for technology and social - 
organisational, for innovation and integration of systems (systemic innovation), and one 
horizontal dimension (bar at the bottom) or faculty of governance - agency. 
 

The comparison from the survey of governance approaches and modes does not 
advocate the suggested framework as a one-and-only approach to provide 
innovations. There are other possible roads to the ‘Holy Grail’ of innovation, of which 
not all are identified, much less mentioned, in this thesis. The investigation of the 
frameworks and approaches supported the AFI as productive and useful. 

Overall, the work gives prominence to an evolutionary perspective on innovation 
which sets the capacity for transformative change initiated and driven by 
technological change and development at the centre. The framework (AFI) can be a 
guide in establishing and applying the capacities needed for a dynamic transition and 
systems evolution. Disruptive innovation is a dynamic and non-ordinary process of 
system change and evolution, with large, often unforeseen implications which 
involve demolishing and transforming existing activities and systems. Technology 
and experience accumulate and develop. Innovations may appear in lurches, from a 
single technological breakthrough or scientific discovery. As a transformative 
change, innovation is dependent on functional or systems engineering processes. 
Innovation and advances from the unexpected are also needed and may evolve from 
experimenting and experience, through failure, mis-steps and learning. Learning 
and capacity for integration and associating of systems – also prominent 
characteristics of evolutionary processes – are key faculties for the success of 
innovation. 

The analysis throws light on the great and demanding role of governance for 
innovation, which is heavily dependent on leadership and management with skill 



258 
 

and competence. Success of innovation stands on the professional quality and 
competence of those set to lead and manage; the excellence of the “systems builders 
of innovation” is critical. As shown, progress along this road, which is rough and 
bumpy, should overcome twists and discontinuities. 

Innovation is an art, of course depending on skill and excellence of competence and 
experience. There are still a few issues and areas to further explore and research. The 
next chapter gives some ideas and suggestions for further research and development 
about systemic innovation and innovation processes. 

 

10.11 Validating the architectural framework for innovation (AFI) 

First it should be remembered that the architectural framework for innovation (AFI) 
is not a stamp from which innovations are directly shaped and created. AFI assigns 
dimensions that are active and necessary in a framework that creates innovations 
which are structured with proper system architectures for innovation (SAI). The AFI 
is a kind of metaconceptual that can be observed and inferred indirectly (remember 
the abductive profile of innovation!) from innovations and their system architectures 
(SA). AFI is analogue with mappings of architectures for innovations. Like a map the 
AFI is supposed to be used and intended as a guidance only to innovation. 

A validation of the framework will also be indirect, since we cannot observe the 
structure of innovations directly. 

Innovations are not imprinting of frameworks that fall out deterministically. The 
framework does not itself produce or stamp any copies or innovations. The 
framework “produces”, rather defines a multifactor dimensional envelope to the 
innovations. The framework delineates in a multidimensional space the system 
architectures of innovations. 

Summarising, we would be happy if an AFI envelopes well system architectures of 
innovations. It is not certain that innovations come true even if the system 
architectures lie within the envelope of an AFI.  

Validation should recognise these features and limitations.  

None of the cases studied in chapter 6 were fully successful as innovations, at least 
from the initial expectations of the projects´ planners and proponents. For a detailed 
description of the cases and their outcome see chapter 6. The cases were studied for 
a limited time, which covered one or a few evolutionary phases of their total 
development lifetimes. For some of the cases there might be phases of quite some 
significant development and growth after the time they were in study. However, all 
the four cases did meet at least some advances and progress in the studied life time; 
not any of the cases is a failure. 

So, what can be learnt from the cases when it comes to the architectural framework 
for innovation (AFI) and its intended application and use for the cases? In what sense 
is the AFI a valid concept when it comes to the four study cases? 
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It can be noted that all cases were prominently dependant on systems association 
and integration for their further development and transformation. In this sense the 
AFI was helpful. But let us move on and see what an AFI “looking glass” would find 
for each case. In the tables that follow we have noted critical issues and factors that 
might inhibit, prevent or delay the projects further development for innovation. The 
factors and issues are identified as barriers or filters that impair or suffocate the 
project to develop for innovation. And they have a critical impact; factors either 
foster (if solved) or prohibit a project for innovation become innovation. 

 

Table 6.1 Polygeneration innovation project (definition and planning phase) from an 
innovation view – prohibitive and otherwise critical impediments for innovation that are 
identified (and possibly cured) by applying the architectural framework for innovation 
(AFI). 

 

Physical 

 

Standards 
undefined 

Informational 

 

 Control lacking 

Cognitive 

 

Cross-
technologies 
challenging 

Legal 

 

IPR lock in 

Economics 

 

Operational 
regime vague 

Cultural 

 

Stakeholders 
coalitions widely 

open 

Governance 

Lack of integration, multi-domain operations not prepared 

 

Table 6.2 shows an innovative Polygeneration system (separate or integrated with a Grid) 
from an innovation view – prohibitive and otherwise critical impediments for innovation 
that are identified (and possibly cured) by applying the architectural framework for 
innovation (AFI). 

Physical 

Buffers and 
interface 
standards 
undefined 

Informational 

 

Intersystem 
control open 

Cognitive 

 

Multiple 
technologies 
challenging 

Legal 

 

Market 
(customers& 

owners) 
undefined 

Economics 

 

Cost and prices 
unknown 

Cultural 

Owner, 
commercial and 

technical 
cultures not 
considered 

Governance 

Educational regime 
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Table 6.4 shows a Smart Grid development from an innovation view – prohibitive and 
otherwise critical impediments for innovation that are identified (and possibly cured) by 
applying the architectural framework for innovation (AFI). 

Physical 

 

Interface 
standards to 

develop 

Informational 

 

Data ownership 
for systems 
control open 

Cognitive 

 

Transition from 
“hard ware” to 

services a 
challenge 

Legal 

 

Regulatory 
framework 
fragmented 

Economics 

 

Service 
orientation a 

new arena 

Cultural 

 

Technical vs 
business 

cultures strident 

Governance 

Need of amalgamation and development of technical and business management, skills and 
competencies 

 

Table 6.3 showing LedSyst project from an innovation view – prohibitive and otherwise 
critical impediments for innovation that are identified (and possibly cured) by applying the 
architectural framework for innovation (AFI). 

Physical 

 

Standards not in 
place 

Informational 

 

Standards and 
security hard 
nuts to crack 

Cognitive 

 

Technology gaps 
and drain pipes 

 

Legal 

 

Deployment not 
considered 
(developer, 

owner, users) - 
at a later stage? 

Economics 

 

Funding squeeze 
and prohibition 
in later stages 

Cultural 

 

Widely crossing 
operational 

cultures 

Governance 

Fragmented project management lacking integration and operational emphasis 

 

A tentative but reasonable conclusion from the four case studies is that there is a 
common ground for a profile of innovation based on an architectural framework for 
innovation – the innovation-to-be can be successful, partly successful or failed. The 
profile of the innovation is constituted from systemicity. The failures or aberrations 
depend very much on missing or deviated systemicitiness of the partnering 
systems. We can see this for the LedSyst, the Grid and the innovative 
Polygeneration projects. 

Secondly critical dimensions for the happy association and integration are a 
combination of technological and social organisational parameters which defines 
the ontological space and structure at hand. A common problem or reason for 
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failure was the attention extensively from the project managers on technology, and 
at their best only marginal interest for the social organisational dimensions. 
Technology was of course a challenge in most cases, so it was easy to excuse oneself 
to be concerned with technology alone and leave the social organisational issues 
aside (“take notice only when they appear” – but that is of course too late, was a 
standard reply from project managers). But lack of understanding and not meeting 
the social and organisational demands lead to failure, or inefficient or insufficient 
results. 

A third reflexion from the cases is governance as a paramount force for a successful 
project. However, it is not easy to point out what specifics will make governance 
work (more) successfully for any case. Governance is a continuous and versatile 
function that must take different scopes and concerns for detail along the project 
life cycle stages, and it should also be adapted and adjusted for this.  

So, there is a support and validity of an architectural framework of innovation (AFI) 
as a guidance to innovation and innovation processes. 

 

10.12 Concluding remarks 

Chapter 9 suggested and launched an architectural framework for innovation (AFI) 
– which aims at a governance guidance to innovation and innovation processes quite 
general. A validation of the concept is also made. This chapter has contributed with 
a few thoughts and ideas of the AFI application as well as relating the framework to 
standard and common methodological procedures for example in systems 
engineering and enterprise architectures.  
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11 Further research and a vision for the future 

The thesis has investigated many approaches and suggestions on ways to innovation, 
thoroughly digged into innovation phenomena and processes for innovation, with 
the capital aim of finding effective instruments and concepts of governance for 
innovation - primarily for the energy, security and defence domains. A prominent 
reflection from the work is that there is no panacea or fool-proof road or guaranteed 
cure that universally leads to innovation. 

The research questions put forward in chapter 2 have been illuminated and got 
answers during this study. Adding the systemicitiness – SoS for short, of 
innovations, and the governance issue research questions were illuminated and 
answered in chapters 3 – 8, with the architectural framework of innovations (AFI) 
synthesised and launched in the closing sections of chapter 9. The framework 
application and functions in “design of innovation” processes are exhibited in 
chapter 10. The AFI framework aligns with portal governance modes and approaches 
– the entrepreneurial, the research driven and the mission oriented as they are called 
(and indirectly also the “innovation policy” mode), as a pathfinder (narrows a wide-
open field of development and evolution to paths in a six-dimensional space!) and 
appears to be a trustworthy guide to governance of innovation. The validity of the 
architectural framework for innovation (AFI) was exercised in chapter 10, and it was 
found plausible, workable and useful. 

A wrap-up of what of the present research and thesis that is special, new or different 
from existing research and knowledge about promoting or governance of innovation 
is tabled below, Table 11.1.  

It is a sense of urgency (or agency) that matters, at the end of the day, even if a 
prescribed systems architecture for innovation is perfectly in place. There is a 
mountain of uncertainties to overcome, between systems architecture, framework 
and innovation. Systems architectures or frameworks do not produce innovations 
readily or automatic. 

Production and development of knowledge and skills – ignorance and uncertainty 
are dimensions that lie between, as filters, and either inhibit, distort or accelerate the 
processes from systems architecture to innovation. 
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Table 11.1 The thesis´ main contribution to existing knowledge and the science of the 
promotion of innovation is by identifying the ontological structure of innovations, expressed 
and created from a validated architectural framework for governance of innovation and 
innovation processes. The framework is developed and built from and by the following steps 
and achievements. The thesis 

• discerns innovations in the energy, security and defence domains - defined as with 
for users/customers new value added product/services agitating businesses, 
industries, and wider sectors, 

• dissects patterns of innovation extracted from an extensive literature survey about 
technological development and innovation in recent history and present times, 

• builds a profile of innovation from close case studies: Polygeneration Explore 
project, Polygeneration Rescue emergency container, Smart Grid, LedSyst (C3I), 

• demonstrates systemicitiness as a characterising and configuring feature of 
innovation (architecture characterises the systemic structure and development of 
innovation), 

• assigns governance and agency as systemic and holistic engineering approaches 
imperative for innovation and innovation processes, 

• exhibits habitual life cycles of innovations, 

• delivers a heuristic model (an architectural framework) with conjuncted 
technological and social organisational dimensions, 

• provides an ontological structure and validated achitectural framework for 
innovation (AFI), 

• provides a guide that is supposed as compatible with other common approaches to 
innovation, as with standards, tools and methods of systems engineering and 
enterprise architectures, 

• provides a basis for holistic systems engineering, 

• embraces conventional innovation theories and policies (usually based on classic 
economics and linear R&D modelling), 

• accounts the approach probably as significant for proliferating spheres of 
technology based activities and sectors in the society of today and the future. 

 

Innovations, and the ways to innovation, are tainted with uncertainties. 
Evolutionary planning (holistic engineering might be synonymous) for the sake of 
innovation should therefore be developed with agility and learning to counter and 
absolve the uncertainties, whatever they are, as to reduce or inhibit not wanted, 
unintended consequences (these seem to show its ugly face constantly in all and 
every planning process). A heuristic attitude to modelling and planning is inherent 
and to recommend. 

The knowledge factor is fundamental for the success of any technological 
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development, particularly innovation. The seas of ignorance are much larger and 
foggier than the usually narrow shores visible by knowledge and insight. The way to 
innovation, like knowing the future, is like driving in the dark (Danzig, 2011). There 
is an insatiable need for illumination and guidance. It is certain that intelligence and 
knowledge production and development as foresight should have a priority to light 
the road ahead and provide guidance to innovation (but understanding the fads and 
fallacies that are apparent in intelligence, Betts, 2007).  

A main finding of the study is the supremacy of governance, and the eminence of 
excellency in leadership and management. Skills and competence are urgently in 
demand. The critical element of governance is domain control. Therefore, the 
mandates, limitations and scopes of governance must be further investigated. 
Governance of technological systems and their development and evolution is a prime 
subject for further study and improvements. Missing capabilities and mandates in 
this factor are probably capital for flops and failure or other misdirection. 

Education and training in systems engineering and enterprise architectures and 
modelling of innovation are of vital interest for the advancement of innovation. 
Education and training in systems engineering and enterprise architectures should 
be supported, for example in modelling and simulation exercises. This part of 
development may be carried out at universities and institutes. (As a parenthesis, the 
author finds this area of education and training as research to be surprisingly absent 
and underrepresented at higher institutes of education and learning, also the 
polytechnical, at least in a systematic order.) 

There is still much to do on methodology and its development. Systems engineering, 
and enterprise architectural modelling is an art in development. Advancement of 
processes for innovation must investigate under what specific circumstances and 
conditions various approaches and strategies may be successful. Adequate processes 
can be chosen and better directed. The application in various technological domains 
and studies of areas with potential disruptive patterns of change (for example the 
energy web) are subjects that should catch a keen interest. 

A secondary way of further research is investigating why and how uncertainties 
occur and might become estimated and evaluated, affecting the decision processes, 
absorbed through insurance thinking, balanced, reduced or all done away with. 
Attitudes to probabilities and social risk perception are concerns with a high priority, 
for development and innovation. Public attitudes to risk and uncertainty are mostly 
disparate and inconsequential. Chance may be a spoke in the wheel but also the 
mother of invention and discovery. The entrepreneurial spirit and the visionary 
scientist should have imperatives to compel. 

The whole architectural framework thinking should be further investigated and 
elaborated about the dimensions represented in the framework and their 
interpretation and content. Whether it can be even more simplified, better validated 
etc. are questions of some concern. 

In addition, the practice must be promoted through e.g. developing advanced 
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systems development methodologies and encouraging evaluation and comparative 
case studies (technology-based innovation systems). Evolutionary planning and 
programming, as mentioned above, has a priority. This part of development can be 
allocated to professional (systems engineering) and branch organisations and 
research institutes (complex systems analysis and development). The studies that 
the Santa Fe institute in the US started a few years ago on complex systems theories 
and management inspire. We have also referred DARPA and MITRE Corp for 
excellency in the class. 

Further studies in the emerging but well-established, architecture and architectural 
frameworks and methodologies including standards, for example NAF v4 and 
TOGAF, are recommended, and on methodologies for modelling innovative projects. 
Model-based development might be a productive area of study. 

Case studies of complex systems project development as cases for innovation in 
various technological fields and domains are recommended for further investigation 
and evaluation. Of interest are study cases comprising a mix of technologies and 
complex instances of technological and social organisational transitions and 
transformation. For example, a large university hospital project would be an 
interesting case. Technology and social organisation and the professional and 
operational dimensions in conjunction are extremely complex and challenging for a 
study. 

Other cases for study and procurement are major infrastructural projects and 
systems building, for example national power and energy system (SOU 2014:84), 
national railway systems (SOU 2015:110) and defence technology investment (SOU 
2014:14). The three public investigations and commissions mentioned have 
proposals for their different sectors which might well become evaluated with 
governance of innovation and frameworks approaches. 

These examples have dual potential, primarily to improve productivity and end-user 
effectiveness directly, and secondary, not least, substantial returns or spinoffs of 
advanced technology and commercially attractive innovation, if carefully planned 
and executed. These second, third or even fourth order impacts may be the more 
important effects of disruptive innovations. 

Organisations or programmes instituted or dedicated to aspiring innovation are 
interesting topics for further study. Examples are DARPA from the US defence 
sector, as a productive role model for disruptive innovation in even broader areas of 
application, e.g. energy, transport, environment. It might be investigated if this 
organisation could be transplanted to a European or a national context. A candidate 
in Sweden for assessment of the viability and innovation potential is the VINNOVA 
programme for strategic areas of innovation and agenda for research and 
development (SIO, SIA).  

The EU institutions and programs for research, development and innovation, for 
example ERC and EIT, could be further studied from this perspective. ERC has as 
one of its mission’s advancement of the knowledge base for innovation (which is 
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highly unpredictable and uncertain), which contrasts with the expectations of the 
corresponding masters at European administration when it comes to predictable 
outcomes and confident results. EIT has a charter to support technology 
development and education for innovation facing the impediments of the European 
research and education systems. 

The military field, being a classic field of study and practice about politics and the 
social organisational as mastering technology and innovation, provides many topics 
and opportunities for further initiatives, analysis and discussion; systems 
procurement and acquisition, and advanced defence research, development and 
demonstration are showcases in the foreground. 

The great social challenges of our time such as the climate change issue, the provision 
of energy and materials with little damage to the earth and environment, global 
poverty and economic growth and other great societal issues must be considered 
with help from an innovation perspective. Although the expectations are set high, 
the framework approach cannot promise, much less invent, a new energy source with 
no repercussions on the environment and the globe – this is physically impossible. 
Still, a framework for innovation may provide some help for the transitions needed, 
and better balancing the harmful effect and human welfare. An innovation 
perspective of this kind may pave the way (or at least smooth the way) for making 
the introduction, diffusion and expansion of new energy systems (which it is about) 
more efficient and with less effects on the environment and social disruption. The 
introduction of a new energy system implicates major transformations and certainly 
disruptive transitions. The transformation should be scaled in view of what is 
destroyed and what is gained for mankind. 
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Appendix. Short review of enterprise architectural 
frameworks and approaches, and systems engineering 
standards, models and methods 

This appendix summarises prominent standards and ‘schools’ of enterprise 
architectural frameworks (EA) and systems engineering models and methods (SE). 
The area is fragmented, with a range of approaches, of which many may deserve 
interest. The appendix is descriptive of the approaches´ main characteristics and 
profile with the prime aimings of the approach and standards, framings and methods 
to have an interest for innovation and innovation processes, and do qualify as 
references for the present thesis. 

Many of the well-elaborated and established general SE and EA frameworks provide 
data-heavy and demanding meta models, methodologies and tools. Some are fairly 
well developed and operationalised with special views of relevant situations such as 
for operations, technical design and acquisition. Certain models have been applied 
in highly specialised and task-orientated stable environments, largely in military and 
defence contexts. Many of the main methods originated from the defence or heavy 
infrastructural (for energy, transport etc.) and industrial sectors. There can be 
interesting experiences to learn from application in a ‘new’ area.  

The selection of approaches is based on the condition that they might be useful as 
guidance and instruments for innovation, although many have not been applied 
explicitly or solely for innovation purposes. A common application is for developing 
systems where excellency, superior goals and objectives are requested or intended. 
The most common type of application is procurement and design of a technical 
system as part of the military arsenal. If the survey and review does provide ‘proven’ 
methods for innovation, the frameworks and models presented can shed light on 
issues that are also of general interest for system development and occasionally 
critical for succeeding innovation ventures. 

The area of application is quite limited. The areas of energy, security and defence are 
traditional, and relatively well supplied and covered. 

There are few thorough evaluations of systems approaches and methodologies. In 
defence, there have been some efforts of this kind. The Sherer studies for defence 
procurements in the US 1960s is a shining example (Peck & Scherer, 1962). An 
analysis of problems with a large number of information systems studies and 
projects revealed frequent failures that affected approaches and projects (The 
Standish Group, 2015). The MITRE Corporation analysis of cases of design and 
procurement arrangements are proficient and extensive (MITRE, 2014, Modigliani 
et al, 2014). 
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A1 Comparing architectures and architectural frameworks, and standards in 
the context of innovation 

This section raises issues and circumstances that should be observed when assessing 
and comparing architectural frameworks and standards in a context of innovation. 

Architectural frameworks and systems engineering models are described here at a 
principle level and in general terms. Certain demands and requirements can be 
strong and mandatory, sometimes contradicting each other. It is necessary to make 
a choice between various requirements and demands. It is not only the enterprise 
architectural framework which defines the structure, but also the consequential meta 
models, models and methodologies. 

The following five categories of demands and requirements are key when comparing 
and describing architectures and frameworks in contexts of innovation and similar 
endeavours. The requirements and viewpoints refer to Maier & Rechtin (2000), 
Dickerson & Mavris (2010), Götze et al. (2013), Sillito (2014) and other references. 
Some of the demands below go well together, others potentially conflict. 

 

• A prime requirement of a framework is its representation of the two related 
parameters transparency (an opposite is a black box, not understandable 
complexity or inconsistencies) and realism (validity and ontology of the content) of 
the endeavour. The framework provides an instrument to grasp the organisation and 
the whole. Realism is a balance between the architecture´s function to reduce, 
simplify and overview, and the descriptive richness of the constituting subsystems 
and elements, and the relations between these. Rechtin (1991) stated the first 
commandment of systems architecting: “Simplify. Simplify. Simplify.”  

• A second requirement is functions and the execution of governance – how well it 
serves decision making, leadership to inspire and mobilise resources, and qualified 
management on a day-to-day basis to make the system fit and constantly work 
effectively and efficiently. Other issues of interest are the inclusion and range of 
decision domains (what and where decisions can be taken) and stakeholders´ 
concerns and interests (for example with regard to the owners of the system). 

• The generative capacity, or providing tools, methods and ways to conjecture, 
absorb, conceive, choose, develop, produce and implement new technology and 
innovative solutions, is an essential feature of the framework at interest. Maturity 
of the technology is an important issue to consider. Agility, versatility, adaptability 
and robustness to changing conditions and environments is critical (see the MITRE 
reports, 2014 for this aspect). Scaling is another quality (which basically means the 
ability to repeat the results). An issue is how it copes with transitions to new (for the 
application), changing or disrupting technologies. The entrepreneurial spirit is to 
generate innovation, not bureaucracy. Learning (which also concerns 
experimenting) should be a vital factor in any framework and procedure that asks 
for innovation. The common Vee model in systems engineering also stresses 
verification and validation as vital in project development. 
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• Standards of methodology and simplicity of application. Quality of a method 
encompasses semantics (terms and concepts have to be relevant, realistic, non-
dubious, meaningful and understandable), data (on e.g. the state of the system, 
which have to be valid and exact, so the precision of data is an issue), data efficiency 
(data collection and effective data use, data accessibility, i.e. not too costly), 
disposition to calculation (not too heavy processing, predictability, evaluation and 
comparisons should be possible) and interpretation. The scalability of a 
methodology is not the least important (the method must apply and be relevant to 
more than the single case it was primarily developed for). Several established 
architectural frameworks and models are data-heavy and complex to operate. Many 
methods and approaches are concentrated to design and procurement of a technical 
system, which tend to make it limited. However, demands on data cannot be too 
limited for the sake of simplification and easy handling.  

 

A2 Architectures, frameworks, models and standards from a perspective of 
systems integration 

The criterion set when selecting and describing examples from the flora of 
architectures, architectural frameworks and models, standards and protocols for 
architectures was to address systems integration for innovation. It was not possible 
to describe with great detail. The level of analysis was comparison for usability and 
relevance for system integration and innovation. Many elements and interesting 
details of the frameworks had to be left out. 

The purpose of the presentation is to distil and dissect candidates and possible 
templates, as well as conceptual and interesting ideas and suggestions, for 
architectures and frameworks for an innovation view . 

The quality of the frameworks and models presented is somewhat disparate, largely 
depending on their origins, or particular orientation, which do not always fit with the 
present purpose. Some methods are comprehensive, some are selectively useful and 
some have imposing catalogues of supporting tools and other utilities. Others are 
primarily creative and further one or other idea. Some refer to establishing a whole 
organisation and others are useable as a plug-in instrument. There is also a progress 
over time in that new areas are attacked and with greater sophistication. Many 
methods and approaches are still in progress. 

The following frameworks and standards are selected and summarised. 

 

• The international standard for architectural framework description ISO/IEC 
42010:2011. 

• The international standard for system engineering ISO/IEC 15288:2015 on systems 
engineering with a life cycle perspective. 

• The international organisation for systems engineering INCOSE and their reference 
material. Obviously this is not one method but rather some general approaches and 
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recommendations for systems engineering practices. 

• Enterprise architectural organisation and general overview of enterprise 
architecture and modelling. 

• The Zachman framework (several versions in 1980s, and the latest in 2008) – the 
mother of early pioneering conceptualised frameworks (still going strong), invented 
in the IBM environment in the early 1980´s. 

• Mölleryd’s (2011) anatomy for technological innovation – an idea and concept for 
an architectural framework (actually a basis and origin to the present thesis). 

• The Swedish defence architectural framework and procedure (up to 2010, then 
FMLS) – more an organisational setting for defence-orientated frameworks for 
development. 

• TOGAF – The Open Group Architectural Framework (continuous) – a whole set of 
methods and tools to model and design complex systems and technologies. 

• The enterprise design framework of Guenther (2013) – an example of a guiding 
business architecture with a rather intricate structure. 

• Viable System Model (VSM) according to Beer (1972) – a rather specialised 
instrument for stabilising and control of corporate operations 

• MODAF, DODAF, NAF – three defence-orientated architectures and frameworks in 
continuous progress (NAF is the framework taking the lead, and into which the 
earlier MODAF and DODAF are merged). NAF is presently in its fourth edition. 

• NISP - NATO Interoperability Standard and Profile (protocol for common 
communication standards in continuous progress – applicable to a range of systems 
developments). 

• SEBoK – a web resource for Systems Engineering Base of Knowledge (continuous 
progress). 

• The MITRE Report on Agile Acquisition – an example of mature systems 
engineering for development and innovation with an excellent record. 

 

A3 Systems engineering orthodoxy 

INCOSE is the authoritative international organisation for systems engineering and 
its further development and promotion. INCOSE defines systems engineering as 
(INCOSE, 2012): 

“an interdisciplinary approach and means to enable the realisation of successful 
systems. It focuses on defining customer needs and required functionality early in 
the development cycle, documenting requirements, then proceeding with design 
synthesis and systems validation while considering the complete problem.” 
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• Operations 

• Performance 

• Test 

• Manufacturing  

• Cost and schedule 

• Training and support 

• Disposal  

Source: INCOSE (2012). 

 

Systems engineering integrates all the disciplines and specially groups them into a 
team effort forming a structured development process that proceeds from concept to 
production to operation. It considers both the business and the technical needs of 
(stakeholders and) all customers with the goal of providing a quality product that 
meets user needs. It also explores opportunities, document requirements, and 
synthesising, verifying, validating, deploying, sustaining and evolving solutions, 
from system concept to disposal. 

It may be noted that this is a fairly straight-forward engineering methodology. 
Theoretically, the practice is based in general systems theory. Everything, or most 
parts of a systems engineering toolbox, are rather well-defined but somewhat static, 
although the life cycle thinking is well integrated. The end goal of systems 
engineering is an engineer´s dream and artefacts. The practice of systems 
engineering is well monitored by the international organisations for systems 
engineering (INCOSE and related organisations and information channels) through 
experience-sharing conferences and technical advice. The organisation is also parent 
to a rich tutorial programme that helps the practitioner and novices alike. 

A useful reference is www.sebokwiki.org. 

 

A4 Philosophies of enterprise architectures 

Enterprise architectures and frameworks is an area and practice driven by 
consultants in business, technology and other areas, by certain schools and by 
defence organisations. The first of these is based on the specific practices and cases 
the consultants have been working on, where the generality of approaches is 
undefined. The military area is rather specialised, although the approaches have 
become applied to broader applications, e.g. civilian systems development as 
transportation. Overall, the enterprise architecture area of practices is fragmented 
and myopic. 

http://www.sebokwiki.org/
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Many enterprise architectures illustrate an evolutionary development pattern, each 
with a specific and local application starting point which has developed along paths 
and directions not preordained. It is thus difficult to summarise the enterprise 
architecture philosophy and ‘method’ – since it is not a homogeneous school of 
thought or practice. 

According to the Enterprise Architect Professional Organisation (EAPO), an 
international organisation promoting enterprise architecture practices and 
professional development: 

Enterprise architecture (EA) is "a well-defined practice for conducting enterprise 
analysis, design, planning, and implementation, using a holistic approach at all 
times, for the successful development and execution of strategy. Enterprise 
Architecture applies architecture principles and practices to guide organisations 
through the business, information, process, and technology changes necessary to 
execute their strategies. These practices utilize the various aspects of an enterprise 
to identify, motivate, and achieve these changes.” (Source: EAPO) 

Thus EA represents a service-orientated architecture that started from perceiving 
businesses and enterprises as information systems. EA in its later development tries 
to align the expanding world of businesses (services and activities) and information 
technology and has the ambition to cope with ever-growing complex systems 
development, management and business agility. The purpose of EA is sometimes 
narrowed to finding an appropriate business model. 

A purpose is transparency of the information flow. Transparency demands distinct 
structuring and configuring of processes, capabilities, services and interoperability. 
The architecture seeks to break down traditional application black boxes into sets of 
services which operate openly and are interoperable. Another feature of EA thinking 
is re-usability of services and information. The stakeholder perspective is also 
elementary in the EA approach. 

EA has usually larger scope than SE (systems engineering). It is a matter of opinion 
whether SE is considered a special case of EA. EA and SE also have several common 
elements. 

An example of an enterprise architecture package with tools and procedures is 
TOGAF, The Open Group Architectural Framework (Open Group, 2011). 

 

A5 ISO/IEC 42010:2011 on architectural frameworks 

Since our proposal for an architectural framework for innovation (AFI) adapts to or 
complies (at least the intention is that) with existing international standards, it is 
appropriate to provide a brief description of international standards for architectural 
frameworks, terms and definitions (ISO/IEC/IEEE 42100:2011).  

The framework standard (ISO/IEC/IEEE 42100:2011) is rather open (which means 
it can be applied to systems of various sorts) and a compromise (as of course all 
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standards are, some systems may not comply). The standard is influential and widely 
normative, considered as common sense for the present state of architectural 
frameworks. It is presently being revised and complemented to comprise modern 
developments and make it more useful to future systems development. 

ISO 421010 gives the definitions and vocabulary of architectural frameworks. In the 
field of systems and software engineering it covers architecture description. The 
standard defines the main categories and terms of a framework. Like most other 
standards, it is a compromise from diverse branch standards and domains. The 
standard is applicable to a wide range of services and systems, but is no panacea or 
substitute for other branch standards that may exist. 

It is noted in the foreword of the standard that it may infringe on patent rights when 
applied. It is also noted that the standard is a help to manage complexity that 
stakeholders of systems face. The standard helps to understand a system’s key 
properties with regard to its behaviour, composition and evolution. The standard 
provides a core ontology for describing architectures. It is also useful for a coherent 
description and analysis from the perspective of a system´s life cycle and processes. 

The standard defines the terms and concepts of central importance in an 
architecture. It is quite exhaustive, if not exactly covering all possible configurations. 

An architecture is characterised by the system constituents and elements, how the 
systems elements are arranged or interrelated, the principles of the system´s 
organisation or design, the principles governing the evolution of the system over its 
life cycle. 

Resources and infrastructure, which can be nodes and assets, are basic categories of 
systems. Examples of infrastructure and resources, which are systems in themselves, 
and the elements of which they are composed are suppliers of services and 
capabilities in the net. 

The processes which comprise activities and decisions are also vital elements of 
enterprises and systems. One category of process is the business processes which 
produce services. Other examples of processes are manufacturing and 
procurement/acquisition. 

There are a number of metaphors for architecture, e.g. a blueprint, map of design, 
organisational chart, literature, a language or just decisions. ‘Architecture’ in its 
primary etymology refers to buildings, physical constructions and constructive 
elements. This metaphor for architecture in the present and recent sense raises the 
criticism that enterprise architecture is a too rigid and non-adaptive entity. An 
enterprise architecture for systems development needs room for change, agility and 
learning. The elements, as their relations and conections are and should be dynamic. 

An architecture description and framework according to the standard stipulates the 
following subjects of content:  
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• conventions,  

• principles and  

• practices for describing an architecture within a  

• specific (specified) domain of application and/or a  

• community of stakeholders. 

 

An architectural description is a basis for system design and development of a system 
activities. It is also a basis for analysing and evaluating alternative applications of an 
architecture, for maintenance and other uses. It is a means for communicating 
among parties involved in the development, design, operation and so on of a system. 
Other uses could be acquisition, planning of the transition and transformation of a 
system, planning and budgeting and evaluation, reviewing, and lessons learned, or 
training and education. 

Concern is according to the standard an interest in a system to one or more of its 
stakeholders. A viewpoint is looking at a system at interest from a particular concern 
or group of concerns. A view of a system is governed by a particular viewpoint or 
position. 

Environment, which is the term in the standard, is an alternative description of the 
context of a system; this determines the setting and circumstances of all external 
influences on a system. Implicit is boundaries. 

Stakeholder can be an individual, a team or an organisation having an interest in a 
system. Typical stakeholders of a system are users, operators, acquirers, owners, 
suppliers, developers, builders and maintainers. 

Types of concerns of a system are according to the standard purposes, suitability, 
feasibility, potential risks and impacts to its stakeholders throughout the life cycle, 
maintainability and fitness for evolution. 

The ISO 42010:2011 standard also depicts a conceptual model of an architecture 
including the conventions for describing class diagrams (in UML). 

A meta-model is characterised by entities – which are the main categories of 
elements present in the model, their attributes –the properties of the elements, 
relationships – what relations exist in a model of this kind, constraints – what 
constraints are there on elements, attributes, relationships? A rudimentary model 
signifies that the logical composition and structure are known, but not the activity 
and process types, directions and strengths. 

A template is a matrix or mould for specifying a model. 

The basic definition of a system is described in another standard, the international 
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ISO/IEC standard 15288:2008, that systems are man-made and may be configured 
with one or more of the following: hardware, software, data, humans, processes, 
procedures, facilities, materials and naturally occurring entities and events. 

The ISO/IEC 42010:2011 architectural standard has a broader content and 
application than the 15288:2015 standard, but they do well agree. 

 

A6 ISO/IEC 15288:2015 on systems engineering with a life cycle perspective 
(rev) 

Since the proposed architectural framework for innovation (AFI) should adapt to or 
comply with standards, it is appropriate also to give a brief description of the main 
elements of international standard for (soft) systems engineering (ISO/IEC/IEEE 
15288:2015). The standard covers a variety of methodological aspects and concerns 
in systems engineering with a strong bent on system life cycles. It encompasses 
definitions of many terms, standard processes and procedures in systems 
development and evolution. 

The standard ISO/IEC 15288:2015 for soft systems engineering and life cycle 
processes was developed in the late 1990s and has since been improved, expanded 
and supplemented (15288:2008). The standard is brief and transparent. 

The origin of the standard was clearly software system development (IT), but it has 
been generalised to enterprise development and engineering more broadly. It is still 
in development, revisions and certain additions are expected. 

The standard uses a simple but useful dichotomy of systems and elements. The 
elements of a ‘system of systems’, which in the present thesis is an integrated system, 
are consequently just other systems, where these may be systems too. 

The standard introduced the life cycle perspectives on systems development, systems 
evolves and develops over time. The standard does not fix the time framing or stages 
of a certain engineering project. The architects of system design and building 
processes should be aware of and make their own interpretation of stages. The 
standard recommends an adaption to the specific conditions and terms of the 
current case. At large, the standard focuses on the “early” phase of innovation, when 
the innovation is still in-house and on a project basis. 

The life cycle stages of an early innovation system with “15288-eyes” are commonly 
defined from the conceptual stage to the operational and finally disposal, 
dismantling and possibly regeneration/renewal, for example: 

 

• Concept 

• Development 

• Production 
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• Operation 

• Maintenance 

• Disposal  

Source: ISO 15288:2015. 

 

It is explicit that the life cycle stages must be interpreted, applied and adapted to the 
specific project. Practically, this means the approach is appropriate for the 
development and niche levels (covered by TRL 8 and 9), and the later disruptive 
phases of the innovation cycle. 

The ISO 15288:2015 standard presently proposes and defines five categories of 
processes and activities of a mandatory nature for each life cycle stage: 

 

• Agreement processes: Acquisition, Supply 

• Organisational project-enabling processes: Life cycle model management, 
Infrastructure management, Project portfolio management, Human resource 
management, Quality management 

• Project processes: Project planning, Project assessment and control, Measurement, 
Risk management, Configuration management, Information management, Decision 
management 

• Technical processes: Stakeholder requirement definition, Requirement analysis, 
Architectural design, Verification, Operation, Implementation, Transition, 
Maintenance, Integration, Validation, Disposal 

• Special processes: Tailoring.  

 

A7 The Zachman enterprise architectural framework 

The Zachman (1987) framework is a classic and original conceptual matrix and 
structure for enterprise architectures. It is basically an ontological framework of an 
enterprise invented in 1984 by John Zachman, a system designer and developer at 
IBM Corporation. The framework is presented in its updated and developed version 
(e.g. IBM Systems Journal, 1992 and 2008) as The Zachman Framework for 
Enterprise Architecture, a six by six matrix with six organisational 
dimensions/elements (systems orientated) on the horizontal axis and six functional 
IS/(IT orientated) elements on the vertical axis (Table A7.1).  
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Figure A7.1. The Zachman framework in one of the earliest editions (approx. 1984). Source 
Zachman 

 

The Zachman framework was the first enterprise architecture scheme ever published 
and is still frequently used as a (two-dimensional) checklist of the ontology of an 
enterprise. It is an ontological mapping of the elements of a system and their 
relations needed for a comprehensive design of a systems organisation. The contents 
of the cells are not prescribed, although there are some directions about cell order 
and the order of estimation of cell data. A higher cell may affect a lower cell but the 
reverse may not always occur etc. The order of the columns is arbitrary. Each cell has 
to be unique. 
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The figure A7.1 is a reprint of the original Zachman framework (as of 1984) as it 
originally was displayed on a slide. 

An expanded and later version is given in Table A7.2. The Zachman framework might 
well be used as a template for comparing systems architectures and frameworks and 
for assessment of innovative ventures. 

 

Table A7.2. The Zachman ontology, version 1992. Source: Zachman (2011) 

 Data 
What 

Function 
How 

Network 
Where 

People 
Who 

Time 
When 

Motivation 
Why 

Objective/ Scope 
(contextual) - 
Executive 

      

Enterprise Model 
(conceptual) - Business 
Management 

      

System Model (logical) 
- Architect 

      

Technology Model 
(physical)-  Engineer 

      

Detailed 
Representation Tool 
(out of context) - 
Technician 

      

Functioning Enterprise 
-  The Enterprise 
Operations 

      

 

The concentrated version of the Zachman framework, Table A7.3, might well be used 
as a template for comparing systems architectures and frameworks and for 
assessment of innovative ventures. 
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Table A7.2. Updated structure of the Zachman Framework for Enterprise Architecture used 
as the secondary pattern for describing frameworks for integrated systems for innovation 
features and critical issues and concerns. Source: Zachman, 1987, 2008 

                                                        What How  Where  Who When  Why 
 

 

Views 

Planner       

Owner       

Designer       

Builder       

Subcontractor       

User       

 

A8 An anatomy for technological innovation in defence and energy systems 
(Mölleryd) 

 

Figure A8. Graphical presentation of an anatomy for technology innovation in infrastructure 
and defence systems in Sweden after the Cold War. Source: Mölleryd (2011). 

 

In the anatomy for technology innovation pictured in Figure A8, the term anatomy 
reflects the graph´s rudimentary character; an anatomy is not a comprehensive 
architecture or framework, but still gives it structure. This anatomy was used as the 
ideational starting point for the present thesis and its proposal for an innovation 
view. It emerged from a study of technology development and innovation in the 
defence and infrastructure sectors in Sweden after the Cold War. The term anatomy 
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was intended and described as a precedent or precursor, an ideal hypothesis, and 
provisional sketch to a full-grown comprehensive architecture framework (for 
innovation). However, the anatomy is quite complete and can well be compared with 
the framework structures presented (e.g. Zachman framework). Some important 
elements and variables in the graph are missing, or narrowly defined. For example 
the cognitive factor in the anatomy has a lesser content than the templates discussed 
in this thesis. Among the stakeholders, which represent cultural values, only the user 
is singled out. Other stakeholders, such as regulators, owners and so forth, are not 
mentioned. Culture is on the one hand quite broad, and on the other hand vaguely 
defined with regard to other variables and factors. This shows that cultural values 
and traditions (behaviour) must be explained and more visible. The context 
boundary issue is not explored. This also shows that boundaries demand more 
concern and reflection. The organisational influences are blurred. The generative 
and dynamic functions of a framework and model are less well defined, or absent. As 
a summary, the anatomy as a graph is suggestive and exemplary and can function as 
a reminder of important factors and features, possibly innovative, and some of their 
structural relations to be concerned about when architecting a system. An open 
question is how well the anatomy conforms to more fully grown and existing 
architectural frameworks. It could be developed into a domain-specific architectural 
framework. Domains to apply can be defence or energy systems. 

 

A9 The Swedish defence architectural framework (FMAR) 

A description of an architectural framework and modelling activity has to consider 
its context and wider background. The Swedish defence architectural framework 
(FMAR) is an interesting case of a framework as an organisation. 

In the past 25 years, the Swedish Armed Forces (Försvarsmakten, FM) have been 
active in developing a planning and architectural framework for their activities. In 
its early days this was a truly inventive and pioneering venture from an international 
frontier perspective. It was parallel to US development from which it learnt and 
compared (a US military Admiral Owens and a US company called SAIC were 
motoring this early development). From the beginning, the efforts emanated from 
ideas about Net Centric Warfare (NBF, ‘NätverksBaserat Försvar’). The activities on 
and about frameworks within the Swedish Armed Forces (FM) were quite 
comprehensive up to about 2010 but have since slowed pace, mainly due to tight 
economic restraints and substantial restructuring of the Swedish defence sector. 
Personnel working in the field have been transferred to other tasks and departments, 
but some minor studies are still going on. A new era of developing architectural 
frameworks for the benefit of future Swedish homeland defence seems to be 
emerging. 

A memorandum published in 2008 recommended a “model-based architectural 
framework”, following the UK MODAF, for Swedish defence in coming years (but 
this work was halted in 2010 for the reasons cited above). Arguments for the 
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framework were reuse of previous design knowledge and solutions. The framework 
was intended for developing defence capabilities for armed services of various sorts 
and was considered useful for describing present and planned status of selected 
defence systems. The main arguments and prerequisites for the architectural 
framework were the following, according to documents made public: 

 

• Defence is systemic (many systems dependent on each other, usually many systems 
of systems, cooperation and alignment of systems is critical). 

• The complex structure and connections between defence systems need an 
architecture and integration to be functional. 

• Services’ operations are the main end-products from defence, not the hardware, or 
even capability, but these and other components are necessary for provision of a 
synthesis to deliver a military service (of course there is a conceptual problem of 
what is meant to deliver a military effect, not to mention the eventually intended 
political effect, which may be ultimately survival, keeping independence and 
resisting aggression, from e.g. a pure kinetic impact), a process which may demand 
an instrumental architecture), which gives arguments (effects are really complex 
systems of systems) for an elaborated architectural philosophy of the Swedish 
defence forces. 

• A life cycle perspective is necessary, which an architecture may support, on long-
living defence systems, from conception and development to operation, 
maintenance, remodelling/modernisation and phasing out of elements and 
subsystems; time horizons span decades. 

 

To fulfil the architectural framework, the 2008 memorandum recommended 
developing specific rules and other forms of support, as profiles for specific and 
selected defence systems. Specifying demands on interoperability and capabilities in 
certain arenas was also central. Further on, methods, tools and processes for 
applying architectural frameworks to various situations were stressed. A common 
database and a registry/repository were also proposed. This would demand analysis 
of stakeholder concerns and functional requirements. All this was to be 
internationally compatible, mostly in a NATO context in due respects. The 
architectural framework was to be demonstrated in a pilot version. Training and 
education in the MODAF philosophy was also deemed necessary. 

As mentioned, this progress and development activity was halted in 2010. The 
recommendation by then was still to develop an architectural framework for Swedish 
Defence following MODAF M3 (the meta-model) including views for strategy, 
technical and some other aspects. Some central concepts in the framework and the 
model for MODAF were stated in the Swedish framework as: 
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• Mission 

• Units 

• Functional systems 

• Technical systems 

• Reference models 

• Domain architectures defined for confined functional areas.  

Source: Documents from the Swedish Armed Forces. 

 

In a later publication (FOI-R-3306 SE, 2013), the Swedish Defence Research 
Establishment (FOI) identified the possible advantages of an architectural 
framework in model-based development as improvements of: 

 

• Costs for development, support, maintenance and operations 

• Interoperability 

• Inter-organisational qualities, e.g. safety 

• Upgrading and renewal of system components 

• Return on investments 

• Flexibility and outsourcing 

• Risks with regard to investments needed 

• Simpler, faster and costly acquisition.  

Source: Report FOI-R-3306 SE (2012). 

 

The disadvantages and drawbacks mentioned were (Report FOI-R-3306 SE (2012): 

 

• To develop and design a working architectural framework and model is a tough job 

• Insight and understanding of the procedures with procurers, customers, users and 
other stakeholders is needed (the suppliers might well adapt and understand what 
it was about) 

• Transformation and design from demands to artefacts and services, and from views 
to code could be cumbersome 

• Analytics, from data to decision support, have a long way to go. 
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The report ended with recommendations and viewpoints on modelling as a tool for 
development of defence capabilities and support to military decision making and 
systems procurement. It is currently not clear whether these principles have been 
adopted. 

Modelling development of military capability was suggested to continue as an 
enterprise architecture exercise of a selected military service and capability to be 
modelled on the MODAF framework. The further development was expected to 
comply with the emerging NAF standards, using unspecified business tools. 

The other recommendation concerned architectural frameworks as decision support 
when developing military capability and acquisition. Framework analysis, 
simulation of services and domain-specific modelling language were then on the 
agenda for research and development. 

The Defence Research Establishment (FOI) has since then prepared for a piloting 
study on model-based development as a support to provision of defence services, 
following the 2012 report and its recommendations. The results of this effort so far 
are not known. 

What this shows is that model making and other methodologies face challenges in 
their capacity for real support service provision and development. The failure in 
further development and implementation is difficult to explain. The recognition of 
the philosophy and methodology has been soft. Financial limitations are possibly a 
main factor for its fading away. 

It is not shown in what respect model-based development particularly helps 
innovation. One issue may be that the modelling and data requirements from 
ambitious frameworking and modelling exercises ‘kill’ innovative ventures. Data 
demands distort the structure to analyse. The framework is a cage (a circle unfit to a 
square) rather than a filter that amplifies. It is a matter of exquisite skill and 
competence of a project team to manoeuvre through the minefield of requirements 
(from stakeholders of all sorts) to achieve innovation. It is also difficult to keep the 
target line of a project when systems are to be integrated in complex ways and order. 
Model-based development should thus be supported by a process-orientated guide 
for service and system development, to avoid getting stuck in the systems building 
and modelling efforts, which are strongly needed. It can be recommended that the 
modelling be simplified and compartmented (‘modular models’) to apply more 
exactly with typical, clearly defined well-identifiable development stages from the 
top management down through the organisation. In an initial stage the model could 
give an overview and check that the configurative elements of some importance are 
all well-represented. At a later stage, details and special characteristics could be 
given more observance. This may need more specific, domain-centred modelling. 
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A10 TOGAF (The Open Group Architectural Framework) 

TOGAF (The Open Group Architectural Framework) provides a ‘model’ for a major 
civilian enterprise architectural framework standard and tools (The Open Group, 
2011). TOGAF is constantly updated, and has been influential and widely used. It 
provides procedures and tools to produce and use enterprise architecture for a broad 
range of applications. The architecture has four main domains with some different 
methodologies and orientation: Business, Data, Application and Technology. The 
TOGAF general architecture development method is divided into seven phases or 
sections, each of which covers from the preliminary, architecture vision, business 
architecture, information systems architecture, technology architecture, 
opportunities and solutions, migration planning, implementation of governance, 
architecture change management to requirements management. From these 
sections and phases, a number of outputs can be produced, as deliverables and 
artefacts. An architectural repository function in the system saves data and building 
blocks to be reused. 

Archimate has launched ARCHI, an enterprise architectural framework and 
modelling language based on the TOGAF standards. ARCHI provides specific layers 
for businesses, applications and technology and can be applied for a variety of views 
and viewpoints. An example of a research application of the ARCHI framework is the 
Architecture Modelling Framework for Probabilistic Prediction (P2AMF), which is 
being developed from the ARCHI framework and model to help predict properties 
and outcome when designing a business system using a probabilistic approach. The 
framework and model allow study of various uncertainties (the probabilistic 
dimension) affecting an organisation and design process. Examples of properties to 
study are performance, reliability and security. The P2AMF framework is a research 
project, still in a development phase, and is expected to have potential for a variety 
of applications and insights, including perhaps qualified analysis and decision 
support for innovative ventures. 

TOGAF, like most other enterprise architectural frameworks, is very complex. 
Efforts have been made to simplify and support utilisation. It can be considered 
productive and a good basis for domain-specific or in other ways specifically 
orientated modelling and frameworking exercises. 

The support TOGAF can give to innovation is an open question. In any case, it helps 
organising complex systems development such as concern innovation. The 
categories required by a framework for innovation, as listed in the main text, are well 
covered. 

 

A11 The Enterprise Design Framework (Milan Guenther version) 

Guenther (2013) describes an enterprise architectural framework set in five layers or 
phases (ordered from top to low priority). It is an interesting and imaginative way, 
although complex, of enterprise framework and structured business thinking. The 
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framework has been applied to various businesses and large international 
corporations, but also middle-sized companies. The framework is hypothetical and 
explorative. A certain intuitiveness and subjectivity, and personal experiences are 
limitations obviuosly. 

The main elements and categories in the framework exposes the detail and many-
sided complexity of the Guenther framework: 

 

• Big picture (identity, architecture, experience) 

• Anatomy (actors, touchpoints, services, content) 

• Frames (business, people, function, structure) 

• Design space (communication, information, interaction, operation, organisation, 
technology) 

• Rendering (signs, things, places).  

Source: Guenther (2013) 

 

The framework focuses in the first phase on the visionary aspect of an enterprise, 
then the strategic decisions to the conceptual and tactical sides of a business and, 
last but not least, the applied and operational sides. This framework is elaborated 
and illustrated for a number of company cases, in various business sectors. It can be 
noted that the enterprise architecture comes early, as a top priority. Technology is at 
the ground floor in the hierarchy of priorities. The content from the actors, such as 
stakeholders, and from the services are positioned quite high on the list of attention. 

The Guenther enterprise architectural framework shows very clearly how complex a 
framework must be to cope with change, development and innovation. It is like a 
multidimensional map that can show an enormous amount of detail, with different 
paths leading to change and innovation as the goals. There is not much guidance and 
methodology of a ‘recipe’ character to guide the uninformed. The framework puts 
great demands on the architect and the guide for the systems development. 

Bailey (2013) discuss better enterprise models for businesses. 

 

A12 Viable System Model (Beer) 

Stafford Beer´s Viable System Model (VSM), below, is of a contained autonomous 
system, a control system that keeps stable and balanced (Beer, 1972). It originates 
from Operations Research and Cybernetics and has been applied to broader business 
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Figure A12. Graph of the Viable System Model (VSM). Source: Lawson (2010). 

 

development and strategy, and other applications. The VSM is a kind of base unit of 
systems theory and thinking, a generic reference architecture, to describe a dynamic 
system which stabilises and is controlled by an integrated recursive function. Figure 
A12 shows the structure of the model and gives a good view of the functions needed 
for control and stability of an autonomous system. It was also the basis for Ashby´s 
Law of the Requisite Variety: Only variety can absorb variety (rephrased as ‘more 
means than goals’). 

 

A13 MODAF (UK Ministry of Defence Architectural Framework) and related 
architectural frameworks (DODAF, NAF) (as of the state in 2016) 

MODAF, the UK Ministry of Defence Architectural Framework, is the UK standard 
for defence systems’ architectural framework (MODAF website at the UK 
Government). The framework has become internationally leading and was adopted 
(in 2010) as a standard for development and acquisition activities of the Swedish 
Armed Forces. MODAF has incorporated elements and procedures from the 
previous US Department of Defence Architectural Framework, DODAF. It has been 
decided that the present MODAF framework will merge or combine with the NATO 
architectural framework, NAF version 4. The following short description of MODAF 
from the innovation point of view is relevant for the emerging NAF version 4 and 
similar frameworks. 
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NAF provides standards of viewpoints for Capability, Service-Orientated, Systems, 
Technical, Programme and All together. The aim of DODAF, MODAF and NAF is to 
enable architectures that facilitate interoperability of capability areas, missions and 
programmes within defence. An example of use of the NAF framework is to guide 
systems architectures to help interoperability of C3 systems (Communication, 
Control and Command). 

The present international development of frameworks now concentrates on the NAF, 
for which MODAF laid the foundation. NAF is a common and internationally 
accepted standard and platform for systems framework and development. MODAF, 
originally military-orientated, is applicable and used with a large span of systems 
engineering and enterprise ventures, still primarily within the defence area, but 
increasingly also civilian complex systems and technologies. It is a complex 
architectural framework and standard, and this is certainly a barrier to innovation. 

There is no space here to describe NAF, but it is sufficient to describe MODAF. The 
description uses the term MODAF/NAF but refers really only to MODAF. NAF will 
absorb most of the contents of MODAF. The description of MODAF/NAF below will 
be confined to issues concerning frameworks for innovation. 

MODAF/NAF can be said in brief to be a combination of standards and practices, a 
basket of working methodologies and tools, a set of models for processes and other 
characteristics of systems and systems development, based on a framework for 
creating service-orientated capability architectures and requirements at various 
levels within the defence field. The basic concept of the framework and standard lies 
in its rigorous description and definition of defence specific capabilities, systems and 
systems of systems, and related terms and structures of defence organisation and 
services. A large part of its use and utility is also that it helps to preserve and reuse 
knowledge and experience (also described as data) from systems design. This is both 
an advantage and a disadvantage, since it needs quite some volume of projects to 
recoup the investment (and data catch needed) in establishing the framework. 

There are a number of supplementary functions in the MODAF/NAF complex, such 
as data storage and repository (which can be used for reuse, standardisation and 
possibly simulation). The use of MODAF/NAF provides a substitute and a learning 
instrument from past experiences of large and complex systems development. 

A basic working mode of MODAF/NAF is to provide structured views on systems 
that take in preconditions and circumstances significantly influencing the system of 
interest and its design and further development. The view then provides a picture of 
the organisation and structure of the system to be developed. 

Views according to MODAF/NAF are grouped in seven main types of viewpoints. 
Examples of these viewpoints are: 
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• Service operational (examples are manoeuvres and field operations) 

• Systems (which organise and realise the resources that constitute and can produce 
a service capability) 

• Technical definitions of the standards, rules, policy and guides for a specific 
architecture application 

• Strategic or overarching views on delivering complex service capability 

• Acquisition. 

Source: MODAF website, www.gov.uk 

 

 

Figure A13.1. The MODAF meta model M3 – a reference model, containing all conceptual 
and informational elements of the model views. Source: MODAF M3 version 1.2.004, 
MODAF, UK Gov website, UK. 

 

Views are of two kinds, as to what should be done (operational), and how it should 
be done (at the system level and processes actuated). Capability, a central term in 
the MODAF/NAF vocabulary, is defined as an integrated and potent ability to 
achieve or produce (deliver) a service, or a similar activity. This capability does not 
need to be applied, deployed or implemented; it just has this capacity. 

The MODAF/NAF scheme and tools are intended to guide model-driven 
development, for which data are stored in a repository. This is a means for system 
standardisation and retrieval of history from earlier or parallel project 
developments. 

MODAF has defined a meta model, called M3, which is a model of a model. The meta 
model is a reference which can be adapted and constituted to various views and 

http://www.gov.uk/
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viewpoints. The M3 meta model shows basically how entities within a strategic 
viewpoint are e.g. connected (Figure A4). It then models the different kinds of 
conceptual and logical relations that exist in a complex system. The structure is 
simple and understandable. 

As an example of the MODAF M3 model, Figure A13.2 shows the strategic view with 
the elements/components sorted and summarised into nine groups and their types 
of connections. 

 

 

Figure A13.2. The logical structure of ‘strategic view’ according to the MODAF meta model 
M3. Source MODAF M3 version 1.2.004, MODAF, UK Gov website, UK 

 

An element in the strategic view that can be noted is the enterprise, which contains 
its life phases and ‘standard operational activity’. A second group of interest contains 
capability (which is related to some measureable property) and enduring tasks or 
services. A third part refers to the actual organisation and resources available. Other 
items of importance are enterprise vision and enterprise goal. Then there are 
capability configuration and project, including milestones. The project or service in 
question is conceived as a product or service from a capability that is configured, and 
which is delivered to the organisation of interest. Finally, there is environment 
(mostly physical dimensions), which in some way or another is connected to and 
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influences capability (Figure A13.2). 

All these groups and elements are connected and related in specific ways. Another 
example, not mentioned so far, is that capabilities support operational activities. 

In what way does the architecture and structure facilitate innovation? A first 
observation can be that it does not necessarily, or by itself exhibit innovation. Many 
outcomes depend on what enterprise visions and goals encompass. The outcomes 
will also depend on type of project. An argument might be that the content of the 
product, innovative or not, to some extent depends on the operational view that is 
also a part of the M3 package. In one of the operational views, for example, there is 
a strong dependency between a certain high-level operational concept and the 
mission. 

So, it is unclear whether and how MODAF/NAF helps innovation. What can be said 
is that it is a good (and necessary) support in organising a complex project, on which 
innovation based on systems integration is distinctly and heavily dependent. 

Present development efforts of MODAF are directed at NAF and its development 
(NAF version 4). MODAF will be out phased and merged into NAF. Examples of 
current activities to develop the MODAF/NAF systems can be mentioned. 

MODEM, the MODAF Ontological Data Exchange Mechanism, is an ontological and 
semantic development of the MODAF framework that is ongoing. This project 
indicates a weak point of the present MODAF framework which has to be further 
developed. It is needed for the MODAF enterprise architectural framework thinking 
to progress to industrial and business practices and with regards to developing 
complex military systems more effectively. 

IDEAS, the International Defence Enterprise Architecture Specification for 
exchange, is another example of current development within the MODAF and NAF 
frameworks. The purpose of IDEAS is to develop a data exchange format for military 
enterprise architectures of any kind, which would allow seamless sharing of 
architectures between the partners, regardless of which modelling tool or repository 
they use (e.g. within the same NATO mission or another federation). The scope and 
argument for exchange are the architectural data required to support (common) 
coalition operations planning, e.g. for systems (communications systems and 
networks, software), platforms & facilities, people & organisations, and architecture 
data. 

As can be understood, these two development activities are directed to systems 
integration, a critical issue for innovation, as discussed elsewhere. 

To summarise: MODAF, and sequentially NAF, are complex structures and 
methodologies that at least in broad terms reflect and correspond to the real 
complexities of advanced systems development. However, their complexity may 
limit their usefulness for practical project development of different kinds, 
particularly when it comes to innovation. Still, regarding the content of experience 
from earlier projects to be contained in the database and repository and elsewhere, 
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they have a rationale and utility, at least for the ‘experienced’ and continuously 
working professionals. This is obviously not certain for the individual project 
operator or the novice. It cannot be recommended for a virgin ‘innovator’. 
MODAF/NAF may ‘theoretically’ cover and represent all aspects and issues of some 
importance in a framework. However, some particular items and issues discussed 
above need to be further developed. One is to make the ontology and semantics more 
distinct and simpler to understand. Another issue is the information exchange 
formats (IDEAS), which have to be more open. 

These insights into MODAF/NAF are later used as inspiration, mostly from the 
broader experiences won and only to a minor extent as a direct template and tool for 
an innovation view. 

 

A14 NATO Interoperability Standards and Profiles – NISP 

NATO Interoperability Standards and Profiles, NISP (NATO Allied Data Publication 
34, ADatP-34(G) at website https://nhqc3s.hq.nato.int), provides a set of standards 
and profiles to support C3 (Command, Control, Communication) interoperability by 
assisting in transition to NATO Network Enabled Capability (NNEC). The standard 
refers to and is contained in NAF. The NATO capability for missions is intensely 
dependent on integrating disparate national systems and technologies (which are 
provided by e.g. partners and members of a mission). The purpose and key driver of 
NISP is to develop specifications that are service- orientated and independent of the 
technologies used in the national systems in order to: 

 

• Identify the services interoperability points and surfaces, 

• Define the profiling of interfaces, 

• Use standards that are consistent with the common and reference architectures, 

• Apply the NATO information enterprise concept, 

• Use a modular approach to help reusability, and rapid reconfiguration, 

• Keeping an open systems approach, 

• Welcome emerging technologies (agile).  

Source: NISP website. 

 

A15 SEBoK - Systems engineering base of knowledge, an Internet resource 

SEBoK (www.sebok.org) is an internet-based information resource and learning tool 
on systems engineering. SEBoK is a service supplied by INCOSE that contains a 
certification programme and much reference and study material on systems 
engineering. It is based on a broad scope of experiences and knowledge from the 
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systems engineering community, mainly in the US but also with an international 
outlook and references. Basic features and measures of systems engineering 
methodology could well rely on SEBoK as a common reference (www.sebokwiki.org). 

SEBoK defines a model, which is a basic term and element in all systems engineering, 
as a simplified representation of a system at some particular point in time and space 
intended to promote understanding of the real system. As an abstraction, the model 
offers insights about aspects such as system functions, structure and properties, 
performance and behaviour, and costs. 

SEBoK explains some of the representative and standard technical processes in 
systems engineering, e.g. stakeholder requirements, requirement analysis, 
architecture design, implementation, systems integration, verification, transition 
and validation. 

SEBoK is rich in case presentations. Examples of analysis in systems engineering 
include: Business mission analysis, stakeholder needs and requirements, system 
requirements, logical architecture design, physical architecture design, system 
analysis (items such as trade-off studies, effectiveness analysis, cost analysis, 
technical risk analysis are parts of this), system implementation, systems 
integration, system verification, system validation, system deployment, operation of 
the system, system maintenance, logistic, planning, assessment and control, risk 
management, measurement, decision management, configuration management, 
information management and quality management. 

 

A16 The MITRE Report on Agile Acquisition and Program 

The MITRE Corporation has a long record in multi-technical systems engineering 
and advanced technological systems development and innovation. Based on its 
experiences from over fifty years of engineering and development for industry and 
US defense it has distilled its values and basic principles from advanced systems 
development and innovation into four core elements (Modigliani & Chang, 2014, 
MITRE, 2014): 

 

• Focusing on small, frequent capability releases, 

• Valuing working software over comprehensive documentation, 

• Responding rapidly to changes in operations (requirements), technology, and 
budgets, 

• Actively involving users throughout development to ensure high operational value. 

 

The principles are based on the Agile Manifesto to design and share better ways to 
develop software. Even if the statements refer particularly to software development 
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and IT development, it can be argued that these statements and the MITRE Report 
(Modigliani & Chang, 2014) on Agile Acquisition is a case of exemplary advanced 
and mature systems engineering, with a major capability of successful development 
and innovation. 

Danzig (2011) argues for agility as one of the most important remedies and 
correctives for planning and prediction mistakes and failures of the US defence. 

A recent report from the US National Academies (NAS, 2016c) on improving 
innovation and advancement of the US Air Force emphasised agility and room for 
experimentation as prime factors for further development of the US operations in 
air, space and cyber in comparison with the commercial sector´s pace of 
development and innovation. 

 

A17 Concluding remarks from the review 

Among the above selection of approaches to systems engineering methodologies and 
architectural frameworks, some are possibly relevant in a few regards or 
comprehensively for innovation ventures. A general comment on the methods and 
frameworks presented is that the governance and regime functions are presupposed 
and implicit, external to the framework and methods supplied. Many of the SE 
methods are technology-orientated and therefore helpful at the early phases of 
innovation and technology development (launch of a technology innovation system 
phase, TIS as we called it). The EA methods, on the other hand, are relatively more 
business and market strategy-orientated, with the technology dimensions usually 
more fixed, in the background and therefore more supportive to the later, 
transitional phases that disruptive innovation so clearly is about. 
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Appendix Glossary – terms and concepts 

This appendix comprises a presentation of selected terms and concepts, certain 
abbreviations and acronyms used in the thesis. The explanations are deliberately 
brief and not definitive. Terms of key importance such as ‘architectural frameworks’ 
are explained, explored and investigated in the main text. 

• Anatomy of a system – a predecessor or preliminary stage to a system’s architecture 
and framework. 

• Architecting an innovation – implementing or designing (design is used as a parallel 
term to architecting) an architecture or systems organisation of e.g. an innovation. 

• An architecture –the design, constitution, configuration and structure of a system 
and its elements, as the behaviour of the system. The architecture term and concept 
is standard (ISO/IEC 42010:2011) in the systems approach and systems 
engineering. The architecture of a system commonly comprises typically four levels 
of constituting parts: mission (which depends on the project and is decided and set 
for each individual case), organisation and structure (which are one of the main 
interests in the present thesis), infrastructure (resources to play with) and data 
(semantic parameters). Context might be added as a fifth element and external 
relation (for a specific case, the system has boundaries and is to be delineated, and 
the context has to be specified). Processes are activities which define (types of) 
relations that exist between the architecture´s elements. 

• Architectural frameworks provide principles and practices of creating architectures 
of systems, the systems architecture. The framework concept is defined in ISO/IEC 
42010:2011. A framework for innovation (AFI) is a mould or template for creating 
systems architectures for innovation (SAI). Those architectural frameworks for 
innovation (AFI) are centrepieces of this study. The framework is one element in 
modelling exercises. 

• Association – associative processes are central and vital to the emergence of 
innovation. It means linking, bonding or connection and cooperation between 
elements and systems within a system. Association of systems results in systems of 
systems, which are abbreviated and connoted as SoS. Normally, integration means 
the strongest association, which can be fusion and amalgamation of a system and its 
elements, or of the systems within a system of systems. Examples of other types, or 
close synonyms are incorporation, amalgamation with different degrees of 
closeness, and integration. Networks are more loosely associated systems. 
Integration will be used as the stronger synonym of association. 

• Boundaries of a system – also called the delineation of the system, the borderline 
(implying limited influences) between the system and its ‘external’ context. A 
boundary also defines spheres of control and decision domains. A boundary is 
variable and depends on the perspective used. 
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• Capability – the potential and resources from which a service, or set of services and 
products, can be configured, produced, implemented, deployed and delivered. 
Capability is a modern term for what is produced by a system of systems. The set of 
capabilities can deliver specified products and services to the users and customers. 

• Complex systems – another term for integrated systems or a system of systems (abbr 
SoS). Complexity is in itself a complex entity and can have many dimensions 
(numerical, content, recursive, self-referential etc.). ‘Complex systems’ are a 
common category of object for study in this thesis. 

• Compliance – following rules and regulations. 

• Concerns – engagements and demands, requirements and interests of stakeholders 
of a system. Interests is a close synonym. 

• Configuration – a specific architecture or structure of case in a provisional or 
preliminary state, i.e. a framework. 

• Context – the elements and factors that are external to the system at interest. 
Strictly, situation and situational is a better term (see Toulmin, 2001; context, 
originally a linguistic term for text analysis, as is usually referred to factors and 
forces that are outside of the system boundaries and definition). The context or 
situation of a certain system at interest might be identified and observed from the 
perspective applied – the analyst´s, a certain stakeholder´s etc., and studies of 
technology trends, competition and market analysis, social and cultural changes, 
politics, intelligence, sense making etc. Context is dependent on perspective. 
Uncertainties in and of innovation processes usually emanate from the context 
dependency. The interplay and interaction (sometimes co-evolution) between a 
system and its context has considerable interest. Context is also used as an 
innovation theoretical terms, see next term. 

• Context phase of the innovation cycle – the last phase of the innovation cycle 
(according to this thesis) where all elements and systems i.e. innovations systems 
(TISs) are extinct, faded away and disintegrated into inert TISs. 

• Coupling – synonym for association (see this). 

• Critical infrastructure – common infrastructure for energy, transport, information, 
financial transactions etc. where disturbances may severely affect many (other) 
systems and activities in society. 

• Deployment – diffusion, distribution, implementation and installation of new 
technology and services. Applies particularly to the defence sector. 

• Decision domains – within or connected to a system, are defined in the legal 
dimension. 

• Deployment – the actual delivery of a service, and the processes to implement this. 

• Design, a parallel term with architect, and means to define and elaborate the 
structure of a system. 

• Diffusion – addresses the dynamic and sometimes active growth dimension of 
innovation. Virgin innovations (may) mature in disruptions of businesses and whole 
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sectors. 

• Discovery – new knowledge about a natural or technical phenomenon or principle. 
An important product of research, not always the anticipated. It can evolve into 
innovation. 

• Disruptive innovation – a phase in the innovation cycle, a technical change or 
innovation with large consequences, reorganisation and extensive changes for firms, 
branches or whole sectors in society. A disruptive innovation is creative and 
destructive (Schumpeterian view). A disruptive innovation is commonly 
characterised by a radically new solution and features that are new. Christensen 
(Christensen, et al, 2015) uses the term for a new business strategy and offering the 
incumbent industry cannot match. Adversely, the new solution commonly contrasts 
in equal and sometimes even weaker performance to the traditional solution. 

• Domain – delineation of an area or system with certain common characteristics and 
that is different from its context. 

• Engineering – technical development and technology-based solutions and artefacts 
(may also supply services). “Engineering” innovation is a key interest in this thesis. 
Holistic engineering to cope with the complexity is needed. 

• Engineered system – design of an open system with technical and socio-technical 
elements that exhibits emergent properties. Engineering innovation would then be 
designing and implementing a system with innovative properties. 

• Enterprise – a business, association or unit of entities or elements, usually of an 
economic character, or other systematic activity with a purpose and mission (not 
necessarily only economic). A similar but more generalised concept is endeavour. 
Endeavour means any action with a bold mission and risk. A common interpretation 
of enterprise is firm and company. The term can also apply to actions in a more 
general sense. 

• Enterprise architecture, EA – a rigorous description of the structure and 
organisation of an enterprise (see definition above), which can be a system, project 
or an organisation; including tools for description, principles and guidelines for the 
system´s design and evolution over time. 

• Entrepreneurial – an attitude and capability for managing an enterprise of resources 
or bringing the intended products and services to the market and customer usage. 

• Environment – sometimes a synonym to context (or situation). Environment is what 
is defined as outside the boundaries of the domain and system at interest - non-
control. 

• Federation – a configuration of autonomous organisations, mostly governments and 
state powers. 

• Frameworks – architectural frameworks is a central concept and a proposal of some 
significance in this thesis. 

• FTA, future-orientated technology analysis – an umbrella term for technological 
future studies and foresights. 
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• Governance –a consolidated control and management function of complex systems, 
to lead and manage the development of systems (the agency is implicated). 
Governance – agency is a central topic and subject in the thesis. Governance can be 
compared to an agenda and a programme for a system´s transformation and 
transition, in specific cases sometimes called a governance regime (a specific setting 
that consists of technological and social organisational dimensions and resources, 
or an architectural framework). A regime is driven by certain intentions or values, 
for example stakeholders´ interests. The basic functions of governance are to lead 
and to manage. To lead is to mobilise engagement and resources including decision 
making, and to manage is to administer and to implement the decisions and 
operations on a daily basis. Agility and feedback/control are capital properties of 
good governance. 

• Incumbent – the party or entity that is affected and hit by a big change or disruption 
in the environment or from technology. A pertinent category in the disruptive phase 
of innovation. 

• Infrastructure – resources that are used in system development; the Internet is an 
example of an infrastructure which is a system´s set of resources. Infrastructure is 
also a common physical system and network with public or indivisibility character 
supplying certain services (energy, mobility, information, financial etc.) 
Infrastructural characteristics in a general sense might come from systems that are 
rigid and with a long life time. 

• Innovation – a value-added (for the customer and user) new product or service (new 
for the application or a new application globally). Innovation is usually systemic, in 
that they usually appear as innovation systems. Since this thesis has a technological 
interest, it refers to technological innovation systems. Innovation is also a process 
in time with dynamic dimensions. Disruptive innovation refers to systemic and 
dynamic dimensions of innovation, and some large consequences, shaking up and 
reorganising businesses and business areas, branches, markets or sectors of society. 
Innovation develops in stages – see next term, with different characteristics. 

• Innovation (life) cycle – a proposition in the thesis to divide the overall innovation 
process into several stages or phases: from idea and conception including 
development, a technological innovation system (usually a niche), a disruptive 
growth phase, a transitional major expansion (which can be disrupotive) and a 
contextual phase where all fade away, and to which extinct or disintegrated 
innovation systems and technologies belong. Each stage has its special conditions 
and different characteristics, also with regard to policy etc. The stages are not 
linearly connected; evolution can go in reverse or criss-cross. 

• Innovation system – a system, or a system of systems, that provides innovation(s) 
or innovative service(s). Interest here is in technological innovation systems (TIS). 

• Innovation project, innovative project – a project that aspires to innovation and has 
not yet surpassed the development stage (may include demonstrators and test beds). 

• Innovative system – a system that provides services or products which are 
innovative. 

• Innovator – a charismatic leader of an innovating venture and innovation. Has the 
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capability to implement an innovation to the market and into practical use. 

• Integration (of systems) – a strong bonding and association of elements and 
systems. In the present thesis integration of systems and integrative processes are 
considered central for innovation. 

• Intelligence – can be defined as an activity of accurate and processed information 
about the environment and intentions, planning and strategies of potential 
adversaries, competitors, counterparts and rivals, in sufficient advance to prepare 
and make proper (counter-)actions and decisions. It applies in the business world, 
technological development and in the military. Intelligence is an important element 
in the search strategy and environmental scanning. Intelligence can reduce but not 
altogether abolish uncertainty (Betts, 2007). 

• Interface – an arena or area with specific dimensions where systems associate and 
integrate. 

• Interoperability – acting together effectively and efficiently (in a physical technical 
sense, or in SI categories) in a domain and/or for common goals and objectives. 

• Invention – a new technical concept or technical principle or solution and artefact 
based on a discovery or ingenious and new combination of technical knowledge 
(may be patentable). An invention is not necessarily the same as an innovation 
(which requires the acceptance of users and customers). 

• IPR, Intellectual Property Rights – can be patents or other owned knowledge (of 
designs, patterns, technical principles etc.) with proprietary rights. IPR is a legal 
dimension and entity. 

• Leadership – mobilising and engaging resources (human, financial and others) for 
developing a systems project and design with a mission, and the decision making. 

• Life cycle of an organisation or a system – goes in phases and stages (idea, concept, 
development, design, testing, construction, production, operation, maintenance, 
disposal/retirement etc.). The ISO/IEC 15288:2015 standard states that phases are 
important aspects on systems and their evolution. 

• Link – synonym for association (see this). 

• Management – administering a system on a daily basis. Identify actions to take, 
decide and accomplish them. Element of governance. 

• Mission – the purpose or innovative service and performance (end product 
delivered) to be achieved. Mission-orientated innovation is based on expectations or 
attaining certain goals and objectives. Often a mission is defined by imaginative 
goals and objectives, sometimes vaguely defined, fast inter-continental 
transportation, man-on the-moon, keep national security, “stable peace-like 
conditions” etc. 

• Mitigation – relief or moderating the negative effects and consequences from 
disruptive innovations.  

• Model-based development – a family of methods and tools for simulation and 
modelling based on recognised architectural frameworks, for example MODAF-
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MODEM-NAF and TOGAF. Model-based development is an interesting and 
important point of view of the present thesis. 

• Model of model/meta model/rudimentary model – terms further explored and 
explained in the thesis. 

• NCW – Net Centric Warfare, a more general (and neutral) term of using the net for 
communication and coordination of military forces (RMA was a former term). There 
are several related acronyms, in various national contexts. 

• Networks – a generic term and common way of defining a loose relation/association 
between elements and systems that are connected; in other cases a relatively more 
fixed infrastructure type of organisation and affiliated resources, especially using the 
internet. The more exact content of “network” depends on context and situation at 
hand. 

• Niche – an early phase in the innovation cycle, the first “real” innovative one. A novel 
technological innovation system that produces the new good or service for a limited 
market or small number of users. 

• OODA loop – a cycle in decision making, namely Observe, Orient (situational 
awareness), Decide, Act (developed by John Boyd in the US air services in the early 
1950s). The loop has an important role in intelligence and control systems. 

• Organisation – a structure of people, other resources and elements that are 
functionally associated in an organisation and that has a capacity to reorganise itself 
(not remaining static). 

• Product development processes and organisation – the overall capabilities needed 
to create and produce new products (goods and services). 

• Processes – needed to transform and organise a set of systems within an 
architectural framework and model. 

• Regime – a specific governance configuration, characterised by strong control of the 
governance parameters. A regime is constituted of and driven along technological 
and social organisational dimensions. Drivers are intentions and values, for example 
stakeholders´ interests and concerns. Geels (2002) uses the term frequently to 
describe and understand transition processes. 

• R&D&E – Research and Development and Experiment. Sometimes an important 
activity early in the innovation process. It usually aims at knowledge production and 
development. 

• R&D and Technology – the cognitive resources critical for development and 
innovation. Occasionally it refers to knowledge production and development. 

• R&D&K – Research, (product/process) Development and Knowledge. 

• Requirements – demands on the system/s from stakeholders and technical 
concerns. 

• Resources – physical, financial and other assets, particularly cognitive, and 
infrastructures. 
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• Risk – uncertain development with a front or upside (success) and downside 
(failure). Risk is a product of effect and certainty or probability. 

• RMA – Revolution in Military Affairs, a general concept of disruptive military and 
strategic changes from radical technological and development (mostly digitisation 
and net technologies). RMAs are commonly induced by major technical inventions. 
The military historian Michael Roberts introduced the concept of Military 
Revolution (MR) in a famous lecture in 1955. In recent decades there has been a 
lively debate about the RMA concept and its potential, mainly thought of as a 
digitisation process. NCW or Net Centric Warfare is the modern term for this. 

• Scenario – imagined future, hypothetical and future events and conditions with 
unknown, but plausible probability (usually a context description). Scenarios are 
used to study consequences and effects on a system from an event or series of events. 
A popular type of scenario is normative, or backcasting, from where it is possible to 
identify and design a road map from the present to the end stage. 

• Simulation – running or calculating a specified model over time. It demands data 
and numerical estimates with some quality to be useful. 

• Smart Grid – an integrated energy system and energy web (mostly electric power) 
with diversified and in time and space distributed fluctuating inputs (sources) and 
outputs (users) of energy and power, as intermediaries. 

• SOA – Service-Orientated Architecture, a main feature of the system is producing 
services, both intermediary and output/externally. SOA, and the servicing concept, 
is a modern way of looking at systems that are producing. 

• Socio-technical system – a system with human and social organisations and 
elements, with their aspirations and attitudes etc. Many, or most of the innovation 
systems we here deal with are socio-technical. 

• Stakeholders – principal actors in the innovation processes, people, groups and 
organisations that are affected by and with an interest in the innovative service and 
the product of an innovation system. Common examples of stakeholders are users, 
customers, suppliers, owners, officials (of an authority), politicians and decision 
makers in general. 

• Systems – elements (that are social, natural and/or artificial-physical) which are 
related or associated in a system. “System” can be applied to almost any group or 
combination of elements. “System at interest” delineates the system and elements 
which is of interest in the special situation. The type of association (see this) 
empowers the potency of the system. The associated or integrated system, a system 
of systems/elements show some emergence (characteristics and properties) that 
surpasses or complements the constituting systems/elements. It is the emergence 
that differentiates systems from mere groups of any elements (“the aggregate is 
more than mere the sum of the elements”). System architecture gives the framework 
conditions and design of an engineered system and structure.  

• Systemic innovation – a key topic in this thesis. 

• System at interest – according to the international standard ISO/IEC 15288:2015 
this is the system which is identified and delineated as interesting and actually 
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governed and managed, as distinct from other elements, subsidiary systems and the 
context. 

• System of systems – (abbreviated SoS), association and cooperation of 
independent/autonomous systems, systems elements that in themselves are 
systems (in Swedish: “självständiga system i samverkan”). The degree of 
association and integration as links within a system of systems, or bonding between 
the elements, varies. 

• Systemicity – having systemic attributes, and being a system-of-system (abbreviated 
SoS). 

• System of innovation or innovation system – a specific case of an innovation system. 

• Systems approach – systems are everywhere, examples of important contributions 
to the development of the systems approach to systems thinking and action and its 
application in businesses and engineering are that by C. West Churchman (1968) on 
thinking about systems, Peter Senge (1994) on the action dimension, Jay Forrester 
(1961) on modelling, John Sterman (2002) on dynamic business applications, and 
Peter Checkland (1981, 1999) on emergence and control. 

• Systems architecture for innovation (SAI) – a central feature in the study, a 
blueprint or mould for innovation. 

• Systemic – applicable to the systems approach, engineering, infrastructure and 
other activities, such as of defence and energy services, characterised by and strongly 
dependent on elements and systems associated and working together (cooperation). 
The dependency and association can be based on a common or related technology, 
common resources, or location in a region. Integration affects the systemic efficiency 
and effectiveness. The systems architecture describes the structure of a systemic 
entity. One might call the present study and thesis a systemic view. 

• Systems engineering – deals mainly with engineered systems, where socio-technical 
systems and innovation systems are two major categories. 

• Systems engineering and life cycle processes usually defined according to ISO/IEC 
15288:2011. 

• Systems integration – a theoretical outline of the main mechanisms of innovation 
and innovation evolution, launched in the present study (its theoretical base is 
further elaborated in Chapter 5). 

• Technology innovation – a value-added (for the user and customer) new technology 
for a specific application in products, services and processes. Technological 
innovation systems are a focus in this thesis. 

• Technology – the aggregation of technical knowledge within a certain area or 
application. Technical refers to the means for an intended purpose or objective, i.e. 
industrial competitiveness or human and social welfare. 

• The net (the internet) – the physical and virtual organisation of systems made 
possible from digitisation and related technologies (internet, information and 
communication technologies, ICT), this is also an important resource and 
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infrastructure. 

• Trajectory (for example of a technological system) – the conservation and tradition 
that converge to a path of a specific technology materialised in a certain field of 
application. Path dependency is an associated concept. It is inherently understood 
that there is a conservative inertia, extensively depending on the infrastructural 
character of mature systems. The system keeps on the same track, because there is 
a cost for changing track and direction (investments of capital and knowledge for 
example in the present track are large enough). 

• Transition and transformation – the basic processes in the emergence and evolution 
of innovation. The transitional stage in the innovation cycle is a growth phase. 

• TRL Technology Readiness Level – a scale of technical knowledge and its 
evolutionary level (maturity), in nine steps (according to NASA, the originator), 
from basic science at the ground to applications at the upper and highest levels. At 
the highest levels a ready technology can “fly” (usually operates in a niche or special 
application). Note: Technologies seldom develop one way from some basic sciences 
at the bottom to a useable stage; development usually proceeds crosswise, 
particularly at systems levels, where technologies of different maturity may come 
together. The TRL scale categorises the level of development and “maturity” of a 
particular technology. The TRL ladder stops short before “real” innovation (which 
demands acceptance and evaluation from the user and customer which is another 
scale than the technological), thus doesn´t define innovation. 

• Uncertainty – event or scenario with an unknown or low probability of occurring. 
Absolute certainty is difficult or impossible to imagine or calculate. Calculated 
uncertainty aligns with risk (which is a product of probability and consequence). 

• Utility – an organisation (private/public owned) for public delivery of common 
services or services with a collective goods character (energy, information etc.). 
Utility also has a general sense of benefit. 

• Vertical integration – when systems from a value chain perspective integrates 
upward (primary inputs) or downward (closer to users and market), and may imply 
innovation. Horisontal integration is, conversely associating systems at the same 
level, and might imply supply of broader services. 

 


	Sammanfattning (in Swedish)
	Background and acknowledgements
	1 Introduction to governance of innovation
	1.1 Features of innovation
	A double-edged phenomenon – creation and destruction

	1.2 Portal approaches to innovation (commonplace innovation policies), and a suggested systemic mode for innovation deployment

	2 From the themes to questions, design and layout of the research
	2.1 A note on the progress and evolution of the research
	2.2 A complex issue at stake
	2.3 A methodological challenge
	2.4 From themes to questions of research and the research layout
	2.5 The empirical foundations of the research

	3 Innovation and processes for innovation examined
	3.1 Triggers of innovations and innovation processes
	3.2 Discriminating facets of innovation
	3.3 Innovation accounting and economics
	3.4 Balancing disruptive innovation
	3.5 The conjunction of innovation and uncertainties means taking risk
	3.6 The shaky shapes and shaping of innovation, or why it is so unusual
	3.7 The way ahead - governance of innovation and innovation processes
	3.8 The industrial entrepreneur or venture capitalist exploits and leads the way (the entrepreneurial or Schumpeterian mode of governance)
	Values and value changes drives entrepreneurial led innovation
	Maturity of technology helps the entrepreneurial exploiting for innovation
	The entrepreneurial venture for innovation in a complex world of products

	3.9 Exploring the frontiers of knowledge (the science and research driven mode of governance)
	Creativity and innovation

	3.10 Research and development for a mission, for social benefits and goals (the mission driven mode of governance, occasionally labelled “innovation policy”)
	National innovation systems and “innovation policy”
	“Innovation policy” – a short note

	3.11 Fields of study – choosing the domains of energy, security and defence

	4 Energy and innovation
	4.1 Innovation in the energy sector
	4.2 Innovation and energy supply systems
	4.3 Innovation and energy-using systems
	4.4 Concluding remarks on energy and innovation

	5 Innovation for security and defence
	5.1 Notes and features of defence and security innovation – changing frameworks and paradigms
	Defence logistics
	(Military) mission (or task force)
	DARPA – US agency dedicated to defence innovation – but possibly also a role model for innovation in the civil world

	5.2 Patterns of military innovation – the military paradigm
	5.3 Profile of innovations in the defence and security domains – a summing up

	6 Case studies of innovation and systems for energy, security and defence
	6.1 Case 1A: The InnoEnergy Polygeneration project, definition and planning phase
	Conclusions and findings from the case 1A of the Polygeneration project in its defining and planning phase

	6.2 Case 1B: Integration of polygeneration systems and the energy web (Polygeneration and the Smart Grid)
	Introduction to the Polygeneration systems case
	The Polygeneration concept
	A polygeneration system
	The constitution of a polygeneration system
	The role of buffering (storage) in polygeneration systems
	Flux and variations in energy flows
	Choosing components in a polygeneration system
	Polygeneration systems in the energy web
	Polygeneration systems – stand-alone or integrated?
	Components that affect the performance of a polygeneration system
	Viewpoints on a polygeneration system integrated with the grid
	Concluding remarks on a polygeneration system and the grid
	The potential of the Polygeneration system for innovation – obstacles and drivers

	6.3 Case 1C: The Smart Grid
	Conclusions and findings about the potential for technological innovation in Smart Grids

	6.4 Case 2: A piloting Swedish C3I system - LedSyst
	Conclusions and findings about LedSyst successes and failures, but also its potential for improvements and innovation

	6.5 Conclusions from the four case studies regarding profiles and patterns of innovation

	7 Systemicitiness – the dynamics of association and integration of systems to innovation
	7.1 Contexts for association and integration of systems
	Diversity and transformation of industry
	Industry globalises and expands into complex networks of specialisation
	What drives or inhibits globalisation, its stalemate and reversal?
	Industrial transition and development by association and integration
	Evolution and advancement of science and technology
	Regional development and agglomeration economics

	7.2 Nearness as a factor for association and integration of systems
	7.3 Modes and variants of evolving associated and integrated system of systems
	7.5 The ecosystem analogy – survival of the fittest (or dominance)
	7.6 Concluding remarks on the systemicity realm

	8 Governance and frameworks of innovation processes – reviewing approaches and models for innovation
	8.1 Governance and society
	8.2 Governance and innovation
	8.3 Generative governance frameworks
	Networks
	Federation (of autonomous partners)
	Cluster
	‘Auftragstaktik’ (Prussian Army doctrine)
	Technology foresight - a preparatory framework for innovation
	Systems engineering – a general methodology to deal with development and innovation

	8.4 Corporate governance frameworks
	Semi-public enterprise
	Utility
	Enterprise
	Enterprise architectures
	The market solution of governance
	Development blocks
	A case of problem solving and learning to industrial development and innovation
	SBIR – a promotional framework to encourage the small company to innovate
	Skunk works for innovation
	Governance of the innovation cycle
	A useful architectural framework for product design and organisation
	Governance by markets or administrative control
	Governance of platforms and ecosystems
	Internet of things (IoT) – framework for managing a network of systems
	Governance of future technology - technology procurement

	8.5 Emergence of technological systems
	Management of innovation - triple helix and six cornered diamonds
	Frameworks for synchronic and diachronic integration
	Governance of innovation – the technological innovation systems approach (TIS)

	8.6 Cross-branch, interorganisational and cross sectoral governance frameworks
	Partnering – a framework for collaborative development
	An early architectural framework for technological innovation
	“Zachman” – an architectural framework for development of complex systems
	Framework for developing a core technology to innovation
	Framework from dominant design to innovation
	“Mastering the dynamics of innovation”
	Strategic innovation agenda (SIA) and strategic innovation programmes (SIO) (VINNOVA)
	An architectural framework for innovation policies

	8.7 Conclusions from the review of governance and frameworks for innovation processes - approaches and models for innovation

	9 Contours of an architectural framework for innovation – synthesis and a proposal
	9.1 Synthesis – from exploration and analyses to a profile of innovation and innovation processes
	9.2 Two capital connected dimensions of an architectural framework for innovation – the ontology of systemic innovation
	9.4 Axes of an architectural framework for innovation (AFI)
	9.5 Technological axes
	9.6 Social - organisational axes
	9.7 Synthesis of an architectural framework for the governance of innovation and innovation processes
	9.8 Modelling an architectural framework for innovation, a provisional view
	9.9 Answering the research questions (RQs) by the synthesis into an architectural framework for innovation (AFI)

	10 Deployment of an architectural framework for innovation (AFI)
	10.1 The working of AFI – innovation and innovation processes with a system view
	10.2 Deployment - implementing the architectural framework for innovation (AFI)
	10.3 Sense and significance of an architectural framework for innovation
	10.4 Requirements on architectural frameworks and practices of architecting
	10.5 Key responsibilities with the systems approach and its development
	10.6 Design and systems development assigned to integrative processes (for innovation)
	10.7 Standards, frameworks, models and heuristic approaches to systems associations and integration (for innovation and innovation processes)
	10.8 Three traditions of architecting and system architectures
	Information-orientated architectures (soft systems approach)
	Engineering oriented architectures
	Business-orientated architectures
	Converging approaches

	10.9 Applying information, engineering and business-orientated architectures
	Mission and service in focus
	Innovation from evolutionary thinking and processes
	Muddling in a world of complexity and uncertainty
	The inverse of complexity is simplicity, which may become shallowness and lost control. In many senses, systems descriptions have to be simplifications of the real world and ‘real systems. To picture the ‘real system’ as accurately as required, many s...
	Context, the systemic perspective and systems boundaries
	Stakeholders´ concerns at the steering wheel
	The imperative of governance (agency) - faculty to engage and lead the mission and capability to manage everyday decisions and operations
	Systems architecting and design
	Conclusion on design and architecting innovation

	10.9 Architecting and engineering systems of systems (SoS) – association and integration matters
	10.10 Architecting platforms and networks
	10.11 Deployment - framework in operation
	10.11 Validating the architectural framework for innovation (AFI)
	10.12 Concluding remarks

	11 Further research and a vision for the future
	Select bibliography
	Appendix. Short review of enterprise architectural frameworks and approaches, and systems engineering standards, models and methods
	A1 Comparing architectures and architectural frameworks, and standards in the context of innovation
	A2 Architectures, frameworks, models and standards from a perspective of systems integration
	A3 Systems engineering orthodoxy
	A4 Philosophies of enterprise architectures
	A5 ISO/IEC 42010:2011 on architectural frameworks
	A6 ISO/IEC 15288:2015 on systems engineering with a life cycle perspective (rev)
	A7 The Zachman enterprise architectural framework
	A8 An anatomy for technological innovation in defence and energy systems (Mölleryd)
	A9 The Swedish defence architectural framework (FMAR)
	A10 TOGAF (The Open Group Architectural Framework)
	A11 The Enterprise Design Framework (Milan Guenther version)
	A12 Viable System Model (Beer)
	A13 MODAF (UK Ministry of Defence Architectural Framework) and related architectural frameworks (DODAF, NAF) (as of the state in 2016)
	A14 NATO Interoperability Standards and Profiles – NISP
	A15 SEBoK - Systems engineering base of knowledge, an Internet resource
	A16 The MITRE Report on Agile Acquisition and Program
	A17 Concluding remarks from the review

	Appendix Glossary – terms and concepts

